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F203

Academic Program [Oral B] | 04. Physical Chemistry -Properties- | Oral B

[F203-1pm] 04. Physical Chemistry -Properties-
Chair: Kazuyuki Takahashi, Michio-M. Matsushita
1:20 PM - 3:40 PM F203 (Online Meeting)

[F203-1pm-01] Dope — Non-dope transitions of new
organic conductors, 8 "-(BEDT-
TTF),XC,H,SO, (X =Cl, Br)

OHiroki Akutsu', Yasuhiro Nakazawa' (1.
Osaka University)
1:20 PM - 1:40 PM

[F203-1pm-02] Novel planar nickel dithiolene complexes
with electron-donating substituents:
structure, optical and FET properties
OMasatoshi Ito1, Tomoko Fujino1, So
Yokomori1, Lei Zhang1, Toshiki Higashinoz, Rie
Makiura3, Kanokwan TakenoS, Hatsumi Mori’

(1. ISSP, the Univ. of Tokyo, 2. AIST, 3. Grad.
Sch. Engineer., OPU)
1:40 PM - 2:00 PM

[F203-1pm-03] Ferroelectric Organic Semiconductor:
Structural and Physical Properties of
Alkylamide Substituted BTBT Derivatives
OKohei Sambe1, Takashi Takeda1'2, Norihisa
Hoshino1'2, Wakana MatsudaS, Kanae Tsujita1,
Shingo Maruyama1, Shunsuke Yamamoto1, Shu
Seki3, Yuji Matsumoto1, Tomoyuki Akutagawa1'2

(1. Graduate School of Engineering, Tohoku
University, 2. IMRAM, Tohoku University, 3.
Graduate School of Engineering, Kyoto
University)

2:00 PM - 2:20 PM

[F203-1pm-04] Magneto-Elastic Behavior of Two-
Dimensional Organic-Inorganic Hybrid
Perovskites with Ferroelasticity
®Naoto Tsuchiya1, Tatsuya Ishinuki1, Saya
Aoki1, Yuki Nakayama1, Glouven Cosquer1'2'3,
Sadafumi Nishihara'?** Katsuya Inoue"?3

(1. Graduate School of Advanced Science and

Engineering, Hiroshima Univ., 2. Chirality

Research Center (CResCent), Hiroshima Univ.,

3. Institute for Advanced Materials Research,

Hiroshima Univ. , 4. PRESTO, JST)

2:20 PM - 2:40 PM
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[F203-1pm-05] Photomagnetic effects in low-dimensional
copper octacyanidometallate assemblies
OOIafStefan(:zyk1, TingYun Pai', Kunal Kumar',
Corine Mathonierez, Barbara Sieklucka3, Shin-
ichi Ohkoshi' (1. The Univ. of Tokyo, Sch. of
Sci., Dept. of Chem., 2. Univ. Bordeaux, CNRS -
CRPP, France, 3. Jagiellonian Univ., Fac. of
Chem., Poland)

2:40 PM - 3:00 PM

[F203-1pm-06] Two Dimensional Crystals of
Ferromagnetic [MnCr(oxalate),]” Layer
Alternately Stacked with Supramolecular
Cations of (2-(x-phenyl)ethan-1-
aminium)*[18]crown-6 (x = H, o-fluoro, m-
fluoro, and p-fluoro)

OJiabing wu', Ruikang Huang'?, Kiyonori
Takahashi1’2, Kenta Kokado1'2, Takayoshi
Nakamura'? (1. Grad. School of Environ. Sci.,
Hokkaido Univ., 2. RIES, Hokkaido Univ.)

3:00 PM - 3:20 PM

[F203-1pm-07] Contribution of intermolecular
interactions to spin crossover transition
behaviors of isostructural Fe(lll)
complexes by means of computational
analysis of intermolecular interaction
energies
OKazuyuki Takahashi', Ryosuke Azuma’,
Takahiro Sakuraiz, Hitoshi ohta® (1. Graduate
School of Science, Kobe University, 2. Research
Facility Center for Science and Technology,
Kobe University, 3. Molecular Photoscience
Research Center, Kobe University)

3:20 PM - 3:40 PM

F102

Academic Program [Oral B] | 05. Physical Chemistry -Chemical Kinetics and
Dynamics- | Oral B

[F102-1pm] 05. Physical Chemistry -Chemical

Kinetics and Dynamics-
Chair: Tatsuya Tukuda, Mizuho Fushitani
1:00 PM - 3:40 PM F102 (Online Meeting)

[F102-1pm-01] Suggestion of the reaction mechanism of
HFO-1123 disproportionation reaction
based on the reaction products analysis
and the model simulation

Osae Fujita1, Hikaru Murakamiz, Hirotaka



Kitagawaz, Takahiko Hashimotoz, Yukio
Nakano' (1. Tokyo Gakugei University, 2.
Panasonic Corporation)
1:00 PM - 1:20 PM

[F102-1pm-02] Development of HFO-1123
disproportionation reaction inhibitor
OHikaru Murakami1, Takahiko Hashimoto1,
Hirotaka Kitagawa1, Sae Fujitaz, Yukio Nakano?
(1. Panasonic Corporation, 2. Tokyo Gakugei
University)
1:20 PM - 1:40 PM

[F102-1pm-03] Electron-ion coincidence laser tunneling
ionization imaging of O, with auxiliary
dissociation pulses
ODaimu Ikeya1, Hikaru Fujise1, Akitaka
Matsuda1, Mizuho Fushitani1, Akiyoshi
Hishikawa'? (1. Dept. of Chemistry, Nagoya
University, 2. RCMS, Nagoya University)
1:40 PM - 2:00 PM

[F102-1pm-04] Attosecond optical and Ramsey-type
interferometry using high-order harmonics
oTakuya Matsubaram, Yasuo Nabekawa1,
Kenichi L. Ishikawa3, Kaoru Yamanouchiz,
Katsumi Midorikawa' (1. RAP, RIKEN, 2. Sch.
Sci., The Univ. of Tokyo, 3. Grad. Sch. Eng., The
Univ. of Tokyo)
2:00 PM - 2:20 PM

[F102-1pm-05] Electron-Impact Promoted Selective [2 +
2] Cycloaddition Mediated by Carbon
Nanotube
ODongxin Liu1, Satori Kowashi1, Takayuki
Nakamuro1, Dominik Lungerich1, Kaoru
Yamanouchi1, Koji Harano1, Eiichi Nakamura'

(1. The University of Tokyo)

2:20 PM - 2:40 PM

[F102-1pm-06] Ultrafast spectral diffusion dynamics of
molecular excitons in ultrathin organic
films
OTatsuya Yoshida', Kazuya Watanabe' (1.
Faculty of Science, Kyoto University)
2:40 PM - 3:00 PM

[F102-1pm-07] Single Pd Atom Doping into Au,, Cluster
Stabilized by PVP: Synthesis, Structural
Analysis, and Catalysis
OShingo Hasegawa', Shinya Masuda’, Shinjiro

Takano1, Koji Harano1, Tatsuya Tsukuda'? (1.
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Grad. Sch. Sci., The Univ. of Tokyo, 2. ESICB,
Kyoto Univ.)
3:00 PM - 3:20 PM

[F102-1pm-08] Inter-cluster electron transfer XZ +XxX° -
2X" (X = PtAu,,(SC H,, ,1);5): effect of
alkyl chain length of thiolate ligands on
reaction rate
OMegumi Suyama1, Shinjiro Takano1, Tatsuya
Tsukuda'? (1. Grad. Sch. of Sci., The Univ. of
Tokyo, 2. ESICB, Kyoto Univ.)
3:20 PM - 3:40 PM

D201

Academic Program [Oral B] | 06. Analytical Chemistry | Oral B
[D201-1pm] 06. Analytical Chemistry

Chair: Kosei Ueno, Rintaro Shimada
2:20 PM - 3:40 PM D201 (Online Meeting)

[D201-1pm-01] Control of fluorescence signals by the
infrared Purcell effect
Yuto Kitajima1, Yuto Shikama1, Keisuke
Imaeda’', ®Kosei Ueno' (1. Hokkaido Univ.)
2:20 PM - 2:40 PM

[D201-1pm-02] Deconstruction of Obscure Features in
SVD Spectral Components for Biological
Raman Imaging Applications
OAshok Zachariah Samuelz, Shumpei Horii1,
Masahiro Ando?, Haruko Takeyama' (1.
Waseda University, 2. Research Organization
for Nano and Life Inoovation, Waseda
University.)
2:40 PM - 3:00 PM

[D201-1pm-03] Composition analysis of multivariate
Raman spectral data with independent
component analysis
CRintaro Shimada' (1. Aoyama Gakuin
Univ.)
3:00 PM - 3:20 PM

[D201-1pm-04] Development of portable gas
chromatograph using ball surface
acoustic wave sensor for monitoring
manned space environment
CTakamitsu Iwaya1, Shingo Akao1, Kazushi
Yamanaka', Tatsuhiro Okano', Nobuo Takeda',
Yusuke Tsukahara1, Toru Oizumi1, Fukushi

Hideyuki1, Tomoki Tanaka1, Maki Sugawara1,



Toshihiro Tsuji1, Akinobu Takeda1, Asuka
Shimaz, Satoshi Matsumotoz, Haruna
Sugaharaz, Takeshi Hoshinoz, Tetsuya
Sakashita® (1. Ball Wave Inc., 2. JAXA)
3:20PM - 3:40 PM

B304

Academic Program [Oral B] | 08. Catalysts and Catalysis | Oral B

[B304-1am] 08. Catalysts and Catalysis
Chair: Takane Imaoka, Jun-Chul Choi
9:00 AM - 11:20 AM B304 (Online Meeting)

[B304-1am-01] Development of durable high entropy

The Chemical Society of Japan The 102nd CSJ Annual Meeting

[B304-1am-05] Experimental investigation of CO,

catalytic behavior in a supercritical CO,
state for CO,, stabilization into geological
storage

OTakashi Fujii1, Kenta Asahina1, Masateru
Nishioka' (1. National Institute of Advanced
Industrial Science and Technology)

10:20 AM - 10:40 AM

[B304-1am-06] Selective oxidation of methane over iron

oxide subnanocluster supported catalysts
using a diiron-introduced

polyoxometalate as a precursor

alloy nanoparticle catalysts for CO,
hydrogenation

ONaoki Hashimoto1, Kohsuke Mori1'2, Naoto
Kamiuchi', Hideto Yoshida', Hisayoshi
Kobayashi3, Hiromi Yamashita'? (1. Grad.
Eng., Osaka Univ., 2. ESICB, Kyoto Univ., 3.
Kyoto Inst. of Tech.)

9:00 AM - 9:20 AM

[B304-1am-02] Bifunctional heterogeneous silica—-

supported imidazolium salt and silver

catalyst for efficient chemical fixation of

carbondioxide

OSangita Karanjit', Emiko Tanaka', Masaya

kashihara1, Lok Kumar Shresthaz, Atsushi

Nakayama1, Katsuhiko Arigaz's, Kosuke Namba'
(1. Tokushima University, 2. National Institute

for Materials Science (NIMS), 3. The University

of Tokyo)

9:20 AM - 9:40 AM

[B304-1am-03] The role of potassium additive on the

catalytic performance of cobalt for CO2-
FTS

OShohei Harada1, Shigeo Satokawaz, Masaru
Ogura' (1. The University of Tokyo, 2. Seikei
University)

9:40 AM - 10:00 AM

[B304-1am-04] CO, hydrogenation to methanol using Pt-

loaded molybdenum sub-oxide catalyst
OYasutaka Kuwahara1'2'3, Koji Hamahara1,
Takashi Mihogi1, Hisayoshi Kobayashim, Hiromi
Yamashita? (1. Osaka Univ., 2. Kyoto Univ.
ESICB, 3. PRESTO, 4. Kyoto Inst. Tech.)

10:00 AM - 10:20 AM

©The Chemical Society of Japan

OKeiju Wachi1, Tomohiro Yabe1, Takaaki
Suzuki1, Kentaro Yonesato1, Kosuke Suzuki1,
Kazuya Yamaguchi' (1. The University of
Tokyo)
10:40 AM - 11:00 AM

[B304-1am-07] Oxygen Evolution Reaction Driven by
Charge-Transfer from Cr-complex to Co-
Containing Polyoxometalate in a Porous
lonic Crystal
©Yuto Shimoyama', ZHEWEI WENG', Naoki
Ogiwara1, Sayaka Uchida' (1.The University
of Tokyo)
11:00 AM - 11:20 AM

Academic Program [Oral B] | 08. Catalysts and Catalysis | Oral B
[B304-1pm] 08. Catalysts and Catalysis

Chair: Tomohiro Yabe, Satoshi Muratsugu
1:20 PM - 3:40 PM B304 (Online Meeting)

[B304-1pm-01] Precise Synthesis of Nickel Sub-nano
Particles for Greenhouse Gas Conversion
OTatsuya Moriai1, Takamasa Tsukamoto1’2'3,
Makoto Tanabez, Tetsuya Kambe1'2, Takane
Imaoka'?, Kimihisa Yamamoto'? (1. Lab.
Chem. Life Sci., Tokyo Tech., 2. JST-ERATO, 3.
JST-PRESTO)
1:20 PM - 1:40 PM

[B304-1pm-02] Preparation and Evaluation of Redox
Performance/Catalytic Ammoxidation
Performance of Copper and Ruthenium
Incorporated Ceria
OChaoqi Chen1, Satoru Ikemoto1, Satoshi
Muratsugu', Mizuki Tada'? (1. Dept.Chem.,
Nagoya Univ., 2. RCMS, Nagoya Univ.)
1:40 PM - 2:00 PM



[B304-1pm-03] Phosphonate-type pseudo-grafted
precursor for efficient surface
modification of silica
Ovusuke |shizaka1'2, Kazuhiro Matsumotoz,
Kazuhiko Sato?, Jun-Chul Choi'? (1.
University of Tsukuba, 2. National Institute of
Advanced Industrial Science and Technology
(AIST))

2:00 PM - 2:20 PM

[B304-1pm-04] Development of a new in-situ UV-vis
reflection spectroscopy system for the
formic acid dehydrogenation
ORisheng L' Hajime Kawanami1'2, Tetsuya
Kodaira® (1. University of Tsukuba, 2. National
Institute of Advanced Industrial Science and
Technology)

2:20 PM - 2:40 PM

[B304-1pm-05] Frontier Orbital Theory of Molecular
Adsorption on TiO, Surface
OTakashi Kamachi Kamachi1’5, Nobutsugu
Hamamoto1, Toshinobu Tatsumi1, Motoshi
Takaoz, Toyao Takashi2’5, Yoyo Hinuma3, Zen
Maenoz, Satoru Takakusagiz, Shinya
Furukawaz’s, Ichigaku Takigawa4, Ken-ichi
Shimizu? (1. Fukuoka Institute of Technology,
2. Hokkaido Univ., 3. National Institute of
Advanced Industrial Science and Technology,
4. RIKEN, 5. ESICB)

2:40 PM - 3:00 PM

[B304-1pm-06] Synthesis of Pt/TiO,_, Photocatalyst via
Reduction Assisted by Hydrogen Spillover
and Formation Mechanism of Surface-
exposed Ti**

Ovukari Yamazaki1, Kohsuke Mori1’2, Yasutaka
Kuwahara1’2'3, Hisayoshi Kobayashi4, Hiromi
Yamashita'? (1. Grad. Eng., Osaka Univ., 2.
ESICB, Kyoto Univ., 3. JST PRESTO, 4. Kyoto
Inst. of Tech.)

3:00 PM - 3:20 PM

[B304-1pm-07] Unraveling Hydrogen Spillover Pathways
over Reducible Metal Oxide
OKohsuke MORI1'2, Kazuki Shun1, Shinya
Masuda1, Naoki Hashimoto1, Hisayoshi
Kobayashi3, Hiromi Yamashita'? (1. Osaka
University, 2. ESICB Kyoto University, 3. Kyoto

Institute of Technology)
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3:20 PM - 3:40 PM

J202

Academic Program [Oral B] | 09. Coordination Chemistry, Organometallic
Chemistry | Oral B

[J202-1pm] 09. Coordination Chemistry,
Organometallic Chemistry

Chair: Masaki Kawano, Tomoji Ozeki
1:00 PM - 3:40 PM J202 (Online Meeting)

[J202-1pm-01] A Pseudorotaxane Structure with
v -Cyclodextrin Controlled by Chiral
Recognition of an Au' Ag',Cu", Molecular
Cap
OTatsuhiro Kojima1, Hiroto Takeda1, Naoto
Kuwamura', Takumi Konno' (1. Osaka
University)
1:00 PM - 1:20 PM

[J202-1pm-02] Slow magnetic relaxations of an S=1/2
copper(ll) ion incorporated into the
nuclear-spin-free Keggin-type
tungstosilicate
OToshiharu Ishizaki', Tomoji Ozeki' (1. Nihon
University)
1:20 PM - 1:40 PM

[J202-1pm-03] New Ligand for Metal-Organic Frameworks
based on Tetrabenzo Chichibabin
Hydrocarbons with Potential Close Shell-
Diradical Transition
OZhongyue Zhang1, Kunio Awaga' (1. Nagoya
University)
1:40 PM - 2:00 PM

[J202-1pm-04] Study of luminescent Cu(l)-pyridinophane-
arylamide complexes and their
incorporation into polymer films: towards
the development of mechanoresponsive
materials
OTatiana Gridneva', Ayumu Karimata', Julia
Khusnutinova' (1. Okinawa Institute of
Science and Technology)
2:00 PM - 2:20 PM

[J202-1pm-05] Study of Multi-dimensional
Transformations with Successive Reaction
in Cu(ll) Coordination Polymer
“Yao Jing1, Yukihiro Yoshida1, Shintaro
Kobayashiz, Shogo Kawaguchiz, Hiroshi

Kitagawa' (1. Kyoto Univ., 2. Japan



Synchrotron Radiation Research Institute
(JASRI))
2:20 PM - 2:40 PM

[J202-1pm-06] Energy-efficient olefin separation by
coordination networks using tetrahedral
ligands.
©JOONSIK KIM', Pavel M Usov', Yuki Wada',
Hiroyoshi Ohtsu1, Takaya Matsumotom, Masaki
Kawano' (1.Tokyotech, 2. ENEOS
Corporation)
2:40 PM - 3:00 PM

[J202-1pm-07] Temperature-dependent Wiggling of a
Cu(ll) lon in Hydrogen-bonded Networks
of a Zr- Mo Cluster
oRyoji Mitsuhashi', Yuya Imai’, Sugiarto
Sugiarto1, Yuji Kikukawa1, Yoshihito Hayashi1

(1. Kanazawa Univ.)

3:00 PM - 3:20 PM

[J202-1pm-08] Design of Isolated Spaces for Selective
CO, Adsorption
OTerumasa Shimada1, Pavel Usov1, Yuki Wada',
Hiroyoshi Ohtsu1, Taku Watanabe?, Takaya
Matsumoto'?, Masaki Kawano' (1. Tokyo
Institute of Technology, 2. ENEOS
Corporation)

3:20 PM - 3:40 PM

J403

Academic Program [Oral B] | 09. Coordination Chemistry, Organometallic
Chemistry | Oral B

[J403-1pm] 09. Coordination Chemistry,

Organometallic Chemistry
Chair: Masaya Enomoto, Hisashi Shimakoshi
1:00 PM - 3:40 PM J403 (Online Meeting)

[J403-1pm-01] Guest-selective Gate-Opening Behavior of
Flexible Porous Coordination Polymer with
Hydrogen-bond Keylock
OKen-ichi Otake1, Yifan Gu1, Jia-jia Zheng1,
Susumu Kitagawa1 (1. Kyoto University)

1:00 PM - 1:20 PM

[J403-1pm-02] Direct EXSY NMR observation of reversible
Co-Co bond homolysis
Osatoshi Takebayashi', Robert Fayzullin?, Richa
Bansal' (1. Okinawa Institute of Science and
Technology Graduate University, 2. Arbuzov

Institute of Organic and Physical Chemistry)
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1:20PM - 1:40 PM

[J403-1pm-03] Study on a Spin-Crossover Behavior for a
Cobalt(ll) Complex with a hydrogen-
bonded network
OTakuya Kanetomo1, Zhen Ni1, Masaya
Enomoto’ (1. Tokyo University of Science)
1:40 PM - 2:00 PM

[J403-1pm-04] Adaptable water networks for capturing
bioactive molecules inside the pores of a
coordination network
Ovuki Wada1, Pavel M Usov1, Hiroyoshi Ohtsu1,
Masaki Kawano' (1. Tokyo Tech)
2:00 PM - 2:20 PM

[J403-1pm-05] Photochemical Hydrogen Evolution from
Alkaline Water Catalyzed by Co-NHC
Complexes
OKosei Yamauchi1, Yasunobu Wakafuji1, Ken
Sakai' (1. Kyushu University)
2:20 PM - 2:40 PM

[J403-1pm-06] Photochemical Hydrogen Production
based on HCOOH/CO, cycle Catalyzed by
Pentanuclear Cobalt Complex
OTakuya Akai1, Yutaka Saga1, Mio Kondo1'2,
Shigeyuki Masaoka' (1. Osaka University, 2.
JST PRESTO)
2:40 PM - 3:00 PM

[J403-1pm-07] Bulky and non-bulky PNP complexes with
earth-abundant metals and their
hydrogenation reactivity
oDiIip Kumar Pandey’, Robert R. Fayzullin?,
Julia Khusnutdinova' (1. Okinawa Institute of
Science and Technology, 2. Arbuzov Institute of
Organic and Physical Chemistry)
3:00 PM - 3:20 PM

[J403-1pm-08] Synthesis and Characterization of Ligand
Modified Vitamin B,, and Evaluation of the
Catalytic Activities
OKeita Shichijo1, Yoshio Hisaeda1, Hisashi
Shimakoshi' (1. Kyushu Univ.)
3:20 PM - 3:40 PM

J402

Academic Program [Oral B] | 09. Coordination Chemistry, Organometallic
Chemistry | Oral B

[J402-1pm] 09. Coordination Chemistry,
Organometallic Chemistry




Chair: Michito Yoshizawa, Keishiro Tahara
1:00 PM - 3:40 PM J402 (Online Meeting)

[J402-1pm-01] trans-cis isomerism of Pt complex with o-
aminobenzenethiol ligand
OPingping HUANG', Yukihiro YOSHIDA',
Hiroshi KITAGAWA' (1. Kyoto Univ.)
1:00 PM - 1:20 PM
[J402-1pm-02] Small-Molecule Activation Driven by
Metal-Metal Cooperation in Pt/Base Metal
Complexes
OGOVINDARAJAN RAMADOSS1, Shubham
Deolka1, Eugene Khaskin1, Robert R. Fayzullinz,
Shrinwantu Pal®, Rumpa Pal’, Julia R.
Khusnutdinova' (1. Okinawa Institute of
Science and Technology Graduate University, 2.
Abuzov Institute of Organic and Physical
Chemistry FRC Kazan Scientific Center of
RAS8Arbuzov Street, Kazan 420088 (Russian
Federation), 3. Department of Chemistry and
Biotechnology, Graduate School of Engineering,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-
ku, Tokyo 113-8656, Japan)
1:20 PM - 1:40 PM
[J402-1pm-03] The intramolecular charge transfer
properties of a
benzothienobenzothiophene derivative
complexed with a bulky Lewis acid
OTAKASHI IKEDA', Keishiro Tahara', Toshikazu
On02, Yoshiki Ozawa1, Masaaki Abe' (1. Univ.
of hyogo, 2. Kyushu Univ)
1:40 PM - 2:00 PM
[J402-1pm-04] Heterometallic interaction emerges from
resonant inelastic X-ray scattering in
luminescent Tb— Pt molecules.
OTakefumi Yoshida1, Yasuhiro Iwasawa1,
Masahiro Yamashita? (1. The University of
Electro-Communications, 2. Tohoku
University)
2:00 PM - 2:20 PM
[J402-1pm-05] Two Steps One-dimensional Reaction of
Platinum-Rhodium Dinuclear Complexes
and Several Metal Species
OKazuhiro Uemura’, Yuya lkeda?, Atsushi
Takamori®, Tomoyuki Takeyama4 (1. Faculty of
Engineering, Gifu University, 2. Graduate School

of Natural Science and Technology, Gifu
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University, 3. Graduate School of Engineering,
Gifu University, 4. Graduate School of Materials
and Chemical Technology, Tokyo Institute of
Technology)
2:20 PM - 2:40 PM

[J402-1pm-06] Synthesis and physical properties of a
functionalized
cyclohexanedithiocarboxylate-based
MMX-chain complex
OHayato Moriyama1, Kazuya Otsubo1, Kunihisa
Sugimoto?, Hiroshi Kitagawa' (1. Kyoto
University, 2. JASRI/SPring-8)
2:40 PM - 3:00 PM

[J402-1pm-07] A Polyaromatic Capsule Solid as a Vapor
Adsorbent for Benzene Derivatives
ORyuki Sumida1, Michito Yoshizawa' (1. Lab.
for Chem. &Life Sci., Tokyo Inst. of Tech.)
3:00 PM - 3:20 PM

[J402-1pm-08] Vapor-controlled Assembly/Disassembly
of an Anionic Pt(ll) Complex Loaded on a
Cationic Nanosheet
OMasaki Yoshida1, Tamami Morimoto1, Atsushi
Kobayashi1, Masako Kato'? (1. Hokkaido
University, 2. Kwansei Gakuin University)

3:20 PM - 3:40 PM

D202

Academic Program [Oral B] | 10. Organic Chemistry -Organometallic
Compounds- | Oral B

[D202-1pm] 10. Organic Chemistry -Organometallic

Compounds-
Chair: Naoki Ishida, Kei Muto
1:00 PM - 3:40 PM D202 (Online Meeting)

[D202-1pm-01] Deacylative Coupling Reaction through
Claisen-Retro-Claisen Condensation
ORyota Isshiki1, Hikaru Nakahara1, Keiichiro
Iizumi1, Masayuki Kubo1, Kei Muto1, Junichiro
YAMAGUCHI' (1. Waseda University)
1:00 PM - 1:20 PM

[D202-1pm-02] Development of a Dehydrogenative
Coupling Reaction of Phenols with
Aldehydes
CTairin Kawasaki1, Tomohiro Tosaki1, Naoki
Ishida1, Masahiro Murakami' (1. Graduate
School of Engineering, Kyoto University)

1:20 PM - 1:40 PM



[D202-1pm-03] Copper(l)- and Palladium(ll)-Catalyzed
Carboboration of gem-Disubstituted
Allenes
©Yu Ozawa', Hajime lto™? (1. Graduate
School of Engineering, Hokkaido University, 2.
WPI-ICReDD, Hokkaido University)
1:40 PM - 2:00 PM

[D202-1pm-04] The Iridium (I11)-Catalyzed Carbon(sp?)-
Hydrogen Bond Amidation of 2-
Aroylimidazoles: A Direct Observations of
Kinetic and Thermodynamic Mechanistic
Tunability
OSanjit Kumar Mahato', Naoto Chatani' (1.
Faculty of Engineering, Osaka University)
2:00 PM - 2:20 PM

[D202-1pm-05] Mechanochemical synthesis of aryl
manganese(ll) reagents by ball milling
ORina Takahashi’, Koji Kubota'?, Hajime Ito"?

(1. Graduate School of Engineering, Hokkaido

University, 2. WPI-ICReDD, Hokkaido
University)
2:20 PM - 2:40 PM

[D202-1pm-06] Rhodium-Catalyzed Formal [4+1]
Cycloaddition between
Benzocyclobutenones and Styrenes as a
Carbenoid Equivalent
OShusuke Ochi', Zining Zhang', Ying Xia',
Guangbin Dong1 (1. The University of
Chicago)
2:40 PM - 3:00 PM

[D202-1pm-07] Rh-Catalyzed Oxidative Carbon-Hydrogen
Alkylation of Aniline Derivatives with
Allylic Alcohol
OShrikant Manmathappa Khake', Naoto
Chatani' (1. Faculty of Engineering, Osaka
University)
3:00 PM - 3:20 PM

[D202-1pm-08] Pd-Catalyzed Deoxygenative Coupling of
Aromatic Compounds
OMiki B Kurosawa1, Mizuho Watanabe1, Kenta
Kato1, Kei Muto1, Junichiro Yamaguchi1 (1.
Waseda University)
3:20 PM - 3:40 PM
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Academic Program [Oral B] | 11. Organic Chemistry -Structural Organic
Chemistry- | Oral B
[K3-1pm] 11. Organic Chemistry -Structural Organic

Chemistry-
Chair: Tomohiko Nishiuchi, Sayaka Hatano
1:00 PM - 3:40 PM K3 (Online Meeting)

[K3-1pm-01] Luminescent Chromism with Reversible
Coordination Number of Hypervalent Tin(IV)
Complexes
oMasayuki Gon1, Kazuo Tanaka1, Yoshiki Chujo1

(1. Grad. Sch. of Eng., Kyoto Univ.)

1:00 PM - 1:20 PM

[K3-1pm-02] Crystallization-Induced Emission
Enhancement of Low Energy Gap Boron
Complexes
OMasashi Nakamura1, Masayuki Gon1, Kazuo
Tanaka' (1. Graduate School of Engineering,
Kyoto University)
1:20 PM - 1:40 PM

[K3-1pm-03] The syntheses and properties of
diazazethrene bisimide and its dimer
OKeita Tajima', Norihito Fukui’, Hiroshi
Shinokubo' (1. The Univ. of Nagoya)
1:40 PM - 2:00 PM

[K3-1pm-04] Synthesis and long-wavelength-absorption
of indenoperylene and its m-extended
derivatives
Masaki Kato', °Norihito Fukui'?, Hiroshi
Shinokubo' (1. Nagoya Univ., 2. JST PRESTO)
2:00 PM - 2:20 PM

[K3-1pm-05] Synthesis, Structure and Properties of
n-Expanded Carbohelicenes
OMichihisa Toya1, Hideto Ito1, Kenichiro Itami'?

(1. Graduate School of Science, Nagoya

University, 2. Institute of Transformative Bio-
Molecules, Nagoya University)
2:20 PM - 2:40 PM

[K3-1pm-06] Perfluorocycloparaphenylenes: Fully
fluorinated carbon nanorings by Ni-
mediated one-pot synthesis
OHiroki Shudo1, Motonobu Kuwayama1, Masafumi
Shimasakiz, Taishi Nishiharaz, Youhei Takeda3,
Takuya Kuwabara1, Akiko Yagi1, Yasutomo
Segawa4, Kenichiro Itami' (1. Nagoya University,

2. Kyoto University, 3. Osaka University, 4.

Institute for Molecular Science)

2:40 PM - 3:00 PM



[K3-1pm-07] Synthesis of phenine nanocarbon molecules
via a polygon-assembling strategy
OTatsuru Mio’, Koki Ikemoto', Sota Sato', Hiroyuki
Isobe' (1. Department of Chemistry, the
University of Tokyo)
3:00 PM - 3:20 PM

[K3-1pm-08] Synthesis of aromatic ladder polymer
utilizing coordination nanospaces
OTakumi Miura1, Takashi Kitao1'2, Takashi
Uemura' (1. Grad. Sch. of Eng. The Univ. of

Tokyo, 2. JST-PRESTO)

3:20 PM - 3:40 PM

Academic Program [Oral B] | 11. Organic Chemistry -Structural Organic
Chemistry- | Oral B

[KT-1Tpm] 11. Organic Chemistry -Structural Organic

Chemistry-
Chair: Aiko Fukazawa, Wataru Setaka
1:20 PM - 3:40 PM K1 (Online Meeting)

[KT-Tpm-01] Synthesis of Calix[3]pyrrole and Its Strain-
induced Reaction
OYuya Inaba1, Jenny Pirilloz, Yuh Hijikataz,
Yasuhide Inokuma'? (1. Grad. Sch. Eng.,
Hokkaido Univ., 2. WPI-ICReDD, Hokkaido Univ.)
1:20 PM - 1:40 PM

[K1-1pm-02] Structure and Properties of Silylene-
Coordinated Si=B Bonded Species
OTaichi Koike1, Takeaki lwamoto' (1. Tohoku
University)
1:40 PM - 2:00 PM

[KT1-1Tpm-03] Design and synthesis of a phenine nanocage
with chirality
OToshiya M. Fukunaga', Takahide Kato', Koki
|kemoto1, Hiroyuki Isobe' (1. The University of
Tokyo)
2:00 PM - 2:20 PM

[KT1-1pm-04] Structural Control of [3]Catenanes
Composed of Cyclic Porphyrin Dimers via
Complexation with Amine Templates
Ovuki Oka1, Hiroshi Masai1, Jun Terao' (1.
Graduate School of Arts and Science, The
University of Tokyo)
2:20 PM - 2:40 PM

[K1-1pm-05] Synthesis and characteristics of well-defined

and flexible foldamers

©The Chemical Society of Japan

The Chemical Society of Japan The 102nd CSJ Annual Meeting

OTakuma Morozumi1'2, Masayuki Takeuchi? (1.
University of Tsukuba, 2. National Institute for
Materials Science (NIMS))
2:40 PM - 3:00 PM

[K1-1pm-06] Design and synthesis of
benzo[delisoquinolino[1,8-gh]quinoline
diamides m-electron systems
OCraig P. Yu1, Akito Yamamotoz, Shohei
Kumagai1, Hiroyuki Ishii3, Jun Takeyam, Toshihiro
Okamoto'®® (1. The University of Tokyo, 2.
Daicel Corporation, 3. University of Tsukuba, 4.
National Institute for Materials Science (NIMS), 5.
PRESTO, JST, 6. CREST, JST)
3:00 PM - 3:20 PM

[K1-1Tpm-07] Synthesis of Pyrrole-Based Quinoidal
Molecules with Open-Shell Structures
OShinya Sugiura’, Hiromitsu Maeda' (1.
Ritsumeikan Univ.)

3:20 PM - 3:40 PM

H301

Academic Program [Oral B] | 12. Organic Chemistry -Organic Crystals,
Supramolecular Chemistry- | Oral B

[H301-1pm] 12. Organic Chemistry -Organic

Crystals, Supramolecular Chemistry-
Chair: Yukatsu Shichibu, Yoko Sakata
1:00 PM - 3:40 PM H301 (Online Meeting)

[H301-1pm-01] Generation of a Monomerically Dispersed
Cgo Monolayer Templated by a Two-
Dimensional Crystal of Macrocycles
Oshin-ichiro Kawano1, Masato Nakayaz, Atsuki
|shiguro1, Masaaki Saitow3, Takeshi Yanai4, Jun
Onoez, Kentaro Tanaka' (1. Nagoya
University, Graduate School of Science, 2.
Nagoya University, Graduate School of
Engineering, 3. Nagoya University, Research
Center for Materials Science, 4. Nagoya
University, [TbM)
1:00 PM - 1:20 PM

[H301-1pm-02] Size-sensitive recognition of nanometer-
sized Guests by Rim-Extended
Cyclodextrins
OTakato Ogata1, Hiroki Hanayama1, Koji
Harano1, Eiichi Nakamura' (1. Grad. Sch. of

Sci., The Univ. of Tokyo)

1:20 PM - 1:40 PM



[H301-1pm-03] Optical Properties and Molecular
Recognition of a Sumanene-Based
Chemosensor
CHiroaki Mizuno1, Hironobu Nakazawaz,
Akihisa Miyagawa3, Yumi Yakiyamaz, Hidehiro
Sakurai?, Gaku Fukuhara' (1. Dept. of Chem.,
Tokyo Tech, 2. Dept. of Appl. Chem., Osaka
Univ., 3. Dept. of Chem., Univ. of Tsukuba)
1:40 PM - 2:00 PM

[H301-1pm-04] Guest Encapsulation Behavior of Covered
Fluorine-modified Hollow-type Metal
Oxide Cluster {Mo,,,}
OChinatsu Murata1, Yukatsu Shichibum,
Katsuaki Konishi? (1. Grad. Sch. Env. Sci.,
Hokkaido Univ., 2. Fac. Env. Earth Sci.,
Hokkaido Univ.)
2:00 PM - 2:20 PM

[H301-1pm-05] Self-assembly process of a
supramolecular square built in paddle-
wheel-type dinuclear rhodium(ll) complex
as a corner unit
CAtsushi Okazawa1, Satoshi Takahashiz,
Shuichi Hiraoka® (1. Nihon Univ. Sch. Med., 2.
Dept. of Basic Sci., The Univ. of Tokyo)
2:20 PM - 2:40 PM

[H301-1pm-06] Kinetically Controlled Coordination Self-
assembly: Approaches to Pathway
Selection
OShuichi Hiraoka1, Naoki Sanada1, Satoshi
Takahashi1, Tomoki Tateishi1, Isamu kikuchi'

(1. the University of Tokyo)

2:40 PM - 3:00 PM

[H301-1pm-07] Recognition of Aromatic Compounds
Using Crystal of Tetraphenylethene
Derivatives
OTakahiro Kakuta1, Yuki Sugimoto1, Ryota
Nakanishi1, Shigehisa Akine1, Tada-aki
Yamagishi' (1. Kanazawa University)
3:00 PM - 3:20 PM

[H301-1pm-08] Size-selective Guest Recognition and the
Open/Close Control of Macrocyclic
Cobalt(lll) Dinuclear Metallohosts Having
Bulky Bridging Ligands
ORyo Sudo1, Yoko Sakata1'2, Shigehisa Akine'?

(1. Graduate School of Natural Science and

Technology, Kanazawa University, 2. Nano Life
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Science Institute, Kanazawa University)

3:20 PM - 3:40 PM

H201

Academic Program [Oral B] | 12. Organic Chemistry -Organic Crystals,
Supramolecular Chemistry- | Oral B

[H201-1pm] 12. Organic Chemistry -Organic

Crystals, Supramolecular Chemistry-
Chair: Tomoki Yoneda, Yumi Yakiyama
1:20 PM - 3:40 PM H201 (Online Meeting)

[H201-1pm-01] Synthesis of Monodisperse Polyketones
and Chain Length Dependent Crystallinity
Changes
OYumehiro Manabe1, Kilingaru . Shivakumarz,
Jenny Pirillo?, Yuh Hijikata?, Tomoki Yoneda’,
Yuki Ide?, Yasuhide Inokuma'? (1. Grad. Sch.
Eng., Hokkaido Univ., 2. WPI-ICReDD,
Hokkaido Univ.)
1:20 PM - 1:40 PM

[H201-1pm-02] The noncovalent approach in the design
of luminescent crystalline rotors
OAlexander Mikherdov', Mingoo Jin'"%, Hajime
Ito"? (1. Graduate School of Engineering,
Hokkaido University, 2. WPI-ICReDD, Hokkaido
University)
1:40 PM - 2:00 PM

[H201-1pm-03] Construction of hydrogen-bonded
organic frameworks with naphthoic acid
groups and its structural transition
behavior
OYuto Suzuki1, Ryusei Oketani1, Ichiro Hisaki'

(1. Osaka university)

2:00 PM - 2:20 PM

[H201-1pm-04] Stumuri-responsive Single Crystals of
Pyrene-introduced Indanedione Dimers
Ovumi Yakiyama1‘2, Ryotaro Seki1, Hidehiro
Sakurai'® (1. Osaka University, 2. ICS-OTRI,
Osaka Univeristy)
2:20 PM - 2:40 PM

[H201-1pm-05] Development of crystalline molecular
gears by utilizing tri-phenyl triazine based
rotors
oMingoo Jin'2, Ryousukei Kitsu', Natsumi
Hanmyo1, Motohiro Mizuno3, Hajime Ito™? (1.
Graduate School of Engineering, Hokkaido

University, 2. WPI-ICReDD, Hokkaido



University, 3. NanoMaterials Research Institute,
Kanazawa University)
2:40 PM - 3:00 PM

[H201-1pm-06] Topology control and properties of the
porous organic salts composed of
modified triphenylmethylamines and
tetrahedral sulfonic acid.
CHiroi Sei1, Norimitsu Tohnai' (1. Osaka
university)
3:00 PM - 3:20 PM

[H201-1pm-07] Hydrogen-bonded inorganic frameworks:
aromatic molecules parallelly stacked in
the nano-honeycomb pore
OMasayasu Igarashi1, Takeshi Nozawa1,
Tomohiro Matsumoto1, Fujio Yagihashi1,
Takashi Kikuchiz, Kazuhiko Sato’ (1. National
Institute of Advanced Industrial Science and
Technology (AIST), 2. Rigaku Corporation)
3:20 PM - 3:40 PM

Academic Program [Oral B] | 13. Organic Chemistry -Reaction Mechanism,
Photochemistry, Electrochemistry- | Oral B

[K6-1pm] 13. Organic Chemistry -Reaction
Mechanism, Photochemistry,

Electrochemistry-
Chair: Yasunori Matsui, Hajime Maeda
1:40 PM - 3:40 PM K6 (Online Meeting)

[K6-1pm-01] Titanium-Catalyzed Intermolecular Radical
Addition to Ketones via sp3 C-H Bond
Activation
OXue Peng1, Yuki Hirao1, Shunsuke Yabuz,
Hirofumi Satoz, Masahiro Higashiz, Harunobu
Mitsunuma1, Motomu Kanai' (1. The University
of Tokyo, 2. Kyoto University)
1:40 PM - 2:00 PM

[K6-1pm-02] Hydrogenation and Borylation of Alkyl
Chlorides using Zirconocene and
Photoredox Catalysis
CToshimasa Okita1, Keisuke Tanaka1, Kazuhiro
Aida1, Eisuke Ota1, Junichiro Yamaguchi1 (1.
Waseda University)
2:00 PM - 2:20 PM

[K6-1pm-03] Hybridization of triplets and organic radicals
towards photo-driven hyperpolarization

OKoki Nishimura1, Kenichiro Tateishi3, Tomohiro
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Uesaha3, Nobuo Kimizuka1'2, Nobuhiro Yanai'?*
(1. Grad. Sch. Eng., Kyushu Univ., 2. CMS,

Kyushu Univ., 3. RIKEN Nishina Center for
Accelerator-Based Science, 4. PRESTO, JST)
2:20 PM - 2:40 PM

[K6-1pm-04] Development of oxygen-containing
heterocyclic compounds synthesis using
visible light responsiveness of main group
elements
OSaki Maejima', Eiji Yamaguchi', Akichika Itoh’

(1. Gifu Pharmaceutical University)

2:40 PM - 3:00 PM

[K6-1pm-05] Development of Carbazole Dendrimers with
Luminescent Radical Core
OXIAOTIAN XIAOTIAN', Wataru Ota?, Tohru
Sat03'4'5, Yasuo NakayamaG, Minori Furukori7,
Takuya Hosokai7, Eri Hisamurag, Andrew P
Monkman®, Ken Albrecht®'® (1. Grad. Sch. Eng.
Sci., Kyushu Univ., 2. MOLFEX, Inc, 3. Fukui
Institute for Fundamental Chemistry, Kyoto
University, 4. Department of Molecular
Engineering, Graduate School of Engineering,
Kyoto University, 5. Elements Strategy Initiative for
Catalysts &Batteries (ESICB), Kyoto University, 6.
Department of Pure and Applied Chemistry,
Faculty of Science and Technology, Tokyo
University of Science, 7. National Institute of
Advanced Industrial Science and Technology
(AIST), 8. IMCE, Kyushu Univ., 9. Univ. Durham,
10. JST-PRESTO)
3:00 PM - 3:20 PM

[K6-1pm-06] Photon Upconversion in Polymer Media
Utilizing Energy Harvesting and
Intramolecular TTA
OYasunori Matsui1'2, Takumi Takahashi1, Masaya
Kanoh1, Takuya Ogaki1'2, Eisuke Ohta1’2, Hiroshi
Ikeda'? (1. Grad. Sch. of Eng., Osaka Pref. Univ.,
2. RIMED, Osaka Pref. Univ.)
3:20 PM - 3:40 PM

Academic Program [Oral B] | 14. Organic Chemistry -Aromatic,
Heterocyclic, and Heteroatom Compounds- | Oral B

[K4-1pm] 14. Organic Chemistry -Aromatic,
Heterocyclic, and Heteroatom
Compounds-



Chair: Taiki Morita, Takeshi Nanjo
1:00 PM - 3:40 PM K4 (Online Meeting)

[K4-1pm-01] Synthesis of Isoxazoloazaborines via Gold(l)-
Catalyzed Propargyl Aza-Claisen
Rearrangement/Borylative Cyclization
Cascade and Methylene Insertion of Zinc
Carbenoid into N-O Bond of Isoxazoles
OMasato Tsuda1, Taiki Morita1'2, Hiroyuki
Nakamura'? (1. School of Life Science and
Technology, Tokyo Institute of Technology, 2.
Laboratory for Chemistry and Life Science, Tokyo
Institute of Technology)

1:00 PM - 1:20 PM

[K4-1pm-03] Photouncaging-induced amide formation by
red light irradiation to indolizines
OKenji Watanabe', Asuka Kuratsu', Takashi
Niwa'?, Takamitsu Hosoya? (1. RIKEN BDR, 2.
TMDU IBB)

1:40 PM - 2:00 PM

[K4-1pm-04] Deaminative borylation of aromatic amines
based on photoinduced electron transfer
OAkira Shiozukaz, Kohei Sekinem, Yoichiro
Kuninobu'? (1. Institute for Materials Chemistry
and Engineering, Kyushu University, 2.
Interdisciplinary Graduate School of Engineering
Sciences, Kyushu University)

2:00 PM - 2:20 PM

[K4-1pm-05] Development of Organophotocatalyst
Enabling Substrate Recognition by Pyridine
Moiety for C-C Bond Forming Reaction
ONatsuki Kato', Takeshi Nanjo', Yoshiji
Takemoto' (1. Grad. Sch. Pharm. Sci., Kyoto
Univ.)

2:20 PM - 2:40 PM

[K4-1pm-06] Dearomative Dicarboxylation of
Heteroaromatic Compounds Using CO,
Radical Anion
OTsuyoshi Mita1'2, Yong You1'2, Wataru Kanna3,
Hideaki Takano1'2, Hiroki Hayashi1'2, Satoshi
Maeda'?? (1. WPI-ICReDD, Hokkaido Univ., 2.
JST-ERATO, 3. Fac. of Sci., Hokkaido Univ.)

2:40 PM - 3:00 PM

[K4-1pm-07] Synthesis of polysubstituted imidazoles
using o, v -diazido- a, 8 -unsaturated esters
OKeita Matsushima1, Shota Tanaka1, Taisei

Koide', Ikuo Sasaki', Hideyuki Sugimura' (1.
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Aoyama Gakuin University)
3:00 PM - 3:20 PM
[K4-1pm-08] Synthesis of iptycenes Using Ambident

Anthracene

OMizuki Hyodo1, Takayuki Iwataz, Mitsuru Shindo?
(1. Interdis. Grad. Sch. Eng. Sci., Kyushu Univ., 2.

IMCE, Kyushu Univ.)

3:20 PM - 3:40 PM

K307

Academic Program [Oral B] | 15. Organic Chemistry -Aliphatic and Alicyclic
Compounds, and New Synthetic Technology- | Oral B

[K307-1Tpm] 15. Organic Chemistry -Aliphatic and
Alicyclic Compounds, and New

Synthetic Technology-
Chair: Hiromichi Egami, Ryo Yazaki
1:00 PM - 3:40 PM K307 (Online Meeting)

[K307-1pm-01] Direct Catalytic Enantioselective
Hydrophosphony-
lation of N-Unprotected Ketimines
Ovuta Kondo1, Koki Yamada1, Tetsuya Kadota1,
Hiroyuki Morimoto', Takashi Ohshima' (1.
Graduate School of Pharmaceutical Sciences,
Kyushu University)
1:00 PM - 1:20 PM

[K307-1pm-02] Asymmetric fluorination of allylic amides
using diatonic phase-transfer catalyst and
its mechanistic insight
CHiromichi Egami1, Tomoki Niwa1, Kousuke
Nishibashi', Hitomi Sato’, Kiyoshi Ujiie, Kenji
Yamashita', Yoshitaka Hamashima' (1. Univ.
of Shizuoka)
1:20 PM - 1:40 PM

[K307-1pm-03] Enantioselective Radical Cation [2+2]
Cycloaddition Initiated by Chiral Iron(lll)
Salts and Mechanistic Insight into the
Effect of Photoirradiation
OKei Katagiri1, Shuhei Ohmura1, Takahiro
Horibe!, Kazuaki Ishihara' (1. Nagoya
University)
1:40 PM - 2:00 PM

[K307-1pm-04] Enantioselective Oxidative
Dearomatization of Arenols Using High-
performance Hypohalite Catalysis
OTakehiro Kato1, Muhammet Uyanik1, Kazuaki

Ishihara' (1. Nagoya University)



2:00 PM - 2:20 PM

[K307-1pm-05] Ammonium Hypoiodite-catalyzed
Oxidative Umpolung of Indoles for
Dearomatization
OHiroki Tanaka1, Muhammet Uyanik 1, Kazuaki
Ishihara' (1. Nagoya University)
2:20 PM - 2:40 PM

[K307-1pm-06] Convoluted Polymer-Supported-Cobalt-
Catalyzed Regioselective
Cyclotrimerization of Aryl Alkynes
OAbhijit Sen1, Takuma Sato1, Aya Ohno1,
Heeyoel Baek’, Yoichi M. A. Yamada' (1.
Green Nano Catalysis Research Team)
2:40 PM - 3:00 PM

[K307-1pm-07] Homologation of Aryl aldehydes Using
Nitromethane as a C1 Source with
Nitrogen-doped Carbon Supported
Palladium Catalysts
OTomohiro Yasukawa1, Yasuhiro Yamashita1,
Shu Kobayashi' (1. The University of Tokyo)
3:00 PM - 3:20 PM

[K307-1pm-08] Development of Chiral Lewis Acid
Complexes with High Hydrophobicity as
Self-healing Catalysts for Reactions in
Water
OFangqiu Lu1, Taku Kitanosono1, Yasuhiro
Yamashita', Sha Kobayashi' (1. The Univ. of
Tokyo)
3:20 PM - 3:40 PM

Academic Program [Oral B] | 15. Organic Chemistry -Aliphatic and Alicyclic
Compounds, and New Synthetic Technology- | Oral B

[K5-1pm] 15. Organic Chemistry -Aliphatic and
Alicyclic Compounds, and New Synthetic

Technology-
Chair: Eiko Yasui, Hiroyuki Miyamura
1:20 PM - 3:40 PM K5 (Online Meeting)

[K5-1pm-01] Nitrogen-Doped Carbon-Incarcerated Zinc
Catalysts as Less Sacrificial Electrodes for
Electrochemical Allylation Reactions
ORyusuke Masuda1, Tomohiro Yasukawa1,
Yasuhiro Yamashita', Shu Kobayashi' (1. The
University of Tokyo)

1:20 PM - 1:40 PM

[K5-1pm-02] Development of reductive cleavage of aryl
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ethers using cooperative catalytic systems of
heterogeneous metal nanoparticles and
Lewis acids
OHiroyuki Miyamura1, Shu Kobayashi1 (1. The
Univ. of Tokyo)
1:40 PM - 2:00 PM

[K5-1pm-03] Development of Solid Base Catalysts for
Hydroxypyrazine Synthesis in Water
OTomoya Hisada1, Taku Kitanosono1, Yasuhiro
Yamashita1, Sha Kobayashi1 (1. University of
Tokyo)
2:00 PM - 2:20 PM

[K5-1pm-04] Highly Selective Synthesis of @ -Aminoamide
Utilizing an Umpolung Reaction and
Characteristics of a-Hydrazonoester
Olsao Mizota' (1. Mie University)
2:20 PM - 2:40 PM

[K5-1pm-05] Synthestic study of arenicolides
-construction of complete carbon
framework-
©Reo Hirao1, Yoshinori Kawano1, Eiko Yasui1,
Shinji Nagumo' (1. Kogakuin University)
2:40 PM - 3:00 PM

[K5-1pm-06] Chemo-, Regio- and Diastereoselective Ring-
Opening of Epoxy by Utilizing Sulfenate
Anions: An Efficient Access to 8 -Hydroxy
Sulfoxides
OJian Zhang1, Vipul Vithal Betkekar', Keisuke
SuzukiZ, Ken Ohmori' (1. Department of
Chemistry, School of Science, Tokyo Institute of
Technology., 2. Institute of Innovative Research,
Tokyo Institute of Technology.)
3:00 PM - 3:20 PM

[K5-1pm-07] Reductive Dimerization of Styrenes Enabled
by Flow Microreactors
OJiang Yiyuan', Yorimitsu Hideki' (1. Graduate
School of Science, Kyoto University)

3:20 PM - 3:40 PM

B104

Academic Program [Oral B] | 16. Natural Products Chemistry, Chemical
Biology | Oral B

[B104-1pm] 16. Natural Products Chemistry,
Chemical Biology

Chair: Yousuke Takaoka, Yuichiro Hori
1:00 PM - 3:40 PM B104 (Online Meeting)




[B104-1pm-01] A therapeutic approach for cancers with
special genetic mutations using in vivo
synthetic chemistry
OTsung—Che Chang1, Igor Nasibullin',
Katsunori Tanaka'>® (1. RIKEN, 2. Tokyo
Institute of Technology, 3. Kazan Federal
University)

1:00 PM - 1:20 PM

[B104-1pm-02] Fungal toxin fusicoccin enhances plant
growth by promoting stomatal opening
CHironaru Kiriyama1, Satoru Kinoshitaz, Yuki
Hayashiz, Toshinori Kinoshitaz, Shigemitsu
Kasuga1, Hiroki Irieda1, Junko Ohkanda' (1.
Shinshu Univ., 2. Nagoya Univ.)

1:20 PM - 1:40 PM

[B104-1pm-03] Analyses and regulation of protein-protein
interactions caused by jasmonate-related
transcription factors
OvYousuke Takaoka1, Suzuki Kaho1, Ueda
Minoru™? (1. Tohoku Univ, Grad. Sci., 2.
Tohoku Univ, Grad. Life Sci.)

1:40 PM - 2:00 PM

[B104-1pm-04] Development of a Fulgimide-Fluorophore
Dyad Molecule for Fluorescence
Photoswitching in Cellular Imaging
OKenji Torii', Yuichiro Hori'"?, Kazuya
Kikuchi? (1. Graduate School of Engineering,
Osaka University, 2. Immunology Frontier
Research Center, Osaka University)

2:00 PM - 2:20 PM

[B104-1pm-05] Display-based discovery of N-methylated
cyclic peptide inhibitors of prokaryotic
iPGMs
ORenier Herman Pieter van Neer1, Patricia
Dranchakz, Mahesh Aithaz, Laurence Lamyz,
Hiroyuki Kimura', Scott Lovell®, Takayuki
Katoh', James Inglese?, Hiroaki Suga' (1.
Graduate school of Science, Department of
Chemistry, University of Tokyo, 2. National
Center for Advancing Translational Sciences,
National Institutes of Health, 3. Protein
Structure Laboratory, Structural Biology
Center, University of Kansas)

2:20 PM - 2:40 PM
[B104-1pm-06] Development of activatable fluorescence

probe for carboxypeptidase activity to
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visualize cancer
“Minoru Kawatanﬂ, Mako Kamiya1, Hirohisa
Iwaki1, Kyoko Yamamoto1, Yasuteru Urano'?
(1. Grad. Sch. Med., The Univ. of Tokyo, 2.

Grad. Sch. Pharm. Sci., The Univ. of Tokyo)
2:40 PM - 3:00 PM

[B104-1pm-07] Site-selective Cleavage of Protein by
Cysteine Formylation
ONaoki Zenmyo1, Akihiro Yasuda1, Yuya
Matsumotoz, Shohei Uchinomiya1, Naoya
Shindo', Kaori Tabata', Akio Ojida' (1. Grad.
Sch. Phar. Sci., The Univ. of Kyushu, 2. The
Univ. of Kyushu, Phar. Sci.)
3:00 PM - 3:20 PM

[B104-1pm-08] Exploration of Biomolecularly Transparent
IR Region for Structural Identification
Using VCD
OZarif Zubir', Nurul Fajry Maulida, Tohru
Taniguchi?, Kenji Monde? (1. Hokkaido U.,
Graduate School of Life Science, 2. Hokkaido
U., Faculty of Advanced Life Science)
3:20 PM - 3:40 PM

G201

Academic Program [Oral B] | 17. Biofunctional Chemistry, Biotechnology |
Oral B

[G201-1am] 17. Biofunctional Chemistry,

Biotechnology
Chair: Tomonori Tamura, Kazutoshi lijima
9:00 AM - 11:40 AM G201 (Online Meeting)

[G201-1am-01] A novel antidotal system for a fire gas
poisoning using artificial hemoglobin
model complexes
Qiyue Mao1, Xuansu Zhaoz, Yasutaka Fukuda3,
Akiko Kiriyama®, Shigeru Negi*, Hideki
Yoshioka?, ®Hiroaki Kitagishi' (1. Doshisha
University, 2. Building Reseach Institute, 3.
Better Living, 4. Doshisha Women's College of
Liberal Arts)

9:00 AM - 9:20 AM

[G201-1am-02] Development of photo-responsive cell
scaffold for control of cellular function
OHiroki Miyajima', Saeka Kato', Kazutoshi
lijima' (1. Yokohama National Univ.)

9:20 AM - 9:40 AM

[G201-1am-03] Controlling IEDDA Reaction with



Macrocyclic Tetrazines

©lra Novianti1, Toshiyuki Kowada1, Shin

Mizukami' (1. Tohoku University)
9:40 AM - 10:00 AM

[G201-1am-04] Development of Functional Anthracene-
Based Multiblock Fluorophore for
Visualization of Biological Environment
oJunya Adachi1, Kohei Sato1, Kazushi Kinbara'

(1. Tokyo Tech.)

10:00 AM - 10:20 AM

[G201-Tam-05] Evaluation of the properties of a cyclic
pyrrole— imidazole polyamide, which
specifically binds to CAG/CTG repeat
DNA
Ovuki Hirose1, Tomo Ohno1, Sefan Asamitsuz,
Kaori Hashiya1, Toshikazu Bando1, Hiroshi
Sugiyama1’3 (1. Graduate School of Science,
Kyoto University, 2. RIKEN Center for
Biosystems Dynamics Research, 3. Institute for
Integrated Cell-Material Science (WPI-iCeMS),
Kyoto University)
10:20 AM - 10:40 AM

[G201-1am-06] Development of selective Cu*-responsive
protein labeling reagent towards
conditional proteomics
oRong Cheng1, Tomonori Tamura1, Itaru
Hamachi? (1. Kyoto University, 2. ERATO,
JST)
10:40 AM - 11:00 AM

[G201-Tam-07] Expanding the detectable pH range of
DNA nanostructure-based fluorescent pH
sensors
OKhongorzul Gerelbaatar’, Eiji Nakata', Hisaaki
Hirosez, Shiroh Futakiz, Takashi Morii' (1.
Institute of Advanced Enegy Science, Kyoto
University, 2. Institute of Chemical Research,
Kyoto University)
11:00 AM - 11:20 AM

[G201-1am-08] Selection of macrocyclic peptides against
SARS-CoV2 spike protein from Tyr, Trp,
Pro-rich macrocyclic peptide library
OTomoshige Fujino', Ryogo Sonoda’, Taiga
Sumi', Hiroshi Murakami' (1. Nagoya Univ.)

11:20 AM - 11:40 AM

G202
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Academic Program [Oral B] | 17. Biofunctional Chemistry, Biotechnology |
Oral B

[G202-1am] 17. Biofunctional Chemistry,

Biotechnology
Chair: Takashi Matsuo, Hiroshi Murakami
9:00 AM - 11:40 AM G202 (Online Meeting)

[G202-1am-01] Preparation of super-catalytic antibody
against the conserved region of influenza
virus hemagglutinin molecule and the
biochemical features
CEmi Hifumi1, Tamami Nonaka1, Ayuka
Tanaka', Taizo Uda® (1. Oita university, 2.
ISIT)

9:00 AM - 9:20 AM

[G202-1am-02] Improvement of neutralizing activity of
monobody against SARS-CoV-2 by affinity
maturation
OTaishi Kondo1, Kazuhiro Matsuokaz,
Tomoshige Fujino1, Shun Umemoto1, Gosuke
Hayashi1, Yasumasa Iwatani2'3, Hiroshi
Murakami'* (1. Graduate School of
Engineering, Nagoya University, 2. Department
of Infectious Diseases and Immunology,
Clinical Research Center, National Hospital
Organization Nagoya Medical Center, 3.
Division of Basic Medicine, Graduate School of
Medicine, Nagoya University, 4. Institute of
Nano-Life-Systems, Institutes of Innovation for
Future Society, Nagoya University)

9:20 AM - 9:40 AM

[G202-1am-03] Activity regulation for adenylate kinase
through conformational change trapping
with antibody proteins
Ibuki Nakamura1, Hiroshi Amesakaz, Kento
Yonezawa1, Hironari Kamikubo1, Shunichi
Tanaka?, ©Takashi Matsuo' (1. Nara Inst. Sci.
Tech., 2. Kyoto Pref. Univ.)

9:40 AM - 10:00 AM

[G202-1am-04] A rapid, convenient, and highly sensitive
electrochemical detection of human
hemoglobin in serum using a high-affinity
bivalent antibody-enzyme complex
ODaimei Miura1, Hayato Kimura1, Wakako
Tsugawa1, Koji Sodez, Kazunori Ikebukuro1,
Ryutaro Asano' (1. Tokyo University of

Agriculture and Technology, 2. Joint



Department of Biomedical Engineering, The
University of North Carolina at Chapel Hill and
North Carolina State University)
10:00 AM - 10:20 AM

[G202-1am-05] Thiazolidine ring-opening by 2-
aminobenzamide-based formaldehyde
scavengers for one-pot multiple peptide
ligation
OKoki Nakatsu1, Hiroshi Murakamim, Gosuke
Hayashi', Akimitsu Okamoto™* (1.
Department of Engeneering, Nagoya Univ. , 2.
Institute of Nano-Life-Systems, Nagoya Univ., 3.
Graduate School of Engineering, The Univ. of
Tokyo, 4. Research Center for Advanced
Science and Technology, The Univ. of Tokyo)
10:20 AM - 10:40 AM

[G202-1am-06] Ribosomal synthesis of peptide libraries
containing cyclic v -amino acids for drug
screening
OTakashi Miura1, Takayuki Katoh1, Hiroaki
Suga' (1. The University of Tokyo)
10:40 AM - 11:00 AM

[G202-1am-07] A chemi-genetic Ca®" indicator based on
a synthetic chelator and a fluorescent
protein
®Wenchao Zhu1, Takuya Terai1, Yusuke Nasu1,
Robert Earl Campbell"? (1. The University of
Tokyo, 2. The University of Albert)
11:00 AM - 11:20 AM

[G202-1am-08] Development of Split-Luciferase Probes
for Monitoring Endogenous RNAs in Living
Cells
OMasatoshi Eguchi’, Hideaki Yoshimura',
Yoshibumi Ueda1, Takeaki Ozawa' (1. School
of Science, The University of Tokyo)
11:20 AM - 11:40 AM

C202

Academic Program [Oral B] | 18. Polymer | Oral B
[C202-Tpm] 18. Polymer

Chair: Takeharu Haino, Yasuhiro Kohsaka
1:20 PM - 3:40 PM C202 (Online Meeting)

[C202-1pm-01] Synthesis of novel perfluoropolyethers
using hexafluoropropylene oxide

OMinoru Koyama1, Midori Akiyama1, Kimiaki
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Kashiwagiz, Kyoko Nozaki1, Takashi Okazoe'?
(1. Graduate School of Engineering, The
University of Tokyo, 2. AGC Inc.)
1:20 PM - 1:40 PM
[C202-1pm-02] Synthesis of unimolecularly-thick
polyelectrolyte networks using MOF
templates
CAmi Saito1, Yuki Hayashi1, Marta Ximenis1,
Nobuhiko Hosono1, Takashi Uemura' (1. The
University of Tokyo, Graduate School of
Engineering)
1:40 PM - 2:00 PM
[C202-1pm-03] Self-Assembling Behavior and Negative
Non-Linear Dependence of Hydrogen-
Bonded Tris(phenylisoxazolyl)benzene
Dimers
OYudai Ono1, Takehiro Hirao1, Takeharu
Haino' (1. Hiroshima Unibersity)
2:00 PM - 2:20 PM
[C202-1pm-04] Vinyl polymers degradable through main
chain scission by retro-aldol reaction over
the backbone and pendants
Cpkane Kazama1, Patrick Théato3, Yasuhiro
Kohsaka'? (1. Faculty of Textile Science and
Technology, Shinshu University, 2. Research
Initiative for Supra-Materials (RISM), Shinshu
University, 3. Institute for Chemical Technology
and Polymer Chemistry (ITCP), Karlsruhe
Institute of Technology)
2:20 PM - 2:40 PM
[C202-1pm-05] Synthesis of m-Conjugated
Organometallic Polymers Containing
Fused Titanacycle and Thiophene Units
OAlvin Tanudjaja1, Ryoyu Hifumi', Shinsuke
Inagi1, lkuyoshi Tomita' (1. Tokyo Institute of
Technology)
2:40 PM - 3:00 PM
[C202-1pm-06] Improvement of Hydrolysis Resistance for
PET by Copper Catalyzed
Decarboxylation of Terminal Carboxylic
Acid
OMasato Akahira', Hirokazu Komatsu’, Koji
Yamauchi' (1. Toray Industries,Inc.)
3:00 PM - 3:20 PM
[C202-1pm-07] Synthesis of supramolecular polysulfide

polymers using hydrogen bonds and



coordination bonds

OYuichiro Kobayashi1, Yuki Yamagishi1,
Akiyoshi Horiguchi', Daiki Kitano', Hiroyasu
Yamaguchi1’2 (1. Osaka University, 2. ISC-
OTRI)

3:20 PM - 3:40 PM

C203

Academic Program [Oral B] | 18. Polymer | Oral B
[C203-Tpm] 18. Polymer

Chair: Kenichi Kato, Yoshinori Takashima
1:20 PM - 3:40 PM C203 (Online Meeting)

[C203-1pm-01] Carboxyl-substituted Poly(quinoxaline-
2,3-diyl) for Quantification of a Small
Enantiomeric Imbalance of Chiral Amines
by CD Spectroscopy in Water
OTomonori Yamawaki1, Takuma Kuroda1,
Yuuya Nagata', Michinori Suginome' (1.
Kyoto Univ.)
1:20 PM - 1:40 PM

[C203-1pm-02] Construction of Donor-Acceptor Type
Conjugated Polymers Based on
Pilar[5]arene Units
OKeisuke Wada1, Shunsuke Ohtani1, Kenichi
Kato', Shixin Fa', Tomoki Ogoshi'? (1. Grad.
Sch. of Eng., Kyoto Univ., 2. Kanazawa
University WPI-NanoLSI)
1:40 PM - 2:00 PM

[C203-1pm-03] Synthesis of boratrane-pendant polymers
and their specific properties changes
through side chain reactions
CAkira Takahashi1, Masahiro Yamanishi1,
Atsushi Kameyama' (1. Kanagawa Univ.)
2:00 PM - 2:20 PM

[C203-1pm-04] Increasing the strength of temperature-
ressponsive polymer gels
OKazunari Yoshida', Naofumi Fujiwara' (1.
Yamagata Univ.)
2:20 PM - 2:40 PM

[C203-1pm-05] Low-voltage-driven hydrogel actuator
using hydrophobic interaction between
poly(ethylene glycol) and iodine
oHongyao Zhou', Teppei Yamada' (1.The
Univ. of Tokyo)
2:40 PM - 3:00 PM
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[C203-1pm-06]

[C203-1pm-07]

Functional design of polymeric materials
based on movable cross-links and
application for strain-sensor

ORyohei Ikura', Shunsuke Murayama3, Junsu
Park1, Yuka Ikemoto4, Motofumi Osaki1’5,
Hiroyasu Yamaguchi'®, Akira Harada’, Go
Matsuba3, Yoshinori Takashima?%® (1. Grad.
Sch. of Sci., Osaka Univ., 2. Inst. for Advanced
Co-Creation Studies, Osaka Univ., 3. Grad. Sch.
of Org. Mater. Eng., Yamagata Univ., 4. JASRI,
5. PRC, Osaka Univ., 6. OTRI, Osaka Univ., 7.
ISIR, Osaka Univ.)

3:00 PM - 3:20 PM

Novel Reticular Polymeric
Nanomembranes Formed within
Unconventional Electric Double Layer:
Synthesis and Functions

OYoshimitsu Itoh'?, Tengfei FU', Pier-Luc
CHAMPAGNE', Takuzo AIDA'® (1. Graduate
School of Engineering, The University of Tokyo,
2.JST PRESTO, 3. RIKEN CEMS)

3:20 PM - 3:40 PM

A202

Academic Program [Oral B] | 19. Colloid and Interface Chemistry | Oral B
[A202-1pm] 19. Colloid and Interface Chemistry
Chair: Hideyuki Mitomo, Hiroyasu Nishi

1:00 PM - 3:40 PM A202 (Online Meeting)

[A202-1pm-01]

[A202-1pm-02]

Room-Temperature Coalescence of Metal
Nanoparticles by Ligand Exchange with
Tri-n-Octylphosphine Oxide and
Subsequent Dipping into an Organic
Solvent Containing a Sintering Agent
OSoichiro Okada', Yoshio Nakahara', Mitsuru
Watanabez, Toshiyuki Tamaiz, Yasuyuki
Kobayashi?, Setsuko Yajima' (1. Faculty of
Systems Engineering, Wakayama University, 2.
Osaka Research Institute of Industrial Science
and Technology)

1:00 PM - 1:20 PM

Platinum-Group-Metal High-Entropy-Alloy
Nanoparticles

©DONGSHUANG WU', Kohei Kusada', Hiroshi
Kitagawa' (1.Kyoto university)

1:20 PM - 1:40 PM



[A202-1pm-03] The effects of Hofmeister series of salts
for the aggregation of polyion complex
particles composed of polysaccharides
OMakoto Yamazaki1, Makoto Yabez, Kazutoshi
Iijima1 (1. Yokohama National Univ., 2. Mol
Processing)

1:40 PM - 2:00 PM

[A202-1pm-04] Generation of Hydroxyl radical by
Ultrasound-Excited Titanium Dioxide
Nanoparticles - Gold Nanocluster Loading
Effect-

OHideya Kawasaki1, Atsuya Ikeda3, Ken
Yamamoto? (1. Kansai University, 2. Kansai
University, 3. Kansai University)

2:00 PM - 2:20 PM

[A202-1pm-05] Preparation of smart core-shell gel
particles having hydrophilic core and
temperature-responsive shell
Cakifumi Kawamura1'2, Mitsuhide Sasaoka1,
Takashi Miyata"? (1. Fac. Chem. Mater.
Bioeng., Kansai University, 2. ORDIST, Kansai
University)

2:20 PM - 2:40 PM

[A202-1pm-06] Role of Surface Ligand Structure in the
Colloidal Stability of TiO, Nanoparticles
OShohei Yamashita1, Hidehiro Kamiya1, Yohei
Okada® (1. Tokyo University of Agriculture
and Technology, 2. Tokyo University of
Agriculture and Technology)

2:40 PM - 3:00 PM

[A202-1pm-07] Acid-controlled reactivities of ligand-
protected gold nanoclusters
OWataru Suzuki', Ryo Takahata', Toshiharu
Teranishi' (1. Institute for Chemical Research,
Kyoto University)

3:00 PM - 3:20 PM

[A202-1pm-08] Type | collagen-stabilized gold
nanoparticles produced by pulsed laser
ablation in liquids and v -ray irradiation
ONazgul Assan1, Tomoyuki Suezawa, Satoshi
Seino1, Yuta Uetakem, Michiya Matsusaki1'2,
Hidehiro Sakurai'? (1. Graduate School of
Engineering, Osaka University, 2. ICS-OTRI,
Osaka University)

3:20 PM - 3:40 PM
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Academic Program [Oral B] | 19. Colloid and Interface Chemistry | Oral B

[A202-1vn] 19. Colloid and Interface Chemistry
Chair: Yuta Uetake, Masashi Mizukami
4:10 PM - 6:50 PM A202 (Online Meeting)

[A202-1vn-01] Solvent effects on pulsed laser ablation in
liquids (PLAL) using microchip laser for

preparation of gold nanoparticles

OBarana Sandakelum Hettiarachchi1, Yuta
Uetake1'2, Yumi Yakiyama1'2, Hidehiro Sakurai'*?
(1. Graduate School of Engineering, Osaka
University, 2. ICS-OTRI, Osaka University)
4:10 PM - 4:30 PM

[A202-1vn-02] Site-Selective Introduction of Metal Oxide
Co-catalysts through Plasmon-Induced
Charge Separation and Galvanic
Replacement
C)Hiroyasu Nishi1, Kangseok Kim1, Tetsu
Tatsuma' (1. The University of Tokyo)
4:30 PM - 4:50 PM

[A202-1vn-03] Liquid-Crystalline Organic-Inorganic
Hybrid Dendron-Modified Fe O,
Nanoparticles: Characterization of the
Self-organized Structure
CTakehiro Yachi1, Masaki Matsubara1'2,
Xiangbing Zeng®, Goran Ungar®, Atsushi
Muramatsu’, Kanie Kiyoshi' (1. Tohoku
University, Institute of Multidisciplinary
Research for Advanced Materials, 2. National
Institute of Technology, Sendai College, 3. The
University of Sheffield)
4:50 PM - 5:10 PM

[A202-1vn-04] Construction of Ultra-thin Pt Layers on Ni
Substrates for Highly Efficient Oxygen
Reduction Reaction Catalysts
ODilinigeer Dilixiati', Yuka Araki', Toshihiro
Kondo' (1. 0Ochanomizu University)
5:10 PM - 5:30 PM

[A202-1vn-05] Validation of a quantitative analysis for
intramolecular vibrations of electrolytes in
the heterophase system by the near-
infrared spectroscopy
OJingchao Xu', Hideshi MAKI', Minoru
MIZUHATA'? (1. Kobe University, 2.
Jagiellonian University)

5:30 PM - 5:50 PM



[A202-1vn-06] Synthesis and characterization of porous
boron nitride having specific gas
adsorption properties
OTakahiro Ohkubo1, Jun Kimura1, Kai Egami1,
Masato Yamashita1, Yasushige Kuroda' (1.
Okayama Univ.)

5:50 PM - 6:10 PM

[A202-1vn-07] Direct Determination of Structure of
Concentrated Polymer Brushes by Surface
Forces Measurement
Ovutaka Takahashi1, Masashi Mizukami1,
Yoshinobu Tsujii?, Kazue Kurihara' (1. Tohoku
University, 2. Kyoto University)

6:10 PM - 6:30 PM

[A202-1vn-08] Development of a long-term stabilization
method of chlorosilane in air and its
application to superhydrophobic materials
with self-healing ability by the
reconstruction of surface morphologies
Osatoshi Nakamura', Atsushi Hozumi' (1.
AIST)

6:30 PM - 6:50 PM

C205

Academic Program [Oral B] | 20. Materials Chemistry -Basic and
Application- | Oral B

[C205-Tpm] 20. Materials Chemistry -Basic and
Application-

Chair: Masahiko Nakamoto, Shun-ichi Tamaru

1:40 PM - 3:40 PM C205 (Online Meeting)

[C205-1pm-01] Polypeptide Responsive Out-of-
Equilibrium Volume Change of Hydrogel-
Enzyme Hybrid
OMasahiko Nakamoto1, Shiro Kitano'?,
Michiya Matsusaki' (1. Department of Applied
Chemistry, Graduate School of Engineering,
Osaka University, 2. Technical Research
Institute, TOPPAN INC.)
1:40 PM - 2:00 PM

[C205-1pm-02] Production of a hybrid hydrogel
consisting of synthetic polymers and
artificial protein nanocages
OFrika Nasu1, Norifumi Kawakami1, Kenyji
Miyamoto' (1. Keio Univ.)
2:00 PM - 2:20 PM

[C205-1pm-03] Programmed Porous Nanostructures with
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The Chemical Society of Japan The 102nd CSJ Annual Meeting

Biomolecular Machines and
Nanoparticles
oKiyoshi Morishita', P. K. Hashim', Haruaki
Yanagisawa1, Masahide Kikkawa1, Tatsuya
Niwa?, Hideki Taguchi?, Takuzo Aida'?® (1.
The University of Tokyo, 2. Tokyo Institute of
Technology, 3. RIKEN Center for Emergent
Matter Science)
2:20 PM - 2:40 PM

[C205-1pm-05] Screw Dislocation-Induced Mirror
Symmetry-Breaking in Bulk Metal-Organic
Crystals
OGangfeng CHEN'? (1. The University of
Tokyo, 2. RIKEN Centre for Emergent Matter
Science)
3:00 PM - 3:20 PM

[C205-1pm-06] Formation of novel concave surface
structures by patterned
photopolymerization induced molecular
diffusion
oSayuri Hashimoto1, Norihisa Akamatsu1,
Shoichi Kubo', Atsushi Shishido' (1. Tokyo
Institute of Technology)
3:20 PM - 3:40 PM

C204

Academic Program [Oral B] | 20. Materials Chemistry -Basic and
Application- | Oral B

[C204-1pm] 20. Materials Chemistry -Basic and
Application-

Chair: Takeshi Maeda, Osamu Tsutsumi

1:40 PM - 3:40 PM C204 (Online Meeting)

[C204-1pm-01] Triboluminescence of luminophores in
blended polymers: Simple preparation
method for triboluminescent films
anumu karimata1, Robert R Fayzullinz, JuliaR
Khusnutdinova' (1. OIST, 2. Arbuzov
Institute)

1:40 PM - 2:00 PM

[C204-1pm-02] Synthesis and Near-Infrared
Photoluminescence Properties of Novel
D-m - A-Type Pyridinium Betaine Dyes
Based on Thiophene-Derived m-Skeleton
CAmi Morimoto1, Mao Saikusa1, Naoya Suzuki1,
Takeshi Maeda', Shigeyuki Yagi', Seiji

Akiyama® (1. Osaka Prefecture University, 2.



Mitsubishi Chemical Corporation)
2:00 PM - 2:20 PM

[C204-1pm-03] 3-Dimensional Control of Nanostructure
of Chiral-Nematic Liquid-Crystals in
Monodispersed Polymeric Microparticles
OTomoki Shigeyama', Kyohei Hisano', Osamu
Tsutsumi' (1. Ritsumeikan Univ.)
2:20PM - 2:40 PM

[C204-1pm-04] Aggregation-induced room-temperature
phosphorescence from mesogenic gold(l)
complexes
©Andriani Furoida1, Kyohei Hisano1, Osamu
Tsutsumi' (1. Ritsumeikan University)
2:40 PM - 3:00 PM

[C204-1pm-06] High-Speed Bending of
Salicylideneaniline Crystals by
Photothermal-Induced Natural Vibration
OShodai Hasebe', Yuki Hagiwara', Toru Asahi’,

Hideko Koshima' (1. Waseda Univ.)
3:20 PM - 3:40 PM

J401

Academic Program [Oral B] | 22. Resources Utilization Chemistry,
Environmental and Green Chemistry | Oral B

[J401-1vn] 22. Resources Utilization Chemistry,
Environmental and Green Chemistry

Chair: Yoshito Ando, Takeru Ohe
4:10 PM - 6:10 PM J401 (Online Meeting)

[J401-1vn-01] Relationship between coloration of
chrome-tanned leathers reacted by glucose
oxides and their mechanical strength
OTakeru Ohe1, Yurika Yoshimura' (1. Osaka
Research Institute of Industrial Science and
Technology)

4:10 PM - 4:30 PM

[J401-1vn-02] Removal, Separation and Recovery of Cs,
Co, and Sr from the Mixed Solution Using
Arthrobacter Cells
CTakehiko Tsuruta1, Jun Tachibana1, Kazuya
Yokoyama1, Takahiro Nagane1, Yuya Koseki1,
Akira Shiga1 (1. Hachinohe Institute of
technology)

4:30 PM - 4:50 PM

[J401-1vn-03] New separation technology of Ni and Co in

solution by chelating resin for resource

recovery from waste lithium-ion batteries.
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CJiro Kondo1'2, Aono Hiromichiz, Tsugita
Yasuhiro! (1. EGS.,co.Ltd, 2. The Univ. of
Ehime)
4:50 PM - 5:10 PM

[J401-1vn-04] Design of thermoplastic materials using
cellulose as a base matrix
ORUOZHU WANG', Yoshito Andou’ (1. Kyushu
Institute of Technology)
5:10 PM - 5:30 PM

[J401-1vn-05] Conductive Properties of Oxygen Deficient
Titanium Dioxide by In-liquid Plasma
Treatment
OKai Takagi1, Yuta Fujii2, Haruo Kuriyama1,
Takenori Hayakawa1, Izumi Serizawa1, Naoya
Ishidaz, Chiaki Terashimaz, Akira Fujishima2 (1.
ORC MANUFACTURING CO., LTD, 2. Tokyo
University of Science)
5:30 PM - 5:50 PM

[J401-1vn-06] Complete mineralization of fluorinated
ionic liquids using low-temprature
superheated water
©Hisao Hori', Satomi Oishi' (1. Kanagawa
Univ.)
5:50 PM - 6:10 PM
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Academic Program [Oral B] | 04. Physical Chemistry -Properties- | Oral B

[F203-1pm] 04. Physical Chemistry -Properties-
Chair: Kazuyuki Takahashi, Michio-M. Matsushita
Wed. Mar 23, 2022 1:20 PM - 3:40 PM F203 (Online Meeting)

[F203-1pm-01] Dope — Non-dope transitions of new organic conductors, 8" '-
(BEDT-TTF),XC,H,SO, (X = ClI, Br)
OHiroki Akutsu', Yasuhiro Nakazawa' (1. Osaka University)
1:20 PM - 1:40 PM

[F203-1pm-02] Novel planar nickel dithiolene complexes with electron-donating
substituents: structure, optical and FET properties
©“Masatoshi Ito1, Tomoko Fujino1, So Yokomori1, Lei Zhang1, Toshiki Higashinoz, Rie
Makiura3, Kanokwan TakenoS, Hatsumi Mori' (1. ISSP, the Univ. of Tokyo, 2. AIST, 3.
Grad. Sch. Engineer., OPU)
1:40 PM - 2:00 PM

[F203-1pm-03] Ferroelectric Organic Semiconductor: Structural and Physical
Properties of Alkylamide Substituted BTBT Derivatives

CKohei Sambe1, Takashi Takedam, Norihisa Hoshino1'2, Wakana Matsudas, Kanae Tsujita

1, Shingo I\/Iaruyama1, Shunsuke Yamamoto1, Shu Seki3, Yuji Matsumoto1, Tomoyuki
Akutagawa'? (1. Graduate School of Engineering, Tohoku University, 2. IMRAM,
Tohoku University, 3. Graduate School of Engineering, Kyoto University)
2:00 PM - 2:20 PM

[F203-1pm-04] Magneto-Elastic Behavior of Two-Dimensional Organic-Inorganic
Hybrid Perovskites with Ferroelasticity
“Naoto Tsuchiya1, Tatsuya Ishinuki’, Saya Aoki’, Yuki Nakayama1, Glouven Cosquer1'2'3,

123 (1. Graduate School of Advanced Science

Sadafumi Nishihara'***, Katsuya Inoue
and Engineering, Hiroshima Univ., 2. Chirality Research Center (CResCent), Hiroshima
Univ., 3. Institute for Advanced Materials Research, Hiroshima Univ. , 4. PRESTO, JST)
2:20 PM - 2:40 PM

[F203-1pm-05] Photomagnetic effects in low-dimensional copper
octacyanidometallate assemblies
©0laf Stefanczyk1, TingYun Pai', Kunal Kumar', Corine Mathoniere?, Barbara Sieklucka®,
Shin-ichi Ohkoshi' (1. The Univ. of Tokyo, Sch. of Sci., Dept. of Chem., 2. Univ.
Bordeaux, CNRS - CRPP, France, 3. Jagiellonian Univ., Fac. of Chem., Poland)
2:40 PM - 3:00 PM

[F203-1pm-06] Two Dimensional Crystals of Ferromagnetic [MnCr(oxalate),] Layer
Alternately Stacked with Supramolecular Cations of (2-(x-
phenyl)ethan-1-aminium)*[18]crown-6 (x = H, o-fluoro, m-fluoro,
and p-fluoro)
OJiabing wu', Ruikang Huang1'2, Kiyonori Takahashi'?, Kenta Kokado'*?, Takayoshi
Nakamura'? (1. Grad. School of Environ. Sci., Hokkaido Univ., 2. RIES, Hokkaido
Univ.)
3:00 PM - 3:20 PM

[F203-1pm-07] Contribution of intermolecular interactions to spin crossover
transition behaviors of isostructural Fe(lll) complexes by means of

©The Chemical Society of Japan
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computational analysis of intermolecular interaction energies
OKazuyuki Takahashi', Ryosuke Azuma', Takahiro Sakurai?, Hitoshi ohta® (1. Graduate
School of Science, Kobe University, 2. Research Facility Center for Science and
Technology, Kobe University, 3. Molecular Photoscience Research Center, Kobe
University)

3:20 PM - 3:40 PM

©The Chemical Society of Japan
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IR AMIGEIRB  -(BEDT-TTF).XC2H4S0; (X =CL, Bn)IZH 1+ 5
Dope - Non-dope ¥55%
(BRABEEE) OF LMt + Ay Hels

Dope — Non-dope transitions of new organic conductors, B’ -(BEDT-TTF),XC,H4SOs (X =Cl,
Br) (Graduate School of Science, Osaka University) OHiroki Akutsu, Yasuhiro Nakazawa

The title new organic conductors show novel Doped — Non-doped transitions, which we
report here. The Cl salt is a non-doped salt at room temperature. At 210 K a structural phase
transition was observed, below which the salt was in the interlayer charge disproportionate
state, namely the donor layers were doped by tilts of dipole moments of the anions. The Br salt,
which is isostructural to the low temperature phase of the Cl salt and therefore which appears
to be doped, becomes non-doped after applying 1 kbar of static pressure.

Keywords : Organic Conductors;, BEDT-TTF; Dope, Interlayer Charge Disproportionation,
Metal-Insulator Transition

T2 VIR A AV EOSIRRIZ X DR R BTG A FFOAER 23S L TR, 4
[E1 B -(ET).CICoHaSOs (1) Z ¥t 7 5, HPTR(X DICKIE 210K, F-R 260 K Tk
DD 5, FBIROFE IS (P21/m) T, ET14F & 85 ICALE L 72 CICHiSOy D2
S DMAEERFERIITINAT T, -SOy J&IX R disorder LT 5, {KIEFH(PT) Clddim 23 <
o TT =F2 1ENMANIZ2 0 | -SOs #&lX order L TN =, 7 =4 2 O MR+
— A bl 69D TH Y, JLOHIME N H DX (Q)F 9°Td U {558 i T E 7 [7] 12 551k
A NEIL, R —A BT~ 2N B I 7 7 AN £ Tz, iz EAL
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Novel Planar Nickel Dithiolene Complexes with Electron-donating Substituents: Structure,
Optical and FET Properties (\ISSP, The Univ. of Tokyo, 2AIST, 3Grad. Sch. Engineer., OPU) O
Masatoshi Ito,! Tomoko Fujino,! So Yokomori,! Lei Zhang,! Toshiki Higashino,? Rie Makiura,?
Kanokwan Takeno,? Hatsumi Mori!

Ambipolar semiconductors are next-generation semiconducting materials. However,
stringent electronic requirements such as narrow HOMO-LUMO gap and deep LUMO level
still limit the number of successful examples. Herein, we designed and synthesized novel three
planar nickel bis-dithiolene complexes (1a, 1b, and 1¢) with alkoxy substituents of a different
chain length. Interestingly, single crystal structure analyses revealed that 1a exhibits a one-
dimensional stacking structure, while 1b and 1¢ exhibit a two-dimensional, herringbone-like
stacking structure, maintaining relatively strong intermolecular orbital interactions by a highly
planar d/m-conjugated framework structure. In this presentation, we will discuss the optical
properties and FET characteristics fabricated by solution-coating process.

Keywords : Nickel Complexes; Dithiolene Complexes; Optical Conductivity; Field-effect
Transistor, FET
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1) T. D. Anthopoulos et al., Adv. Mater., 2006, 18, 1900; T. D. Anthopoulos et al., Appl. Phys. Lett., 2007, 90,
122105; G. C. Papavassiliou et al., Crystals, 2012, 2, 762.
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Ferroelectric Organic Semiconductor: Structural and Physical
Properties of Alkylamide Substituted BTBT Derivatives

(*Graduate School of Engineering, Tohoku University, *IMRAM, Tohoku University,
3Graduate School of Engineering, Kyoto University) OKohei Sambe,' Takashi Takeda,'
Norihisa Hoshino, > Wakana Matsuda,® Kanae Tsujita,! Shingo Maruyama,' Shunsuke
Yamamoto!, Shu Seki,? Yuji Matsumoto,' Tomoyuki Akutagawa':?

Keywords: [1]Benzothieno[3,2-b][1]benzothiophene; Alkylamide; Organic semiconductor;
Ferroelectricity; Hydrogen-bond

S H
[1]Benzothieno[3,2-b][ 1]-benzothiophene (BTBT) Rr Q / O N~CHgnss

derivatives can form the 2D electronic structure and S o}
organic field-effect transistors (OFET) with high hole 1: R =CgHyz7 n =3
mobility.! On the other hand, alkylamide-substituted 3. R _ 7 013
n-electronic molecules can show ferroelectric behavior 4: R=H n=14

accompanying by the dipole inversion at hydrogen Fig. 1. R-BTBT-CONHCHon+i
bonding (HB) sites of alkylamide units.> Such polarization change has a potential to affect
the semiconducting behavior. Herein, we synthesized alkylamide-substituted
R-BTBT-CONHCHz,+1 (Fig. 1), which semiconducting behavior, ferroelectricity, and
molecular assembly structures were examined. Single-crystal X-ray structural analyses of 1
and 3 revealed the formation of herringbone arrangement of BTBT skeleton and the 1D HB
chains of alkylamide groups (Fig. 2). The thin-films of 2 were fabricated for channel layer
of a top-contact type OFET device and its grer and V' values were observed at 0.021 ¢cm?
Vs and —9.7 V, respectively (Fig. 3). Based on the DSC and XRD measurements, 2
formed the SmE phase above 369 K followed by the melting at 469 K. The ferroelectric
hysteresis behavior of 2 was observed in the P-E curve at the SmE phase with £. = 5.65 V
um ' and P, =2.21 uC cm? at 413 K and 0.1 Hz, respectively (Fig. 4).

P/ uC- em”
T

TIRTIRIRTRTIRRTRI AR ARART -
-10 0 10

EIV- ;.11‘(:{l
Fig. 2. Crystal structure of 1. Fig. 3. Output curves of 2. Fig. 4. P-E curves of 2.
1) K. Takimiya, I. Osaka, T. Mori, M. Nakano, Acc. Chem. Res. 2014, 47, 1493.

2) H. Anetai, T. Takeda, N. Hoshino, H. Kobayashi, N. Saito, M. Shigeno, M. Yamaguchi, T.
Akutagawa, J. Am. Chem. Soc. 2019, 141, 2391.
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Magneto-Elastic Behavior of Two-Dimensional Organic-Inorganic
Hybrid Perovskites with Ferroelasticity

(!Graduate School of Advanced Science and Engineering, Hiroshima University, *Chirality
Research Center (CResCent), Hiroshima University, *Institute for Advanced Materials
Research, Hiroshima University, *“PRESTO, JST) ONaoto Tsuchiya,' Tatsuya Ishinuki,' Saya
Aoki,! Yuki Nakamura,' Gloulven Cosquer,'** Sadafumi Nishihara,'*** Katsuya Inoue'-**
Keywords: Multiferroic; Magnetic Properties; Ferroelasticity; Structural Phase Transition

Multiferroic properties show that two or more ferroic orders such as ferromagnetism,
ferroelectricity, and ferroelasticity are co-exist.! For example, magnetelectric effect, in which
the polarization is induced by applying magnetic field or the magnetization is induced by
applying electric field, has been reported in both theoretically and experimentally. On the other
hand, the cross-correlation between ferroelasticity and ferromagnetism or ferroelectricity has
been rarely studied. In this study, we investigate the cross-correlation between ferroelasticity
and ferromagnetism using two-dimensional organic-inorganic hybrid perovskites with a
layered structure of organic ammonium cations and metal halide ions.

Previously, we found that the magnetization shift, characterized by a vertical shift in the
origin of the hysteresis, was observed when cooled in a magnetic field from above magnetic
critical ~temperature (PEA)Fe''Cly  (PEA = 2-
phenylethylammonium) with ferroelasticity and canted antiferromagnetism (Fig. 1).2 We
synthesized a series of hybrid perovskites, (PEA).M"Cls (M = Mn, Ni, Cu) to investigate the

in perovskite-type compound

effect of magnetization shift due to differences X ———

in the transition metals. X-ray crystal structure [ Shape : Powder

investigations show that they have a similar 0'04:—

structure to that of the iron compound (Fig. 2). S R S ol

In (PEA),Cu"Cly, ferroelastic domains were = 1 et v

observed by polarized microscopy observation. 004 F ; sk

Magnetic properties exhibit ferromagnetic 0081t i bl
50 25 25 50

behavior below 9.4 K. In this presentation, we
report magnetic and elastic properties of
(PEA)>M"Cl4, and discuss the magneto-elastic

0
H [/ kOe
Figure 1. M vs H plots of (PEA)Fe''Cl4 after
field cooling in + 50 kOe (red) and — 50 kOe

© The Chemical Society of Japan

behavior.

1) C. N. R. Rao, K. Rao, J. Solid State Chemistry:
Compounds (Eds.: P. Day, A K. Cheetham), Oxford
University Press, Oxford 1992, pp. 281 — 284.

2) Y. Nakayama, S. Nishihara, K. Inoue, T. Suzuki,
M. Kurmoo, Angew. Chem., Int. Ed. 2017, 56, 9367.

(blue).

i g et
Figure 2. The crystal structure of a series of
metal substituted (PEA),M"Cls viewed along
b-axis.
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Photomagnetic effects in low—dimensional copper
octacyanidometallate assemblies

(The Univ. of Tokyo, Sch. of Sci., Dept. of Chem., *Univ. Bordeaux, CNRS — CRPP, France,
3Jagiellonian Univ., Fac. of Chem., Poland) OOlaf Stefanczyk,! TingYun Pai,! Kunal
Kumar,'! Corine Mathoniere,> Barbara Sieklucka,® Shin—ichi Ohkoshi!

Keywords: Molecular Magnetism, Photomagnetic Effect, Switchable Materials, Functional
Materials, Metal Complexes

Research on new photomagnetic materials — compounds which magnetic properties
can be switched by irradiation, are of great interest in the study of magnetochemistry. Two
main classes of photomagnetic materials have been broadly studied: electron transfer and
spin crossover photomagnets. Much attention was drawn to the Cu'-[Mo"(CN)s]
assemblies due to their ability to reveal the light—induced metal-to—metal charge—transfer
(MMCT) effect: Cu(S=14)-Mo"V15(§=0)-Cu"(S=2) — Cu'(5=0)-[Mo"~Cu"](Siw=1)
and/or the light-induced excited spin—state trapping (LIESST) phenomenon in the Mo(IV)
centre: Cu'(§=")-Mo"V15(5=0)-Cu'(S=12) — [Cu-Mo"V 5—Cu""](Sii=2).!

In this presentation we will summarize research on two new ionic systems:
{[Cu(tren)](u— e
tn)}-[Mo(CN)s]-7.5H,O NS
(1) and {[Cu(tren)]a(u— o b
)} [Mo(CN)J {[Cultr b wd (A ) ? N2

N

N
en)]2[Mo(CN)g]}-9H.O H N// | I\\N
NH,
(2), where tren = (tris(2— et "
ammoeth?ll)a‘mlne and tn HZNQ_/ L
= 1’3_d1am1n0pr0pane’ MOIV-LSH MOIV-HS CUIIMOIVCUII m/) CUIMOVCUII

and two trinuclear ) ) .

Figure 1. Scheme of structure and photomagnetic effect in 1 and 2.
reference samples:
[Cu(tn)2]o[Mo(CN)s]-2H.O  (3) and [Cu(tren)]o[Mo(CN)s]-5.25H.O (4).> Optical
spectroscopy, supported by quantum chemical calculations, confirmed the presence of the
Mo(IV) to Cu(Il) charge transfer bands for CN—bridged compounds (2 — 4). Additionally,
detailed descriptions of energy level diagrams of 1 — 4 with the frontier molecular orbitals
and possible optical transitions were made. Magnetic studies indicated paramagnetic
behaviour with weak antiferromagnetic interactions at low temperature. Finally,
photomagnetic studies of 1 — 4 showed the increase of magnetization after irradiation with
473 and 410 nm light at 10 K. Data analysis suggests that the photomagnetic effect in 1 has
the LIESST origin, while other cyanido—bridged compounds prefer the MMCT mechanism.
1) O. Stefanczyk, K. Nakabayashi, S. Ohkoshi, Springer Series in Chemical Physics, 2021, 125, 149. 2) T. Pai,
O. Stefanczyk, K. Kumar, C. Mathoni¢re, B. Sieklucka, S. Ohkoshi, Inorg. Chem. Front., 2022, DOI:
10.1039/D1QI01469B
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Two Dimensional Crystals of Ferromagnetic [MnCr(oxalate)s]
Layer Alternately Stacked with Supramolecular Cations of (2-(x-
phenyl)ethan-1-aminium)*[18]crown-6 (x = H, o-fluoro, m-fluoro,
and p-fluoro)

(‘Grad. School of Environ. Sci., Hokkaido University, *RIES, Hokkaido University) Oliabing
Wu,' Ruikang Huang,'? Kiyonori Takahashi,'? Kenta Kokado,'* Takayoshi Nakamura'~
Keywords: Ferromagnetic; Magnetoelectric materials; 2D crystals; Supramolecule

The magnetoelectric (ME) effect in multiferroics is a prominent cross correlation
phenomenon, in which the electric field controls the magnetization, and the magnetic field rules
the electric polarization. A strategy for inducing ME effect in hybrid crystals is that enhancing
the correlation between two relatively independent units, which rule the electric or magnetic
order respectively.!"!

Here we introduced (a ®)
the supramolecular cations (I EII I AR
~J {- ~J
of (2-(x-phenyl)ethane -1- L Ny
i T T VAR .
aminum)'[18]crown- 6 (x rLrlrLr i Vil RSV
N AN s = a
= B, ofluoro, mefluoro, SRR QORI
and p-fluoro) as a possible b "H v
. . Cub Ty T
ferroelectric moiety {T}{:} {T} £ £

between  ferromagnetic

honeycomb  layer  of
[MnCr(oxalate)s] to
obtained four  hybrid
crystals 1-4. As shown in

(©) (d)

Figure 1, crystals exhibited
2D layered structures,
where cations of ((2-
phenyl)ethane-1-

aminium)’ in 1 and (2-(o-
fluorophenyl)ethan-1-
aminium)* in 2 partly Figure 1. Crystal structures of (a) 1, (b) 2, (c) 3, and (d) 4
injected into the layer of [MnCr(oxalate)s;]. The presence of fluorine substituents on m- and p-
positions hindered cations intersperse [MnCr(oxalate)s]” layer in crystal 3 and 4, resulting in
relatively independent layered structures. The crystal structures, dielectric, and magnetic

properties of 1-4 will be discussed in detail.

1) Lee J H, Fang L, Vlahos E, et al. Nature, 2010, 466, 7309.
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Contribution of intermolecular interactions to spin crossover transition behaviors of
isostructural Fe(Ill) complexes by means of computational analysis of intermolecular
interaction energies (' Graduate School of Science, Kobe University, “Research Facility Center
for Science and Technology, Kobe University, *Molecular Photoscience Research Center, Kobe
University) OKazuyuki Takahashi,' Ryosuke Azuma,' Takahiro Sakurai,” Hitoshi Ohta’

The control of phase transition behaviors is important from a point of view of both
fundamentals and applications. We reported that the spin crossover (SCO) transition enthalpies
of neutral heteroleptic Fe(Ill) complexes were affected by not only the nearest-neighbor
interactions but also the next-nearest-neighbor interactions. To clarify the effect of electrostatic
interaction on the SCO transition behaviors, we investigate the structures and properties of new
isostructural Fe(IlI) SCO complexes with various octahedral anions. Intermolecular interaction
energies are computed using the temperature-dependent crystal structures of isostructural
Fe(Ill) SCO complexes. The comparison of the temperature dependence of intermolecular
interaction energies between isostructural complexes reveals that electrostatic interaction can
give no significant effect on the SCO transition.

Keywords : Spin crossover; Intermolecular interaction; Iron(Ill) complex; Electrostatic
interaction; Isostructural complex
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quinoyl)salicylaldimine, X = PFs, AsFe, SbFe) % [Lifi 9% Z & T, FrEM AIEH D SCO 4
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Fig. 1 The ymT vs. T products of the Fe complexes
1) A. Miyawaki, K. Takahashi et al., Inorg. Chem. 2020, 59, 12295.
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Suggestion of the reaction mechanism of HFO-1123 disproportionation reaction based on the
reaction products analysis and the model simulation (Tokyo Gakugei University', Panasonic
Corporation?) OSae Fujita', Hikaru Murakami?, Hirotaka Kitagawa?, Takahiko Hashimoto?,
Yukio Nakano'

Some laws in Japan will restrict the use of some F-gases (fluorinated greenhouse gases)
currently used. HFO-1123 (CF,CFH) with very low GWP is one of the most promising
candidates for alternative of F-gases currently used. However, external factors such as electric
discharge for HFO-1123 under conditions of high temperature and pressure are known to be
triggered the explosive decomposition with rapid and large increase of temperature and
pressure which is commonly called disproportionation. Therefore, to practical use of HFO-
1123 as refrigerant, it is necessary to understand the disproportionation reaction and then
suppress it. The results of GC/MS measurements of the gaseous components after the
disproportionation reaction of HFO-1123 show that some products are formed by F and CF,.
In addition, the results of FTIR measurements show the molar ratios of HFO-1123 and some
products formed by F in the gaseous components after the reaction. In this study, by combining
these results and the changes in Gibbs free energies of the reactions predicted be occurred, the
reaction mechanism of the disproportionation of HFO-1123 was constructed. For compounds
of which thermal parameters have not reported, those thermal parameters were calculated using
ab initio calculations. Then the constructed reaction mechanism was verified by results of
chemical kinetics simulation using Chemkin. Due to space limitations, details will be explained
in this presentation.

Keywords : Refrigerant, HFO-1123, Disproportionation reaction, Reaction Mechanism,

Simulation

2RSS O ] S DR BET . RIS K » TERE~OEBENR DIV E DO~ BT
EN T3, HFO-1123 (CF,CFH) 1% GWP 23 3EF IR =D Bl 117216
THDM, @R - BIESRE FIZBWTKRER EOANEIRIc X0, IBE - JERE
WU ERF 2 REMEEOG & M B IR 7 B OS2 L 23, Ko Tl e L
THEAET DI, ZORIGEZERFEL, MfilT20ERH D, BE, RERIGED
KUERST D GCIMS IZ L ATIEDFERN S . KIGHIZ F IR0 CF, 7 VW L0 A&
W DA NH D Z Enbiotz, £, FTIR IZ LD HIER RN S UGN DORIA
%453 D HFO-1123 ° F [ 712 L o TR S D ILEM OME &L > T b, K
TR, TNDDOERMERNOE X GNDHERISE . T DRIEDILHTE DX 7 A
HHEHT R LX—%Z2 W5 Z & T, HFO-1123 ORISR D SRS L=, =
DFE, = ZNVE =7 EOMEN 2V d O FiuEF R Z AW CRE 21T 72,
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Development of HFO-1123 disproportionation reaction inhibitor (! Panasonic Corporation, 2
Tokyo gakugei university) OHikaru Murakami', Takahiko Hashimoto!, Hirotaka Kitagawa!,
Sae Fujita?, Yukio Nakano?

In recent years, various environmental regulations have called for the development of
refrigerant with low global warming potential (GWP). HFO-1123 (CF.CFH) is one of the most
promising candidates as a new refrigerant because of its small GWP of 0.3. However, HFO-
1123 has not been put into practical use because it causes disproportionation reaction in which
the temperature and pressure rise rapidly due to external factors such as electronic discharge
under high temperature and pressure conditions, and there is a need for technology to suppress
the disproportionation reaction. We succeeded in reproducing the disproportionation reaction
experimentally and estimated that the disproportionation reaction proceeds by polymerization
reaction and radical chain reaction using product analysis after the disproportionation reaction,
spectroscopic analysis during the reaction, and chemical kinetics simulation?. Based on these
reaction mechanisms, iodine compounds such as iododifluoromethane (CF.HI) and
hydrocarbons such as propane (C3Hs) were selected as reaction inhibitors that can suppress the
disproportionation reaction. It was confirmed that the disproportionation reaction could be
suppressed by adding them to HFO-1123, and the concentration of the reaction inhibitor
required to suppress the reaction was measured in the temperature range of 298K-423 K. In
this presentation, we will present the effectiveness and suppression mechanism of reaction
inhibition.

Keywords : Refrigerant; HFO-1123; Disproportionation, Radical; Inhibitor

AR, B 7R BRBERIHIC K 0 HIERIEBE(LAREL (GWP) DIRWAIED B2 KD H i
T %, HFO-1123 (CF,CFH) 1Z GWP 728 0.3 E/hNEW=w, FmEE L L TR OA
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Electron-ion coincidence laser tunneling ionization imaging of O>
with auxiliary dissociation pulses

('Dept. of Chemistry, Nagoya University, 2RCMS, Nagoya University)

ODaimu Ikeya'!, Hikaru Fujise!, Akitaka Matsuda', Mizuho Fushitani', Akiyoshi Hishikawa'>?
Keywords: Laser tunneling ionization, Electron-ion coincidence measurement, Auxiliary
dissociation pulse, Intense laser field, O

Intense laser fields (~10'* W/cm?) distort electron binding potentials of molecules and
induce tunneling ionization. Since the rate is governed by characteristics of molecules,
tunneling ionization provides a unique tool to investigate molecular properties, such as
distributions of electrons within molecules. Molecular frame photoelectron angular
distribution (MFPAD) measurement in circularly polarized intense laser fields is a powerful
method for molecular imaging using tunneling ionization [1,2]. On the other hand, since this
method requires both ionization and molecular dissociation for electron-ion coincidence
detection, it can only be applied to molecules susceptible to dissociation in circularly
polarized laser fields. In this study, we demonstrated a new approach, where auxiliary
dissociation pulses are introduced to circumvent the difficulty.

The output of Ti:Sapphire laser system (w, 800 nm, 45 fs) was split into two beams by
a beam splitter. One was converted into circularly polarized pulses by a quarter wave plate.
The other was introduced into a S-BBO crystal and converted into UV pulses (2w, 400 nm,
60 fs). The two pulses were introduced into an ultrahigh vacuum chamber and focused on
O: by a concave mirror. The UV pulses were delayed by 80 fs and blocked every other shot
by an optical chopper. The ions and photoelectrons were accelerated toward separate
position sensitive detectors by a static electric field and detected in coincidence. Momenta
of each particle were calculated from the time of flight (¢) and detected positions (x, ).

Figure 1 shows the kinetic energy release (KER) spectra of O,. The spectrum with the
ionization pulses alone (1.7x10'* W/cm?) has two peaks, which are observed in the previous
study [2]. On the other hand, when introducing the auxiliary pulses (2w on), a new peak

emerged. The net KER spectrum (purple) was 10

peaked at 0.7 eV. Since this peak agrees witha 5 5] . §$ g?f

previous study for photodissociation (395 nm) S — 1 (on) - (off)

of O," beam [3], it was assigned to the % "7 HOMO-1

dissociation pathway via ionization from T%’ 04

HOMO-1 (m,). The corresponding MFPAD +§ 02

shows a larger distribution in perpendicular to 00

the molecular axis, supporting the assignment. o : ; ) j
KER (eV)

[1] A. Staudte et al., Phys. Rev. Lett. 103, 033004 (2009). Fig. 1: The kinetic energy release spectra of

[2] H. Liu ez al., Phys. Rev. A 88, 061401(R) (2013). O, obtained with 2w pulse on (green), 2m

[3] M. Zohrabi et al., Phys. Rev. A 83, 053405 (2011). pulse off (red), and the net signal (purple).
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Attosecond optical and Ramsey-type interferometry using
high-order harmonics

(RIKEN Attosecond Science Research Team, *School of Science, The University of Tokyo,
I Graduate School of Engineering, The University of Tokyo) OTakuya Matsubara,'> Yasuo
Nabekawa,! Kenichi L. Ishikawa,® Kaoru Yamanouchi,? Katsumi Midorikawa'

Keywords: Attosecond science, High-order harmonics, Ramsey-type interferometry,
Electronic wavepackets

An investigation of coherent superpositions of electronic states in atoms, i.e.,
electronic wavepackets (EWP), gives us an opportunity to deepen our understanding of the
charge dynamics and achieve the control of quantum states. Ramsey-type interferometry, by
which we monitor the quantum interference between two EWP created by a pair of
phase-locked pulses, has been developed recently using extreme ultraviolet (XUV) pulses
whose delay time is controlled in attosecond time scale.' In the present study, we
demonstrate attosecond Ramsey-type interferometric measurements using ~20 fs XUV
pulses and the split-and-delay interferometer® after the generation of XUV pulses as
high-order harmonics (HHs) of near-IR femtosecond laser pulses.

The spectrum of the generated XUV pulses is shown in Fig. 1(a) with the absorption
lines of He. The irradiation of a pair of the 13th harmonic components in the XUV pulses
generates a coherent superposition of the ground 1s* state and the excited 1s2p state in He.
A third harmonic pulse (266 nm) passing through a Mach-Zehnder interferometer is used as
a probe pulse, by which He in the excited 1s2p state is ionized. The momentum image of the
resultant photoelectrons is shown in Fig. 1(b). The yield of the electron plotted as a function
of the delay time between the two XUV pulses At in the range between —0.5 and 14.5
fs (Fig. 1(c)) exhibits an oscillation with the period of 195 as, corresponding to the
excitation energy from the ground 1s° state to the 1s2p state. The oscillation after At.yq ~
10 fs can be interpreted as the Ramsey-type quantum interference because the optical
interference disappears beyond the delay time of At.q ~ 10 fs as in Fig. 1(d). The
interferometric method we have developed in the present study can also be applied to the
investigation of ultrafast dynamics of a vibrational and electronic wavepacket of molecular

systems.
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1) I. Liontos, et al., Opt. Lett. 35, 832 (2010). 2) Y. Hikosaka, ef al., Nat. Commun. 10, 4988 (2019).
3) A. Wituschek, et al., Nat. Commun. 11, 883 (2020). 4) Y. Nabekawa, et al., Phys. Rev. Lett. 97,
153904 (2006).
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Electron-Impact Promoted Selective [2 + 2] Cycloaddition
Mediated by Carbon Nanotube

(‘Department of Chemistry, The University of Tokyo, *Center for Nanomedicine, Institute for
Basic Science, *Graduate Program of Nano Biomedical Engineering, Advanced Science
Institute, Yonsei University) O Dongxin Liu,' Satori Kowashi,' Takayuki Nakamuro,'
Dominik Lungerich,"?** Kaoru Yamanouchi,' Koji Harano,' Eiichi Nakamura'

Keywords: Excited State Chemistry; Radiation Chemistry; Radical Cation; Fullerene;
Transmission Electron Microscopy

Attention toward chemical applications of transmission electron microscopy (TEM)
has been increasing but such studies are often plagued by radiation damage, which occurs
via ionization (radiolysis) for organic matters.! Although radiolysis is highly important in
the field of TEM, previous studies on radiolysis have largely been descriptive and
qualitative due to the lack of methods to probe molecular mechanism. Here, we adopted
chemically well-defined system to study radiolysis.

We chose thermally-forbidden [2 + 2] cycloaddition of a van der Waals dimer of
[60]fullerene (Ceo) to Cizo in a carbon nanotube (CNT) that proceeds under electron beam
(e-beam) irradiation” and conducted variable-temperature® and variable-voltage (VI/VV)?*
study to investigate reaction paths and effects of e-beam. With the VT/VV study, we
identified five reaction pathways that serve as mechanistic models of radiolysis damage,
which demonstrate the importance of VI/VV kinetic analysis in the studies of radiation
damage.

80-120 eV

=]+ Cycloaddition
E-beam Singlet and ]

ZXN
() €

i ; &) /)
triplet exciton ~SaL (00.0.>_ 6@
7~ Singletor
Energy triplet [2 + 2] dimer
transfer ! _
(~1.5—- Relaxation ¢
25eV)
> - o o
= = _ 8
T R Q=r XXJ
R R
s N J \\Q’/ @‘_e,.l [2 + 2] dimer
CNT ~ vdW dimer

1) R. F. Egerton Micron 2019, 119, 72. 2) M. Koshino et al. Nat. Chem. 2010, 2, 117. 3) S. Okada et
al. J. Am. Chem. Soc. 2017, 139, 18281. 4) D. Liu et al. arXiv, arXiv:2110.02530.
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Ultrafast spectral diffusion dynamics of molecular excitons in ultrathin organic films
(‘Graduate School of Science, Kyoto University) OTatsuya Yoshida,' Kazuya Watanabe'

Spectral diffusion immediately after photoexcitation reflects the vibronic coupling in the
photoexcited system. In this work, we study spectral diffusion of molecular excitons in thin
films of tetracene [1] and 3,4,9,10-perylenetetracarboxylic-diimide (PTCDI) [2] by using two-
dimensional electronic spectroscopy (2DES). The samples were prepared in ultrahigh vacuum
(UHV) chamber by thermal depositions of the molecules on graphene and measurements have
been carried out under the UHV condition. Temperature dependence of the spectral diffusion
is studied from 96 to 471 K by analyzing the 2DES signal. Significant acceleration of spectral
diffusion with increasing the temperature is observed which cannot be explained by a linear
system-bath coupling model with a harmonic bath. We propose an anharmonic coupling model
in which the exciton energy gap fluctuations by a high-frequency intramolecular vibration are
enhanced by the coupling with a low-frequency phonon mode.

Keywords : Exciton; Two-dimensional electronic spectroscopy,; Organic thin film
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K 7% B XU PTCDI ORI L, Bk A7 hVPEHCEB) & 5/~ 7-. Fig. 1
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E— N EARERBOREIE — FE OISR B 2 6 5.

@ £) D
2 240 2 ;
@ 295 a @2.15
e 2
(Glj 2304 o 32.10
Q0 Q0
e Q 2.05
o 225 - o
2.25 2.30 235 2.40 2.25 2 2.35 2_4 2.;]5 2}10 2.‘15 2.‘20 2.65 2.110 2.‘15 2.'20
Pump energy / eV Pump energy / eV
Fig. 1 2DES spectra of tetracene Fig. 2 2DES spectra of PTCDI
thin films at (a) 96 K and (b)186 thin films at (a) 105 K and (b)298
K. The delay times are 200 fs. K. The Delay times are 200 fs.

[1] T. Yoshida, K. Watanabe, M. Petrovi¢, M. Kralj, J. Phys. Chem. Lett., 11, 5248 (2020).
[2] T. Yoshida, K. Watanabe, J. Phys. Chem. B., 125, 9350 (2021).
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Single Pd Atom Doping into Auz24 Cluster Stabilized by PVP:
Synthesis, Structural Analysis, and Catalysis

(‘Graduate School of Science, The University of Tokyo, *Elements Strategy Initiative for
Catalysts and Batteries, Kyoto University) OShingo Hasegawa,' Shinya Masuda,' Shinjiro
Takano,' Koji Harano,' Tatsuya Tsukuda'*

Keywords: Au Cluster; PVP; Single Atom Doping; Aerobic Oxidation; Catalyst

Gold clusters smaller than a critical dimension of ~2 nm exhibit size-specific catalysis for
oxidation reactions.' Control of the size with atomic precision is essential for elucidating the
origin and optimizing the catalysis. Recently, we have achieved atomically precise synthesis of
an unprecedented magic number cluster, Auys stabilized by polyvinylpyrrolidone (Auz4:PVP),
by the kinetic control of cluster formation process.” In this study, we have successfully
synthesized AuPdi:PVP by co-reduction method and revealed the geometrical structure of
Auy;Pd,; and single Pd atom doping effect on catalysis.

AuxPd:PVP was prepared by mixing an aqueous solution of HAuCls and Na,PdCl4
(Au : Pd = 23 : 1) with that of NaBH4 in the presence of PVP using a micromixer. Selective
formation of Auy;Pd; cluster was confirmed by MALDI mass spectrometry (Figure 1a). Curve
fitting analysis of Pd K-edge EXAFS revealed that the coordination number of Pd—Au bond
was 6.1 = 0.7, indicating that the doped Pd atom was exposed on the cluster surface. As a result
of structural search of bare Aux;Pd; cluster by

—
Q
~

DEFT calculations, several stable isomers with
6-coordinated Pd atoms were obtained and
reproduced some of TEM images of
Auy3Pdi:PVP (Figures 1b-d). Aux;Pdi:PVP
exhibited significantly higher activity than £
undoped AupgPVP for benzyl alcohol ~ 3000 4000 5000 6000 7000
oxidation: the apparent activation energy was miz

estimated to be 45 + 2 and 56 + 3 kJ mol ™ for

ntensity / a.u.

AuysPdi:PVP and Auws:PVP, respectively. L s
Kinetic isotope effect indicated that hydride ;:f:‘ :“;&5 i1

elimination from the a-carbon by cluster
surface was rate-determining step for both
catalysts. It was proposed that the Pd dopant
located on the cluster surface acts as a reaction
site for hydride elimination with reduced
activation energy.

Figure 1 (a) MALDI mass spectrum and (b) a
representative TEM image of Au23Pdi:PVP. (c)
Simulated TEM image and (d) model structure
of AuzsPd.

1) S. Yamazoe, K. Koyasu, T. Tsukuda, Acc. Chem. Res. 2014, 47, 816. 2) S. Hasegawa, S. Takano, K.
Harano, T. Tsukuda, JACS Au 2021, 1, 660.
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Inter-cluster electron transfer X~ + X° — 2X- (X =
PtAu24(SCrH2n+1)18): effect of alkyl chain length of thiolate ligands
on reaction rate

(‘Graduate School of Science, The University of Tokyo, *ESICB, Kyoto University) OMegumi
Suyama,' Shinjiro Takano,' Tatsuya Tsukuda'>
Keywords: Ligand-protected metal cluster; Electron transfer; Inter-cluster reaction

It has been thought that metal clusters protected by
ligands retain their identity as distinct entities even in the @ ”’fj‘; (f%— O P

presence of other clusters. However, recent studies have 1s +l- a{‘?gg @ \ / 6;;3’ 18 ‘;t
revealed their dynamic nature in solution, where they

exchange constituent metals and ligands.'? We have %9

recently found that [PtAu,4(SC,H4Ph)is] (denoted as Kﬁ

X") having an icosahedral Pt@Auix(7e) core was “’-fH&- \{%Z )L (é;:\:gkp\§1p-ﬂ-+i-

1s-ﬂ- 8‘§\ 1S H#

Fig. 1. Inter-cluster ET reactlon from
X"t X' (X= PtAu4(SC2H4Ph)1s).

spontaneously formed via electron transfer (ET) from
[PtAU24(SC2H4Ph)1g]27 (Xzf) to [PtAU24(SC2H4Ph)1g]O
(X% with Pt@Auin(6e) and Pt@Auix(8e) cores,
respectively (Fig. 1):* X* + X° — 2X". In this study, we
systematically determined the ET rates (ker) from [PtAuas(SC,Ha)is]* (X.2) to
[PtAu24(SCrHame1)1s]° (X,") with n, m = 2—16.

Figure 2 shows the kgt values for X,*” + X,* — X, + X,, determined by analyzing time
dependent UV-Vis absorption spectra of the mixture of
X, and X,,’. The ket values decreased with increase
in the n+m values in the range of 4—12, but increased
in the range of 12-32. The former behavior can be
explained in such a manner that the overlap of the
superatomic orbitals required for ET is hindered by
longer alkyl chains. In contrast, the latter

counterintuitive behavior implies that the overlap of
the superatomic orbitals is promoted due to the
formation of long-lived dimer by vdW interaction

Inkgr (M~ min )

8
between the alkyl chain. This hypothesis was n' 1218 o
supported by the observation of (X, ° Xm)Z* by Fig. 2. ET rate constants as a function of
C (n, m).
electrospray ionization mass spectrometry of the

mixture of X,>~ and X,

1) Y. Niihori et al. J. Phys. Chem. C 2019, 123, 13324-13329. 2) M. Neumaier et al. J. Am. Chem. Soc.
2021, 143, 6969-6980. 3) M. Suyama et al. J. Am. Chem. Soc. 2019, 141, 14048—14051.
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Control of fluorescence signals by the infrared Purcell effect ('Graduate School of Chemical
Sciences and Engineering, *Faculty of Science, Hokkaido University) Yuto Kitajima,! Yuto
Shikama,' Keisuke Imaeda,” OKosei Ueno?

The gold nanorod with a relatively longer length and the gold nanochain structure in which the
gold nanoblocks are linearly connected indicate localized surface plasmon resonances and a
high electromagnetic field enhancement effect in the mid-infrared region. When the
fluorescence of fluorescent molecules was measured in a strong near field in the mid-infrared
region, a decrease in the fluorescence signal and a shortening of the fluorescence lifetime were
obviously observed. In this study, we investigated the relationship between the enhancement
of optical phonons based on the infrared Purcell effect and the non-radiation process of
fluorescence molecules.

Keywords : Localized surface plasmon resonances; Mid-infrared; IR Purcell effect; Optical
phonons; Vibrational spectroscopy

VTR, 777 X 2 OB R 2 A U7 80651C X 2 S E 2 R H i 3
HEH I TWD, deasiix, rifliklc 77 X2 LB E2HT 588 T/ bl 1167
\ZIFAET 557 T OFEHHEEE D Purcell ZIFAC &L o TRHME S 41, 300 & FIER K
THZEIZEvFEREND, ., Fxlx, FRAMEIZB W TRERVOLES R R 4
R &ET ) F oA HEE L TFAREIT — R & OMEAERNEE T ~ L HEL Y T Er
PIZ G 2 D EBIZOW TR Ao TR 21T - T D, ABFSE T, HRIMEICE
WT 7T XTI 2 B ISR L TR 2R E L, 806y 7 Uil &
NHBGE ZFHNCHLNCT 2 L2 AL 5,

HIABEREICEFE—LV YT 77 40— /U7 MET7IEICE D RN RIS
BWCRELRR T 7 AT ERTE&T ) T oA UEEERER LD, (ERLL724%
WEREERD 7T X' G ART ML ZHM FT-IR ZEEZ W CHEL, &7/ F =
A UEEORE ST > THRIMKICBW T 7 e v B & s IcHlEc& 5
ZEEPBENIC LT, @51 BosinY A AEIEAREMNR FICRET S &, BEMER <
JEIRENPA L, mAFEMPEFMET D ERHLNICR T, FFETNE AT,
SFDEREF DRI & TR T T XE o OB EN—B LT & X1, 20eimE N
W95 2 ENEMERINTR S, #R7A: Purcell RIS K W NRET + / 3R L Tt
W TFNANRWY LT bDEBZOND, HF T+ /) ONFFEINZ A T 7 A %8
Wi 270, Biffat—1Lr MEFT7 4/ VEHIREBE L T, 77 XE UERIGIC
B0 TIREFERMZ A F 7 AOEFHLHEA S I L D IEEIREOEROA I
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1) K. Ueno et al. Opt. Express, 24, 17728-17737 (2016).
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Deconstruction of Obscure Features in SVD Spectral
Components for Biological Raman Imaging Applications

(‘Research Organization for Nano and Life Innovations, Waseda University, *Department of
Advanced Science Engineering, Waseda University, *Computational Bio Big-Data Open
Innovation Laboratory, AIST-Waseda University, *Department of Life Science and Medical
Bioscience, Waseda University, *Institute for Advanced Research of Biosystem Dynamics,
Waseda Research Institute for Science and Engineering, Graduate School of Advanced
Science and Engineering, Waseda University) O Ashok Zachariah Samuel,' Shumpei
Horii,>* Masahiro Ando,' and Haruko 'l"akeyarnal’z""5

Keywords: Raman spectroscopy; DSAM; Penicillium chrysogenum; Multivariate curve
resolution; single cell imaging

Raman spectroscopy is an optical spectroscopy technique with applications in biology
and medicine.' Different functional biomolecules bear characteristic functional groups and
hence their optical responses come at different frequencies in the Raman spectrum. This
opens a possibility of simultaneous detection of multiple biomolecules in single cell
microorganisms. However, highly overlapped signatures in the collected Raman data defy
an easy analysis. Singular-value decomposition (SVD) and principal component analysis
(PCA) are routinely used for analyzing Raman images. Often, as a general strategy,
classification of specimens based on overall spectral variance explained by specific spectral
vectors have been adopted. Consequently, such analysis methods unfortunately destroy the
molecular information in the Raman data. This often leads to speculative interpretations
based on the relative intensities of the bands in the SVD/PCA vectors. To circumvent this
problem, we have developed a combined multivariate approach, viz., deconstruction of SVD
vectors applying MCR (DSAM).* By applying this methodology, we have extracted the
contribution of five biomolecular constituents of the Penicillium chrysogenum filamentous
cell* to the SVD vectors. Our study showed complex mixing of Raman spectra and the
background, which makes relative intensities in the SVD spectral vectors difficult to
interpret. We also show that the relative intensity ratio of biomolecule specific bands in
SVD components, if observed clearly, are not reflective of their relative contributions.
Similarly, image contrast in the SVD-decomposed Raman images from Penicillium
chrysogenum was also misleading. However, by applying DSAM, we succeeded in
accurately interpreting SVD spectra and images in molecular terms.

1) Samuel, A. Z.; Miyaoka, R.; Ando, M.; Gaebler, A.; Thiele, C.; Takeyama, H. Commun. Biol. 2020,
3, 372. 2) Guo, S.; Rosch, P.; Popp, J.; Bocklitz, T. J. Chemom. 2020, 34, €3202. 3) Samuel, A. Z.;
Horii, S.; Ando, M.; Takeyama, H. Anal. Chem. 2021, 93, 12139. 4) Horii, S.; Ando, M.; Samuel, A.
Z.; Take, A.; Nakashima, T.; Matsumoto, A.; Takahashi, Y.; Takeyama, H. J. Nat. Prod. 2020, &3,
3223.
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Composition analysis of multivariate Raman spectral data with independent component
analysis ('4oyama Gakuin University) ORintaro Shimada'

Independent Component Analysis (ICA) is applied to the composition analysis of a Raman
spectral data set obtained from an inhomogeneous mixture of various chemical species.
Systematic study of artificially prepared model Raman spectra data sets revealed that spectral
preprocessing through numerical differentiation enhanced the statistical independence of
components' spectra. Hince, ICA on a differentiated Raman data set yielded improved
resolution. Application to experimentally obtained Raman data sets from the biological
specimen are also demonstrated.

Keywords : Spectral Analysis; Multivariate Analysis; Raman Spectroscopy
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Development of portable gas chromatograph using ball surface acoustic wave sensor for
monitoring manned space environment ('Ball Wave Inc.,?JAXA) O Takamitsu Iwaya', Shingo
Akao', Kazushi Yamanaka'!, Tatsuhiro Okano!, Nobuo Takeda', Yusuke Tsukahara', Toru
Oizumi', Hideyuki Fukushi', Tomoki Tanaka', Maki Sugawara!, Toshihiro Tsuji', Akinobu
Takeda!, Asuka Shima?, Satoshi Matsumoto®, Haruna Sugahara®, Takeshi Hoshino® and
Tetsuya Sakashita?

Gas chromatograph (GC) is useful for atmospheric monitoring in a manned space
environment, but GC is usually large and difficult to carry. We have developed a compact and
highly sensitive ball surface acoustic wave (SAW) sensor V (Fig.1) that utilizes the phenomenon
that SAW on spherical elements make multiple roundtrips under specific condition and have
developed a portable ball SAW GC ? using the ball SAW sensor as a detector. In this study, a
prototype of 10 cm square, 762 g ball SAW GC shown in Fig. 2 was developed. We succeeded
in separation and detection of 10 kinds of gases selected from a list of airborne contaminants
in spacecraft ¥ using the prototyped GC.
Keywords : Gas Chromatograph; SAW Sensor; MEMS Column; Environment Monitoring
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1) K. Yamanaka, S. Ishikawa, N. Nakaso, N. Takeda, D-Y. Sim, T. Mihara, A. Mizukami, 1. Satoh, S.
Akao and Y. Tsukahara: IEEE Trans. UFFC. 53 (2006) 793.

2) Y. Yamamoto, S. Akao, H. Nagai, T. Sakamoto, N. Nakaso, T. Tsuji, and K. Yamanaka: Jpn. J. Appl.
Phys. 49 (2010) 07HD14.

3) https://standards.nasa.gov/standard/jsc/jsc-20584
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Development of Durable High Entropy Alloy Nanoparticle Catalysts for CO, Hydrogenation
(‘Graduate School of Engineering, Osaka University, *Elements Strategy Initiative for
Catalysts and Batteries, Kyoto University, *SANKEN, Osaka University, *Kyoto Institute of
Technology) O Naoki Hashimoto', Kohsuke Mori'?, Naoto Kamiuchi’, Hideto Yoshida®,
Hisayoshi Kobayashi*, Hiromi Yamashita'*

High entropy alloys (HEAs), which are novel class of metallic materials are attracting much
interest from various fields including catalysis due to their unique properties such as specific
strength, thermal stability etc. Herein, we developed novel synthetic method of HEA
nanoparticles (NPs) catalysts supported on TiO,. The CoNiCuRuPd HEA NPs on
TiO; produced in this work were found to be both active and extremely durable during the
CO; hydrogenation reaction. These results suggest the HEA materials have potential practical
applications as an ideal heterogeneous catalyst.

Keywords : High entropy alloy, Hydrogen spillover, CO; hydrogenation
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L7 & = A Pd B ICEMIE T ¥ & & CO, i EDX mappings of HEA nanoparticle.
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1) K. Mori, N. Hashimoto, N. Kamiuchi, H. Yoshida, H. Kobayashi, H. Yamashita, Nat. Commun., 2021,
12, 3884

© The Chemical Society of Japan -B304-1am-01 -



B304-1am-02 The 102nd CSJ Annual Meeting

Bifunctional heterogeneous silica—supported imidazolium salt and
silver catalyst for efficient chemical fixation of carbondioxide

(*Tokushima University, 2National Institute for Materials Science (NIMS), 3The University
of Tokyo) OSangita Karanjit', Emiko Tanaka', Masaya kashihara', Lok Kumar Shrestha?,
Atsushi Nakayama!, Katsuhiko Ariga®* Kosuke Namba®

Keywords: heterogeneous catalyst, carbondioxide conversion, Silver catalyst

Carbondioxide (CO,) has attracted considerable attention in recent years due to the
environmental degradation and global warming caused by its emission. Great efforts have
been implemented to reduce CO: levels in the atmosphere. Conversely, this gas has been
regarded as a nontoxic, abundant, nonflammable, and renewable one-carbon (C1) feedstock
for the synthesis of a variety of value-added chemicals. The reactions of CO, with
unsaturated alcohols and amines to afford carbonates and carbamates through carboxylative
cyclization process is one of the most promising green routes to convert CO.. Silver has the
potential to activate alkynes and has been extensively studied for chemical transformation
of CO,. Most of the studies have concentrated on homogeneous catalysis using relatively
large amounts of Ag-based catalysts'. However, in general, harsh reaction condition and
sophisticated process for catalyst preparation are required for these reactions.

Compared to homogeneous systems, heterogeneous system is advantageous for the
development of green and sustainable society in terms of good activity and reusability. To
date, very few heterogeneous catalysts for this transformation including Cu and Ag are
reported. In this context, solid catalysis with ammonium salts by covalent grafting
(supported ionic liquids, SILs) could be an ideal choice because of the fact that in SILs,
ammonium salts are used in small amounts, while their efficiencies are similar or sometimes
even much better than non-supported ones. In this work, we prepared a silica-supported
bifunctional heterogeneous catalytic system based on imidazolinium salt where the
Im*CI"@SiO; activated both Ag-catalyst and substrate for carboxylative cyclization reaction
of propargyl alcohols by efficient utilization of CO. with excellent yields of the
corresponding carbonates and carbamates under mild reaction condition. We also confirmed
the reusability of catalyst up to five cycles.

(0}
@ _\ /\/\
O-Si N
to’ o @ 0 RyR,

-@Si R, AL 0
Im*CIr@Sio \ ~
XH @Sio, o N~ O

H
\ Ag-catalyst
R1 ——H + COZ X J< o R1 R2

1 at o}
Re (hatm) Ry R AL 0
5 0”0
2

X=0,NH

1) S. Kikuchi, S. Yoshida, Y. Sugawara, W. Yamada, H.-M. Cheng, K. Fukui, K. Sekine, I. Iwakura, T.
Ikeno, T. Yamada, Bull. Chem. Soc. Jpn. 2011, 84, 698-717.
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Role of potassium additive on the catalytic performance of cobalt
for CO2-FTS

(! School of Engineering, The University of Tokyo, > Department of Materials and Life Science,
Seikei University, 3 Institute of Industrial Science, The University of Tokyo ) OShohei Harada,'
Shigeo Satokawa,” Masaru Ogura’

Keywords: CO; hydrogenation, Fischer-Tropsch synthesis, Cobalt catalyst

Fischer-Tropsch Synthesis (FTS) using CO, (CO.-FTS) is one of the potential
technologies to transform atmospheric CO; to a liquid synthetic fuel.! Cobalt-based catalysts
have been used in FTS, and long-chain hydrocarbons are produced on a commercial scale. On
the other hand, the catalyst is known to form methane dominantly (>90%) along with short-
chain gaseous hydrocarbons (C»-Cs) in CO,-FTS.? Adding potassium in the Co catalyst has
been demonstrated to reduce the methane selectivity to 55%, and to increase carbon chain
growth to form liquid hydrocarbons (Cs:).*> The promotive effect of K is promising for CO»-
FTS, however still now it has not been clarified in detail yet. In this work, the role of K is
investigated by combination of FT-IR, XPS, and STEM from the viewpoints of location and
interaction to Co catalysts.

The catalytic activity of K-Co/SiO; resulted in a low methane selectivity and a high Cs.4
and Cs; selectivity. The liquid phase products included not only n-alkanes from Cs to Cs but
also Cz+ alcohols and acetic acid. Probe FT-IR and XPS spectra of Co2p regions reveal that
potassium keeps the oxidized Co surface even after reduction prior to the FTS. Potassium is
possible to exist on the cobalt surface of K-Co/SiO,, and the oxidized Co surface supplies a
weakly basic site for promoting CO» adsorption. Therefore, the role of potassium in CO»-FTS
is maintaining the oxidized Co species to promote CO; activation by locating on the Co surface.

This study is based on results obtained from a project commissioned by the New Energy

and Industrial Technology Development Organization (NEDO).

Table 1. Catalytic activities for CO,-FTS at 300 °C under 1 MPa

CO, conversion CO selectivity Hydrocarbon selectivity / %
Catalyst
| % I % CH, Cou Cs*
Co/SiO, 21 10 90 0.6 9.1
K-Co/SiO, 16 31 56 27 16
Co/Na-Y 25 8.9 91 1.0 8.0
Co-Y 3.0 <01 <0.1 <0.1 <0.1

* Including C,. alcohols and acetic acid

1) M. D. Porosoff, B. H. Yan, J. G. G. Chen, Energy Environ. Sci. 2016, 9, 62. 2) C. G. Visconti, L.
Lietti, E. Tronconi, P. Forzatti, R. Zennaro and E. Finocchio, APPL. CATAL. A-GEN. 2009, 355, 61. 3)
R. A. lloy, K. Jalama, Catalysis 2019, 9, 18.
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CO;, Hydrogenation to Methanol using Pt-loaded Molybdenum Sub-oxide Catalyst
(‘Graduate School of Engineering, Osaka University, *Unit of Elements Strategy Initiative for
Catalysts & Batteries, Kyoto University, *JST PRESTO, *Kyoto Institute of Technology)

O Yasutaka Kuwahara,'** Koji Hamahara,' Takashi Mihogi,' Hisayoshi Kobayashi,'** Hiromi
Yamashita'~

Production of methanol from CO; is a promising chemical process that can alleviate both the
environmental burden and the dependence on fossil fuels. We herein report that oxygen-
defective molybdenum sub-oxide coupled with Pt nanoparticles (Pt/HiMoOs.y) affords high
methanol yield in liquid-phase CO, hydrogenation under relatively mild reaction conditions
(total 4.0 MPa, 200 °C), outperforming other oxide-supported Pt catalysts in terms of both the
yield and selectivity for methanol. Experiments and comprehensive analyses reveal that
abundant surface oxygen vacancies in HMo0Os.y confer the catalyst with enhanced adsorption
and activation capability to transform CO> to CO, and the Pt nanoparticles act as hydrogenation
sites for the CO intermediate to afford methanol. Based on the experimental and computational
studies, an oxygen-vacancy-mediated “reverse Mars—van Krevelen” mechanism is proposed.
Keywords : CO; Hydrogenation; Methanol Synthesis; Molybdenum Oxide; Oxygen Vacancy
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1) Y. Kuwahara, T. Mihogi, K. Hamahara, K. Kusu, H. Kobayashi, H. Yamashita, Chem. Sci., 2021, 12,
9902. [Selected as Inside Front Cover]
2) Y. Kuwahara, Y. Yoshimura, K. Haematsu, H. Yamashita, J. Am. Chem. Soc., 2018, 140, 9203.
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Experimental investigation of CO, catalytic behavior in a supercritical CO, state for a rapid
CO, stabilization into geological storage ('Research Institute of Geo-Resources and
Environment, National Institute of Advanced Industrial Science and Technology (AIST),?
Research Institute Chemical Process Technology, AIST) O Takashi Fujii,' Kenta Asahina,’
Masateru Nishioka,?

CO; capture and storage (CCS) technology is a vital tool for deep reduction of anthropogenic
CO; emissions from CO, large point sources (e.g., power generation). Long-term stabilization
of storing CO, into storage reservoirs is a critical step for safe implementation of this
technology. Indeed, majority of the CO, will remain as an immiscible phase of CO; in its
supercritical state, which is not dissolved into formation water. With respect to such challenge,
we propose a novel CCS technology through COj-nanocatalyst injection, which directly
converted the CO; into hydrocarbon compounds within storage reservoirs. Our results showed
that under conditions of CO; geological storage, the presence of Ni nanocatalyst with a little
water provided sufficient catalytic activity regarding CO» hydrogenation to afford various long-
chain n-alkanes.

Keywords : CCS, catalytic conversion, Ni, nanocatalyst, supercritical CO;
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1) Reactive transport modelling of CO, storage in saline aquifers to elucidate fundamental processes,
trapping mechanisms and sequestration partitioning. J. W. Johnson, J. J. Nitao, K. G. Knauss, Geological
Society Special Publication 2004, 233, 107.
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Selective Oxidation of Methane over Iron Oxide Subnanocluster
Supported Catalysts Using a Diiron-introduced Polyoxometalate
as a Precursor

(School of Engineering, The University of Tokyo) OKeiju Wachi, Tomohiro Yabe, Takaaki
Suzuki, Kentaro Yonesato, Kosuke Suzuki, Kazuya Yamaguchi

Keywords: methane oxidation; polyoxometalate; iron oxide subnanocluster; thermal
stability

Selective oxidation of methane into value-added C1 products such as HCHO and CO
remains challenging due to high stability of methane and facile overoxidation of Cl1
products into CO,.! Iron oxide cluster catalysts are promising since they selectively convert
methane into HCHO and CO with low activation energy.”? However, our preliminary test
revealed that SiO;-supported iron oxide clusters were agglomerated and deactivated under
methane oxidation conditions at 873 K. In this study, we used a diiron-introduced
polyoxometalate (Fe2) as a precursor to form thermally stable iron oxide subnanoclusters.
Fe2 has the structure that iron dinuclear core is encapsulated in lacunary polyoxometalate
POM) frameworks composed of WOs units. Although the lacunary polyoxometalate
frameworks are supposed to be decomposed into tungsten oxide at 873 K, the in sifu formed
tungsten oxide is expected to have a protecting effect on iron oxide cluster active sites.

Firstly, Fe2 was synthesized by stoichiometric reaction of a divacant lacunary
silicotungstate; and iron(Ill) acetylacetonate. Then, Fe2 was dispersed on SiO, using an
incipient wetness method to prepare Fe2/SiO,. Fe2/SiO; exhibited high selectivity to
HCHO and CO (41% and 46%, respectively) at 2.3% methane conversion at 873 K
(CH4:02:Ar = 2:1:7, total flow rate: 50 mL min™"); and maintained its catalytic activity even
after 24 h. Moreover, several control experiments elucidated that iron species introduction
into the lacunary polyoxometalate in advance plays a key role to maintain the catalytic
activity. Fe K-edge and W Ls-edge XAFS analyses revealed that, in Fe2/SiO,, Fe2
precursor was decomposed into iron oxide subnanoclusters and tungsten oxide nanoclusters.
Furthermore, STEM-EDS analysis indicated that iron oxide subnanoclusters were dispersed
in tungsten oxide nanoclusters. Thus, we concluded that the in situ formed tungsten oxide
protected iron oxide subnanoclusters from agglomeration by using Fe2 as a precursor.

Fe2 precursor CH., O, HCHO, co _ 100 =

' \'s; }} ; £ 75 |+« 3 &
},‘5’ ‘r{ £ s0 =r2g
Fo Y 873 K S —— HCHO+CO sel. 5]
e ) P 2 25 1 z
‘h- 4’ 2 —— CH, conv. 5
In situformation 0 T T + 00O

E.J 5 10 1.5 2.0 25
Time [h]
1) J. Tian, J. Tan, Z. Zhang, P. Han, M. Yin, S. Wan, J. Lin, S. Wang, Y. Wang, Nat. Commun. 2020,

11,5693.2) Q. Zhang, Y. Li, D. An, Y. Wang, Appl. Catal. 42009, 356, 103.
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Oxygen Evolution Reaction Driven by Charge-Transfer
from Cr-complex to Co-Containing Polyoxometalate in

a Porous Ionic Crystal

oYuto Shimoyama', ZHEWEI WENG!', Naoki Ogiwara', Sayaka Uchida' (1. The
University of Tokyo)

Considerable efforts have been devoted to developing oxygen evolution reaction (OER)
catalysts based on transition metal oxides. Polyoxometalates (POMs) can be regarded as model
compounds of transition metal oxides, and cobalt-containing POMs (Co-POMs) have received
significant interest as candidates. Nanocomposites based on Co-POMs have been reported to
show high OER activity due to synergistic effects among the components, while the role of
each component is unclear due to its complex structure. Herein, we utilize porous ionic crystals
(PICs) based on Co-POMs, which enable the establishment of a composition—structure—
function relationship to understand the origin of the synergistic catalysis. Specifically, a
Keggin-type POM [a-CoW1204]% and a Cr-complex [Cr;O(OOCCH>CN)s(H20)s]" are
implemented as building blocks of PIC for OER under non-basic conditions. The PIC exhibits
efficient and sustained OER catalytic activity while each building block is inactive.
Electrochemical and spectroscopic studies clearly show that the synergistic catalysis originates
from the charge transfer from the Cr-complex to [o-CoW12040]%"; the increased electron density
of [a-CoW12049]® may increase its basicity and accelerate proton abstraction as well as
enhance electron transfer to stabilize reaction intermediates adsorbed on [a-CoW12040]°".
Keywords : Oxygen evolution reaction, Polyoxometamate, Ionic crystal, electrochemical

catalysis, Porous materials
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1) Shimoyama Y.; Ogiwara N.; Weng Z.; Uchida S., Oxygen Evolution Reaction Driven by Charge-
Transfer from Cr-Complex to Co-Containing Polyoxometalate in a Porous lonic Crystal. J. Am. Chem.

Soc., accepted.
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[B304-1pm-01] Precise Synthesis of Nickel Sub-nano Particles for Greenhouse Gas
Conversion
OTats.uya Moriai', Takamasa Tsukamoto %%, Makoto Tanabe?, Tetsuya Kambe'?, Takane
Imaoka'?, Kimihisa Yamamoto'? (1. Lab. Chem. Life Sci., Tokyo Tech., 2. JST-ERATO, 3.
JST-PRESTO)
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[B304-1pm-02] Preparation and Evaluation of Redox Performance/Catalytic
Ammoxidation Performance of Copper and Ruthenium
Incorporated Ceria
oChaoqi Chen', Satoru lkemoto', Satoshi Muratsugu1, Mizuki Tada'? (1. Dept.Chem.,
Nagoya Univ., 2. RCMS, Nagoya Univ.)
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[B304-1pm-03] Phosphonate-type pseudo-grafted precursor for efficient surface
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Ovusuke Ishizaka'?, Kazuhiro Matsumoto?, Kazuhiko Sato?, Jun-Chul Choi'? (1.
University of Tsukuba, 2. National Institute of Advanced Industrial Science and
Technology (AIST))
2:00 PM - 2:20 PM

[B304-1pm-04] Development of a new in-situ UV-vis reflection spectroscopy system
for the formic acid dehydrogenation
ORisheng Li'?, Hajime Kawanami'’?, Tetsuya Kodaira® (1. University of Tsukuba, 2.
National Institute of Advanced Industrial Science and Technology)
2:20 PM - 2:40 PM
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Hydrogen Spillover and Formation Mechanism of Surface-exposed
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[B304-1pm-07] Unraveling Hydrogen Spillover Pathways over Reducible Metal
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OKohsuke MORI1'2, Kazuki Shun1, Shinya Masuda1, Naoki Hashimoto1, Hisayoshi
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Precise Synthesis of Nickel Sub-nano Particles for Greenhouse
Gas Conversion

(Laboratory for Chemistry and Life Science, Tokyo Institute of Technology, 2JST-ERATO,
3JST-PRESTO) O Tatsuya Moriai,! Takamasa Tsukamoto,">* Makoto Tanabe,?> Tetsuya
Kambe,? Takane Imaoka,'* Kimihisa Yamamoto'*

Keywords: Dendrimer; Sub-nano particle; Nickel; Greenhouse gas; Catalyst

Sub-nano particles (SNPs) have attracted worldwide attention due to the high reactivity
and the unique property beyond the extension of the bulk and nanoparticles. Our research
group has achieved the precise synthesis of various SNPs showing the higher catalytic
performance than that of conventional materials by the template method using a
dendrimer.!? In this work, we succeeded to synthesize 4 types of nickel SNPs and applied
them to greenhouse gas conversion as catalysts.

Following accumulation of nickel salts to dendrimers, 4 types of nickel SNPs were
prepared by reduction of these complexes. The dendrimer applied in this work possesses
intramolecular potential gradient, thereby the precise synthesis of nickel SNPs with defined
atomicity such as Nig, Nip, Nix, and Nigy was realized. (Fig. la) This stepwise
complexation behavior was monitored by UV-vis absorption spectroscopy. STEM
observation and EDX analysis demonstrated that SNPs with a diameter of around 1 nm
composed of nickel atoms were loaded on silica and graphene supports. (Fig. 1b) The
oxidation state and H-reduction temperature of nickel SNPs were evaluated by XPS,
H,-TPR, and XAFS measurements. Remarkably, it was indicated that nickel SNPs had the
higher catalytic performance than conventional materials and the outstandingly durability
for the greenhouse gas conversion reaction. It was theoretically suggested that this result
originated from the structure peculiar to SNP with the unique active sites.

60 equiv.

4 equw 12 equw 28 equw
Reduction l
® @ @ &
Niy Nijp Nizg Nigg

Fig. 1. a The scheme for stepwise complexation of Ni salts into a dendrimer and synthesis
of 4 types of Ni SNPs. b A STEM image of Nizs on graphene at atomic resolution.

1) T. Tsukamoto et al. Nat. Commun. 2018, 9, 3873. 2) T. Moriai et al., Angew. Chem. Int. Ed. 2020,
59, 23051-23055.
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Preparation and Evaluation of Redox Performance/Catalytic
Ammoxidation Performances of Copper and Ruthenium
Incorporated Ceria

(‘Graduate School of Science, Nagoya University, > Research Center for Materials Science
(RCMS), Nagoya University) OChaoqi Chen,' Satoru Ikemoto,'! Satoshi Muratsugu,' Mizuki
Tada'?

Keywords: Mixed Metal Oxide; Ceria; Copper; Ruthenium; Ammoxidation

We previously reported the incorporation of Cr and Rh ions to the ceria achieved high
redox performance below 423 K and exhibited high catalytic activity toward alcohol
oxidation.! In this study, we report a ceria-based mixed oxide by adjusting the incorporated
metal ions to Cu and the trace amount of Ru. The mixed cerium oxide with Cu and Ru was
found to exhibit redox performance at low temperature and high catalytic activity and
selectivity for the ammoxidation of benzyl alcohol.

Prepared mixed cerium oxide with Cu and Ru incorporation (denoted as Cuo.1sRu0.0sCeO,)
was characterized by XRD and TEM and it was found that Cug.i1sRuo.0sCeO, had fluorite
structure of ceria with dispersed Cu and Ru on the surface. TPR/TPO showed that
Cuo.18Ru0.05Ce0, exhibited the reversible redox performance below 423 K. In situ XANES
measurement during the reduction process demonstrated the three metal species of Cu, Ru and
Ce contributed in the redox behavior, and this multi-reduction behavior was elucidated by the
reduced Ru at first with subsequently promoted reduction of Cu and Ce species.

Cuo.18Ru0,05CeO; significantly promoted the conversion of benzyl alcohol (95%) to
benzonitrile (90% yield) (conditions: Ru/Cu/benzyl alcohol/NHs = 1/3.5/100/191, [benzyl
alcohol] = 1.93 mol, NHs: 0.32 MPa, O,: 1 MPa, toluene: 1.0 mL, 423 K, 24 h) compared with
Cuo.13Ce0, without Ru, Rug 04CeO, without Cu, and CeO, (Table 1). Several control reaction
experiments (N 1 MPa

instead of Oy, with/without — Table 1. Catalytic Performances of Cug.1sRuo0sCeO, for
NH;) suggested that Ru Ammoxidation of Benzyl Alcohol®

efficiently processed the  Entry  Catalyst Conv. % Benzonitrile
oxidation of benzyl alcohol .
Selec. %  Yield %
to form benzaldehyde and — = TR
. . 1 CuO‘mRU.o_osCeOZ 95 95 90
Cu worked as active site for
the cyanation of 2 Cuo.15Ce0, 70 78 >3
4 34 Ruo04CeO, 91 29 27
benzaldehyde to
. .4 CeO, 77 10 8
benzonitrile. The catalytic
performances of the > Blank 0 0 0
6f CuO_1gRu0,05CeOz 20 0 0

ammoxidation and the role

of each metal in the catalyst a Reaction conditions: Benzyl alcohol (BA): 1.93 mmol (1.61 mol L),

. toluene: 1.0 mL, dodecane (internal standard): 0.07 mL (1.98 mmol), NHa:
will be presented. 0.32 MPa (3.7 mmol), O2: 1.0 MPa, 423 K, 24 h. ® Cug.1sRu005CeO,: 74 mg
[1] Ikemoto, S. et al. Phys. (Ru: 0.019 mmol, Cu 0.068 mmol), Ru/Cu/BA/NHs/dodecane =
Chem. Chem. PhyS 2019, 21’ 1/3.5/100/191/100. ¢  Cuo.18CeOq: 77 mg (Cu: 0.068 mmol),

Cu/BA/NH3/dodecane = 1/29/58/29, ¢ Ruo.04CeO: 72 mg (Ru: 0.019 mmol),
20868-20877. Ru/BA/NHs/dodecane= 1/100/191/100, ¢ CeO2 74 mg, BA/NH3/dodecane=
1/1.91/1, N2 1.0 MPa (instead of O2). The major product was N-
Benzylidenebenzamine (Selec.: >99%, Yield 22%)
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Phosphonate-Type Pseudo-Grafted Precursor for Efficient Surface
Modification of Silica

(!Graduate School of Pure and Applied Sciences, University of Tsukuba, *Interdisciplinary
Research Center for Catalytic Chemistry, National Institute of Advanced Industrial Science
and Technology (AIST)) O Yusuke Ishizaka,"? Kazuhiro Matsumoto,> Kazuhiko Sato,” Jun-
Chul Choi'*

Keywords: Silyl Phosphonate; Surface Modification; Silica; Grafting; Solid-State NMR

Surface modification of inorganic metal oxides by grafting of phosphonic acids and its
derivatives is an attractive approach to obtain tailored organic-inorganic hybrid materials,
which can be utilized as heterogeneous catalysts, sensors, etc. However, silica surface is
difficult to modify compared to other oxide supports because phosphonic acid derivatives are
grafted by slow formation of P-O-Si bonds. On the other hand, we have recently developed
“pseudo-grafted precursor” (PGP) bearing disilicate moiety —~OSi(O'Bu),0Si(O'Bu),O—. PGP
can be grafted on silica surface by substitution reaction at the silicon atoms of the disilicate
moiety involving the formation of Si—~O-Si bonds.!

In this work, we developed phosphonate-type pseudo-grafted precursor (P-PGP) to
effectively modify the silica surface.> P-PGP was synthesized by a reaction of
[(‘Bu0),Si(OH)]»0 with O=P(C¢HsOMe)Cl,, and grafted on fumed silica (AEROSIL300) to
acquire P-PGP@SiO,. The phosphorous content of P-PGP@SiO; determined by inductively
coupled plasma atomic emission spectrometry (ICP-AES) was 0.40 wt%, which was higher
than that of a sample grafting the corresponding phosphonic acid O=P(CsH4sOMe)(OH), (0.12
wt%). Based on characterization of surface species by solid-state NMR measurement and
detection of ‘BuOH and isobutene as side-products during the grafting, we propose that the
grafting of P-PGP proceeds through the formation of Si—O—Si bonds rather than P-O—Si bonds,
which enables the effective surface modification of silica supports.

OM
© Table 1. phosphorous contents of grafted P-PGP and
OMe O\\ corresponding phosphonic acid.
o N
NS o’ Yo Loaded Grafted
)¢ so, Bu._ 1 & Samples P (W%) P (wt%)
tBu O’SI\O’SI-‘OIBU .
BuO-dj__di-0'Bu d Uy P-PGP@SIO; 050  0.40
'Buo o 0'Bu i I 0=P(CgH,OMe)(OH,)@SiO, 0.50 0.12
P-PGP P-PGP@SiO,

1)) Y. Ishizaka, N. Arai, K. Matsumoto, H. Nagashima, K. Takeuchi, N. Fukaya, H. Yasuda, K. Sato, J.-
C. Choi, Chem. Eur. J. 2021, 27, 12069. 2) Y. Ishizaka, K. Matsumoto, K. Sato, J.-C. Choi, Chemistry-
Methods, DOI:10.1002/cmtd.202100080.
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Development of a New In Situ UV-vis Reflection Spectroscopy
System for the Formic Acid Dehydrogenation

(*Graduate School of Science and Technology, University of Tsukuba, > National Institute of
Advanced Industrial Science and Technology) O Risheng Li,'* Tetsuya Kodaira,”> Hajime
Kawanami'-?

Keywords: In-situ monitoring, UV-vis, homogeneous Ir catalyst.

In recent decades, formic acid (FA) has attracted significant attention and is regarded as
one of the most promising liquid organic hydrogen carriers (LOHC).!* Although many efficient
catalysts for FA dehydrogenation (FADH) are developed*, little research has been reported on
the reaction mechanisms by “in situ”” measurements.® Herein, we developed a new in situ UV-
Vis reflection spectroscopy system, as shown in Figure 1, to monitor FADH catalyzed by Ir
homogenous complexes (Ir-4DHBP) in gas-liquid mixed phase. In this system, instead of
detecting the transmittance intensity conventionally, the incident light was led to the sample
solution, then diffusely reflected by homogeneously scattered inorganic particles (a-Al>O3) in
the sample solution, then diffuse reflected light was collected by the concave mirror, and finally
detected by the spectrometer. When the UV-Vis transmitted spectrum during FADH was
measured, we could not obtain any peaks of the solution (Figure 2, green line). Whereas, by
applying this method, we succeeded to obtain the stable UV-Vis spectrum with low S/N during
FADH (Figure 2, black line), in which the curve shape is consistent with the conventional UV-
vis spectra of Ir complex (Ir-4DHBP) in 0.01M sulfuric acid aqueous solution (Figure 2, blue
line). In this presentation, we will discuss FADH with the UV-Vis spectra by our system.

o Ir-4DHBP

H, + CO,
H™ "OH

The diffuse reflection spectra
of Ir-4DHBP during FADH L
The transmission spectra

/ / of Ir-4DHBP during FADH

N 0m2+
The transmission spectra J N
of Ir-4DHBP in H,SO, Y S04
J
OH

UV-VIS Spectrometer
Mirrors, (Agilent Technologies
Reference light | AN Carry 5000)

Incident light —{

A.U.

[~ Sample Compartment

(without FADH ) PN

Sample holder

UV-Cell + Sample Solution Ir-4DHBP

250 350 450 550
Wavelength (nm)

Concave Mirrors

Figure 1 UV-Vis Diffuse Reflection System.  Figure 2 Obtained Spectrum under various conditions.

1) Kawanami, H. et. al, Adv. Inorg. Chem, 2017, 70, 395-427. 2) Ziittel, A. et. al, Hydrogen as a future
energy carrier, 2008. 3) Himeda, Y., Green Chem., 2009, //,2018. 4) Zhong, S. et. al, ACS Appl. Mater.
Interfaces, 2021, 13, 46749. 5) Patra, S. et. al, Inorg. Chem., 2021, 60, 14275. 6) Aghmiz, A. et. al., J.
Mol. Catal. A: Chemical, 2003, /95, 113.
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Frontier Orbital Theory of Molecular Adsorption on TiO, Surface ('Fukuoka Institute of
Technology, *Hokkaido Univ., 3National Institute of Advanced Industrial Science and
Technology, *RIKEN, °ESICB) O Takashi Kamachi Kamachi'®, Nobutsugu Hamamoto',
Toshinobu Tatsumi!, Motoshi Takao?, Toyao Takashi**, Yoyo Hinuma?®, Zen Maeno?, Satoru
Takakusagi’, Shinya Furukawa®®, Ichigaku Takigawa®*, Ken-ichi Shimizu?

Frontier orbital theory has played an important role in the interpretation of various chemical
phenomena thus far. This theory has been fundamentally applied in the design of molecular
systems but has not been fully utilized for solid catalysts because of the complexity of the
interactions. In this study, we use first-principles calculations and regression analyses to
investigate the behavior of frontier orbital for molecular adsorption on solid catalysis, which is
a critical step in the initial stage of a catalytic reaction. We adopt the anatase (101) and rutile
(110) TiO; surfaces as research targets.

Keywords : molecular adsorption, TiO», Frontier Molecular Orbital Theory

BRI —HAR N 7 v T 4 TELEFMO) B[ 112 36 L T B REEIC 70 i< #%
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1) K. Fukui, T. Yonezawa, H. Shingu, J. Chem. Phys. 1952, 20, 722.

2) T. Kamachi, T. Tatsumi, T. Toyao, Y. Hinuma, Z. Maeno, S. Takakusagi, S. Furukawa, 1. Takigawa, K.

Shimizu, J. Phys. Chem. C. 2019, 123, 20988.

3) N. Hamamoto, T. Tatsumi, M. Takao, T. Toyao, Y. Hinuma, Shimizu, T. Kamachi, J. Phys. Chem. C.,

2021, 125, 3827.

© The Chemical Society of Japan - B304-1pm-05 -



B304-1 pm-06 The 102nd CSJ Annual Meeting

Synthesis of Pt/TiO2-x Photocatalyst via Reduction Assisted by
Hydrogen Spillover and Formation Mechanism of Surface-
exposed Ti**

(‘Graduate School of Engineering, Osaka University, *Unit of Elements Strategy Initiative
for Catalysts & Batteries (ESICB), Kyoto University, *JST PRESTO, *Kyoto Institute of
Technology) OYukari Yamazaki,! Kohsuke Mori," ? Yasutaka Kuwahara," > * Hisayoshi
Kobayashi,* Hiromi Yamashita':2

Keywords: Reduced titanium dioxide, Hydrogen spillover, Photocatalyst

Defect engineering is one of the important strategies in the field of heterogeneous
catalysts. Reduced metal cation and concomitant oxygen vacancy (Vo) in semiconductor
oxide, as represented by TiO, x including Ti*" and Vo, play an important role in various
catalytic and photocatalytic reactions.' In the application of TiO, photocatalyst, the
introduced defects form donor level below the conduction band, thereby providing
remarkable photocatalytic performance by improvement of the electron conductivity and
narrowing its inherent bandgap. Although the effect of defects on the photocatalytic activity
and the development of facile reduction method is one of the hot topics of research, the
formation mechanism of defects has caught less attention.

In this study, we synthesized Pt deposited TiO»-x photocatalyst via a reduction
treatment assisted by hydrogen spillover from rutile, anatase, or brookite TiO, as a starting
material.> As a result of ESR measurement, surface-exposed Ti** and Vo were observed in
rutile and brookite Pt/TiO, « after the reduction treatment. Notably, rutile Pt/TiO,- included
a more amount of defects, therefore photocatalytic activity was enhanced by the reduction
treatment. In contrast, anatase Pt/TiO,« included Vo but not surface-exposed Ti*". During
the reduction treatment, Ti** was reduced to Ti*" by an electron donation from spillover H
atom to TiO> conduction band and Vo formation occurred via dehydration (Fig. 1). The
obtained results suggest that the depth of the inherent midgap states, depending on the
crystal phases, influences the formation of surface-exposed Ti*".

Step 2
H H atom transfer Step 4
2™, fromPtto TiO Formation
u d'srep‘1t' Y 2 Step3  ofH,0 b it?jp f
, dissociation Migration ehydration
on Pt nuclei Q 5-4 p ofg atom @( /® to form Vo

K

Tl“ Ti¢* Ti¢r Tid* Tl“*o T|“+° T|3"0T|3‘o Tl"o Tl""a TIJ?\TI;“
Fig. 1. Possible scheme of defect formation by the reduction assisted by hydrogen spillover.
1) Y. Yamazaki, T. Toyonaga, N. Doshita, K. Mori, Y. Kuwahara, S. Yamazaki, H. Yamashita, ACS
Appl. Mater. Interfaces. DOI: 10.1021/acsami.1c20148. 2) Y. Yamazaki, K. Mori, Y. Kuwahara, H.
Kobayashi, H. Yamashita, ACS Appl. Mater. Interfaces 2021, 13, 48669.
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Unraveling Hydrogen Spillover Pathways over Reducible Metal Oxide (*Graduate School of
Engineering, Osaka University, 2ESICB Kyoto University, 3Kyoto Institute of Technology)
OKaohsuke Mori,12 Shun Kazuki,! Shinya Masuda,* Naoki Hashimoto,* Hisayoshi Kobayashi,?
Hiromi Yamashita®?

Hydrogen spillover in typical reducible metal oxides, such as TiO,, CeO,, and WO3;, was
elucidated by combining systematic characterization methods involving various in situ
techniques and kinetic analysis. TiO2 and CeO, were proven to be promising platforms for the
synthesis of non-equilibrium RuNi binary solid solution alloy nanoparticles displaying a
synergistic promotional effect in the hydrolysis of ammonia borane. Such behavior was driven
by the simultaneous reduction of both cations under a H, atmosphere over TiO; and CeO,, in
which hydrogen spillover favorably occurred over their surfaces rather than within their bulk
phases. Conversely, hydrogen atoms were found to preferentially migrate within the bulk prior
to the surface over WOs. Thus, the reductions of both cations occurred individually on WOs,
which resulted in the formation of segregated NPs with no activity enhancement.

Keywords . Hydrogen Spillover; Alloy Nanoparticle; Reducible Metal Oxide
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1) K. Mori, N. Hashimoto, N. Kamiuchi, H. Yoshida, H. Kobayashi, H. Yamashita, Nat. Commun., 2021,
12, 3884-3893

2) K. Mori, K. Miyawaki, H. Yamashita, ACS Catal., 2016, 6, 3128-3135.

3) S. Masuda, K. Shun, K. Mori, Y. Kuwahara, H. Yamashita, Chem. Sci., 2020, 11, 4194-4203.
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A Pseudorotaxane Structure with y-Cyclodextrin Controlled by
Chiral Recognition of an Au'sAg'sCu''s Molecular Cap

(*Graduate School of Science, Osaka University) OTatsuhiro Kojima,! Hiroto Takeda,' Naoto
Kuwamura,' Takumi Konno!
Keywords: Pseudorotaxane; y-Cyclodextrin; Multinuclear Complex

Pseudorotaxane is a well-known supramolecule in which a macrocyclic molecular ring is
threaded by a rod-shaped molecular axle, with its terminal position connected to a bulky
molecular cap. The use of cyclodextrins (CDs) as molecular rings has been a target of intensive
studies in recent decades because of their versatile molecular recognition abilities. Although
the evaluation of intermolecular interactions between ring and axle molecules is essential to
understand molecular recognition, most previous studies on pseudorotaxanes containing CDs
as a molecular ring have been performed mainly via NMR spectroscopy in solution rather than
X-ray crystallography in the solid state, and reports on the X-ray crystal structures of this class
of supramolecules are scarce. In this presentation, we report a pseudorotaxane system with y-
CD controlled by chiral recognition of [AusAgs;Cus(H,0)3(D-pen)s(tdme),]** (D-[1(H20)5]*;
pen®” = penicillaminate, tdme = 1,1,1- tris(diphenylphosphinomethyl)ethane), the structure of
which was established by single-crystal X-ray crystallography.!

Soaking crystals of D-[1(H,0);]*" in aqueous Na;bdc (bdc?* =1,4-benzenedicarboxylate)
yielded crystals containing D-[1(bdc)(H.0O).]" due to the replacement of a terminal aqua ligand
in D-[1(H20);]** by a monodentate bdc?” ligand. When y-CD was added to aqueous Nasbdc, D-
[1(H20)3]** was transformed to D-[1(bdc@y-CD)(H-0).]", where a y-CD ring was threaded by
a bdc?” molecule to construct a pseudorotaxane structure. While the use of dicarboxylates with
an aliphatic carbon chain instead of bdc? afforded analogous pseudorotaxanes, such
pseudorotaxane species were not formed when crystals of [AusAg3Cuz(H20)3(L-
pen)s(tdme),]** (L-[1(H20)3]*") were soaked in aqueous Nasbdc and y-CD, affording only
crystals containing L-[1(bdc)(H20).]".
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1) T. Kojima, H. Takeda, N. Kuwamura, T. Konno, Chem. Eur. J. 2021, 27, 15981.
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Slow magnetic relaxations of an S=1/2 copper(ll) ion incorporated
into the nuclear-spin-free Keggin-type tungstosilicate

(‘College of Humanities and Sciences, Nihon University) OToshiharu Ishizaki,' Tomoji
Ozeki'
Keywords: Slow magnetic relaxations, S=1/2, Copper(Il) complex, Polyoxometalate.

Recently, slow magnetic relaxations of S=1/2 systems after removal of an applied
magnetic field are expected as the spin qubit for quantum information processing device.' In
order to increase relaxation times, it is important to suppress the fast quantum tunneling
relaxations which facilitated by dipolar interactions and hyperfine interactions in this
system. From this point of view, large, rigid and nuclear-spin-free polyoxometalates would
be useful for the ligand toward the potential spin qubits.> However, reported examples of
slow relaxation behaviors, especially complexes with only one spin center are very limited.
Here we report, slow magnetic relaxations of copper(Il) ion incorporated in the large, rigid
and nuclear-spin-free tungstosilicate are presented.

The tetrabutylammonium salt [(7-C4He)N4]H,[SiW1,030Cu] (1) was prepared from the
potassium salt.’* The X-band ESR spectrum of powder form of 1 showed well separated four
peaks originated by the copper(Il) ion. The g-value was decreasing and A4-value was
increased compared with the potassium salt, which would indicate decreasing coordination
number from six to five by removing terminal water ligand.* DC magnetic susceptibility
measurements indicated S=1/2 state of 1. AC magnetic susceptibility measurements
revealed that 1 shows slow magnetic relaxations in an applied static magnetic field (Hpc).
The temperature- and static-field-dependences of extracted relaxation times of 5 %
magnetically diluted 1 [(7-CsHo)N4]H2[SiW11039Cuo.0sZn0.9s] (dil.1) collected in Hy=3000
Oe and at 1.8 K, respectively, were
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1) R. Sessoli et al., J. Am. Chem. Soc. 2016, 138, 2154. 2) E. Coronado et al., Chem. Soc. Rev., 2012,
41, 7464. 3) L.-N. He et al., Green Chem. 2016, 18, 282. 4) A. M. V. Cavaleiro et al., Polyhedron
1999, /8, 1163. 5) T. Ishizaki et al., Chem. Eur. J. 2021, 27, 12686.
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New Ligand for Metal-Organic Frameworks based on Tetrabenzo
Chichibabin Hydrocarbons with Potential Close Shell-Diradical
Transition

('Research Center for Materials Science, Nagoya University, >*Graduate School of Science,
Nagoya University) OZhongyue Zhang,' Kunio Awaga,’

Keywords: Tetrabenzo Chichibabin Hydrocarbon; Diradical; Metal-Organic Frameworks;
Redox Activity

The transition between the close-shell ground state and diradical state of organic
compounds has been of interest in the past decade, especially when the spin-state transition
is accompanied with a structural configuration alternation. To date, most such transitions are
reported to occur in a solution state, which allows a rapid relaxation of the excited diradical
state to the diamagnetic ground state. As a result, it is intriguing to explore the behavior of
such diradicals in solid-state by incorporating such diradical unit into metal-organic
frameworks (MOFs).

To achieve this target, a well-known diradical precursor, namely tetrabenzo
Chichibabin hydrocarbon is selected and synthetically modified with four pyridine antennas.
(4py-tbCH). Using the literature method to prepare the 4py-tbCH molecule, however,
unprecedently yielded 2H-4py-tbCH, which exhibits a monomer-dimer equilibrium in
solution. Oxidation to the 4py-tbCH could be achieved by Scholl reaction, and the MOF
containing this ligand were obtained by diffusive mixing the solution of 4py-tbCH and
Cu(hfac),. Solid-state cyclic voltammetry and electrochemistry, as well as the ex situ
magnetometry and EPR measurements will be carried on the obtained MOF to evaluate the
spin-state transition of the ligand upon the electrochemical oxidation or reduction.
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1) Zebing Zeng, et al, J. Am. Chem. Soc. 2012, 134, 14513—14525.
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Study of luminescent Cu(l)-pyridinophane-arylamide complexes
and their incorporation into polymer films: towards the
development of mechanoresponsive materials

(Coordination Chemistry and Catalysis Unit, Okinawa Institute of Science and Technology)
OTatiana Gridneva,' Ayumu Karimata,' Julia Khusnutdinova'
Keywords: Photoluminescent metal complexes, Mechanoresponsive materials, Cu(Il)-emitters

Mechanoresponsive materials which change their optical properties in response to applied
mechanical force are important for stress and damage sensing. Previously in our group,
polybutylacrylate films incorporating photoluminescent copper(I)-NHC complexes as cross-
linkers were developed.! The films show highly sensitive change of photoluminescent intensity
upon stretching. The change is reversible and non-sacrificial, and the mechanism is considered
to be suppression of the nonradiative decay by restricting the mobility of the complexes when
stretching. However, there are still challenges such low miscibility of the complex in the
polymer, which might arise from the cationic nature of the complex.

In this work, copper(I)-pyridinophane complexes bearing neutral arylamide ligands were
synthesized as new mechanophores. The complexes show orange to red photoluminescence
with the maximum wavelength up to 693 nm, representing limited examples of copper(I) red
emitters. The properties of the complexes largely depend on the arylamide ligands, with the
trend of complexes with more electron-donating ligands to give longer wavelength emission.
The cross-linked poybutylacrylate films incorporating the complex 1 were prepared and found
to show reversible change in photoluminescence intensity on stretching and releasing.
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Figure 1. a) Structures and images of complexes 1-3. b) Schematic structure of complex 1

incorporated in cross-linked poybutylacrylate. ¢) Change of emission intensity of 1

incorporated film on stretching monitored by CCD image sensor before and after streching.

1. Karimata, A.; Patil, P. H.; Khaskin E.; Lapointe, S.; Fayzullin, R. R.; Khusnutdinova, J. R. Chem. Commun.
2020, 56, 50-53
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Study of Multi-dimensional Transformations with Successive
Reaction in Cu(ll) Coordination Polymer

(‘Graduate School of Science, Kyoto University, *Japan Synchrotron Radiation Research
Institute) OYao Jing,! Yukihiro Yoshida,' Shintaro Kobayashi,” Shogo Kawaguchi,” Hiroshi
Kitagawa'

Keywords: Coordination polymer; Multi-dimensional transformations; Successive reaction;
Gas sorption; Magnetism

Dimensionality of atomic or molecular arrangements through chemical bonds plays a
crucial role in determining the electronic properties of solids. Coordination polymers (CPs) are
a promising platform for investigating dimensional transformations, because the coordination
bonds (100-300 kJ mol ™), which are generally weaker than covalent bonds (200800 kJ mol™),
possess thermodynamically stable but kinetically labile metal-ligand interactions. Although
considerable efforts are being undertaken to develop CPs with the dimensional transformation,’
a multi-dimensional 1D/2D/3D reversible transformation has not been accomplished.

In this study, we succeeded in realizing the 1D/2D/3D reversible transformation for the
first time in CPs comprising Cu(II) ions and bidentate terephthalate (BDC*"). The 2D layered
coordination framework in 2D Cu-BDC? was reversibly transformed into 1D chains due to the
dissociation of the Cu(Il) paddlewheels induced by water coordination (Figure a). The kinetics
of 2D to 1D successive transformation passing through an intermediate phase was investigated
in situ by synchrotron XRD. The 2D-to-3D transformation was achieved by removing DMF
followed by the connection of the 2D sheets (Figure a). These dimensional transformations
significantly changed chemical and physical properties such as gas sorption and magnetism.
Although the nitrogen gas uptake in open-framework 1D and 2D Cu-BDC was insignificant,
pronounced absorption was observed for

3D Cu-BDC (Figure b). Drastic { j 3
difference in magnetic behavior is § i ’g{&\\ 3
consistent ~with  their coordination ! "-’ gw

L | : S |

structures; uniform 1D chain of Cu(Il) in

ID Cu-BDC and 2D sheet based on T o e '
Cu(Il)-paddlewheel dimers in 2D Cu- b L ¢
BDC. Ferromagnetic behavior observed égm 3D (unexposed)

in air-exposed 3D Cu-BDC is mainly g}m“;

attributed to the 3D structure formed by 28,
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1) a) M. Edgar et al., Chem. Eur. J. 2001, 7, 5168. b) R. Medishetty et al., Chem. Eur. J. 2015, 21, 11948.
2) C. Carson et al., Eur. J. Inorg. Chem. 2009, 2009, 2338.
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Energy-efficient olefin separation by coordination networks using
tetrahedral ligands

('School of Science, Tokyo Institute of Technology, *(ENEOS Corporation) oJoonsik Kim,'
Pavel M Usov,! Yuki Wada,' Hiroyoshi Ohtsu,' Takaya Matsumoto,'* Masaki Kawano!
Keywords: Metal-organic frameworks; Hydrocarbon separation; X-ray crystallography

Unsaturated hydrocarbons are widely used in industry as raw materials, but they typically
require the use of extractive distillation processes for purification, which consume large
amounts of energy. To address this challenge, several metal-organic frameworks (MOFs) based
on copper iodide were developed.! The presence of accessible pores inside these frameworks
could be used for separating and isolating specific molecules from hydrocarbon mixtures.?
However, there have not been many studies on the separation of olefin mixtures, especially
including diene. Therefore, several pyridyl-based ligands were employed for MOF formation,
providing promising candidates with high selectivity for olefins.

Currently, we succeeded in obtaining two types of MOF structures, which were
investigated for their ability to separate olefin mixtures. Specifically, two ligands containing a
rigid tetrahedral core were synthesized, and then combined with copper iodide to generate two
MOFs comprised of helical copper iodide chains (denoted as MOF1 and MOF2). These
materials were activated using two-step solvent exchange and vacuum treatment prior to guest
sorption measurements. The mixture adsorption isotherms were calculated from the single
component data using IAST (ideal adsorbed solution theory), which was used to determine
guest selectivity. Remarkably, MOF1 showed a 327-fold selectivity of isoprene over 2-
methylbutane (Table 1), which is considerably higher than previous studies.?

Table 1. Guest uptake and selectivity of each MOFs.

IAST Selectivity at 50 kPa
Material Isoprene uptake, )\/ )\/ Reference
mmol/g IP : 2MB
MOF1 0.65 327:1 This work
MOF2 1.4 9.5:1 This work
MIL-125 4.4 1.1:1 3
NH>-MIL-125 4.6 1.1:1 3

1) R. Robson, J. Am. Chem Soc. 1989, 111, 5962-5964. 2) O. M. Yaghi, J. Am. Chem. Soc. 1998, 120,

2186-2187. 3) S. Kim, W. Ahn, Catalysis Today. 2013, 204, 85-93.
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Temperature-dependent Wiggling of a Cu(ll) lon in
Hydrogen-bonded Networks of a Zr—-Mo Cluster

(\Institute of Liberal Arts and Science, Kanazawa University, *Graduate School of Natural
Science and Technology, Kanazawa University) O Ryoji Mitsuhashi,’ Yuya Imai,’
Sugiarto,” Yuji Kikukawa,” Yoshihito Hayashi?

Keywords: Zr—Mo Cluster; Hydrogen-bonding Interactions

Coordination compounds with a degenerate energy state are known to distort
spontaneously to remove its degeneracy owing to Jahn—Teller effect. A typical example of
Jahn—Teller distortion in first-row transition metal ion is a hexacoordinated Cu(Il) complex,
which often exhibits a tetragonal elongation.! On the other hand, a trigonal distortion is
difficult for Cu(Il) complexes because the degeneracy will not be removed in this symmetry.
We recently reported a Ti-Mo cluster, [Ti{MoOs(tacn)}s]*" (tacn =
1,4,7-triazacyclononane).” This cluster spontaneously takes trigonal symmetry by
intramolecular hydrogen-bonds and can propagate the symmetry over the crystal by
intermolecular hydrogen-bonds. In this study, we focused on putting the simplest
hexacoordinated Cu(Il) complex [Cu(H,O)s]*" in trigonal coordination environment by
incorporating in hydrogen-bonded networks of [Zr{MoOs(tacn)}]*" (ZrMO6*"), which is
analogous to the Ti-Mo cluster, and ClO4".

A double salt of [Cu(H:20)s]ZrMo6(ClO4)s was prepared by a reaction of
ZrOCl'8H,0, [MoOs(tacn)] and Cu(ClO4).. At 100 K, single-crystal X-ray analysis
revealed that [Cu(H.O)s]ZrMo6(ClOs)s was crystallized in a trigonal system, and
[Cu(H20)]*" was successfully located at the crystallographic trigonal axis. At room
temperature, on the other hand, the Cu(Il) ions exhibited a positional disorder to form an
aggregated compound with the Zr—Mo cluster (Figure 1). This positional disorder was
observed even when the same crystal was employed for the measurements at both
temperatures. This indicates that a Cu(Il) ion is moving back and forth between two
positions even in the crystal at high temperature. This temperature-dependent wiggling of
the Cu(Il) ion is further supported by variable temperature EPR measurements. This unique
solid-state dynamic disorder for Cu(Il) ion is presumably due to the frustrated secondary
coordination sphere which enforces [Cu(H,O)s]*" cation in trigonal symmetry.
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Figure 1. Schematic view of temperature-dependent wiggling of Cu(Il) ion in the crystal.
1) M. A. Halcrow, Chem. Soc. Rev. 2013, 42, 1748. 2) Sugiarto et al., Inorg. Chim. Acta 2020, 509,
119691.

© The Chemical Society of Japan -J202-1pm-07 -



J202-Tpm-08 BAlLES E102EFES (2022)

SEIRW CO, WA DT HOIMI M DR

(RTRKE' - ENEOS (k) *) OWEH SfF ' - Pavel Usov ' - i Mg ' - Ry 183
Do S R - RRR P2 - P TERL

Design of Isolated Spaces for Selective CO, Adsorption (*School of Science, Tokyo Institute
of Technology, 2ENEOS Corporation) OTerumasa Shimada,* Pavel Usov,' Yuki Wada,
Hiroyoshi Ohtsu,! Taku Watanabe,? Takaya Matsumoto,"? Masaki Kawano!

In this work, a novel porous coordination network was synthesized by combining a
tetrahedral' ligand and copper(I) iodide. Although the network has isolated pores with no clear
exterior access, it was able to selectively adsorb CO; at rt and maintain it for more than one
week while exposed to atmosphere, as revealed by adsorption isotherms, IR spectra, and single
crystal X-ray diffraction measurements. Furthermore, we determined the adsorption energy of
CO; and its diffusion mechanism throughout the network using Matlantis™, a high-speed
versatile atomic-scale simulator. The calculations helped explain the adsorption mechanism,
which was in good agreement with the experimental results. In conclusion, a novel design
strategy for CO; sorbents based on isolated spaces was proposed.

Keywords : Metal-Organic Frameworks; Gas Adsorption; Carbon dioxide; X-ray Structure
Analysis; Deep Learning
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1) Xiu-Liang Lv, Shuai Yuan, Lin-Hua Xie, Hannah F. Darke, Ya Chen, Tao He, Chen Dong, Bin Wang,
Yong-Zheng Zhang, Jian-Rong Li, and Hong-Cai Zhou, J. Am. Chem. Soc. 2019, 141, 26, 10283-10293
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Guest-selective Gate-Opening Behavior of Flexible Porous Coordination Polymer with Hydrogen-
bond Keylock (nstitute for Integrated Cell-Material Sciences, Kyoto University) OXKen-ichi
Otake!, Yifan Gu!, Jia-jia Zheng', Susumu Kitagawa'

Flexible porous coordination polymers (PCPs) have been extensively investigated because of
their interesting gas adsorption properties such as gate opening behavior and shape-memory
effect. In this work, we developed a novel PCP that exhibits highly selective gate-opening
behavior toward a specific target molecule, by utilizing hydrogen-bond keylock design. This
PCP has an interdigitated 2D sheet-type structure and exhibits reversible structural changes
upon CO; sorption. The PCP design, syntheses, crystal structures, gas sorption behaviors, and
theoretical characterization were investigated. Details of this study are reported.

Keywords : Porous Coordination Polymers, Crystal Structures, Gas sorption
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Direct EXSY NMR observation of reversible Co-Co bond
homolysis

(!Science and Technology Group, Okinawa Institute of Science and Technology Graduate
University, *Arbuzov Institute of Organic and Physical Chemistry) OSatoshi Takebayashi,'
Robert Fayzullin,> Richa Bansal'

Keywords: Cobalt; Homolysis; NHC; Metalloradical; EXSY NMR

Bond homolysis is one of the two most fundamental bond breaking mechanisms in
chemistry. Majority of bond homolysis is reversible reaction that favors recombination of the
generated transient radical species. Steric crowding around radical center and delocalization of
spin density shift this equilibrium towards generation of persistent radical species,' and by
virtue of this stabilization, many radical species have been isolated.>* Conventionally, this
reversibility is observed as a temperature dependent reversible change of spectra, however real-
time observation of reversible bond homolysis is unknown. Two-dimensional exchange NMR
(2D EXSY NMR) and 2D IR spectroscopies are powerful methods to observe real-time
chemical exchanges. Large number of chemical exchanges with wide range of exchange time
scales have been studied using these methods however, it’s application to observe reversible
homolytic bond cleavage is unknown. /n this talk, we report the first real-time 2D EXSY NMR
observation of reversible homolytic bond cleavage using dimeric cobalt complexes.
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(1) Griller, D. & Ingold, K. U. Persistent carbon-centered radicals. Acc. Chem. Res. 9, 13-19
(1976).

(2) Sakamaki, D., Ghosh, S. & Seki, S. Dynamic covalent bonds: approaches from stable
radical species. Mater. Chem. Front. 3,2270-2282 (2019).

(3) Hoff, C. D. Thermodynamic and kinetic studies of stable low valent transition metal radical
complexes. Coord. Chem. Rev. 206-207, 451-467 (2000).

(4) Takebayashi, S. & Fayzullin, R. R. [Co(NHC)(CO)s]: Isolation and Reactivity Study of a
Model 17-Electron Species in the Oxo Process. Organometallics 40, 500-507 (2021).
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CRELREE ) O&A #hak!'- il B - A Hik!
Study on a Spin-Crossover Behavior for a Cobalt(Il) Complex with a Hydrogen-Bonded
Network (!Tokyo University of Science) OTakuya Kanetomo,' Zhen Ni,! Masaya Enomoto!

Hydrogen-bonded metal-organic frameworks (H-MOFs) are formed by a metal complex as
a building block through the H-bond and have been applied to flexible porous molecular
materials. In this study, we synthesized a terpyridine-based ligand, 5,5”-dicarboxy-2,2":6°,2”-
terpyridine  (H25tpybCO,) and a cobalt complex with two HS5tpybCO, ligands,
[Co"(H5tpybCO5),](H20)24(DMF) 2 (1-solv). Compound 1-solv exhibited a 4-fold
interpenetrating H-bonded diamond framework (Fig. 1a). The desolvated 1 showed a spin-
crossover (SCO) behaviour with an asymmetric thermal hysteresis (Fig. 1b).
Keywords : Cobalt(ll) complexes; Spin crossover; Hydrogen-bonded metal-organic
frameworks

KRG VEA B AR SR (H-MOF) (34 B85 IR 2 A AL & L CRFERA T
i LTCARIEIR CTH D | kR0 TS AUEM B E L CREMENSED b TN D, K
WMFIE T, 2,22:6°27-7 LU 20D 557071 wwf%y%%%ALthWW®%
BEAZ 112 H-MOF DB 257z, HLERITIE Co* A A A8 L. SMGIREIC
5ﬂﬁ%ﬁxHV%%®QM(aDﬁ%)%%A#éo_h_iw\mxx4y%/
THG A S H-MOF OBRENIETX 5,

BIATICA R LT85 K 1solv X, MEEMT LD . RGNV RF /IR F T L— b
HAAL 2 Loy FIRIKSERE B PMEET D, 2L D | Sk = M4 DDHH~
R LA A TS RIET2RKT D (X 1a), £72, TOKIL 4 BIHABAL
TEY, 1 IRIEDZELE G 25, fEaEixZ0zEezHG LTk, MU X 58
LD L2 BT D BB LTz, E7o. Z OB ICHEEE b Z R LTz, 851K 1-solv
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Fig. 1. (a) The H-bonded diamond framework of 1. (b) ym7 vs. T for the desolvated 1.
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Adaptable water networks for capturing bioactive molecules inside
the pores of a coordination network

(School of Science, Tokyo Institute of Technology)

OYuki Wada, Pavel M Usov, Hiroyoshi Ohtsu, Masaki Kawano

Keywords: Coordination networks; Host-guest interactions; Single crystal analysis; Structure
determination; Bioactive compounds

X-ray analysis of compounds incorporated into the pores of coordination networks could not
only reveal important information about the guest structures' and host-guest interactions,” but
also monitor reaction intermediates® and detect metastable species.* However, to date, only a
handful of host networks have been identified to be compatible for a wide range of substrates
since guest capture and stabilization is typically promoted by a series of finely-balanced host-
guest interactions, which are difficult to rationally design.

In this study, a coordination network with hexaazaphenalenyl based ligands was used for the
encapsulation and structural characterization of several bioactive compounds. The single
crystal analysis revealed that guest binding was facilitated by hydrogen-bonded water networks
and clusters inside the pores, which adapted depending on the guest molecule, providing clearly
defined crystallographic sites (Fig. 1). As a result, the guest structures could be determined
with high resolution, and limited number of constraints and restraints.

Dexamethasone
CyoHgFO5=392.46

Fig. 1 Dexamethasone structure (left) and a crystal structure of encapsulated dexamethasone
showing key hydrogen bonding interactions and their corresponding distances (right). Purple
circles highlight water molecules that act as binding sites.

1) Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, M.
Fujita, Nature, 2013, 495, 461-466. 2) Y. Wada, H. Ohtsu, P. M. Usov, B. Chan, K. Deekomwong, M.
Kawano, Inorg. Chem., 2021, 60, 17858-17864. 3) T. Kawamichi, T. Haneda, M. Kawano M. Fujita,
Nature, 2009, 461, 633-635. 4) H. Kitagawa, H. Ohtsu, A. J. Cruz-Cabeza, M. Kawano, IUCrJ. 2016, 3,
232-236.
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Photochemical Hydrogen Evolution from Alkaline Water
Catalyzed by Co-NHC Complexes

(Department of Chemistry, Faculty of Science, Kyushu University)

OKosei Yamauchi, Yasunobu Wakafuji, Ken Sakai

Keywords: artificial photosynthesis; hydrogen evolution; alkaline water splitting; cobalt
complex; NHC

In order to realize overall water-splitting reaction (2H.O + 4hv — 2H, + O:) on the
basis of molecular systems, it is crucial to ensure sufficient driving force for both H, and O
evolution reactions (HER and OER). We have previously studied on molecular
photosystems in which HER is driven by oxidative quenching of [Ru*(bpy);]**, but the
reaction rates and turnover numbers were relatively low when Co-NHC1 and other

molecular catalysts were employed.!> On the other hand, the reductive quenching of

[Ru*(bpy)s]** provides large driving force for HER but QC
=N

I + cl +
. 7 Y
insufficient driving force for OER in the acidic to neutral pH ):\> =N ):S
N g N

N
range. In this study, we focus on a new strategy to maintain N\‘/T{’JI { N\l/l N )
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presence of a newly synthesized
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(Figure 1). Furthermore, it was found
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that Co-NHC3 is more durable than 10 pH 12.8 (Co-NHC1) 1 5000

Co-NHC1. More interestingly, as the . pH7.1 .

pH increased, sustained evolution of 0 5 10 15 20 25
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H, took place in larger amounts (pH

< 12.8). We are now carefully Figure 1. Photochemical H, Evolution from Alkaline

. . . 1 -NH 1 .
investigating the factors correlating Water Catalyzed by Co-NHC complexes

with this unusual pH response toward the catalytic activity. In the presentation, we will
show the overall picture for photocatalytic cycle of HER by Co-NHC3 and Co-NHCI1.

1) Kawano, K.; Yamauchi, K.*; Sakai, K.* Chem. Commun. 2014, 50, 9872-9875, 2) Yatsuzuka, K.;
Yamauchi, K.*; Kawano, K.; Ozawa, H.*; Sakai, K.* Sustainable Energy Fuels 2021, 5, 740-749.
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Photochemical Hydrogen Production based on HCOOH/CO: cycle
Catalyzed by Pentanuclear Cobalt Complex

(*Graduate School of Engineering, Osaka University ,2JST PRESTO) OTakuya Akai,' Yutaka
Saga,! Mio Kondo,"? Shigeyuki Masaoka!

Keywords: Multinuclear Metal Complex; Photoreaction; CO, Reduction; Formic Acid
Dehydrogenation

With the increasing demand for energy and the rapid depletion of fossil fuels, the
development of renewable and environmentally friendly energy sources has become essential.
Given this background, significant research efforts have focused on the liquid organic hydrogen
carrier formic acid, which is a low-toxicity liquid under ambient conditions. Therefore, efficient
catalysts for the production of formic acid and its conversion into hydrogen are required for
utilisation of formic acid as a hydrogen carrier.

In this work, we developed a novel pentanuclear cobalt complex ([CosOH(bpp)s]**, Co5,
Hbpp = 3,5-bis(2-pyridyl)pyrazole) and investigated its photocatalytic activity for the
production and dehydrogenation of formic acid (Fig.). The photoirradiation of a solution
containing Co5, a photosensitizer and a sacrificial electron donor in a CO, atmosphere resulted
in the formation of formic acid, carbon monoxide, and hydrogen.' Surprisingly, the evolution
of hydrogen was completely suppressed in an Ar atmosphere, indicating that CO, is required
for the generation of hydrogen. The photoirradiation of a solution containing Co5, a
photosensitizer, a sacrificial electron donor and formic acid in an Ar atmosphere resulted in the
formation of hydrogen and CO,. Therefore, the first catalytic cycle for hydrogen production
based on the photochemical two-electron reduction of CO; and the dehydrogenation of formic
acid was demonstrated.? Under the optimized conditions, the turnover frequency (TOF) of Co5
for the dehydrogenation reaction of

formic acid was higher (229 h™') than 2H*, 2e" H,

those reported for other molecular

catalysts that operate under  Hydrogen Hydrogen

photoirradiation at ambient temperature. ~ Storage Release

In addition, mechanistic studies were

performed to elucidate the underlying ?Q %
> >

mechanism of the catalytic cycle.

1) T. Akai, M. Kondo, S. K. Lee, H. Izu, T. Enomoto, M. Okamura, Y Saga and S. Masaoka, Dalton
Trans., 2020, 49, 1384.
2) T. Akai, M. Kondo, Y Saga and S. Masaoka, Chem. Commun., 2022, accepted, DOI:
10.1039/D1CC06445B.
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Bulky and non-bulky PNP complexes with earth abundant metals
and their hydrogenation reactivity

(!Coordination Chemistry and Catalysis Unit, Okinawa Institute of Science and Technology
Graduate University, Okinawa, >Arbuzov Institute of Organic and Physical Chemistry, Russian
Academy of Sciences, Russian Federation) O Dilip K. Pandey,! Robert R. Fayzullin,? and
Julia R. Khusnutdinova!

Keywords: PNP Pincer; Cobalt complexes; hydrogen activation; Hydrogenation; Alkenes
and alkynes

Precious transition metal complexes with PNP-pincer ligand backbone have exhibited
substantial catalytic activity in a variety of hydrogenation and dehydrogenation reactions.
Recent efforts are being made on the substitution of precious transition metals with cheaper,

first row transition metals.!

Internal alkyne

In this regard, cobalt and | & [ R T R R ) R A7 | brdmgenation
. o SN . SR R
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NEY

alkynes, ketones, aldehydes, Praf—ge—FPry o

imi i B Y, ]
and imines, etc. in presence R/@\ = .y, N R@_/ andlor R/@\ — 7

of molecular hydrogen.? We
have previously developed a novel bulky PNP ligand, in which metal-ligand cooperation is
disabled by methylation of the CH, arms, leading to unusual reactivity with Ni complexes.?
Herein, we report Co and Fe complexes with tetramethylated and classical PNP ligands and
compare their reactivity in hydrogenation of alkenes and alkynes. We found that cobalt pincer
complexes supported by the bulky tetramethylated PNP ligand Me4sPNPR (R = ‘Pr) are highly
reactive towards H, and show catalytic activity in hydrogenation of alkenes and alkynes.* The
studies of the model systems show that in the case of Co(I) methyl complex as a precatalyst,
the hydrogenation reactivity occurs via a sequence of two-electron oxidative addition and
reductive elimination steps. This led to the development of catalytic protocol for alkene and
alkyne hydrogenation. Finally, we will also discuss and compare the reactivity of Fe complexes
with classical and tetramethylated PNP ligands in alkyne hydrogenation.

1) J. Wen et. Al, Chem. Soc. Rev. 2021, 50, 3211. 2) K. Junge et. Al, Chem. Eur. J. 2019, 25, 122. 3) a)
S. Lapointe, E. Khaskin, R. R. Fayzullin, and J. R. Khusnutdinova, Organometallics 2019, 38, 1581.
And Organometallics 2019, 38, 4433. 4) S. Lapointe, D. K. Pandey, J. M. Gallagher, J. Osborne, R. R.
Fayzullin, E. Khaskin, and J. R. Khusnutdinova Organometallics 2021, 40, 3617.
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Synthesis and Characterization of Ligand Modified Vitamin B+ and
Evaluation of the Catalytic Activities

(Graduate School of Engineering, Kyushu University) OKeita Shichijo, Yoshio Hisaeda,
Hisashi Shimakoshi
Keywords: Vitamin Bi,; Metal complex; Co-C complex; Catalytic reaction

Vitamin B, is a unique metal complex which has the cobalt ion and the corrin as a
centered metal and a ligand, respectively. The Co(]) state of the vitamin By, reacts alkyl halide
to form alkylated complex by the Sy2 type reaction and proceed the several catalytic reactions
via alkyl radicals formed by homolysis of the cobalt-carbon bond.' Based on these characters
of the vitamin Bi,, many Bi,-inspired reactions have been developed.” In general, many
researchers have used the cobyrinate complex (1) as the Bi» derivatives. In this work, we
succeeded the synthesis and characterization of the Co(II) state of pyrocobseter (2) with 7 -
expanded structure. Moreover, we clarified the catalytic reactivities of the complex.

The pyrocobester was synthesized by the pyrolysis of the cobyrinate.’ The absorption of
the pyrocobester showed efficiently red-shift compared to the cobyrinate because of the
conjugated corrin ligand (Figure 1. (b)). Furthermore, Co(II)/Co(I) redox potentials were +0.3
V shifted (Figure 1. (c¢)). In addition, the spectrum was changed after adding the CH;l as the
substrate. It is suggested that Co(I) state of pyrocobester reacted with CH3l and alkylated
complex (CH3-Co(Il)) was formed.

We constructed the eco-friendly photocatalytic system composed of the pyrocobester as
the active center and tungsten oxide (WQ3) as visible light responsive photocatalyst. In this
system, Co(I) species was formed under visible light irradiation by using water (or methanol)
as electron source. In this presentation, we will report experimental detail of pyrocobester

chemistry.
@) (b) () Co'/Co" — 12
—1
—~ 1.0fF - L |—2
=)
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Figure 1. (a) Structures of cobyribate (1) and pyrocobester (2),
(b) UV-vis spectra of prepared sample, 1 and 2 in CH,CN.
(c) CVs of complex 1 and 2 in CH;CN under N,. WE: Glassy carbon, CE: Pt wire, RE: Ag/AgCl electrode, supporting electrolyte: n-Bu,;NCIO,

1) D. Gryko et al., Chem. Soc. Rev., 2015, 44,3391. 2) H. Shimakoshi, Y. Hisaeda, Chem. Rec.,
2021, 21, 2080. 3) B. Kraiitler et al., Helv. Chim. Acta., 1983, 66, 1493.
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Trans-cis Isomerism of Pt Complexes with o-Aminobenzenethiol
Ligand

(‘Graduate School of Science, Kyoto University) O Pingping Huang,! Yukihiro Yoshida,'
Hiroshi Kitagawa'
Keywords: n—planar Pt complexes; trans-cis isomerism; DFT; proton—electron coupling

Trans and cis isomers of Pt complexes have received widespread acceptance as a clinical
drug for the treatment of various diseases.! In this study, a N,S-donor ligand, o-
aminobenzenethiol, was reacted with Pt(II) salt in aqueous methanol solution under ambient
atmosphere.? The neutral n-planar complexes, trans- and cis-Pt(itsq). (itsq~ represents the o-
iminothiosemiquinonate n-radical; Figure a), were simultaneously harvested as dark-blue
solids. Equilibrium dynamics for the trans-cis isomerization of the Pt complexes was evaluated
by 'H NMR spectroscopy in five kinds of organic solvents. It is found that the trans isomer is
dynamically more stable than the cis isomer in most solvents and that the isomerization process
is entropycally controlled possibly via a solvent association mechanism. In addition, DFT
calculations predicted that the trans isomer is 0.60 eV more stable than the cis isomer with a
rotational barrier of 1.35 eV (Figure b).

Proton-coupled electron transfer (PCET) plays a pivotal role in biological and chemical
processes.’> Molecules with n-electron systems, where the m-conjugation can be reconstructed
by attaching or detaching protons, have been investigated to realize the PCET behavior. Metal
complexes with nt-ligands bearing Lewis acidic/basic sites are of great interest in understanding
the PCET. In this study, we address the PCET behavior of the Pt complexes based on the pH-
dependent absorption and electrochemical spectra in solution state. Given that the trans and cis
isomers have different two-dimensional layered structures, i.e., those based on monomer and
dimer units, respectively, the present system may provide a feasible platform for investigating
the effect of molecular packing on the proton-electron coupled electron conduction and
magnetism. The results are also discussed in detail.
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1) M. J. Abrams, B. A. Murrer, Science 1993, 261, 725. 2) K. Matsumoto, I. Fukutomi, I. Kinoshita, S.
Ooi, Inorg. Chim. Acta 1989, 158, 201. 3) a) T. Mitani, G. Saito, H. Urayama, Phys. Rev. Lett. 1988, 60,
2299. b) M. H. V. Huynh, T. J. Meyer, Chem. Rev. 2007, 107, 5004.
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Small-Molecule Activation Driven by Metal-Metal Cooperation in
Pt/Base Metal Complexes

(!Coordination Chemistry and Catalysis Unit, Okinawa Institute of Science and Technology
Graduate University, > Arbuzov Institute of Organic and Physical Chemistry, FCR Kazan
Scientific Center, Russian Academy of Sciences, * Department of Chemistry and Biotechnology,
Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8656, Japan) O Govindarajan Ramadoss,' Shubham Deolka,' Eugene Khaskin,' Robert
R. Fayzullin,?> Shrinwantu Pal,? Julia R. Khusnutdinova*!

Keywords: Heterobimetallic, Naphthyridine, Metal-metal cooperation, Small-molecule
activation.

The design and exploration of a multimetallic complex has gained much interest owing to
their great potential in catalysis and small molecule activation via cooperation of two or more
metal centers. In particular, heterobimetallic complexes play a crucial role in small molecule
activation since two different metal centers in proximity may allow facile activation of small
and inert molecules.! However, the synthesis of selective heterobimetallic complexes is highly
challenging due to unselective binding of two metal ions by the ligand core; in many cases
scrambling of metal ions can occur. To overcome this synthetic difficulty our group has recently
started working on the synthesis of unsymmetrical ligand scaffolds by functionalizing
naphthyridine core at 2 and 7 positions, where one of the side arms has a soft phosphine donor
and the opposite arm has a hard nitrogen donor. Such a ligand design allowed us to form
selective heterobimetallic complex via stepwise synthesis. As a result, we previously reported
metal-metal cooperative B-C and C-H bond activation by Pt/Cu heterobimetallic complexes, 2
Herein, we report the selective stepwise synthesis of heterobimetallic complexes where Pt
showing close interaction with other non-transition, base metals in unsymmetrical 1,8-
naphthyridine ligand core. This talk will cover the aspects about metal-metal cooperation and
how the potential synergistic interaction between Pt and a base metal influence the reactivity
towards H», Si-H, B-H and C-H activation of alkynes, while such reactivity is not observed
when Pt alone or base metal alone are present. The presence of Pt-base metal interaction will
be analyzed by QTAIM and NBO analyses.

Cooperative, bimetallic small molecule(SM) activation

AN
) My— g'&

1) A. N. Desnoyer, A. Nicolay, P. Rios, M. S. Ziegler, T. D. Tilley, Acc. Chem. Res. 2020, 53, 1944.
2) S. Deolka, O. Rivada, S. L. Aristizabal, R. R. Fayzullin, S. Pal, K. Nozaki, E. Khaskin, J. R.
Khusnutdinova, Chem.Sci. 2020, 11, 5494.
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The intramolecular charge transfer properties of a benzothienobenzothiophene derivative
complexed with a bulky Lewis acid (! Graduate School of Science, University of Hyogo, *Graduate
School of Engineering, Kyushu University)OTakashi Ikeda!, Keishiro Tahara!, Toshikazu Ono?,
Yoshiki Ozawa!, Masaaki Abe!

Recently, organic semiconductors have attracted great attention as organic materials because they have
high flexibility and processability. We report the synthesis of a new benzothienobenzothiophene (BTBT)
derivative by covalently introducing a pyridyl group. The BTBT derivative was bound with
tris(pentafluorophenyl)borane as Lewis acid through the B-N bond formation. The obtained complex
showed a red shift in the intramolecular charge transfer emission from BTBT to pyridyl moieties
compared to the emission of the pyridyl derivatives. The photoluminescence quantum yields increased
from 7.7 to 50% upon complexation. The complex crystallized in two forms containing n-stack columns
and dimers, giving different emission properties.

Keyword : [1]benzothieno[3,2-b][1]benzothiophene, Intramolecular charge transfer, Luminescence,
Crystalline polymorphs, Organic semiconductor
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DI, OH T AN BN LTEY , FEH~OBRISE L ICT Fbk 4 e bt 7
REFRHNIFSND,

(@)

S /F/F

1. (a) BTBT-py-TPFB Db FHit. (b))t iEICE ENDnAY v I T LROF A < —.
1) S. Koyama, H. Iguchi et al., Chem. Lett., 2019, 48, 756—759.
2) K. Tahara, Y. Ashihara, T. Ikeda, T. Kadoya, M. Abe et al., Inorg. Chem., 2020, 59, 17945—17957.
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Heterometallic interaction emerges from resonant inelastic X-ray
scattering in luminescent Tb—Pt molecules.

(The University of Electro-Communications, *Tohoku University) OTakefumi Yoshida,'
Yasuhiro Iwasawa,' Masahiro Yamashita®

Keywords: resonant inelastic X-ray scattering; heterometallic interaction; platinum;
terbium.

The heterometallic complexes have been utilized in a variety of researches such as
luminescence, catalysis, and magnetism. Luminescence has received particular interests
from viewpoints of luminescence devices, bio-imaging, photosensitizers, etc. Moreover,
heterometallic interaction is also an important issue in the luminescence event of
heterometallic complexes, and great efforts have been devoted to the design of various
intermetallic interactions. Although high-resolution X-ray diffraction can visualize the
electron density of bonds,' theoretical calculation dominates the method to examine
intermetallic interactions. We synthesized the heterometallic Ln—Pt complexes:
NEt{[Pt(PhSAc)s]Ln[(PhSAc)sPt]}-2DMF (Ln = Gd (1), Tb (2), Dy (3); PhSAc =
benzothioacetate, NEts = tetracthylammonium), in which both diamagnetic Pt(Il) ions
interact with the central Ln(III) ion. Pt-Li; resonant inelastic X-ray scattering (RIXS)? was
used to experimentally to prove the unique role of the Ln-Pt interaction in the luminescence
property of the Tb—Pt molecule. RIXS enabled to identify the distinguishing factors in the
coordination environment and the existence of heterometallic interaction with implications
to the observed luminescence.

The two-dimensional (2D) RIXS mapping which has a higher sensitivity to bonding
interaction over XANES allowed us to observe the Pt—Ln interactions in 1, 2 and 3 but not
in 2NBty[Pt(dmit),] (Fig. 1). The electronic structures revealed by the 2D RIXS mapping
are different in the appearance with 2NBt4[Pt(dmit),] and 1-3. 1-3 showed a clear shoulder
peak along the direction of energy "
transfer (y axis) (Fig. 1). The '

1t

difference  arises from  the

.
=

difference in the coordination s

structure around Pt ions, where
2NBt[Pt(dmit),] has a square . ﬁ
planer structure and the complexes e rerreerrevmeee e I Ferermeerrvreen .T..m.mu..m..m

1 —3 haVe a Square pyramldal . Photon energy /eV . Phton emergy / eV
Fig. 1. 2D RIXS of (left) 2NBts[Pt(dmit)2] and (right) 2.

Transter energy / eV
Transfer energy / eV

structure. The details of the results

of RIXS and luminescence will be presented in the talk. The RIXS confirmed the interaction
between Ln and Pt ions, where the difference in the coordination environment of Pt
complexes such as 2NBty[Pt(dmit),] and NEt;{[Pt(PhSAc)s]Ln[(PhSAc)4Pt]}-2DMF was
successfully visualized.

1) J. Overgaard, et. al., Appl. Crystal., 2020, 53, 635. 2) J. Mizuki, et. al., ACS Catal., 2015, §, 1112.
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Two Steps One-dimensional Reaction of Platinum-Rhodium Dinuclear Complexes and Several
Metal Species (' Faculty of Engineering, Gifu University, *Graduate School of Natural Science
and Technology, Gifu University, *Graduate School of Engineering, Gifu University, * Graduate
School of Materials and Chemical Technology, Tokyo Institute of Technology) OKazuhiro
Uemura,' Yuya Ikeda,” Atsushi Takamori,” Tomoyuki Takeyama®

[PtRhCI>(NH3)2(piam),PPh3;]PFs (piam = pivalamidate) has dinuclear structure where
platinum and rhodium atoms are bridged by two piam ligands, and rhodium is axially
coordinated by PPh;. This dinuclear complex is possible to bind several metals with Pt-M
bonds. In this study, we will show the results of one-dimensional pentanuclearzation with Pt,
Pd, and Cu, discussing the binding constants based on crystal structures and DFT calculations.
Keywords : Multinuclear Complex, Binding Constant; One-dimensional; Hetero-metal

Fx NERITHKZI LTV D Ha-1 ¥ 0 AR D[PRhCI3(NH;)x(piam),] (1, piam
=pivalamidate) (X, &L R YT AR 25O N0 T I X — NI o TEEI N1
EEE DD, SBEBLEIT PY(+2)-Rh(+3) T, W&)E d? BLEIC X D o* LB LUMO
ZHODT, dZ PuEIZ HOMO % & S& @ik & &miEa c—kahE(LT& 5 2,
PPhs Z N2 5 & . 02T LDT X % LALIZEL L, [PtRhCL(NH;),(piam),PPhs]PFs (2)
LD AEOT XV ML TEEMEEFREE 725, Bl2iX, FiEMED[PICL] &R
A3 5L, 2:1 THJE L, [Ph-Pt]-[Pt]-[Pt-Rh] & I A 72— eIk TRz sk (2-Pt-2) &
2%, AFETIE, EEOICKISEZERL, 2EEHRZHEHB Lo THET 5,

(BusN)2[PtCl4]® 0.3 mM CH,CL IA#RIZ, 0.2 25892 2 &2 T, UV-vis lliE L 7=,
(K1) 2%Mzx5E, 1.0%EF T43nm OWINAHEK L, HWNT, 2258 T
452 nm O HE K L7z, 413 nm
DI IE ., [Ph—Pt]-[Pt] & W A 72 =K%
R (2-Pt) OAJE o MEBLER D%
BilcH®E L. 2 — 2-Pt — 2-Pt-2 &
CEBET—RkIEEIE LTS Z
Lo, —BMEE & TERER
DEEEHEK EKLETDHE K
=6.8x10"mol 'L, K»=7.2x10° mol”
'L Tdh-7-, 'HNMR & DFT &
D R . (BwN)[PdCly] . | s ; . : :
(BwN);[CuClL]. (BwuN)Cl & DEH 300 Ve 600
IZOWT hikmd D TETH D,

@
el

Absorbance
0000222 2NNN
NRAOOONADIOON D

1. UV-vis 7 & TD-DFT 5 D5 5.

1) Eur. J. Inorg. Chem., 2007, 809. 2) Dalton Trans., 2017, 46, 5474.
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Synthesis and physical properties of a functionalized cyclohexane-
dithiocarboxylate-based MMX-chain complex
(‘Graduate School of Science, Kyoto University, *JASRI/SPring-8) O Hayato Moriyama,'
Kazuya Otsubo,' Kunihisa Sugimoto,? Hiroshi Kitagawa'
Keywords: Polynuclear complex; Structural chemistry; Mixed-valence compound; Electronic
state

One-dimensional halogen-bridged mixed-valence dinuclear metal complexes (MMX-
chains) show a wide variety of electronic states depending on the external stimuli such as
temperature and pressure due to the high degrees of freedom of the charge polarization in
dimerized metal unit. In particular, some dithiocarboxylate-based MMX-chains exhibit
metallic conductivity'. However, only the effect of alkyl chain length of the ligand has been
systematically studied in this system. In this study, we have aimed to investigate the electronic
states by introducing a rigid moiety to a dithiocarboxylate ligand.

The MMX-chain PtoLal 1) based
(methoxycarbonyl)cyclohexanedithiocarboxylate (L) as a ligand was synthesized by the

(complex on trans-4-
following reactions:

(1) 2 trans-PtCl,(NCPh), + 4 NaL — Pt",L4 + 4 NaCl + 4 NCPh . o>\__<:>
(2) PtHzL4 +I, — PtIHzL412

(3) Pt",Ly + Pt",L4I — [PtoLal]. (complex 1)

The crystal structure of complex 1 was determined by the single crystal X-ray structural
analysis at 100 K (Fig. 1(a)). Based on the observed Pt---1 distances, the electronic state in a
chain is in the charge-polarization state (CP state: —Pt**—Pt**—1—). The electrical conductivity
was measured by a two-terminal method along the chain direction. As the temperature
increased, the conductivity changed from increasing to decreasing around 323 K, suggesting a
structural phase transition at 323 K (Fig. 1(b)). From the variable temperature single crystal X-
ray structure analysis, the bridging iodide ions exist at the midpoint between platinum dimer
units above 323 K. This suggests that the electronic state in a chain is in the averaged-valence
state (AV state: —Pt>>*—Pt?%*—|—). Details are discussed.

,.../<S
s

(@) I (b) 6
Pl . 5 N
TN m
Yo (15 -
0 i e ) 1
*"”S,% Pt * D—:’;. 5
D K&\ P 3
x& 1 . L3
o
¢ = 2]
&, ,% ) °
’1‘('7"}% | \f»—ﬁ&- /? 1 — AV
o GRS VA S cp
[ o 1‘(: Wy v
o ' 0 T T T
f 150 200 250 300 | 350
¢ T/K T=323K

Fig. 1 (a) Molecular structure of complex 1 at 100 K. Hydrogen atoms are omitted for clarity.

(gray: C, red: O, yellow: S, green: Pt, purple: I) (b) Electrical conductivity of complex 1.

1) M. Mitsumi et al, J. Am. Chem. Soc. 2001, 123, 11179-11192

© The Chemical Society of Japan

-J402-1pm-06 -



J402-1pm-07 The 102nd CSJ Annual Meeting

A Polyaromatic Capsule Solid as a Vapor Adsorbent for
Benzene Derivatives

(Lab. for Chem. & Life Sci., Tokyo Tech) Ryuki Sumida, Michito Yoshizawa
Keywords: Porous solid; Volatile compound; Adsorption; Polyaromatic capsule; Reusability

Porous materials, such as metal-organic frameworks (MOFs) and covalent organic
frameworks (COFs), are useful solids for adsorption, separation, and storage of molecules.
Most of these materials possess infinite cavities and windows in subnanometer to nanometer
size. In contrast, polyaromatic capsule 1, composed of eight anthracene panels and two metal
jons, provides a finite, large cavity with four small windows.”) Here we report that capsule
solid (1), displays adsorption ability for benzene derivatives as a new vapor adsorbent.

Capsule solid (1), was put in a sealed vessel including benzene (BN), toluene (TL), and
o-xylene (0XL) without direct host-guest and guest-guest contact (Figure 1a). After standing
at r.t. for 1 h, the resultant solid (1),*(BN),*(TL),*(0XL). was subjected to reduced pressure
and dissolved in CD;CN. 'H NMR analysis of the product solution revealed that 3.3 equivalent
of the benzene derivatives (based on 1) are bound by solid (1),, with >80% oXL selectivity
(Figure 1b, left). In the same way, solid (1), bound oXL from a mixture of three xylene isomers
with 53% selectivity (Figure 1b, right). The volatilization of the adsorbed molecules was
suppressed by solid (1), even at 100 °C for 1 h (Figure 1c). Furthermore, solid (1), could be
reused at least five times with the same adsorption ability for three xylene isomers (Figure 1d).

Sl4+ N

@ benzene @
X
o O
i<} @f T
rt,1h
°- = o)

toluene o-xylene

(oXL)
- \ .
4:NO; -3 solid “’n (1),*(BN),+(TL),(0XL),
b) 47  ©)'H NMR (500 MHz, CD4CN, rt.) d) 47 48
o~ pXL XL e e
S 40 BN 16% - BT 4.0 4 119% - 0% e
2 ° 33 /6% mXL TL 30 .
28304 - - 23T 30 4 o9 29%  28%
28% w O
o & TL : 8 ; S
(©Ne] 2.0 4 1% : _Q_on_
T2 e : : To =
23 104 8% 54% 5 JJ 2810 5% 53% o
o . 1 o oy g-,
0 T T— EE T T 0 EE
(1n (Mn 75 7.0 25 2.0 ppm 1st  2nd 5th

Figure 1. a) Selective vapor adsorption by solid (1),. b) Guest ratios and % after binding experiments.
¢) '"H NMR spectra of (1),*(BN),*(TL),*(oXL), before/after heating. d) Reusability of solid (1),,.

[1] G. Zhang, B. Hua, A. Dey, M. Ghosh, B. A. Moosa, N. M. Khashab, Acc. Chem. Res. 2021, 54, 155—
168. [2] N. Kishi, Z. Li, K. Yoza, M. Akita, M. Yoshizawa, J. Am. Chem. Soc. 2011, 133, 11438-11441.
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Vapor-controlled Assembly/Disassembly of an Anionic Pt(ll)
Complex Loaded on a Cationic Nanosheet
(*Faculty of Science, Hokkaido University, *School of Biological and Environmental

Sciences, Kwansei Gakuin University) OMasaki Yoshida,! Tamami Morimoto,! Atsushi
Kobayashi,! Masako Kato'?

Keywords: Vapochromism; Nanosheet; Intermolecular interactions; Luminescence;
Cyclometalated Pt(II) complex
Layered double hydroxides (LDHs; Fig. 1(a)), which consist
(@) Mg AR

of positively charged nanosheet-like structures and interlayer
are well-known to electrostatically load anionic

anions,
molecules. In this work, we have focused on the controlled
assembly of electrostatically loaded anionic molecules on the

GG PAYALE £ 4 WAL Lt e

LDH by external stimuli. Here we report a stimuli-responsive ‘*‘;:} ') '}/ j‘ : %
nanohybrid material based on an anionic Pt(II) complex i\ﬂg-AI LJDHJ
[Pt(CN)2(ppy)]” (Fig. 1(b); Hppy = 2-phenylpyridine) and the
LDH consisting of Mg*" and AI** ions (Mg-Al LDH), in which (b) B -
the Pt(II) complex was found to assemble on the LDH under /N\Pt/CN
water vapor, causing vapochromic luminescence. CN

The Pt(II)-loaded Mg-Al LDH nanoparticles (hereafter
termed as Pt-LDH) have been synthesized by heating [Pt(CN),(ppy)I”

K[Pt(CN)2(ppy)] together with MgCl,-6H»O, AICl;-6H,0, and
tris(hydroxymethyl)aminomethane. Importantly, the obtained
Pt-LDH exhibited obvious vapochromism. As shown in Fig. 2,
dry Pt-LDH displayed green emission consisting of several vibronic satellite bands (Aem™
= 480 and 520 nm; RH 0% in Fig. 2), while the emission color changed to orange under
water vapor (Aem™* = 604 nm; RH 97% in Fig. 2). The variable-temperature emission

Fig. 1 (a) Mg-Al LDH
and (b) [Pt(CN)Appy)] -

lifetime measurements revealed that the R 0% 23% yrTRrT
luminescence of the dry Pt-LDH originated from ;o /»’/.x\“‘\, e

the ligand-centered *nn* luminescence of discrete % A RO /‘«(
[Pt(CN)2(ppy)], whereas the luminescence of € i //"\ "" \

Pt-LDH under water vapor originated from the '§ :: //' ',/' “\\ \\\ \\'
assembled state. Thus, these results indicate that g i/ / “~\\ \ \

the assembly of Pt(I[) complex molecules was & | 1 \\\;\\ “~\
controlled on the LDH nanosheets by water vapor < ,/" / \‘;'\,.;:'\
absorption. The detailed vapochromic mechanism 560 6(I)O 700 ébo

Wavelength (nm)
Fig. 2 Emission spectra of Pt-LDH under

will be discussed in detail based on differential
scanning calorimetry (DSC) and water vapor

adsorption measurements. various relative humidity (RH).
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Deacylative Coupling Reaction through Claisen-Retro-Claisen Condensation ('Graduate
School of Advanced Science and Engineering, Waseda University, *Institute for Advanced Study,

Waseda University) ORyota Isshiki,! Hikaru Nakahara,' Keiichiro lizumi,' Masayuki Kubo,'
Kei Muto,” Junichiro Yamaguchi'

We have developed Ni- or Pd-catalyzed deacylative couplings of aromatic ketones. A key
for these reaction are a functional group metathesis between aromatic ketones (Ar'-COR) and
aromatic esters (Ar'—CO,R) via sequential Claisen/retro-Claisen condensation, giving aromatic
esters (Ar'-CO,R). Merging the functional group metathesis and various decarbonylative
couplings of aromatic esters in a one-pot manner, a formal deacylative couplings of aromatic
ketones can be realized.

Keywords : Nickel; Palladium; Aromatic Ketones, Deacylative Coupling; Functional Group
Metathesis

FEG T OMEEME & L TEBBMEZ AW a7 L— LREAIO T
v 7Y RO b D, ERERMEACEORRBIZHEN, ~e T L—r DR L
LCT7 = /) = VEOEFEZ AT VIR EREMAFTRRIC T, L L, BEBES b
BT U VRETFAIETHMT AT 7Y 2 T RS EHE B0 78 <AL R
REOBEBERLET L, BINEEZ BOEFRS FAROND R EORERH D Y,

AL, =y b LI N T VU Al a2 W25 ER T S ool v
Ny 7V TR ERRE L, WEFIET, FEES 2 (Ar'-COR) & K&/ k= AT
JNArP-COR)VELEED EV7 FA B Uil L hu s T4 B MADEITL, H&
R AT W(Ar'-COR)BZEHLND Z &R RWIE LT, ZORSEFHFBHRZ AT LD
fili 2 DT VAR = VRIZEHAROG 2% [l asN TIT 5 2 & T, IRl 7 > A
v Y RGN E AR E LTz,

9 R Q cat. Pd or Ni Nu
. OPh . @ Base

Claisen )
Base l Condensation @ TTraS;‘téirlrw:tion
-OPh cat. Pd or Ni

0O O S O

OPh
—_— OPh
@ R @ Retro-Claisen @
Condensation
1) [a] Lu, H.; Yu, T.-Y.; Xu, P.-F.; Wei, H. Chem. Rev. 2021, 121, 365-411. [b] Li, H.; Ma, M.; Liu, Q.-

S.; Wang, M.-L.; Wang, Z.-Y.; Xu, H.; Li, L.-J.; Wang, X_; Dai, H.-X. Angew. Chem., Int. Ed. 2020, 59,
14388-14393. 2) Takise, R.; Muto, K.; Yamaguchi, J. Chem. Soc. Rev. 2017, 46, 5864—5888.
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Development of a Dehydrogenative Coupling Reaction of Phenols
with Aldehydes

(‘Graduate School of Engineering, Kyoto University) O Tairin Kawasaki,' Tomohiro
Tosaki,' Naoki Ishida,! Masahiro Murakami'

Keywords: Dehydrogenative Reaction; Coupling Reaction; Photoredox Catalysis; Nickel
Catalysis; Hydrogen Atom Transfer

Herein is reported a convenient method to acylate phenolic hydroxyl groups with
aldehydes." We recently reported a photo-induced dehydrogenative coupling reaction of
alkylarenes with aldehydes, which was facilitated by collaboration of an iridium photoredox
catalyst and a nickel catalyst.> When the reaction conditions were applied to a solution of
4-tert-butylphenol and varelaldehyde, 4-fert-butylphenyl pentanoate was obtained in 96%
yield, involving gaseous hydrogen. Results of mechanistic studies implied that a phenoxy
radical and an acyl radical cross-coupled. A phenolic hydroxy group was selectively
acylated in preference to alkyl-substituted hydroxy groups, probably thanks to the unique
reaction mechanism.

The dehydrogenative coupling of phenols and aldehydes was extended to a
dehydrogenative coupling reaction of primary alcohols with phenols.> A primary alcohol
was initially dehydrogenated by the visible light/iridium/nickel dibromide system to
generate transiently the corresponding aldehyde that sequentially coupled with a phenol
forming the phenyl ester.

hv
o) Ir + NiBr, 0 (0]
ArO=H + Ao+ + —
P S AOPR
_H2

1) T. Kawasaki, N. Ishida, M. Murakami, Angew. Chem. Int. Ed. 2020, 59, 18267. 2) T. Kawasaki, N.
Ishida, M. Murakami, J. Am. Chem. Soc. 2020, 142, 3366. 3) T. Kawasaki, T. Tosaki, N. Ishida, M.
Murakami, Org. Lett. 2021, 23, 7683.
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Copper(I)- and Palladium(I)-Catalyzed Carboboration of gem-Disubstituted Allenes
(‘Graduate School of Engineering, Hokkaido University, " WPI-ICReDD, Hokkaido University)
OYu Ozawa,' Hajime Ito'?

Allylic boronates are versatile building blocks for synthesis of complex molecules in organic
and pharmaceutical research. Recently, our group developed a regio- and stereoselective
alkylboration reaction of gem-disubstituted allenes using a copper(I)/diboron catalytic system.!
The alkylation of the alkenyl copper(l) intermediates with alkyl electrophiles furnished the
multisubstituted allylic boronates bearing tetrasubstituted alkene moiety. Thus, we anticipated
that the use of the other electrophiles, instead of the alkyl electrophiles, can expand the product
structure versatility. Here, we describe the development of a copper(l)/palladium(II)-catalyzed
arylboration reaction of gem-disubstituted allenes.? The transmetallation between the alkenyl
copper(l) intermediates and aryl palladium(II) species, and the following reductive elimination
gave the corresponding multisubstituted allylic boronates in high yield with high regio- and
stereoselectivity (up to 96%, rr =>95:5, E/Z =>95:5).

Keywords : Copper(l) catalyst, Palladium(Il) catalyst, Diboron reagent, Allylic boronates,
Carboboration reaction

ZEMRT VLR U FALEIINARNNIRME L 7o B B T OB RICE 72 A
IR TH D, Ieilt, YHFZEETIE, S0/ YR a AR & 7L v sRE Al A& H
Wz gem- EMAT L DT VXNV Y RIS AT L, MERT VT G T
BT DT VIVKRTELEDDOEKREZEMR LTy ZOKIE T, 77 =80 H R
BOT VXA L > CTHUEWRT V7 AAEEPEESND, 2T, ZOT V=1
ORI ORETAIZEH SEL 2 ENTENE, BIR EITRRDBEDOLE
a7 VNVRUFLEDREOND EE 2T, AR T, T U0 AADMBATFE T
TT7 V=)V REBFHEZRHND Z L TT A = VEO)FEED T U —ALBATEE T H
HZERRHLE L ZHUCE-T, x%b/ AT DHLEBRT VLR T EE
WD EILEE DD ENLE « STRIERIRIIICAS AL (up to 96%, rr = >95:5, E/Z =>95:5),

R1
_. [Cu] cat. & [Pd] cat. . R2 ™ @
‘ K(O-t-Bu), THF, 40 °C
B(pin)

R'#R? (1.5 equiv) (1.2 equiv) up to 96% vyield
rr=>95:5 E/Z = >95:5

\

1. Ozawa, Y.; Endo, K.; Ito, H. J. Am. Chem. Soc. 2021, 143, 13865.

2. Copper(I)- and palladium(II)-catalyzed arylboration reactions of multiple bonds were pioneered by
the Nakao and Semba group. a) Semba, K.; Nakao, Y. J. Am. Chem. Soc. 2014, 136, 7567. b) Semba,
K.; Nakao, Y. Tetrahedron, 2019, 75, 709.
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The Iridium (lll)-Catalyzed C(sp?)-H Bond Amidation of 2-
Aroylimidazoles: A Direct Observations of Kinetic and
Thermodynamic Mechanistic Tunability

(Graduate School of Engineering, Osaka University) O Sanjit Kumar Mahato, Naoto Chatani
Keywords: Carbon-Hydrogen Bond Cleavage; Nitrene Intermediate; Iridium Catalyst;
Amidation; Thermodynamic and Kinetic Control

The transition metal catalyzed direct C-N bond formation via nitrene insertion plays crucial
role to easily access to highly functionalized amides, which are encountered in many natural
products and have key factors in screening preclinical drug candidates.! Thus, metal catalyzed
direct C-H amidation has attracted much attention by organic chemists due to its atom- and
step-economical process as it does not require any preactivation of the reactants.'® Here, we
report an Ir(Ill)-catalyzed direct C(sp®)-H amidation of 2-aroylimidazoles® with dioxazolones
and 2,2,2-trichloroethyl azides (TrocNs) as nitrene sources. Although these two nitrene
precursors differ greatly in reactivity and react through different mechanism only by changing
the temperature under the same reaction conditions. This methodology is applicable for a wide
of substituted aromatic and heterocyclic substrates to produce amido aroylimidazoles in good

yields.
O |
N
Dioxazolones [ | \ J
120°C,DCE, 24 h  ~"Spy
O & [cprircly, up to 79% )\
N_ NaBArf, O™ “Ar
.1 N/ LioAc o
T YH AgOAc l
TrocN; R ( Nj
RT.DCE. 24n .l N )
up to 98% j‘\H
0”0 >cel,

1) (a) Breslow, R.; Gellman, S. H. J. Chem. Soc., Chem. Commun. 1982, 1400. (b) Ju, M.; Schomaker,
J. M. Nat. Rev. Chem. 2021, 5, 580. (c) Hong, S.Y.; Kim, D.; Chang, S. Nat. Catal. 2021, 4, 79.

2) (a) Mahato, S. K.; Chatani, N. ACS Catal., 2020, 10, 5173. (b) Mahato, S. K.; Ohara, N; Khake, S.
M.; Chatani, N. ACS Catal., 2021, 11, 7126. (c) Ohara, N; Das, A.; Mahato, S. K.; Chatani, N. Chem.
Lett. 2021, 50, 1722.
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Mechanochemical synthesis of aryl manganese(II) reagents by ball milling (' Graduate School
of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University) O Rina
Takahashi,' Koji Kubota,'* Hajime Ito'~

Organomanganese reagents have been used for C—C bond-forming reactions as a soft
alternative of Grignard reagents because of their high chemoselectivity. Although
organomanganese reagents are generally prepared by transmetalation from the corresponding
organolithium or organomagnesium reagents, it is difficult to synthesize functionalized
organomanganese reagents. Direct insertion of Mn(0) into organic halides has also been studied
but requires strong metal reductants for the activation of Mn metal or additives for promoting an
electron transfer process. Herein, we developed a fast and efficient generation of aryl manganese
reagents via direct insertion of Mn powder into aryl halides using ball milling without the
activation agents. This reaction was applicable to polyfluoroaryl bromides and iodides. The
selective Mn insertion was achieved in ortho-position to fluorine atom of aryl halides with
multiple reaction sites. Additionally, mechanochemically-prepared aryl manganese reagents can
react with various electrophiles in a one-pot fashion.

Keywords : Organomanganese Reagents;, Carbon Nucleophiles; Polyfluoroarylation;
Mechanochemistry, Ball Milling
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1) Cahiez, G.; Duplais, C.; Buendia, J. Chem. Rev. 2009, 109, 1434.
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Rhodium-Catalyzed Formal [4+1] Cycloaddition between
Benzocyclobutenones and Styrenes as a Carbenoid Equivalent

(*Department of Chemistry, The University of Chicago) OShusuke Ochi,! Zining Zhang,*
Ying Xia,! Guangbin Dong*
Keywords: [4+1] annulation; C—C activation; ketones; 2-indanones; carbene equivalent

“Cut-and-sew” transformations, in which the selective cleavage of a carbon—carbon (C-C)
bond and subsequent 2z-insertion is catalyzed by a transition metal catalyst, have been
developed as robust ring-expansion reactions. On the other hand, one-carbon insertion after
transition metal-catalyzed C—C bond activation is very challenging due to incompatibility
between highly reactive metal carbenes and inert C—C bonds. We previously discovered that
allenes can serve as a one-carbon unit in the intramolecular [4+1] cycloaddition with
cyclobutanones enabled by a B-H elimination and reinsertion process,> which is very
common in 1,1-difunctionalization of olefins.® Taking advantage of this key reactivity of
metallacycle intermediates, we envisioned that olefins could behave as a “carbenoid
equivalent” during the similar, but more challenging intermolecular “cut-and-sew” process.

When benzocyclobutenones were treated with styrenes in the presence of a rhodium
catalyst and 2-aminopyridine-based co-catalyst, 2-indanones and 2-tetralones were obtained
in up to 84% total yield and >20:1 selectivity. This method afforded multi-substituted
2-indanones with wide-ranging functional group tolerance. Excellent selectivity toward
2-tetralone formation could be described by DFT calculations, which indicated the facile
B-H elimination of a seven-membered rhodacycle intermediate. This reaction was scalable
to gram-scale, and the 2-indanone was derivatized to synthetically valuable compounds.
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36 examples
up to 84%, >20:1

Ar H Ar.
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1) P.-H. Chen, B. A. Billett, T. Tsukamoto, G. Dong, ACS Catal. 2017, 7, 1340. 2) X. Zhou, G. Dong,

J. Am. Chem. Soc. 2015, 137, 13715. 3) Y. Li, D. Wu, H.-G. C, G. Yin, Angew. Chem., Int. Ed. 2019,
59, 7990.
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Rh-Catalyzed Oxidative Carbon-Hydrogen Alkylation of Aniline
Derivatives with Allylic Alcohol

(Graduate School of Engineering, Osaka University) OShrikant Manmathappa Khake, Naoto
Chatani

Keywords: Rhodium Catalyst; Carbon-Hydrogen Bond Cleavage; Oxidative C-H Alkylation;
Pyrimidyl Directing Group; Allylic Alcohol

The transition metal catalyzed direct C—H bond functionalization via chelation assistance is
one of the most attractive fields in organic chemistry because of it’s step economical
applications in synthetic field.! In last decades, transition metal catalyzed direct C—H alkylation
reaction has emerged as a powerful tool to access various pharmaceutical precursors, complex
organic molecules and drug compounds in step and atom economical manner.” Recently, allyl
alcohol have been widely used as alkylating reagent because of their commercially availability,
low cost, and easy preparation and handling. Transition metals, such as Co, Rh, Ru have shown
great advancement in the C—H bond alkylation of arenes and heteroarenes with allyl alcohols
using directing group strategy.’Among all these reports, the reaction requires a stoichiometric
amount of oxidants or metal salts to achieve oxidative C—H alkylation products, which
consequently generates metal waste. In this context, the development of mild and efficient
catalytic system for C-H alkylation with allyl alcohol without use of oxidants or metal salt is
highly desirable. Herein, we present the Rh(IlI)-catalyzed oxidative C—H alkylation of aniline
derivatives with allylic alcohol using a pyrimidinyl group as a directing group without use of
oxidant or metal salts. This reaction provides broad substrate scope for aniline derivatives. In
addition, the reaction tolerates various important functional groups. Preliminary mechanistic
studies have been carried out to understand the reaction mechanism.
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|
\N)\ Rh(lll)-Catalyst \N)\NH

Me -
+ /\( DCE, 80 °C
R—: OH Metal Oxidant Free R—I
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1) (a) Khake, S. M.; Chatani, N. Trends in Chem. 2019, 1, 524. (b) Rej, S.; Ano, Y.; Chatani, N. Chem.
Rev. 2020, 120, 1788.

2) Han, S. M.; Choi, M.; Jeong, T.; Sharma, S.; Mishra, N. M.; Park, J. Oh, J. S.; Kim, W. J.; Lee, J. S.;
Kim, I. S. J. Org. Chem 2015, 80, 11092.

3) (a) Kalsi, D,: Laskar, R. A.; Barsu, N; Premkumar, J. R.; Sundararaju, B. Org. Lett. 2016, 18, 4198.
(b) Sun, J-S.; Wang, Y-Y,; Liu, M.; Zhang, J.; Liu, C-F.; Xu, Y-J.; Dong, L. Org. Chem. Front. 2019,
6, 2713. (c) Kumar, S. G.; Chand, T.; Singh, D.; Kapur, M. Org. Lett. 2018, 20, 4934.
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Pd-Catalyzed Deoxygenative Coupling of Aromatic Compounds
(‘Graduate School of Advanced Science and Engineering, Waseda University, *Institute for
Advanced Study, Waseda University)

OMiki B. Kurosawa,' Mizuho Watanabe,' Kenta Kato,' Kei Muto,? Junichiro Yamaguchi'
Keywords: Palladium; Reductive Reaction; Phospha-Brook Rearrangement; Deoxygenative
Reaction; Aromatic Compounds

Aromatic compounds such as carboxylic acids and esters are frequently used as
abundant, inexpensive chemical feedstock in organic synthesis and can be derived into
various aromatics. For example, nucleophilic acyl substitutions have been used as classical
transformation of aromatic esters. Recently, transition-metal-catalyzed decarbonyl
transformation of aromatic esters with various carbon/hetero-nucleophiles has received
attention as an emerging method in synthetic organic chemistry.'

Herein, we have developed a palladium-catalyzed deoxygenative couplings as a new
type transformation reaction between aromatic carboxylic acids and esters.' Aromatic esters
can be function as benzylating agents to give the corresponding benzyl phosphorus
compounds. Mechanistic studies of this reaction revealed that the deoxygenative reaction
proceed through the phospha-Brook rearrangement. As an application to this coupling we
also developed unified synthesis of multi-arylated alkanes by catalytic deoxygenative
transformation of diarylketones. Diarylketones, which are readily prepared by aromatic
carboxylic acids could be converted to diarylmethanes, diarylethane, triarylmethanes,
triarylethane, tetraarylmethane and tetraarylethanes via diarylmethylphosphinates generated
by the phospha-Brook rearrangement.
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1) Kurosawa, M. B.; Isshiki, R.; Muto, K.; Yamaguchi, J. J. Am. Chem. Soc. 2020, 142, 7386—
7392.

2) Halima, T. B.; Zhang, W.; Yalaoui, I.; Hong, X.; Yang, Y.-F.; Houk, K. N.; Newman, S. G. J. Am.
Chem. Soc. 2017, 139, 1311-1318.
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Luminescent Chromism with Reversible Coordination Number of
Hypervalent Tin(IV) Complexes

(Graduate School of Engineering, Kyoto University)
(OMasayuki Gon, Kazuo Tanaka, Yoshiki Chujo
Keywords: tin; hypervalent bond; luminescence; chromism; n-conjugated system

Luminescent chromism can be applied to highly sensitive chemical sensor. To achieve
clear responsiveness of luminescent m-conjugated molecules, it is significant to keep the
n-conjugated systems before and after sensing. However, that is difficult because the
luminescent color change induced by external stimuli often accompanies structural
distortion or alteration. Herein, we found that hypervalent bonds were effective in
controlling energy levels of m-conjugated systems preserving the shape of the frontier
molecular orbitals (FMOs). Concretely, stable luminescent chromisms both in solution and
solid states were realized by using reversible coordination-number control of hypervalent
tin(IV)-fused azobenzene complexes.?

Figure 1 shows the chemical structures and luminescent chromism of TAz-F with five-
and six-coordination forms in solution and solid states. In non-coordinating solvent such as
toluene, TAz-F had the five-coordinate geometry showing orange emission. Meanwhile, in
DMSO, the oxygen atom of DMSO molecule was attached to the tin atom of TAz-F and the
resulted six-coordinate complex exhibited yellow emission. In solid state, reversible
crystal—crystal transition between five- and six-coordinate structures occurred by heating
and exposure of DMSO vapor, and the resulted solids showed deep-red and orange
emissions, respectively. We confirmed preservation of the shape of FMOs during reversible
coordination-number change of tin atom by theoretical calculation. Those chromisms were
attributed to variation of electronic states of the m-conjugated systems constructed by
azobenzene and hypervalent bonds around the tin atom.

Our findings propose that the hypervalent system is expected to open the field of clear
sensing system with color-tunable w-conjugated system.
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Figure 1. The luminescent chromism of TAz-F with DMSO in solution and solid states.

1) Gon, M.; Tanaka, K.; Chujo, Y. Chem. Eur. J. 2021, 27, 7561.
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Crystallization-Induced Emission Enhancement of Low Energy
Gap Boron Complexes
(‘Graduate School of Engineering, Kyoto University)

(OMasashi Nakamura,' Masayuki Gon,' Kazuo Tanaka'
Keywords: Boron; Azobenzene; Crystal; Luminescence; Conjugated system

Crystallization-induced emission enhancement \'.‘ ,@
(CIEE) is a unique photophysical phenomenon in /j/cio'-‘o \-
which the compound shows no or weak luminescence BAm
in amorphous state but becomes strongly emissive in /@N“h‘ o

crystalline states.” CIEE-active organic luminogens F . -
BAz

Figure 1. Chemical structures of BAm and BAz.
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in crystalline state.

complexes (BAm) exhibited CIEE property in yellow
region.” Furthermore, boron-fused azobenzene complexes (BAz) showed bright solid-state
emission in red region (Figure 1).” In this work, we developed several kinds of BAz
derivatives introduced amino groups to achieve the CIEE phenomenon in further longer
wavelength range.

We synthesized four kinds of BAz analogues according to Scheme 1. Among them,
H-NEt; and NMe,-Cl exhibited CIEE behaviors in deep-red region (Figure 2). Furthermore,
we found that there were clear differences between optical properties of each two isomers
with different substitution positions in crystal.

HO. cl
BF3+OEt, - Sn” / N ol
N N N N
N NEt; SN H SN \ N
3, —_— | E——
N toluene -8~0 1,4-dioxane : > e
ol o 100 °C cl o’ 'I‘ o
1
1
¢ 14h

P

100 °C L B~/ "
o 24 3
89% Cl-NMe, NMe,-CI
2% 32%
HO@(N\/
NaNO, J—— — )
: NH, Hel NaOH N\\"/Q NEt; N‘\"/Q'N\——— ﬂf’@
o o e /j/lr\:[ou OH toluene CEO’%\;O /j@(ofi\o
0°c 0°Cc en
63% H-NEt, NEt,-H
8% 13%

Scheme 1. Synthesis of BAz analogues.
1) Tang, B. Z. et al. Chem. Commun. 2007, 3255. 2) Chujo,Y. et al. Chem. Eur. J. 2017, 23, 11827.
3) Chujo, Y. et al. Macromol. Rapid Commun. 2021, 42, 2000566.
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Synthesis and Properties of diazazethrene bisimides (Graduate School of Engineering, Nagoya
University) OKeita Tajima, Norihito Fukui, Hiroshi Shinokubo

Zethrene is a redox-active polycyclic aromatic hydrocarbon consisting of two phenalene
units. The electronic modulation of zethrene by structural modification should be promising to
achieve novel n-conjugated molecules with excellent redox activity. Here, we report the
synthesis and properties of diazazethrene bisimides (DAZBIs), which are zethrene derivatives
containing two imide groups and two imine-type nitrogen atoms. Notably, its dianion exhibited

remarkable stability under ambient conditions.
Keywords : Aza-polycyclic aromatic hydrocarbon, Electron deficient m-system, Zethrene,
Radical anion, Dianion
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1) Tajima, K.; Matsuo, K.; Yamada, H.; Seki, S.; Fukui, N.; Shinokubo, H. Angew. Chem. Int. Ed. 2021,
60, 14060.
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Synthesis and long-wavelength-absorption of indenoperylene and its 7 -extended derivatives
(Graduate School of Engineering, Nagoya University) Masaki Kato, Norihito Fukui, Hiroshi
Shinokubo

Polycyclic aromatic hydrocarbons (PAHs) with a narrow HOMO-LUMO gap are attractive
research targets. These molecules exhibit intriguing properties including near-infrared (NIR)
absorption and reversible redox activity. Recently, we have reported as-indacenoterrylene, a
bowl-shaped PAH that exhibites near-infrared absorption. In this presentation, we report its
substructure, indenoperylene. The absorption of indenoperylene covered entire visible region
despite its medium-sized structure. We also synthesized its m-extended derivatives, which
exhibited near-infrared absorption.

Keywords : polycyclic aromatic hydrocarbons; indenoperylene; five-membered ring, near-
infrared absorption; mw-extension
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1. Tanaka, Y.; Fukui, N.; Shinokubo, H. Nat Commun 2020, 11, 3873.
2. Kato, M.; Fukui, N.; Shinokubo, H. Chem. Eur. J. 2021, in press.
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Synthesis, Structure and Properties of Tm-Expanded
Carbohelicenes

(‘Graduate School of Science, Nagoya University, Nagoya University, *Institute of
Transformative Bio-Molecules (WPI-ITbM), Nagoya University) O Michihisa Toya,'
Hideto Ito,1 Kenichiro Itami,l’2

Keywords: Expanded Helicene; n-Conjugated Molecule; Ladder Molecule; Optical
Resolution; Helical Polymer

Helicene represents one of the non-planar aromatics with a helical structure. The
development of helicene chemistry has diversified by elongation, conjugation of
multi-helicene, and laterally m-elongation of the helicene structure.' In particular, expanded
helicenes with a larger diameter of the shaft are one of great interests in this field and
materials science.” They are expected to exhibit the molecular encapsulation ability taken
advantage of their vacancies, and larger n-conjugation and n-n overlapping between helical
pitches than conventional helicenes, resulting in novel electrical, optical, and chiroptical
properties. Particularly, [2,1]helicenes, kekulene-like-shaped expanded helicenes, have
attracted much attention due to those simple and beautiful structures and unique physical
and electronic properties.za’b’C However, the chemistry of [2,1]helicenes are still in its
infancy and only shorter racemic analogues with 13 benzene rings were reported so far.

Herein, we report the synthesis of novel expanded [2,1]carbohelicenes composed of 15
and 17 benzene rings. The stepwise Wittig elongation of dibromo phenanthrene units
having aldehyde and phosphonium salt and subsequent ring closure by Yamamoto coupling
successfully afforded up to [2,1][17]helicene. The structural and photophysical evaluations
by NMR and X-ray crystallographic analyses and conventional spectroscopic analyses were
also performed. Furthermore, we succeeded in the optical resolution of right- and
left-handed helicenes for the first time in the related molecules, and clarified thoese
chiroptical properties by circuraly dichroism (CD). The racemization process and
photophysical properties were also estimated by computational studies. In the presentation,
we also report on the attempt to synthesize a poly[2,1]helicene.
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1) a) Shen, Y.; Chen, C.-F. Chem. Rev. 2012, 112, 1463. b) Li, C.; Yang, Y.; Miao, Q. Chem. Asian J.
2018, /3, 884. 2) a) Porsev, V. V.; Bandura, A. V.; Lukyanov, S. I.; Evarestov, R. A. Carbon 2019,
152,755.b) Kiel, G. R.; Patel, S. C.; Smith, P. W.; Levine, D. S.; Tilley, T. D. J. Am. Chem. Soc.
2017, 139, 18456. ¢) Nakanuki, Y.; Hirose, T.; Matsuda, K. J. Am. Chem. Soc. 2018, 140, 15461. d)
Fujise, K.; Tsurumaki, E.; Wakamatsu, K.; Toyota, S. Chem. Eur. J. 2021, 27, 4548. e) Fujise, K.;
Tsurumaki, E.; Fukuhara, G.; Hara, N.; Imai, Y.; Toyota, S. Chem. Asian J. 2020, 15, 2456.

[2,1][17]helicene
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Perfluorocycloparaphenylenes: Fully fluorinated carbon nanorings
by Ni-mediated one-pot synthesis

(‘Graduate School of Science, Nagoya University, *Institute of Transformative Bio-Molecules
(WPI-ITbM), Nagoya University, *Institute of Advanced Energy, Kyoto University, *Graduate
School of Engineering, Osaka University, *Institute for Molecular Science, "SOKENDAI)
OHiroki Shudo,' Motonobu Kuwayama,” Masafumi Shimasaki,® Taishi Nishihara,® Youhei
Takeda,* Takuya Kuwabara,'? Akiko Yagi,'? Yasutomo Segawa,”® Kenichiro Itami'*
Keywords: Perfluorinated compounds;  Cycloparaphenylenes;  Nickel  complex;
Perfluorocycloparaphenylenes

Perfluorinated aromatic compounds, the so-called perfluoroarenes, are widely used in
materials science owing to their high electron affinity and characteristic intermolecular
interactions. However, methods to synthesize highly strained perfluoroarenes have remained
elusive so far,' which greatly limits their structural diversity. Herein, we report the synthesis
and isolation of perfluorocycloparaphenylenes (PFCPPs) as a class of ring-shaped
perfluoroarenes.” Using macrocyclic nickel complexes, we succeeded in synthesizing
PF[n]CPPs (n = 10, 12, 14, 16) in one-pot without noble metals. The molecular structures of
PE[n]CPPs (n =10, 12, 14) were determined by X-ray crystallography to confirm their tubular
alignment. Photophysical and electrochemical measurements revealed that PF[#]CPPs (n = 10,
12, 14) exhibit wide HOMO-LUMO gaps, high electron affinity, and strong phosphorescence
at low temperature. PFCPPs are not only useful as electron-accepting organic semiconductors
but can also be used for accelerating the creation of topologically unique molecular nanocarbon
materials.

1) a) Sakamoto, Y.; Suzuki, T. J. Org. Chem. 2017, 82, 8111. b) Troyanov, S. I.; Kemnitz, E. Curr. Org.
Chem. 2012, 16, 1060.

2) Shudo, H.; Kuwayama, M.; Shimasaki, M.; Nishihara, T.; Takeda, Y.; Kuwabara, T.; Yagi, A.;
Segawa, Y.; Itami, K. ChemRxiv, 2021, DOI: 10.33774/chemrxiv-2021-7kd63
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Synthesis of Phenine Nanocarbon Molecules via a Polygon-Assembling Strategy (' Department
of Chemistry, The University of Tokyo) OTatsuru Mio,' Koki Ikemoto,' Sota Sato,' Hiroyuki
Isobe'

For the synthesis of large nanocarbon molecules comprising 1,3,5-trisubstituted benzene
(phenine), we devised a polygon-assembling strategy where preformed polygons of phenine
are assembled. As the first demonstration of this strategy, the synthesis of hemispherical
phenine nanocarbon (CisoH»0) was accomplished by assembling two types of phenine
pentagons (1 and 2) by Suzuki-Miyaura coupling, followed by "stitching" biaryl bonds at the
periphery. Despite the presence of 220 protons in the structure of hemispherical phenine
nanocarbon, only 11 resonances were observed in the 'H NMR spectrum, suggesting a highly
symmetric structure. On the other hand, single-crystal X-ray diffraction analysis revealed an
ovally-deformed geometry of the molecule. With the aid of theoretical calculations and a
geometric measure developed as curved phenine normal vectors (CPNV), the origin of the
structural deformation was ascribed to fluctuations of inter-phenine dihedral angles.
Keywords : Hemispheres; Polygons;, Macrocycles,; Flexibility, Coupling reactions

1,3,5- @By (=T AY) BRHWEERF  h—R U0 FRE 2R L,
Tz A BBy bEMARGDYE, KOERRSFOMEAKREREETD
[ZAEHNL) BIEAEEZR LT ZOMIKICESE, 2fEO A=~ b (1and
2) BB TV XL, BREMAERED BTS2 bick Y, pRERE
Tz AT T—R (CisoHao) ZH LT (Figure 1). 'HNMR 27 hLnb,
ST D 220 [HOKZFRFITK L, 11 KO —27 OLBEREI, Cs, DE\v e Bk
EHLTWDZ EREBEIN/c. —J, Hifhd X BREPrEE s maRIcER L Tun
7=, BEEEICNZ, 7= A F ) h—R o OfEEFGFERE & L C Curved Phenine
Normal Vector (CPNV) Z#i72ICEATHZ LT BEALHEERN 72T 2=y b
MO _HADODPLEITHKTHZ LA LNIT L.

|
O Polygon-
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! O‘O : strategy +Bu %,
() 1 1) PdCl,(dppf)-CH,Cl,
I I KoCOs ()
+

79% tBu

Bpin
P 2) ICI

)1
MegSi Qi@ sive; ¥ 2092 Lo EBURY
4 2

30% (2 steps)
t-Bu tBu hemispherical phenine nanocarbon (CaooH1g0)
Figure 1. Polygon-assembling strategy for the synthesis of hemispherical phenine nanocarbon

1) T. Mio, K. Ikemoto, S. Sato, H. Isobe, Angew. Chem. Int. Ed. 2020, 59, 6567-6571. 2) T. Mio, K.
Ikemoto, H. Isobe, Chem. Asian J. 2020, 15, 1355-1359.
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Synthesis of aromatic ladder polymer utilizing coordination nanospaces
(‘Graduate School of Engineering, The University of Tokyo, > JST-PRESTO) OTakumi Miura,!
Takashi Kitao,'? Takashi Uemura'

Acenes are a class of aromatic hydrocarbons composed of linearly fused benzene rings. Since
the carrier mobility of acenes increases with the number of benzene rings, effective methods
for synthesis of long acenes have been highly required. Here, we report the synthesis of acenes
with infinitely fused benzene rings, namely polyacene, utilizing metal-organic frameworks
(MOFs) as a template.

We performed polymerization of a naphthalene derivative within one-dimensional
nanochannels of the MOFs. In contrast to the bulk condition, unfavorable crosslinking reaction
was effectively suppressed within the MOFs, providing the precursor polymer with 71 linearly
fused rings. Subsequently, dehydro-aromatization reaction was performed by heating the
nanocomposite of the MOF including the precursor polymer.

Keywords : Metal-Organic Framework,; Ladder polymer; Annulation reaction

NRUOBVRDEARICHEERE L7 B3, m0WSy VT BEIEZ AT 5720, it
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AIFLIEIE & i L~ CRUE IZRREF C&E D, D72, MOF "7 57/ 22 % &
DTEROLGE LTHWD Z ET AL @SOS FEEBICHET 2 2 &3
BETH D, AWFFETIZ. MOF O—RILT / ML A FHERGKZOESE & L
THWAHZ &T, BfERIsEmbilL, R 7er2amk L,

B WEVEZEMEZ FFD MOF @ 1 IGtilif LN TH 7 ¥ L U iFERkaEA LTz, £/~
—DHEMALUTZIGA . 5 T OZERE RSN EIT L, B0 s 2 43 2 A
Rl STz, EAUTKE LT, MOF 70 & HigfE U 72 AT A D IR - *C-NMR + MALDI-TOF
MS HIEH 5, MOF FlFLAN
TIE—RIEIZEA KG
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71 E RS U 72 AR 4y
FTRERENTWD 2k
D343 > o 72 (Fig. 1), fe
CT.MOF & miBER & 118 Y

ERE MBI S 2 Z & 1000 ' 2000 ' 3000 ' 4000 ' 5000
T.MOF DOHIFLN THik#E mz
TR T T o 17, Fig. 1| MALDI-TOF MS spectrum of precursor polymer.
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Synthesis of Calix[3]pyrrole and Its Strain-Induced Reaction

(‘Grad. Sch. Eng., Hokkaido Univ., *WPI-ICReDD, Hokkaido Univ.) OYuya Inaba,' Jenny
Pirillo,? Yuh Hij ikata,? Yasuhide Inokuma'~

Keywords: Calix[n]pyrrole; Ring Strain; Ring Expansion Reaction; Anion Binding;
Carbonyl Compound

Tetrapyrrolic macrocycles such as porphyrins can be selectively obtained by
condensation reaction of pyrrole and carbonyl compounds, whereas corresponding
tripyrrolic macrocycles have been never observed except boron complex obtained by
template synthesis. Calix[3]pyrrole, a tripyrrolic macrocycle bearing three sp® carbon
linkage, might hold a key to explain the absence of macrocycle with three pyrrole subunits.
In this work, we synthesized calix[3]pyrrole 1 and discovered its strain-induced ring
expansion reaction.' Besides, core-modified analogues of 1 having different strain energies
were prepared to investigate the substrate scope and reaction mechanism of the
strain-induced ring expansion reaction.

Calix[3]pyrrole 1 (Figure 1a) was obtained from aliphatic hexaketone compound via
cyclization and Paal-Knorr pyrrole formation reaction. Crystal structure of 1 have shown its
strained structure, which was also indicated by computational analysis. This strain caused 1
a rapid ring expansion reaction under acidic conditions to give calix[6]pyrrole 2 within 30
seconds (Scheme 1). This result helps us to explain the absence of tripyrrolic macrocycles
in classical acid-catalyzed condensation reactions.

To gain a better understanding about this ring expansion reaction, calix[n]furan[3—
n]pyrrole 3-5 (n = 1~3, Figure 1b) were synthesized in a manner similar to 1. Presumed
from crystal structures and theoretical calculations, the ring strain increases as the number
of inner NH sites increases. Under acidic conditions, calix[1]furan[2]pyrrole 3 caused
regioselective ring expansion

reaction to give macrocycle 6 over 5
minutes, while less-strained 4 and 5
were stable. Although 4 was inert,

N-methylation of 4 impelled the ring Figure 1. (2) Structure of 1 and (b) its analogues 3-5.

expansion reaction and enabled the

1solation of linear reaction

. . . . TFA
intermediate which gives a clue to CH,Cl,

1or3

explain a reaction mechanism. This
unique reactivity of calix[3]-type 2: X =NH (from 1)

. 6: X = O (from 3)
macrocycles could provide access to

new larger pyrrolic macrocycles. Scheme 1. Ring expansion reaction of 1 and 3.

1) Y. Inaba, Y. Nomata, Y. Ide, J. Pirillo, Y. Hijikata, T. Yoneda, A. Osuka, J. L. Sessler, Y. Inokuma, J.
Am. Chem. Soc., 2021, 143, 12355-12360.
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Structure and Properties of Silylene-Coordinated Si=B Bonded
Species

(Graduate School of Science, Tohoku University) OTaichi Koike, Takeaki Iwamoto
Keywords: Silicon, Boron, Silicon-Boron Double Bond, Silylene, Main-Group-Element
Chemistry

Heavier multiply bonded species of p-block elements have attracted interest not
only due to their unique optical properties attributed to the narrow HOMO-LUMO gap, but
due to their ability to activate small molecules such as H, and CO.! While the structures and
reactivities of homoatomic doubly bonded species of silicon (disilenes) and boron
(diborenes) have been extensively investigated, the studies on their heteroatomic
counterpart, Si=B double-bonded species, remain scarce.’

Recently, our group reported the synthesis of the cyclic (alkyl)(amino)silylene
(CAASI)-stabilized monoatomic silicon complex 1 which exhibits a n-delocalized-ylidene
structure in solution (Chart 1).> Spectroscopic studies and DFT calculations revealed the
high electron density on the central silicon atom as well as the highly polarized Si=Si
double bond character of silylone 1 which brought us to think that 1 could be an adequate
precursor to access new silicon-containing m-electron systems. Herein, we report the facile
synthesis of CAASi-stabilized zwitterionic boratasilenes 2r and borasilene 3 (Chart 1) by
the treatment of 1 towards various hydro/haloboranes at ambient conditions. In this
presentation, the synthesis, structure, and unique electronic properties of the Si=B bonded
species will be discussed.

Chart 1.
<y il
\
o g Br=Si——g;
S e i P o / !
sig Six, Os A4, ISt B=si i
Si *Si Nae” \. Ad Y \
i \ Si Si \ - Br
N N R\ N=si
“Sand” N
si S Ad Si
1 Si
2z (R=H, CI) 3

(Ad = 1-adamantyl, Si = SiMej3)

1) T. Chu, G. L. Nikonov, Chem. Rev. 2018, 118, 3608—3680. 2) N. Nakata, A. Sekiguchi, J. Am.
Chem. Soc. 2006, 128, 422-423; Y. Suzuki, S. Ishida, S. Sato, H. Isobe, T. Iwamoto, Angew. Chem.
Int. Ed. 2017, 56, 4593-4597. 3) T. Koike, T. Nukazawa, T. Iwamoto, J. Am. Chem. Soc. 2021, 143,
14332—-14341.
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Design and synthesis of a phenine nanocage with chirality

(‘Department of Chemistry, The University of Tokyo) O Toshiya M. Fukunaga,' Takahide
Kato,' Koki Ikemoto,' Hiroyuki Isobe'
Keywords: diamond twin; carbon; chirality; helicity; stereoisomerism

The chemistry of sp’-hybridized carbon atoms started from the studies of its two-
dimensional networks with benzene/graphite/graphene. Types of the sp*-network were further
expanded by the discovery of curved variants such as fullerene and carbon nanotubes. The
discovery of these carbon allotropes ignited interests of chemists in exploring unique
nanocarbon molecules with large sp’-networks via organic syntheses. In our group, the
nanocarbon molecules are being diversified by a synthetic strategy that adopts "phenine (1,3,5-
trisubstituted benzene)" as a fundamental trigonal planar unit to be assembled.' Herein, the
phenine strategy is expanded to design a nanometer-sized cage 1 with chirality (Figure 1a).
Phenine nanocage 1 possessed 14 phenine vertices, and the synthesis was completed by
forming 15 edges between them via coupling reactions. The synthetic route was versatile
enough to introduce various substituents, and nanocage 2 with 26 phenine units was also
synthesized to install radiating phenine substituents on the cage. The atomic-level structure of
the phenine nanocage 1 was revealed by X-ray diffraction analysis of a single crystal (Figure
1b). Although there were potentially 5600 isomeric structures arising from (R)/(S)
atropisomerism at 15 biaryl edges, phenine nanocage 1 existed as a singly pair of enantiomers
in the crystal. The chirality of 1 originates from the helicity around the major Cs axis, and we
propose the stereochemistry to be described with "(P)" and "(M)" descriptors. Although
stereochemical non-rigidity of 1 and 2 obscured their chirality, structural rigidification with a
dimethylated linkage allowed for the chiral resolution of the enantiomers of phenine nanocages.
Our perspective over the chiral phenine nanocage will be disclosed and discussed in the
presentation.

Phenine nanocage
1(R=tBu) _.
SiMeg

2(R=
SiMe3

Figure 1. Phenine nanocages. (a) Chemical structures. (b) Crystal structures of 1.

1) K. Ikemoto, H. Isobe, Bull. Chem. Soc. Jpn. 2021, 94, 281.
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Structural Control of [3]Catenanes Composed of Cyclic Porphyrin
Dimers via Complexation with Amine Templates

(‘Graduate School of Arts and Science, The University of Tokyo) OYuki Oka', Hiroshi Masai',
Jun Terao'

Keywords: Mechanically Interlocked Molecule; Porphyrin; Non-Covalent Bonding; Template
Synthesis; Host Guest

Catenanes have the potential for applications such as molecular machines owing to the
unique motility among mechanically interlocked cyclic components.' So far, most of catenanes
functionalized by switching between the only two states of their supramolecular structures to
change the motility of cyclic components. For further extension of higher-order functionalized
catenanes, it is desired to develop methodologies for manipulating the more complicated
motilities of cyclic components and to output the controlled motility as the functionality of
catenanes. In this work, we achieved three-states switching of motility of cyclic components
by synthesizing [3]catenane 1 composed of three cyclic porphyrin dimers (Fig 1). The
[3]catenane 1 formed different supramolecular structures 2 and 3 utilizing coordination bonds
between Ru or Zn porphyrins and multidentate amine ligands L1 or L2. In case of 2, all of
three cyclic components were connected through Zn—N and Ru—N coordination bonding with
L1. On the other hand, in 3, only two cyclic components were connected via complexation with
L2. Thus formed different supramolecular structures of [3]catenanes that had different motility
of cyclic components depending on how cyclic components were connected through
coordination bonds. Furthermore, fluorescence measurements revealed that the manipulation
of cyclic component motilities leads to the regulation of communication among multiple cyclic
components of [3]catenane.

=

3

===

P
=

Two rings were
connected

Three rings were
connected

No ring
connections

Figure 1. Structure of the [3]catenane 1 and switching of its supramolecular structures.
1) Gil-Ramirez, G.; Leigh, D.A.;Stephens, A. J. Angew. Chem., Int. Ed. 2015, 54, 6110.
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Synthesis and characteristics of well-defined and flexible foldamers (‘Faculty of Pure and
Applied Sciences, University of Tsukuba; *National Institute for Materials Science (NIMS))
OTakuma Morozumi,'? Masayuki Takeuchi'~

In semiconductor polymers, the design a)
has been focused on the electronic structure
and/or high crystallinity; recently, it has
been revealed that the control over the
orientation of main chains, such as the
angle, distance, or dihedral angle between
polymer main chains, is important." We
herein report the design and synthesis of
new foldamers and cyclophane as a model
of polymer stacking structure. The
foldamers are designed to take well-defined
structures which enable them to change
their orientations upon external
perturbation. This design is meant to imitate
crystalline solid structures of m-extended Figure 1: a) Molecular design of flexible and well-
polymers. Using various measurements, the defined foldamer. b) Schematic representation for
foldamers were revealed to adopt the folded the valuable distance of an anthracene linker.
structures, where the direction of the BT11s was aligned; 1n addition, the temperature
dependence on fluorescence intensity was reversed by solvent. We infer that this dependence
was derived from change for population of dimer-like and monomer-like conformation.
Keywords : Foldamer, n-electronic properties; Orientation control
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1) R. C. Smith, Macromol. Rapid Commun. 2009, 30, 2067.
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Design and synthesis of benzo[delisoquinolino[1,8-gh]quinoline
diamides Tr-electron systems

(‘Graduate School of Frontier Sciences, The University of Tokyo,’Daicel Corp., *University of
Tsukuba, *WPI-MANA, NIMS, PRESTO, JST, °CREST, JST)

OCraig P. Yu,' Akito Yamamoto,? Shohei Kumagai,1 Hiroyuki Ishii, Jun Takeya,l’4 Toshihiro
Okamoto">*

Keywords: n-type organic semiconductors; nitrogen-containing m-electron system; molecular
design; molecular assembly; organic field-effect transistors

Synthetically versatile electron-deficient m-electron systems are urgently needed for
organic electronic applications, yet their design and synthesis are challenging due to the low
reactivity from large electron affinities.' The high-performance benzo[de]isoquinolino[1,8-
gh]quinolinetetracarboxylic diimide (BQQDI) n-type organic semiconductors® (Figure 1)
possess deep-lying lowest unoccupied molecular orbital (LUMO) levels that are necessary for
air-stable electron transports in transistors, but this very electronic feature limits their synthetic
and application versatilities. In the current molecular design, we remove a CO group from each
imide of the BQQDI to introduce the novel benzo[de]isoquinolino[1,8-g/]quinoline diamide
(BQQDA) n-electron system (Figure 1).? The push-pull nature of the condensed amide moieties
as opposed to the strongly electron-deficient imide provide versatility in chemical
functionalization to tailor the BQQDA z-electron system for various electronic applications.
We demonstrate an 2 steps Q MNP
effective  synthetic o o

5 steps N °©
. MeO,C 4 Br
method to furnish the — ;co v
, Me |
. O NO, g !
- iR.
target amide Sci. Adv. 2020, 6, eaaz0632 A» N O
containing BQQDA e B

>80%

parent structure via
organocatalysis, and
highly selective

>90%

functionalization can R-8GQDTA R-BGQDA R-BQODA-Br; R-BQQDA-CN,
be performed on the Figure 1 The synthetic routes for R-BQQDIL, R-BQQDA and various chemical
condensed amide modifications of the BQQDI n-electron system.

moieties as well as on the bay positions of the nitrogen-containing skeleton. Fine-tuning of the
fundamental properties and supramolecular packing motifs are achieved via chemical
modifications (Figure 1), and the cyanated BQQDA organic semiconductor demonstrates a
high air-stable electron-carrier mobility. Besides their uses in transistors, the photochemical
properties of the BQQDA z-electron systems also show promise for optoelectronic applications.

1) Usta, H. et al., Acc. Chem. Res. 2011, 44, 501-510. 2) Okamoto, T. et al., Sci. Adv. 2020, 6, eaaz0632.
3) Yu, C. P. et al. Submitted.
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Synthesis of Pyrrole-Bridged Quinoidal Molecules with Open-Shell Structures (College of Life
Sciences, Ritsumeikan University) OShinya Sugiura, Hiromitsu Maeda

n-Extended quinoid molecules, exhibiting diradical properties and near-infrared absorptions,
have been of interest in various fields. Controlling electronic and optical properties of quinoid
units exhibiting tautomerism would provide materials responsive to external stimuli. In the
previous work, pyrrole-bridged quinones were synthesized for the evaluations of their
tautomeric behaviors depending on external stimuli. In this study, quinoidal pyrrole-based
anion-responsive m-electronic systems were synthesized for exhibiting diradical properties,
which can be controlled by anion binding. Quinoidal anion-responsive molecules were
obtained by oxidative reaction of corresponding precursors with PbO,, and '"H NMR signals
showed only closed-shell forms in CDCIls. Furthermore, UV/vis absorption spectrum was
changed upon the addition of CI”, suggesting that the tautomer ratios, which are correlated with
diradical properties, could be controlled by CI” binding.
Keywords : m-conjugated systems, pyrrole derivatives; quinone; tautomerism, diradical

property
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1) Sugiura, S.; Maeda, H. Chem. Commun. 2021, 57, 6983.
2) Sugiura, S.; Maeda, H. to be submitted.
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OShin-ichiro Kawano1, Masato Nakayaz, Atsuki Ishiguro1, Masaaki Saitow3, Takeshi Yanai
4 Jun Onoe?, Kentaro Tanaka' (1. Nagoya University, Graduate School of Science, 2.
Nagoya University, Graduate School of Engineering, 3. Nagoya University, Research
Center for Materials Science, 4. Nagoya University, ITbM)
1:00 PM - 1:20 PM

[H301-1pm-02] Size-sensitive recognition of nanometer-sized Guests by Rim-
Extended Cyclodextrins
OTakato Ogata1, Hiroki Hanayama1, Koji Harano1, Eiichi Nakamura' (1. Grad. Sch. of
Sci., The Univ. of Tokyo)
1:20 PM - 1:40 PM

[H301-1pm-03] Optical Properties and Molecular Recognition of a Sumanene-
Based Chemosensor
OHiroaki Mizuno', Hironobu Nakazawa?, Akihisa Miyagawa3, Yumi Yakiyamaz, Hidehiro
Sakurai®, Gaku Fukuhara' (1. Dept. of Chem., Tokyo Tech, 2. Dept. of Appl. Chem.,
Osaka Univ., 3. Dept. of Chem., Univ. of Tsukuba)
1:40 PM - 2:00 PM

[H301-1pm-04] Guest Encapsulation Behavior of Covered Fluorine-modified
Hollow-type Metal Oxide Cluster {Mo, .}
OChinatsu Murata1, Yukatsu Shichibu1'2, Katsuaki Konishi'? (1. Grad. Sch. Env. Sci.,
Hokkaido Univ., 2. Fac. Env. Earth Sci., Hokkaido Univ.)
2:00 PM - 2:20 PM

[H301-1pm-05] Self-assembly process of a supramolecular square built in paddle-
wheel-type dinuclear rhodium(ll) complex as a corner unit
OAtsushi Okazawa', Satoshi Takahashi?, Shuichi Hiraoka® (1. Nihon Univ. Sch. Med., 2.
Dept. of Basic Sci., The Univ. of Tokyo)
2:20 PM - 2:40 PM

[H301-1pm-06] Kinetically Controlled Coordination Self-assembly: Approaches to
Pathway Selection
OShuichi Hiraoka1, Naoki Sanada1, Satoshi Takahashi1, Tomoki Tateishi1, Isamu kikuchi'
(1. the University of Tokyo)
2:40 PM - 3:00 PM

[H301-1pm-07] Recognition of Aromatic Compounds Using Crystal of
Tetraphenylethene Derivatives
OTakahiro Kakuta1, Yuki Sugimoto1, Ryota Nakanishi1, Shigehisa Akine1, Tada-aki
Yamagishi' (1. Kanazawa University)
3:00 PM - 3:20 PM

©The Chemical Society of Japan



The Chemical Society of Japan The 102nd CSJ Annual Meeting

[H301-1pm-08] Size-selective Guest Recognition and the Open/Close Control of
Macrocyclic Cobalt(lll) Dinuclear Metallohosts Having Bulky

Bridging Ligands

ORyo Sudo1, Yoko Sakatam, Shigehisa Akine'? (1. Graduate School of Natural Science

and Technology, Kanazawa University, 2. Nano Life Science Institute, Kanazawa

University)
3:20 PM - 3:40 PM

©The Chemical Society of Japan



H301-1 pm-01 The 102nd CSJ Annual Meeting

Generation of a Monomerically Dispersed Ceo Monolayer
Templated by a Two-Dimensional Crystal of Macrocycles

(‘Graduate School of Science, Nagoya University, *Graduate School of Engineering, Nagoya
University, *Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University) O
Shin-ichiro Kawano,! Masato Nakaya,2 Atsuki Ishig’uro,1 Masaaki Saitow,! Takeshi Yanai,® Jun
Onoe,? Kentaro Tanaka!

Keywords: Supramolecular Chemistry; Host—Guest Chemistry; Macrocycle; Nanospace;
Scanning Tunneling Microscopy

An integrated array of monomerically dispersed fullerenes on an electrode surface hold
tremendous promise for exploration of a new class of exotic organic devices such as
monomolecular transistors and molecular memories. A periodic monolayer array of discrete
Csos was generated on an atomically flat Au(111) surface with the aid of a template adlayer. As
the template, we employed 2D crystals on the surface composed of a shape-persistent
macrocycle and its metal complex.' The macrocycle was made by 4:4 alternative condensation
between carbazole and phenylenediamine precursors and has a 1 nm hollow. Therefore, the
macrocycles formed periodic arrays of molecular pits on the surface to capture a fullerene in
each pit. Scanning tunneling microscopy (STM) imaging under ultra-high vacuum (UHV)
revealed that the square-shaped macrocycles, with 1.5 nm sides, were arranged with a
periodicity of approximately 4 nm spacings on the Au(111) surface. The periodic pattern of
Csos on the surface was prepared by sublimination onto the surface. Cgos were accommodated
in the pits and the complex was thermally stabilized up to about 200 °C by CH-n interaction
with the inner edge of the pit and by interaction with the gold surface which was observed in a
scanning tunneling spectroscopy measurement.”
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1) S. Kawano, Y. Ishida, K. Tanaka, J. Am. Chem. Soc. 2015, 137,2295. 1) S. Kawano, M. Nakaya, A.
Ishiguro, M. Saitow, T. Yanai, J. Onoe, K. Tanaka, submitted.
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Size-sensitive Recognition of Nanometer-sized Guest by Rim-
extended Cyclodextrins

(‘Deaprtment of Chemzstry, The Unzverszty of Tokyo)

OTakato Ogata,' Hiroki Hanayama,' Koji Harano,' Eiichi Nakamura'

Keywords: Cyclodextrin; Macrocyclic molecules; Transmission electron microscopy; Carbon
nanotubes; Molecular recognition

Size-selective guest inclusion to a cavity of a macrocyclic molecule is widely applied in
separation chemistry and supramolecular chemistry. In contrast to the size-selective recognition
of a single atom ion and a small molecule, size-selective recognition of a nm-sized guest is still
difficult due to the general difficulty in synthesizing a large macrocyclic host and a large
entropy loss associated with the guest binding. Our group recently reported structural
identification of the binding of cyclodextrins (CD) to various sizes of hydrophobic tips of
conical carbon nanotubes (NTs) by single-molecule atomic-resolution time-resolved electron
microscopy (SMART-EM)'. CDs recognize guests by size-sensitive binding using the two rims
(narrow and wide rims) in addition to the cavity (Fig.a left). We surmise that the nm-size
selectivity in guest binding can be achieved by enhancing the wide rim binding (wRB) over
narrow rim binding (nRB) and suppressing the cavity binding (CB) by modification of the wide
rim with hydrophobic groups (Fig. a right). For this purpose, we designed rim-extended »-CD,
in which secondary hydroxy groups at the wide rim are partially acylated to maintain water
solubility (Fig. b).

We synthesized three rim-extended CDs (Ac-)-CD, Pn-»~CD, and Php-)-CD) bearing
different hydrophobic groups and examined the binding of these CDs to the NT library by
SMART-EM. The overall shape of CD in an EM image matches well with the structural model
based on wRB of rim-modified ~CDs (Fig. ¢). The radius-selectivity data of »~CD and the rim-
extended »~CDs shows that binding-selectivity spectrum shifts to larger guests by introduction
of longer substituents due to enhanced hydrophobic and van der Waals interactions with NTs
(Fig. d). Elongation of the alkyl group (Pn--CD) completely suppressed the CB binding by the
steric hindrance, and installation of phenyl group (Php-7~CD) further enhances the CD-NT
interaction to show unimodal distribution ranging from 6 to 9 A in NT diameter by rim binding.
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Figure. Molecular recognition by rim-extended CDs. a) Control of guest binding by acylation of secondary hydroxy groups
at the wide rim. b) Chemical structure of rim-extended ~CDs. ¢) TEM image of Php-»CD on an NT in wRB mode (left,
exposure time = 250 ms Scale bar: 1 nm) and the corresponding atomic-number-correlated molecular model? (right). d)
Histograms of the percentage of CD-bound NT per total number of NTs.

1) H. Hanayama et al., J. Am. Chem. Soc. 2021,143, 5786. 2) J. Xing. et al., ArXiv, 2107, 01490

© The Chemical Society of Japan -H301-1pm-02 -



H301-1 pm-03 The 102nd CSJ Annual Meeting

Optical Properties and Molecular Recognition of a
Sumanene-Based Chemosensor

(‘Department of Chemistry, Tokyo Institute of Technology, *Department of Applied
Chemistry, Osaka University, *Department of Chemistry, University of Tsukuba) OHiroaki
Mizuno,! Hironobu Nakazawa,! Akihisa Miyalgawa,3 Yumi Yakiyama,2 Hidehiro Sakurai,’
Gaku Fukuhara'

Keywords: Sumanene; Supramolecular Polymer; Molecular Recognition

In this study, we chose sumanene” (1) as a signal-amplification moiety and indole as a
fluorescence reporter and also a molecular-recognition site, and thus conjugated each part to
afford a sumanene chemosensor (2), shown in Fig. 1a.

The chemosensor 2 shows intriguing optical properties. The fluorescence lifetime
decays of 2 gave three excited species including a rise component. This rise was not
observed in a chromophoric reference compound, indicating that the indole chromophores
on the sumanene scaffold intermolecularly interact on each other. Upon the gradual addition
of guests examined, fluorescence intensities of 2 were quenched (see the example of
benzoate in Fig. 1b). Surprisingly, a binding constant of 2 upon the complexation of
benzoate was enhanced by a factor of up to 200, comparing to that obtained from the
reference compound. This amplification behavior may reasonably be explained due to the
sumanene scaffold; the three indole moieties cooperatively interact with benzoate.” The
results of a stack-induced amplification sensing will also be discussed.
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Figure 1. (a) Chemical structures of sumanene (1) and its chemosensor (2). (b) Fluorescence spectra
of 2 (468 uM: black) upon the gradual addition of benzoate (0.3-32.8 mM: from brown to sky blue)
in CHxCl; at 25 °C.

1) (a) Sakurai, H.; Daiko, T.; Hirao, T. Science 2003, 301, 1878. (b) Sakurai, H.; Daiko, T.; Sakane,
H.; Amaya, T.; Hirao, T. J. Am. Chem. Soc. 2005, 127, 11580. 2) Bates, G. W.; Triyanti; Light, M. E.;
Albrecht, M.; Gale, P. A. J. Org. Chem. 2007, 72, 8921.
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Guest Encapsulation Behavior of Covered Fluorine-modified
Hollow-type Metal Oxide Cluster {Mo132}

(lGrad. Sch. Env. Sci., Hokkaido Univ., *Fac. Env. Earth Sci., Hokkaido Univ.) OChinatsu
Murata', Yukatsu Shichibu'*, Katsuaki Konishi'
Keywords: Polyoxometalate; Fluorine modified

Hollow-type metal oxide cluster {Moi3:0372(H20)72(L)30}" (L = AcO’, SO , etc.;
denoted by {Moi32-L}) has a porous spherical structure [, It has a molybdenum-oxide based
framework, and ligands (L) are coordinated to the inside. In addition, guest molecules can be
encapsulated through pores on the surface ). However, modification of the inner environment,
leading to the tuning of selectivity for guest molecules, had not been established. In this work,
we examined the structure and inclusion behavior of a trifluoroacetate (TFA) modified cluster
{Mo32-TFA}, and the behavior was compared to that of {Mo132-OAc}.

{Mo3:-TFA} was obtained via ligand exchange reaction of {Mo13:-OAc} with TFA in
water. Single crystal X-ray diffraction revealed that it had a spherical structure in which CF3
groups were introduced on the inner

molecules. Encapsulations of these
molecules into two types of {Mo132} hosts

surface. Retention of the spherical 10
framework after the reaction was E 8 L Mo+32-TFA
confirmed by NMR, FT-IR and UV-Vis S ° [ [ Mo3,-OAc
spectra. The inner environment of {Mo3;- % 6 k
TFA} was then investigated from the 2
encapsulation behavior of cyclic organic % 4|

=

2

=

2 F
were shown by NMR analyses, and the ) |_|.
number of included guest molecules were 0 O

)
determined from quantitative NMR. As for @ @ Q S o é
five-membered rings, each of them was @ @
basically more efficiently encapsulated Fig. 1 Inclusion ability of {Mo32} for

into {Moy3-TFA} than {Moy3-OAc} (Fig.
).

five-membered rings.

[1] A. Miiller et al., Chem. Soc. Rev. 2012, 41, 7431.
[2] R. Neumann et al., Chem. Eur. J. 2016, 22, 15231.
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Self-assembly process of a supramolecular square built in paddle-wheel-type dinuclear
rhodium(I1) complex as a corner unit (\Nihon University School of Medicine, *Graduate School
of Arts and Sciences, The University of Tokyo) O Atsushi Okazawa,' Satoshi Takahashi,
Shuichi Hiraoka?

Paddle-wheel-type coordination geometry is a dinuclear coordination motif found in various
transition-metal ions, and useful as building blocks for forming metal—organic frameworks and
molecular self-assembly systems. Among such dinuclear compounds, Rha(lI1, 11) complexes
have been attracted as catalysts, photosensitizers, and dyes for solar cells. Cotton et al. have
reported the self-assembly of supramolecules built in paddle-wheel-type cis-protected
dinuclear rhodium(ll) complexes as a corner unit. However, their self-assembly processes
have been unclear. In this work, we revealed the self-assembly process of a supramolecular
square by quantitative analysis based on *H NMR measurement (QASAP) and numerical
analysis based on reaction models (NASAP). Solvent effect on the formation process was also
investigated and it was found that the supramolecular square dimerizes in polar solvent.
Keywords : Molecular Self-Assembly; Rh(Il) Complex; Reaction Mechanism; Quantitative
NMR
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1) F. A. Cotton, C. Lin, C. A. Murillo, Acc. Chem. Res. 2001, 34, 759.
2) S. Hiraoka, S. Takahashi, H. Sato, Chem. Rec. 2020, 21, 443.
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Kinetically Controlled Coordination Self-assembly: Approaches to
Pathway Selection

(‘Graduate School of Arts and Sciences, The University of Tokyo)
OShuichi Hiraoka,' Naoki Sanada,' Satoshi Takahashi,' Tomoki Tateishi,' Isamu Kikuchi'
Keywords: Molecular Self-assembly; Kinetic Control; Palladium Ion

In most cases, molecular self-assembly proceeds under thermodynamic control to
reach equilibrium, which makes a great advantage in that wrong connection between the
building blocks can be corrected so that the thermodynamically most stable assembly is
dominantly produced. Considering that in such a molecular self-assembly the products
should Boltzmann distribute, we notice that there are limitations in thermodynamically
controlled molecular self-assembly. The first is that the most stable assemblies cannot be
produced more than the Boltzmann distribution though they are always the major product
under thermodynamic control. The second is that as is often the case with multicomponent
self-assembly where various assemblies with similar thermodynamic stability tend to be
produced, a single assembly cannot be selected under thermodynamic control. Furthermore,
the selective production of a metastable assembly is impossible. These difficulties arise
from the fact that
equilibrium under thermodynamic control under kinetic control

reactions obey the

initial state

thermodynamic law.
In contrast, if the
self-assembly s
controlled by
kinetics, we have a

free energy

chance to produce
desired assemblies
in higher yield and

selectivity than i

those under S| metastable
most stable

thermodynamic

control.

Here, we present two approaches to pathway selection which enable us to produce
thermodynamically stable assemblies and metastable ones beyond the Boltzmann
distribution. These are based on the idea that even though the elementary reactions in
molecular self-assembly are reversible, we can make a situation where self-assembly
proceeds under kinetic control: global irreversibility with local reversibility (GILOR) on the
energy landscape. We will discuss these approaches applied to Pd(II) coordination
self-assembly systems as a proof-of-principle.

© The Chemical Society of Japan -H301-1pm-06 -



H301-1Tpm-07 BAf2 H102E8FEL (2022)

TES7zZUVIT UBEERDERICEDFEERS FORH
(GRKY) O EPE - A Ml - i BOK ! - BRIl 5B

Recognition of Aromatic Compounds Using Crystal of Tetraphenylethene Derivatives (!
Kanazawa University) O Takahiro Kakuta,! Yuki Sugimoto,! Ryota Nakanishi,! Shigehisa
Akine,' Tada-aki Yamagishi!

Tetraphenylethene (TPE) is a famous compound to exhibit aggregation-induced emission.
The luminescence properties of TPE in the solid state are changed between the crystalline and
amorphous states. In this study, TPE derivatives with various alkoxy substituent groups
(CnTPE; n is denoted carbon number of alkoky groups) were synthesized in three steps. The
CITPE showed blue and green emission color in the crystalline and amorphous state,
respectively. On the other hand, the C2TPE exhibited green color emission regardless of
crystalline state. By X-ray diffraction analysis, the crystal structure of C2TPE was only
difference in other alkoxy groups. In addition, TPE derivatives showed recognition properties
in response to aromatic molecules.

Keywords : Tetraphenylethene, Alkoxy groups, Aromatic compounds, Naphthalene
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Size-selective Guest Recognition and the Open/Close Control of Macrocyclic Cobalt(III)
Dinuclear Metallohosts Having Bulky Bridging Ligands (' Graduate School of Natural Science
and Technology, Kanazawa University, *Nano Life Science Institute, Kanazawa University)
ORyo Sudo,' Yoko Sakata,"> Shigehisa Akine'-

Closing/opening the apertures of macrocyclic hosts is expected to control the guest release
and uptake. We synthesized a doubly-bridged macrocyclic metallohost having a bis(saloph)
macrocyclic ligand by the reaction of the corresponding piperidine complex with p-
phenylenediethanamine (pdea). While smaller guests (Na‘, K*, Rb") formed the inclusion
complex with the host, large guest (Cs*) exclusively formed the side-on complex. This doubly-
bridged metallohost was converted into a singly-bridged structure by ligand exchange, which
formed inclusion complex with the larger guests as well as the small guests.

Keywords : Guest Recognition; Ligand Exchange; Metallohost; Bridging Ligand; Alkali Metal
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1) Sakata, Y.; Murata, C.; Akine, S. Nat. Commun. 2017, 8, 16005.
2) Sakata, Y.; Okada, M.; Akine, S. Chem. Eur. J. 2020, 26, 7595-7601.
3) Sakata, Y.; Okada, M.; Akine, S. Chem. Eur. J. 2021, 27, 2284-2288.
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Synthesis of Monodisperse Polyketones and Chain Length
Dependent Crystallinity Changes

(‘Grad. School of Eng., Hokkaido Univ., *WPI-ICReDD, Hokkaido Univ.) O Yumehiro
Manabe,' Killingaru I. Shivakumar,” Jenny Pirillo,> Yuh Hijikata,” Tomoki Yoneda,' Yuki Ide,’
Yasuhide Inokuma'?

Keywords: Monodispersity; Polyketone; Crystallinity; X-ray Crystallography

Monodisperse oligomers enables to elucidate the precise correlations of their structure and
molecular weights in comparison with the corresponding polydisperse polymers.' Here we
report the synthesis of monodisperse aliphatic polyketones up to 20 mer and revealed their
chain length dependent crystallinity changes.

Monodisperse aliphatic polyketones up to 10 mer were iteratively synthesized by
repeating terminal-selective silylation and subsequent silver(I) oxide mediated homo- or cross-
coupling reactions from an acetylacetone derivative as a monomer.? Further longer polyketones
12, 16 and 20 mer were obtained by polymerization reaction of bis-silylated tetramer' and
preparative recycling GPC separation in 7%, 6%, and 5% yields, respectively (Figure 1a).

The crystallinity transition of the aliphatic polyketones upon their chain length elongation
was investigated by single- and powder X-ray diffraction analysis. While polyketones until 4
mer have their own conformations in the single crystal structures?, the conformations above 5
mer were estimated to be converged into the helical conformation (Figure 1b). This
crystallinity changes were estimated by comparing the powder X-ray patterns of polyketones
with the calculated crystal structure of the polyketones.

(a) Silylation and
oo Coupling reactions 00 0o
—ee E R
)'><K
repeating O O /n2
2-10 mer
Me;Si-
%%VMVW __he0 WW 1o e naq 6
16 mer (n=4, 6%)
Me, “MeSO,/DMSO 20 mer (n =5, 5%)
(b)
Specific conformation < nformation converged
M P ¢ e & o 0,
2 mer 3 mer 4 mer above 5 mer

Figure 1. (a) Synthesis of monodisperse aliphatic polyketones 2-10, 12, 16, and 20 mer; (b) Chain
length dependent crystal structure transitions of the polyketones.

1) S. Binauld, D. Damiron, L. A. Connal, C. J. Hawker, E. Drockenmuller, Macromol. Rapid Commun.,
2011, 32, 147; 2) (a) M. Uesaka, Y. Saito, S. Yoshioka, Y. Domoto, M. Fujita, Y. Inokuma, Commun.
Chem., 2018, 1, 23; (b) Y. Manabe, M. Uesaka, T. Yoneda, Y. Inokuma, J. Org. Chem., 2019, 84, 9957.
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The Noncovalent Approach in The Design of Luminescent
Crystalline Rotors

(*Graduate School of Engineering, Hokkaido University, ’WPI-ICReDD, Hokkaido University)
O Alexander Mikherdov,! Mingoo Jin,"? Hajime Ito'?

Keywords: Molecular Dynamics, Crystalline Rotors, Halogen Bonding, Organometallic
Luminophores

This work is aimed at the development of amphidynamic luminescent co-crystals
based on the principles of the rational design of organometallic luminophores and
noncovalent crystal engineering to produce materials that combine both luminescence
and rotational motion. In pursuit of a new concept in the development of amphidynamic
crystalline materials, we implemented the strategy of encapsulation of molecular rotor
by two types of stators: intramolecular organometallic stator and supramolecular
halogen bonding stator. The background of this work is based on the encapsulation
approach utilized previously for semi-closed shell NHC metal complexes' and halogen
bonding crystal engineering of DABCO-based molecular rotors.?

Therefore, we have developed the half-closed NHC gold(I) aryl complexes which
could act as halogen bond acceptors and co-crystallized them with three types of
organic halogen bond donors: iodopentafluorobenzene, 1,4-diiodotetrafluorobenzene,
1,3,5-triiodotrifluorobenzene. The several co-crystals with different ratios of
components were obtained and characterized by single-crystal X-ray diffraction and
luminescence spectroscopy in the solid state. All co-crystals display the strong
dependence of the luminescence intensity on temperature which suggests the presence
of rotational dynamics in the solid state.
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Semi-closed shell NHC metal complexes Half-closed shell NHC gold(l) complexes Halogen bonded DABCO rotor
J. Am. Chem. Soc. 2021, 143, 1144 as halogen bond acceptors J. Am. Chem. Soc. 2017, 139, 843

1) M. Jin, R. Ando, M. J. Jellen, M. A. Garcia-Garibay, H. Ito, J. Am. Chem. Soc. 2021, 143, 1144. 2) a)
L. Catalano, S. Pérez-Estrada, Hs,-H. Wang, A. J.-L. Ayitou, S. I. Khan, G. Terraneo, P. Metrangolo, S.
Brown, M. A. Garcia-Garibay J. Am. Chem. Soc. 2017, 139, 843. b) L. Catalano, S. Pérez-Estrada, G.
Terraneo, T. Pilati, G. Resnati, P. Metrangolo, M. A. Garcia-Garibay J. Am. Chem. Soc. 2015, 137, 15386.
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Construction of hydrogen-bonded organic frameworks with
naphthoic acid groups and its structural transition behavior

(! Osaka University) OYuto Suzuki,' Ryusei Oketani,' Ichiro Hisaki'
Keywords: Hydrogen-bonded organic framework, Porous structure, Carboxylic acid,
dibenzo[g,p]chrysene, non-planer r-conjugated molecule.

Hydrogen-bonded organic frameworks (HOFs) are attractive materials as
high-crystalline and regeneratable porous organic materials, but have some problems re-
garding stability and designability of the porous structure. The construction of stable HOFs
with permanent porosity has been reported in recent years, and we also have reported that
dibenzo[g,p]chrysene (DBC) tetracarboxylic acid derivative, namely CPDBC, formed a
stable HOF." This stability is resulting from the assembling that non-planer m-conjugated
skeletons stacked uniformly (shape-fitted docking). However, the designability of other
skeletons is not clear.

In this work, we constructed isostructural DBC HOFs applying analogs with
4’-carboxybiphenyl-4-yl, 4-carboxynaththalen-1-yl or 6-caroboxynaphthalen-2-yl deriva-
tives (CBPDBC, CINDBC or C2NDBC, respectively, Figure 1a) and investigated the ef-
fect of peripheral functional groups. These carboxylic acids were crystallized by the solvent
evaporation method with various aromatic solvents as guest molecules. CBPDBC and
CINDBC were only yield microcrystals. According to the PXRD measurement, both were
formed the isostructural HOFs as CPDBC. On the other hand, plate crystals of C2NDCB
were yielded under various poor solvent conditions. From the crystals using
(a)R R S-tert-butyl-m-xylene or methyl

OOO R=é-©—C02H:CPDBC ECOzH:CBPDBC benzoate, the obtained struc-

tures were isostructural HOFs
QQQ éCOQH:cmDBC ECOZHZCZNDBC as DBC derivatives (Figure 1b).
® ® CINDBC and C2NDBC
showed different behaviors in
the introduction and removal of
molecules. Only CINDBC
shows reversible structural

change.

In this presentation, we
will show the obtained crystal
structure, the behavior of the

structural change, the stability

(b) Obtained crystal structure of C2NDBC. Naphthyl groups
are disordered in 2 positions, major (gray) and minor (cyan).

of the structure and the porosity.

1) Y. Suzuki, N. Tohnai, A. Saeki, I. Hisaki, Chem. Commun. 2020, 56, 13369-13372.
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Stimuli-responsive Single Crystals of Pyrene-introduced
Indanedione Dimers
(*Graduate School of Engineering, Osaka University, 2ICS-OTRI, Osaka University)

OYumi Yakiyama,'* Ryotaro Seki,' Hidehiro Sakurai'-
Keywords: Pyrene; Stimulas responsiveness; Structural Phase Transition

In general, molecular crystals are constructed by weak

intramolecular interactions and tend to have poor structural oR Q
stability to external stimuli. However, in recent years, many O’ .O
examples of molecular crystals that flexibly change their o L0

structures and physical properties in response to the outer

stimuli are reported. In this context, we also have great interest Z—=</j 6
2090
1

on the stimuli-responsive soft crystals and focused on X-shaped
indanedione dimers as their building units.) Their unique  4PID
X-shape enables the solvent-included channel formation in the 6
crystalline state and provides the flexibility to the framework. OQO -%—@-Br
These features resulted in the preparation of sponge-like 2 3
crystalline system of 4PID in which two structures, 1D-channel
holding OPEN form and tightly packed CLOSE form are interconvertible by the guest
solvent adsorption/removal with keeping the crystallinity.!¥ On the basis of this result, here
we designed and synthesized two new indanedione dimers 1 and 2 in which pyrene unit was
introduced as the fluorophore.

The desired products 1 and 2 were prepared from bis(bromophenyl)indanedione dimer
3 by Suzuki-Miyaura cross coupling reaction with corresponding pyreneboronic acid. Both
solution- and solid-state emission spectra of 1 showed emission band from pyrene monomer
at around 400 nm. In addition to that, the solid sample also showed the emission attributable
to pyrene excimer while the dense solution did not. On the other hand, diluted solution of 2
showed the emission band derived from pyrene monomer and the concentrated one gave
pyrene excimer emission, though the i [
solid sample did not show any emission.
Single crystal X-ray analysis of 1
revealed the formation of two types of
7- T interactions, between two pyrene
skeletons (3.4 A) and between the
pyrene and indanedione skeletons (3.6
A) (Figure). Interestingly, this crystal
of 1 showed the phase transition by
heating to show the structure and
emission property changes.

1) a) Y. Yakiyama, T. Fujinaka, M. Nishimura, R. Seki, H. Sakurai, Chem. Commun. 2020, 56, 9687.
b) Y. Yakiyama, T. Fujinaka, M. Nishimura, R. Seki, H. Sakurai, Asian J. Org. Chem. 2021, 10, 2690.
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Development of crystalline molecular gears by utilizing tri-phenyl triazine based rotors
(‘Graduate School of Engineering, Hokkaido University, “WPI-ICReDD, Hokkaido University,
’NanoMaterials Research Institute, Kanazawa University) O Mingoo Jin,'? Ryunosuke
Kitsu,' Natsumi Hamnyo,' Motohiro Mizuno,’ Hajime Ito'~

Crystalline molecular gear showing molecular correlated-rotation in crystalline media have
attracted many interests because of the high potential for application to molecular machines."
However, it is difficult to design the molecular gears in crystal due to unpredictable crystal
packing. Recently, we have developed a crystalline molecular gear by utilizing inter-molecular
packing manner of a 2,4,6-triaryl-1,3,5-triazine molecular rotors in crystal. In this work, we
have designed and investigated the series of triazine-based crystalline molecular gears, which
consist of phenyl-rings as a rotator with bulky silyl groups as a stator. The molecular rotors
formed inter-locked dimer structure in crystal, having the correlated geometry between the
phenylenes, confirmed by single crystal XRD. Interestingly, introducing different silyl-group
could alter the inter-dimer packing manner. The geared rotations were observed by several
solid-state NMR studies and the DFT calculation, which will be described in the presentation.
Keywords : Aziridine; Iminoiodinane; Metal Free; lodine; Ammonium lodide
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1) Liepuoniute, 1.; Jellen, M. J.; Garcia-Garibay, M. A. Chem. Sci. 2020, 11, 12994,
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Topology control and properties of the porous organic salts composed of modified
triphenylmethylamines and tetrahedral sulfonic acid.

(Graduate School of Engineering, Osaka University) OHiroi Sei, Norimitsu Tohnai

%P

Controlling the network topology of porous materials heavily changes the pore size and shape,
and would improve structural stability and gas adsorption properties. We have reported on the
construction of porous structures with organic salts composed of various sulfonic acids and bulky
amines such as triphenylmethylamine (TPMA). Sulfonic acids and amines are self-assembled by
strong charge-assisted hydrogen bonding to form supramolecular clusters, and then they are
connected to construct the porous structure with various network topologies.

In the current work, we prepared the organic salts with the tetrahedral tetrasulfonic acid with
adamantane core and TPMA-X (X=I, Br, Cl, F, Me) to control the topology and constructed porous
structures with different topologies by the substituents X. Furthermore, TPMA-Me salt formed three
type topologies and changed gas adsorption properties.

Keywords : Hydrogen bond; Organic salt; Porous structure; Topology
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Scheme 1 Figure 1. a) A schematic representation of AdPS. The topology of

TPMA-Me salt, b) dia-topology, c) lon-topology, d) sod-topology.
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Hydrogen-bonded inorganic frameworks: aromatic molecules parallelly stacked in the nano-
honeycomb pore (!Interdisciplinary Research Center for Catalytic Chemistry, National
Institute of Advanced Industrial Science and Technology (AIST), *Rigaku Corporation) O
Masayasu Igarashi!, Takeshi Nozawa', Tomohiro Matsumoto!, Fujio Yagihashi!, Takashi
Kikuchi?, Kazuhiko Sato'

We apply the hydrogen-bonded organic frameworks (HOFs) strategy to inorganic materials
science using the cubic octamer of orthosilicic acid, [SisO12][OH]s, as a building block, and
find various types of hydrogen-bonded inorganic frameworks (HIFs). We succeed in parallel
n-stacking pure benzene, thiophene, selenophene, p-benzoquinone, thiophene-p-benzoquinone,
and benzene-p-benzoquinone polymers in the nano-honeycomb pores.

Keywords : Hydrogen-bonded Inorganic Frameworks (HIFs); Orthosilicic Acid; Single-crystal
X-ray Analysis, Aromatic Molecules, Parallel n-Stacking
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1) M. Igarashi, T. Matsumoto, F. Yagihashi, H. Yamashita, T. Ohhara, T. Hanashima, A. Nakao, T.
Moyoshi, K. Sato, S. Shimada, Nat. Commun. 2017, 8, 140.

2) T.Nozawa, T. Matsumoto, F. Yagihashi, T. Beppu, K. Sato, M. Igarashi, Chem. Lett. 2018, 47, 1530.

3) M. Igarashi, T. Nozawa, T. Matsumoto, F. Yagihashi, T. Kikuchi, K. Sato, Nat. Commun. 2021, 12,
7025.
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Titanium-Catalyzed Intermolecular Radical Addition to Ketones via
sp® C-H Bond Activation

(‘The University of Tokyo, *Kyoto University) OXue Peng', Yuki Hirao', Shunsuke Yabu?,
Hirofumi Sato?, Masahiro Higashiz, Harunobu Mitsunuma', Motomu Kanai'

Keywords: Photoredox catalysis, HAT catalyst, Titanium complex catalyst, Late-stage
functionalization, Radical addition

Tertiary alcohols exist widely in natural products, pharmaceuticals, pesticides, and ligands.
Traditional synthesis of tertiary alcohols utilizes nucleophilic addition of organometallic
reagents to ketones developed in the previous century. However, they exhibit low functional
group tolerance, require stoichiometric quantities of organometallic reagents, and generate
stoichiometric quantities of metal salt side products. Therefore, the interest in developing novel,
safer and more sustainable reactions is growing within the scientific community, especially for
the late-stage functionalization. In comparison of nucleophilic addition, direct radical addition
of ketones can be an ideal approach due to the high functional group compatibility of radical
species. However, radical addition to carbonyl groups is a thermodynamically uphill process.'
Therefore, successful radical addition is only possible if the alkoxy radical can be intercepted
via a subsequent fast event.” In particular, there are no reported radical addition of ketones with
simple transient radicals derived from hydrocarbon feedstocks or natural products via C-H
bond activation. Here we report a ternary hybrid catalysis composed of an acridinium
photoredox catalyst, a thiophosphoric imide (TPI) catalyst, and a titanium complex catalyst.
This catalytic system realized direct sp®> C-H addition of organic molecules such as toluene,
benzyl alcohol, alkenes, aldehydes, and THF to various ketones and aldehydes. The key for
this transformation is the intrinsically unfavorable radical addition step promoted by single-
electron reduction of the intermediate alkoxy radical by catalytically generated titanium(III)
species which is supported by mechanistic studies. Due to the mildness and high functional
group compatibility, the reaction is applicable to late-stage functionalization of biologically

visible
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active compounds.’
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. ) . R® Ternary hybrid catalysis
aromatic & aliphatic sp3C-H R?
carbonyls
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[- Broad substrate scope

* High functional group tolerance via radical addition

1) P. Gray, A. Williams, Chem. Rev. 1959, 59, 239. 2) a) P. Devin, L. Fensterbank, M. Malacria,
Tetrahedron Lett. 1999, 40, 5511. b) M. Saladrigas, C. Bosch, G. V. Saborit, J. Bonjoch, B. Bradshaw,
Angew. Chem., Int. Ed. 2018, 57, 182. ¢) B. Wu, R. Zhu, ACS Catal. 2020, 10, 510. 3) X. Peng, Y. Hirao,
S. Yabu, H. Sato, M. Higashi, H. Mitsunuma, M. Kanai, manuscript in preparation.
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Hydrogenation and Borylation of Alkyl Chlorides using
Zirconocene and Photoredox Catalysis

(Graduate School of Advanced Science and Engineering, Waseda University)
(OToshimasa Okita, Keisuke Tanaka, Kazuhiro Aida, Eisuke Ota, Junichiro Yamaguchi
Keywords: Zirconocene; Photoredox catalyst; Alkyl chlorides; Radical; Borylation

Homolysis of C—Cl bond is one of the fundamental transformations generating alkyl
radical intermediates from versatile and abundant alkyl chlorides. However, the C—Cl bond
cleavage remains unexplored due to requirement of high negative potential and bond
dissociation energy (BDE) compared with alkyl bromides and alkyl iodides. Although
synthetically useful approaches utilizing stoichiometric metal reductants,'® titanocene,'® and

photoredox caltalyst'®!¢

can activate alkyl chlorides, some drawbacks remain such as
requiring strong reductants, heating with high temperature, and lack of substrate generality.
Herein, we have developed a C—Cl bond cleavage of alkyl chlorides using zirconocene
and photoredox catalysts. Catalytically generated zirconocene(IIl)* enabled chlorine atom
transfer from an alkyl chloride to furnish a corresponding alkyl radical. The resulting radical
successfully underwent hydrogenation or borylation by employing hydrogen atom donor or
diboron as radical trapping agents. These reactions are facilitated by the addition of
(thio)urea as a co-catalyst. This reaction has been applied to various alkyl chlorides

including derivatives of natural products and medicinal agents under mild conditions.
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N ReH
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1) (a) Alonso, F.; Beletskaya, I. P.; Yus, M. Chem. Rev. 2002, 102, 4009—4092. (b) Wu, X.; Hao, W.;
Ye, K.-Y.; Jiang, B.; Pombar, G.; Song, Z.; Lin, S. J. Am. Chem. Soc. 2018, 140, 14836-14843. (c)
Giedyk, M.; Narobe, R.; Weil}, S.; Touraud, D.; Kunz, W.; Koénig. B. Nat. Catal. 2020, 3, 40—47. (d)
Sakai, H. A.; Liu, W.; Le, C. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2020, 142, 11691-11697.

2) Aida, K.; Hirao, M.; Funabashi, A.; Sugimura, N.; Ota, E.; Yamaguchi, J. ChemRxiv. 2021, DOI:
10.26434/chemrxiv.14605392
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Hybridization of triplets and organic radicals towards photo-driven hyperpolarization (1.
Grad. Sch. Eng., Kyushu Univ., 2. CMS, Kyushu Univ., 3. RIKEN Nishina Center for
Accelerator-Based Science, 4. PRESTO, JST) O Koki Nishimura!, Kenichiro Tateishi®,
Tomohiro Uesaha®, Nobuo Kimizuka'?, Nobuhiro Yanai'>*

Dynamic nuclear polarization (DNP) is one of the powerful methods to improve the NMR
sensitivity, however, there are some problems for the applications. The photo-driven
Overhauser DNP can be achieved by light irradiation only using the reaction between the photo-
excited triplets and the radicals. However, the efficiency of dynamic electron polarization, the
most important process, is quite low. Here we synthesized several novel triplet-radical hybrid
systems and observed hyperpolarized electron spins from time-resolved ESR. We will discuss
the design guideline for efficient photo-driven Overhauser DNP.

Keywords : Dynamic nuclear polarization; Dynamic electron polarization; Photo-excited
triplet state; Magnetic resonance, Overhauser effect
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Fig. 2 ESR signal decay (n = 2)

1) M. W. Dale and C. J. Wedge, Chem. Commun., 2016, 52, 13221-13224

2) G. Liu, S.-H. Liou, N. Enkin, I. Tkach and M. Bennati, Phys. Chem. Chem. Phys., 2017, 19, 31823-
31829

3) D. J. Cheney and C. J. Wedge, J. Chem. Phys., 2020, 152, 034202

4) M. W. Dale, D. J. Cheney, C. Vallotto and C. J. Wedge, Phys. Chem. Chem. Phys., 2020, 22, 28173-
28182
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Development of oxygen-containing heterocyclic compounds synthesis using visible light
responsiveness of main group elements (' Gifu Pharmaceutical University) OSaki Maejima,'
Eiji Yamaguchi,' Akichika Itoh'

We have developed the diversity-oriented synthesis methodologies for various lactones via
biofunctionalization of olefins mediated by molecular iodine and visible light. That is to say,
we developed some methodologies leading to various lactone derivatives such as y-
butyrolactones,'? spirolactones,” and iminolactones’ by forming C—C/C—-O bond in the
intermolecular reaction. In addition, we have recently developed a regioselective synthesis of
Cs-substituted dihydrobenzofuran (DHB) via biofunctionalization of olefins under visible light
irradiation by using the classical photochemical reaction, so-called the Paterno-Biichi reaction.
Specifically, we developed a rare-metal free regioselective methodology leading to Cs-
substituted DHBs by forming intermolecular C—C/C—O bonds between p-benzoquiones (p-
BQs) and a-olefins in the presence of B(CsFs)s as a Lewis acid catalyst under 450 nm LED
light irradiation. Interestingly, the use of Lewis base catalyst such as phosphine was also found
to improve the yield. In this conference, the details of rapid photosynthesis methodology for
oxygen-containing heterocyclic compounds are comprehensively reported.

Keywords : Photo-reaction; Main group element; Heterocycles, Biofunctionalization of olefin,
Paterno-Biichi reaction
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1) S. Maejima, E. Yamaguchi, A. Itoh, Adv. Synth. Catal. 2017, 359, 3883-3887. 2) S. Maejima, E. Yamaguchi, A.
Itoh, ACS Omega 2019, 4, 4856- 4870.3) S. Maejima, E. Yamaguchi, A. Itoh, J. Org. Chem. 2019, 84, 9519-9531.
4) S. Maejima, E. Yamaguchi, A. Itoh, J. Org. Chem. 2020, 85, 10709-10718.
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Creation of carbazole dendrimer with luminescent radical as core (Grad. Sch. Eng. Sci., Kyushu
Univ. ' * MOLFEX, Inc? « FIFC, Kyoto Univ Univ.* * Grad. Sch. Eng. Sci., Kyoto Univ.* *
ESICB, Kyoto Univ.’ * Faculty of Science and Technology, Tokyo University of Science®
AIST” + IMCE, Kyushu Univ. ® + Univ. Durham’ « JST-PRESTO'") Xiaotian Rui' - Wataru
Ota’ + Tohru Sato®* « Yasuo Nakayama®’ + Minori Furukori®’ « Takuya Hosokai® * Andrew
P Monkman’ + Ken Albrecht®'°

Doublet luminescent materials are attracting attention because 100% exciton utilization
efficiency can be achieved in organic light-emitting diodes (OLEDs). However, it has severe
problems such as poor stability. This research introduces a radical core dendrimer design
strategy to construct a stable radical molecule. A series of carbazole dendronized tri(2,4,6-
trichlorophenyl)methyl (TTM) radicals were synthesized. The photophysical properties of all
generations of radical dendrimers were compared to understand the structure-property
relationship systematically. The photoluminescence quantum yield (PLQY) increased with the
generation increase, and the fourth generation (G4TTM) in cyclohexane solution showed
PLQY as high as 80% with wavelength at 627 nm in deep red region due to the low non-
radiative decay rate constant. The dendron modification strategy has also significantly
increased the photostability compared to the bare TTM radical.

Keywords : Excited Doublet State; Stable Radical; Dendrimer, Luminescencent Materials
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Fig.1 Structure of carbazole dendronized TTM radicals.
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Photon Upconversion in Polymer Media Utilizing Energy Harvesting and Intramolecular TTA

(‘Grad. Sch. Eng., Osaka Pref. Univ., RIMED, Osaka Pref. Univ.) O Yasunori Matsui,"?
Takumi Takahashi,' Masaya Kanoh,' Takuya Ogaki,"* Eisuke Ohta,"* Hiroshi Ikeda'*

Photon upconversion (UC) is a molecular technology that converts a low-energy light to a
higher-energy light by employing triplet energy transfer from an energy donor (D) and triplet—
triplet annihilation (TTA) of energy acceptors (A). To realize UC in the solid state, efficient
triplet energy harvesting and suppression of fluorescence resonance energy-transfer quenching
are required. For this purpose, we prepared solution-processed polymer composites containing
D, an energy mediator (M), and an DPA-linked dyad DPA—Ad-DPA as A (Fig. 1), and further
showed that the composites exhibit efficient TTA-UC.

Keywords : Delayed Fluorescence; Energy Transfer, Triplet—Triplet Annihilation; Polymer Gel
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Fig. 1. Chemical structures of PtOEP, of polymer composites containing  Fig. 3. UC emission spectrum of the
DBPA, and DPA-Ad-DPA. PtOEP, DBPA, and DPA-Ad-DPA. polyurethane gel (Agx = 535 nm).

1) Kanoh, M.; Matsui, Y.; Ogaki, T.; Ikeda, H. et al. J. Phys. Chem. B, 2021, 125, 4831-4837.
2) Matsui, Y.; Kanoh, M.; Ikeda, H. ef al. J. Photochem. Photobiol. A: Chem., 2020, 387, 112107.
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Synthesis of Isoxazoloazaborines via Gold(l)-Catalyzed Propargyl
Aza-Claisen Rearrangement/Borylative Cyclization Cascade and
Methylene Insertion of Zinc Carbenoid into N-O Bond of
Isoxazoles

(‘School of Life Science and Technology, Tokyo Institute of Technology, *Laboratory for
Chemistry and Life Science, Tokyo Institute of Technology) OMasato Tsuda,' Taiki Morita," 2
Hiroyuki Nakamura'-2

Keywords: Isoxazole; Azaborine; Gold Catalyst; Propargyl Claisen Rearrangement; Zinc
Carbenoid

Heterocycles containing boron and nitrogen atoms in their ring systems, represented by
1,2-azaborine as a BN isostere of benzene, have recently attracted much attention in various
research fields." Although recent synthetic studies have yielded numerous BN-embedded
polycyclic aromatic compounds, there are still few examples of heteroarene-fused
1,2-azaborines because of the limited synthetic approaches to the ring system. In general,
heteroarene-fused 1,2-azaborines have been synthesized by treating 2-aminostyrenes with
electrophilic boron agents.

Recently, we reported the synthesis of 5-allenyl-4-aminoisoxazoles 2 by cationic
gold(I) catalyzed propargyl aza-Claisen rearrangement of 4-N-propagylaminoisoxazoles 1.2
Although the allenic amine intermediates have been considered to be generated by
conventional propargyl aza-Claisen rearrangement, they had never been used in further
reactions because of their rapid intramolecular cyclization.” Herein, we report the synthesis
of an unprecedented BN-heterocycle, isoxazoloazaborine 3 using
5-allenyl-4-aminoisoxazole 2. The adjacent amino group and allene moiety of isoxazole 2
were successfully engaged in electrophilic borylative cyclization to give fused azaborine 3.
This is the first report of 1,2-azaborine synthesis utilizing allene functionality. Moreover,
studies on derivatization of product 3 led us to find ring-expansion of isoxazoles through
N-O bond insertion of zinc carbenoid to give oxazine-fused azaborine 4.
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1) Giustra, Z. X.; Liu, S.-Y. J. Am. Chem. Soc. 2018, 140, 1184-1194. 2) Tsuda, M.; Morita, T.;
Fukuhara, S.; Nakamura, H. Org. Biomol. Chem. 2021, 19, 1358-1364. 3) Saito, A.; Konishi, T,
Hanzawa, Y. Org. Lett. 2010, 12, 372-374. 4) Tsuda, M.; Morita, T.; Nakamura, H. Chem. Commun.
2022, DOI:10.1039/D1CCO07002A.
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Photouncaging-induced amide formation by red light irradiation to 1nd01121nes (‘RIKEN BDR,
*TMDU IBB) OKenji Watanabe,' Asuka Kuratsu,' Takashi Niwa,'? Takamitsu Hosoya'~

Recently, we reported a photo-uncaging system of carboxylic acids via photooxidation of
3-acylindolizines triggered by a biopermeable red light (660 nm) in the presence of a
photosensitizer." In this reaction, B-pyridylacrylic acids or the corresponding esters are also
obtained as photooxidation products through the reaction with a solvent molecules, such as
water or alcohols. Based on this result, we considered that an efficient linkage between
indolizines and amines is achievable under the photoreaction conditions. Indeed, irradiation of
3-acylindolizines with a red light for a short time (<5 min) in the presence of amines (1.5 equiv)
and a photosensitizer afforded acrylamide derivatives in high yields. This result demonstrates
that a simple light stimulation of 3-acylindolizines in the presence of amines enables rapid
release of carboxylic acids and immediate amide bond formation.

Keywords : Indolizine; Amine; Amide,; Photooxidation; Uncaging
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1) Watanabe, K.; Terao, N.; Kii, I.; Nakagawa, R.; Niwa, T.; Hosoya, T. Org. Lett. 2020, 22, 5434.
2) Watanabe, K.; Terao, N.; Niwa, T.; Hosoya, T. J. Org. Chem. 2021, 86, 11822.

© The Chemical Society of Japan - K4-1pm-03 -



K4-1pm-04 BAfLES B102EFES (2022)

ABREFRBZRETIFEERTI VDO CNBEEUMZHE IR
) IIVE RIS DB

COURFEEM ! - JURPBEREE T 2) ORI 2 - BIREE 12 - BEHE—RR 12
Deaminative borylation of aromatic amines based on photoinduced electron transfer (!Institute
for materials Chemistry and Engineering, Kyushu University, *Interdisciplinary Graduate
School of Engineering Sciences, Kyushu University) O Akira Shiozuka,> Kohei Sekine,'?
Yoichiro Kuninobu'~

We found that the deaminative borylation of aromatic amines proceeded in the presence of
bis(pinacolato)diboron (Bpin,) under light irradiation. This reaction system can be applied to
various aromatic amines. Deaminative borylation for secondary and tertiary amines in
cyclopentyl metyl ether (CPME) with pyrene as a photosensitizer upon photoirradiation at 365
nm proceeded smoothly. On the other hand, the reaction of primary amines in dimetylcarbonate
(DMC) under air upon photoirradiation at 427 nm gave the desired products in high yields.
Keywords : Aromatic Amine; Borylation; C—N Bond Cleavage; Photoinduced Electron
Transfer, Concerted Reaction
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secondary and tertiary amines: pyrene, CPME, CO, (balloon), 365 nm
primary amines: none, DMC, air (open), 427 nm

PS: photosensitizer, CPME: cyclopentyl metyl ether, DMC: dimethyl carbonate.

1) Shiozuka, A.; Sekine, K.; Kuninobu, Y. Org. Lett. 2021, 23, 4774.
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A Pyridine-based Organophotocatalyst Enabling Substrate
Recognition for C-C Bond Forming Reaction

(Graduate School of Pharmaceutical Sciences, Kyoto University) ONatsuki Kato, Takeshi
Nanjo, Yoshiji Takemoto

Keywords: Organo-photocatalyst, Substrate recognition, Donor-Acceptor molecules,
Pyridine, Halogen bonding

Photoredox catalysis has emerged as a powerful tool enabling radical-mediated
transformations under mild conditions and a wide variety of transition metal complexes and
organic molecules has been developed as a photocatalyst exhibiting different photochemical
properties.! Recently, several research groups started to introduce the substrate-binding site
into catalyst molecules in order to achieve stereoselective reaction,? and in the course of the
investigation to develop higher reactive catalysts, we envisaged that the design of an
organic molecule bearing a substrate recognition site on donor-acceptor core would provide
a stronger reductive catalyst for single electron transfer reaction.

On the basis of the concept, we designed and synthesized a series of pyridine-based
donor-acceptor molecules, which are expected to bind with alkyl halides through halogen
bonding, and investigated the C—C bond formation reaction between alkene and alkyl
bromide, which is recognized as a useful radical precursor. As a result, donor-acceptor
molecules bearing diarylamine as a donor moiety exhibits high reactivity and even an
unactivated alkyl bromide such as #-BuBr bearing high redox potential (Ered = ca.—2.0 V vs
SCE)?® provided the desired product in 60% yield, despite of the lower redox potential of the
catalyst. Several experimental analyses suggested that there is the interaction between a
catalyst and alkyl bromide in solution and it would be the key to achieve the high reactivity
of the catalyst.
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1) MacMillan, D. W. C. et al. J. Org. Chem. 2016, 81, 6898. 2) (a) Meggers, E. et al. Nature 2014,
515, 100. (b) Yoon, T. P. et al. J. Am. Chem. Soc. 2017, 139, 17186. (c) Bach, T. et. al. Angew. Chem.
Int. Ed. 2009, 48, 6640. (d) Melchiorre, P. et al. Nat. Chem. 2013, 5, 750. 3) a) Fry. J. A. et al. J. Org.
Chem. 1976, 41, 54. b) Leonori, D. et al. Science 2020, 367, 102.
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Dearomative Dicarboxylation of Heteroaromatic Compounds Using CO. Radical Anion
(*WPI-ICReDD, Hokkaido Univ., 2JST-ERATO, ®Fac. of Sci., Hokkaido Univ.) O Tsuyoshi
Mita,>2 Yong You,'2 Wataru Kanna,® Hideaki Takano,%2 Hiroki Hayashi,*? Satoshi Maeda’??

The dearomative dicarboxylation of stable heteroaromatics using CO- is highly challenging
but represents a significantly powerful method for producing synthetically useful dicarboxylic
acids. However, these types of transformations are still underdeveloped, and concise
methodologies with high efficiency have not been reported. We herein describe a new
electrochemical protocol using the CO- radical anion (E1, of CO2 =-2.2 V in DMF and -2.3
V in CH3;CN vs SCE) that produces unprecedented trans-oriented 2,3-dicarboxylic acids from
several heteroaromatics such as N-Ac-, Boc-, Ph-indoles, benzofuran, benzothiophene,
electron-deficient furans, thiophenes, 1,3-diphenylisobenzofuran, and N-Boc-pyrazole with
their reduction potentials more positive than -3 V. The dicarboxylated products thus obtained
can be derivatized into useful synthetic intermediates for biologically active compounds in few
steps.

Keywords:  Electrochemical  Carboxylation; Carbon  Dioxide;  Heteroaromatics;
Dearomatization; Dicarboxylation
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You, Y.; Kanna, W.; Takano, H.; Hayashi, H.; Maeda, S.; Mita, T. under review.
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Synthesis of polysubstituted imidazoles using o.,y-diazido-o.,B-unsaturated esters ('Graduate
School of Science and Engineering, Aoyama Gakuin University) OKeita Matsushima,' Shota
Tanaka,' Taisei Koide,' Tkuo Sasaki,! Hideyuki Sugimura'

Compounds containing imidazole ring possess various biological activities, and the
substitution patterns of the imidazole ring have a huge impact on biological activities of the
resultant molecules. Therefore, various synthetic methods of polysubstituted imidazoles have
been developed. In 2015, Yu et al. reported the synthetic method using vinyl azides and
imidates". In our laboratory, the synthetic method of «o,y-diazido-o,B-unsaturated esters 1
containing a vinyl azide moiety was reported?. In this study, we applied Yu’s method to the
diazide compounds 1 and optimized the reaction conditions. As a result, it was found that the
polysubstituted imidazole 3 was obtained in good yield when the reaction was performed in
the presence of molecular sieves 5A as an additive in +-BuOH at 110 ‘C for 3 h. With the
optimized conditions in hand, the substrate scope was investigated. Furthermore, to
demonstrate the synthetic utility, transformations of the azido group of the obtained
polysubstituted imidazoles were carried out.

Keywords : Heteroaromatic Compounds; Imidazoles; Vinyl Azides, Imidates
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1) Y. Yu et al. RSC Adv. 2015, 5, 55808-55811.
2) H. Sugimura et al. Tetrahedron Lett. 2015, 56, 2813-2816.
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- Synthesis of Iptycenes Using Ambident Anthracene

(Mnterdisciplinary Graduate School of Engineering Sciences, Kyushu University, *Institute for
Materials Chemistry and Engineering, Kyushu University) O Mizuki Hyodo,' Takayuki
Iwata,> Shindo Mitsuru®

Keywords : Iptycene, Anthracene, Benzyne, Diels-Alder reaction, Triptycene

Iptycenes are aromatic compounds in which arenes are fused with barrelene scaffold. Based
on the unique and rigid structure, iptycenes have been used in the fields of supramolecular
chemistry, molecular machine, materials science, etc. However synthetic methods of iptycenes,
in particular large iptycenes which have more than seven benzene rings, are very limited. We
have recently developed a novel synthetic methods of triptycenes utilizing Diels-Alder reaction
between arynes and electron-rich anthranoxides derived from anthrones.! In this presentation,
we will report synthesis of iptycenes using “ambident anthracene 17, which has both aryne and
arynophile moieties.

2,3-Dibromo-9,10-dihydro-9,10-epoxyanthracene (2) was used as an equivalent of ambident
anthracene 1. The strategy to synthesize iptycenes comprises of three steps; (i) formation of
aryne 3 and in situ Diles-Alder reaction with anthranoxide 4 to construct triptycene scaffold,
(i) removal of the bridgehead hydroxy group by Barton deoxygenation (5 to 6), and (iii)
formation of anthranoxide 7 by ring-opening of the ether ring system and subsequent
deprotonation. Arynophile 7 was further treated with aryne 3 and repeating these steps
successfully provided large undeciptycene bearing up to eleven benzene rings.
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(iii)
acid
©) then base
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(1) T. Iwata, M. Hyodo, T. Fukami, Y. Shiota, K. Yoshizawa, M. Shindo, Chem. Eur. J. 2020, 26, 8506.
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Direct Catalytic Enantioselective Hydrophosphonylation of
N-Unprotected Ketimines

(Graduate School of Pharmaceutical Sciences, Kyushu University) OYuta Kondo, Koki
Yamada, Tetsuya Kadota, Hiroyuki Morimoto, Takashi Ohshima

Keywords: Asymmetric Reaction; Catalytic Reaction; N-Unprotected Ketimine;
Hydrophosphonylation; a-Aminophosphonate

a-Aminophosphonates are useful a-amino acid analogs and important building
blocks for bioactive and pharmaceutical compounds. One of the most efficient methods for
synthesizing enantioenriched o-aminophosphonates is direct catalytic enantioselective
hydrophosphonylation of imines.! In particular, hydrophosphonylation of ketimines is
useful for synthesizing o-tetrasubstituted a-aminophosphonates. Nevertheless, all the
reported reactions use N-protected ketimines for controlling stability, reactivity, and
stereoselectivity and require protection/deprotection steps for obtaining N-unprotected
a-aminophosphonates.

To circumvent the problem, our group is recently interested in the use of
N-unprotected ketimines as a substrate because N-unprotected amines are directly obtained
without such protection/deprotection steps, which can contribute to the Sustainable
Development Goals (SDGs).? To this end, herein we report direct catalytic enantioselective
hydrophosphonylation of N-unprotected ketimines.> By choosing the appropriate chiral
catalyst and reaction conditions, we achieved the direct synthesis of N-unprotected
a-aminophosphonates in high yield and high enantioselectivity. Detailed reaction conditions
and substrate scope will be disclosed in this presentation.

+H i O 3
N . ('F?_ORS chiral catalyst _ _ ..:OR3 high yield
R1JJ\R2 - \OR3 direct access R1XR§R high ee
via
N-unprotected N-unprotected
ketimines a-aminophosphonates

(1) For reviews of enantioselective hydrophosphonylation of imines, see: (a) P. Merino, E.
Marqués-Lopez, R. P. Herrera, Adv. Synth. Catal. 2008, 350, 1195-1208; (b) M. Ordéiiez, H.
Rojas-Cabrera, C. Cativiela, Tetrahedron 2009, 65, 17-49.

(2) For a review, see: (a) K. Morisaki, H. Morimoto, T. Ohshima, ACS Catal. 2020, 10, 6924—6951.
For selected our contributions, see: (b) R. Yonesaki, Y. Kondo, W. Akkad, M. Sawa, K. Morisaki,
H. Morimoto, T. Ohshima, Chem. Eur. J. 2018, 24, 15211-15214; (c¢) T. Kadota, M. Sawa, Y.
Kondo, H. Morimoto, T. Ohshima, Org. Lett. 2021, 23, 4553—4558.

(3) Y. Kondo, K. Yamada, T. Kadota, H. Morimoto, T. Ohshima, manuscript in preparation.
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Asymmetric Fluorination of Allylic Amides Using Dianionic Phase-Transfer Catalyst and Its
Mechanistic Insight (School of Pharmaceutical Sciences, University of Shizuoka) OHiromichi
Egami, Tomoki Niwa, Kousuke Nishibashi, Hitomi Sato, Kiyoshi Ujiie, Kenji Yamashita,
Yoshitaka Hamashima

Fluorine is an element of interest in life science field, because biological activity is often
improved by introduction of fluorine into an organic molecule at an appropriate position. Since
each enantiomer usually has different bioactivity due to chiral environment in nature,
asymmetric control in fluorine incorporation is an important subject. In this context, we
recently developed dicarboxylate phase-transfer catalyst and demonstrated the asymmetric
fluorofunctionalizations of alkenes and dearomatizing fluorinations of aromatic compounds.
This time, we examined allylic amides having various substitution pattern using the catalyst,
and we noticed the stereochemistry depends on substitution pattern. Based on the mechanistic
studies, it was found that active catalytic species were altered in the presence or absence of R?
substituent. In this presentation, we will discuss the details.

Keywords : Fluorine;, phase-transfer catalyst; asymmetric reaction;, alkene; reaction
mechanism
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1) H.Egami, T. Niwa, H. Sato, R. Hotta, T. Rouno, Y. Kawato, Y. Hamashima, J. Am. Chem. Soc. 2018,
140, 2785.
2) T. Niwa, K. Nishibashi, H. Sato, K. Ujiie, K. Yamashita, H. Egami, Y. Hamashima, J. Am. Chem.
Soc. 2021, 143, 16599.
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Enantioselective Radical Cation [2+2] Cycloaddition Initiated by
Chiral Iron(lll) Salts and Mechanistic Insight into the Effect of
Photoirradiation

(Graduate School of Engineering, Nagoya University) O Kei Katagiri, Shuhei Ohmura,
Takahiro Horibe, Kazuaki Ishihara
Keywords: Radical Cation; [2+2] Cycloaddition; Chiral Iron(1ll) Salt; Chiral Counter Anion;

Photoirradiation

Radical cation [2+2] cycloaddition of anetholes with styrenes is of interest because it is
one of the most straightforward methods to synthesize 1,2-diarylcyclobutanes, which are
present in various natural products and pharmaceuticals. Generally, the reaction commences
with the oxidation of an anethole derivative to provide an anethole radical cation intermediate.
To generate such a reactive intermediate, great progress has been made on the development of
several initiators over the past few decades. However, enantioselective variants of this type
of reaction have been still challenging because those require precisely stereoselective control
for labile radical cation intermediates.’

We previously developed radical cation [2+2] cycloadditions initiated by iron(III) salts as
effective one-electron oxidants.> Here, we developed a chiral iron(III) salt, which could be
prepared in situ from an iron(Ill) chloride and chiral silver N-triflyl phosphoramides, for
enantioselective radical cation [2+2] cycloaddition. Several anetholes could be oxidized, and
the resulting radical cation intermediates bearing chiral N-triflyl phosphoramide reacted with
styrenes affording the [2+2] cycloadducts stereoselectively. Intriguingly, irradiation with blue
LEDs dramatically improved the yield. As a result, the products were obtained in high yield
with high enantioselectivity and diastereoselectivity. To elucidate the effect of
photoirradiation, several control experiments and spectroscopy analyses were conducted.
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1) P. D. Morse, T. M. Nguyen, C. L. Cruz, D. A. Nicewicz, Tetrahedron 2018, 74,3266. 2)T. Horibe,
K. Katagiri, K. Ishihara, Adv. Synth. Catal. 2020, 362, 960.
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Oxidative Dearomatization of Arenols Using High-performance
Hypohalite Catalysis

(Graduate School of Engineering, Nagoya University) (OTakehiro Kato, Muhammet Uyanik,
Kazuaki Ishihara
Keywords: Chiral Hypohalite Catalysts; Oxidative  Dearomatization;  Phenol;

Enantioselective; Oxone

Enantioselective oxidative dearomatization of arenols is an important tool for the synthesis
of several biologically important compounds. To date, many elegant strategies have been
developed using transition metal or hypervalent iodine catalysts or reagents.' In this regard,
we have developed chiral quaternary ammonium hypoiodite-catalyzed enantioselective
oxidative dearomatization of 1-naphthols.> In this catalytic system, hypoiodite active species
were generated in situ from the corresponding quaternary ammonium iodides in the presence
of hydrogen peroxide as an environmentally benign oxidant. However, the substrate scope
was limited to 1-naphthols, and, in most cases, long times were required to complete the
reactions, even for these highly reactive substrates.

Here, we developed a high-performance ammonium hypohalite catalysis for the
enantioselective oxidative dearomatization reactions. Hypohalite catalytic active species
could be generated in situ from the corresponding chiral quaternary ammonium halides with
oxone as an environmentally benign oxidant. Only inorganic wastes were generated from the
oxidant used. By using hypoiodite catalysis, the oxidation of a wide range of naphthols and
electron-rich phenols could proceed under mild conditions to afford the corresponding
spirolactones with high enantioselectivity.>® On the other hand, by using hypobromite
catalysis, intra- or intermolecular oxidative dearomatization of electron-deficient phenols,
which were hardly reactive using the hypoiodite catalysis, readily proceeded to give the
corresponding adducts.  Control experiments revealed that the reaction mechanism of
hypobromite catalysis might be different from that of the hypoiodite catalysis.

cat. R*4N*I- va I\o
Oxone _ R*4N+
OH for R = EDG R ) N
N (Electron-Donating Group) up to 94% ee (R) L -
R+ NuH 3 - -
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1) S.-L. You, Asymmetric Dearomatization Reactions, John Wiley & Sons, Hoboken, 2016.
2) M. Uyanik, N. Sasakura, E. Kaneko, K. Ohori, K. Ishihara, Chem. Lett. 2015, 44, 179.
3) M. Uyanik, T. Kato, N. Sahara, O. Katade, K. Ishihara, ACS Catal. 2019, 9, 11619.

4) M. Uyanik, N. Sahara, O. Katade, K. Ishihara, Org. Lett. 2020, 22, 560.
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Ammonium Hypoiodite-catalyzed Oxidative Umpolung of Indoles for
Dearomatization

(Graduate School of Engineering, Nagoya University) OHiroki Tanaka, Muhammet Uyanik,
Kazuaki Ishihara
Keywords: Hypoiodite Catalysis; Oxidation; Cyclization, Indole; Umpolung

Indole derivatives are key structural units of several biologically active compounds. To
date, numerous synthetic methods for those compounds have been developed. Among them,
the dearomatization of indoles is one of the most powerful tools for the synthesis of substituted
or polycyclic indole derivatives.! In most dearomatization strategies, indoles have been
utilized as nucleophiles due to the high nucleophilicity of the indole nucleus at C-3. Only a
few methods using C-3 electrophilic indoles have been reported.? On the other hand, in our
laboratory, quaternary ammonium hypoiodite salt catalysis has been developed for
environmentally benign oxidative coupling reactions.” In this catalytic oxidation system,
hypoiodite salts are generated in sifu from the corresponding quaternary ammonium iodides in
the presence of hydrogen peroxide or alkyl hydroperoxides as an environmentally benign
oxidant.

Here, we describe the hypoiodite-catalyzed oxidative dearomatization of indole
derivatives.*> Mechanistic studies suggest umpolung reactivity of the C-3 position of indoles
by iodination of the indole nitrogen atom. In addition, enantioselective dearomative
spirocyclization of indoles using chiral quaternary ammonium iodide as a catalyst gave the
corresponding spiroindolenines with high enantioselectivity. =~ Moreover, site-selective
spirocyclization of tryptamine at C-3 position was achieved to give the difficult-to-access
spiroazetidine in an enantioselective manner. We anticipated that this unusual “electrophilic
indole” strategy would allow improving the synthetic portfolio for indole manipulation

significantly.
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1) C. Zheng, S.-L. You, Nat. Prod. Rep. 2019, 36, 1589.

2) M. Bandini, Org. Biomol. Chem. 2013, 11, 5206.

3) M. Uyanik, K. Ishihara, ChemCatChem 2012, 4, 177.

4) M. Uyanik, H. Tanaka, K. Ishihara, Org. Lett. 2020, 22, 8049.

5) M. Uyanik, H. Tanaka, K. Ishihara, Asian J. Org. Chem. 2021, 10, 164.
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Convoluted Polymer-Supported-Cobalt-Catalyzed Regioselective
Cyclotrimerization of Aryl Alkynes

('CSRS, RIKEN) OAbhijit Sen,' Takuma Sato,' Aya Ohno,' Heeyoel Baek,' Yoichi, M. A.
Yamada'

Keywords: Poly(4-vinylpyridine); Cobalt catalysis; Heterogeneous catalysis; Regioselective
reaction; Cyclotrimerization

Transition metal-catalyzed cyclotrimerization of aryl alkyne is a well-known reaction.!
Among the transition metals, cobalt is one of the most commonly used metals.? The cobalt
catalyzed cyclotrimerization usually afforded a mixture of 1,2,4-triarylbenzene and 1,3,5-
triarylbenzene where 1,3,5-triarylbenzene is obtained as a minor product. Contrarily, these Cs-
symmetric 1,3,5-triarylbenzenes are useful because of their application as polycyclic aromatic
hydrocarbons (PAHs) and functional materials.> Unfortunately, used cobalt catalysts are not
reusable and required high catalyst loading.

This time, we developed a poly(4-vinylpyridine), P4VP-self-supported novel, stable, and
heterogeneous cobalt catalyst P4VP-CoCl, by using our molecular convolution method.* The
structure was determined based on theoretical and experimental calculation. When the reaction
of aryl acetylenes was carried out with 330 mol ppm of P4VP-CoCl, under neat conditions,
exclusive 1,3,5-selective cyclotrimerization proceeded with up to 86% yield whereas no 1,2,4-
selective product was obtained. The catalyst was recoverable and reusable. The catalyst
tolerates gram-scale reactions. Functional materials were also synthesized. Details on substrate
scope and mechanistic studies will be discussed in the presentation.

Ar

1,3,5-product no 1,2,4-product

up to 86%

.............................................................................

1) Dominguez, G.; Pérez-Castells, J. Chem. Soc. Rev. 2011, 40, 3430. 2) Hilt, G.; Hengst, C.; Hess, W.
Eur. J. Org. Chem. 2008, 2293. 3) Li, C.; Liu, M.; Pschirer, N. G.; Baumgarten, M.; Miillen, K. Chem.
Rev. 2010, 110, 6817. 4) Sen, A.; Sato, T.; Ohno, A.; Baek, H.; Muranaka, A.; Yamada, Y. M. A. JACS
Au, 2021, 1, 2080.
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Homologation of Aryl aldehydes Using Nitromethane as a C1
Source with Nitrogen-doped Carbon Supported Palladium
Catalysts

(GSC Social Cooperation Lab., The Univ. of Tokyo; School of Science, The Univ. of
Tokyo) OTomohiro YASUKAWA, Yasuhiro YAMASHITA, Shu KOBAYASHI
Keywords: Heterogeneous Catalyst; Hydrogenation; Homologation Reaction; Flow
Reaction; Nitrogen-doped Carbon

Homologation of aryl aldehydes provides useful synthetic intermediates. However,
such a process requires multistep reactions with reactive reagents, which generates a
significant amount of wastes and limits the scope. We designed such reactions using
nitromethane as a C1 source via nitroolefin formation, partial hydrogenation to oximes,
and hydration of oximes. To achieve this process, chemoselective hydrogenation
reactions are needed. However, examples of selective hydrogenation of nitroolefins
to oximes are very limited as it can produce several possible products. Reported
systems required harsh conditions such as high pressure (10-20 bar) and substrate
scope was limited."?

We recently developed nitrogen-doped carbon incarcerated palladium nanoparticle
catalysts for selective hydrogenation of nitroolefins to oximes.® The catalyst showed
almost perfect selectivity, high activity, and reusability under ambient pressure. The
nitrogen-dopants were essential to control the selectivity while dopant-free
carbon-supported palladium catalysts gave a complex mixture.

Using the above-mentioned catalysts, three-step homologation reactions in both
batch and flow systems were performed with only one purification step. Amino silica
was used for the first nitroolefin formation step and the columns packed with
heterogeneous catalysts were wused for the flow reaction. A sequential
contentious-flow system particularly worked efficiently to afford the product in high
yield for more than two days.

Ar-Xg + CH;NO, Homologation _

1)A. Corma, et al. JACS, 2007, 129, 6358; 2) A. Wang, T. Zhang, et al. Chem. Commun. 2017,
53, 1969; 3) T. Yasukawa, S. Kobayashi, The 100" CSJ Annual Meeting, 4B8-37, 2020.
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Development of Chiral Lewis Acid Complexes with High
Hydrophobicity as Self-healing Catalysts for Reactions in
Water

(School of Science, The Univ. of Tokyo) O Fangqgiu LU, Taku KITANOSONO,*
Yasuhiro YAMASHITA, Shu KOBAYASHI*

Keywords: Self-healing; Asymmetric Synthesis; Reaction in Water; Lewis Acid
Catalyst; Hydrolysis

Organic reactions in water have attracted a great deal of attention due to
advantages of safety and environmental harmony. Nowadays, chiral Lewis
acid-catalyzed reactions in water have been well developed and widely
applied. However, there remains a problem of hydrolysis of central metal,
which limits catalyst lifetime and sustainability. To solve such problems, we
proposed an anionic chiral ligand by modifying a chiral 2,2’-bipyridine ligand
(C(n)-Sc-ROBPy(X)).? It may repair itself continuously without external energy
source and activation. It is supposed to have extremely long catalyst lifetime.
This property can be defined as “self-healing”. We expected that alkyl chains
substituted on 4,4’-position of a bipyridine will provide a high hydrophobicity to
realize efficient enantioselective reactions in water. We evaluated the catalyst
activity in water and studied the self-healing ability by several analytical
methods such as NMR study, ICP analysis, elemental analysis, IR study and
pH titration.

Hydrolysis

Intramolecular , ! ~— -
:'!303 regeneration  _ SO;

‘058 ; 0,8 [ —
-OH GH OH\
HB*

Initial catalyst Deactivated catalyst

BPy: 2,2’-bipyridine
B: base

Proposed self-healing process
v NMR study
v ICP&Elemental analysis
v IR study
v pH titration
etc.

C(n)-Sc-ROBPy(X)

1) Kobayashi, S. et al. In Book Chiral Lewis Acids in Organic Synthesis, ed. by J.
Milynarski, Wiley-VCH, 2017, 299-344.
2) Kobayashi, S. et al. BA{tFRE100REFZFS, 2B4-12.
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Nitrogen-Doped Carbon-Incarcerated Zinc Catalysts as Less
Sacrificial Electrodes for Electrochemical Allylation Reactions

(School of Science, The Univ. of Tokyo) ORyusuke MASUDA, Tomohiro YASUKAWA,
Yasuhiro YAMASHITA, Shu KOBAYASHI

Keywords: Heterogeneous Catalyst; Metal Nanoparticle Catalyst; Nitrogen-Doped
Carbon; Electrochemical Reaction; Allylation Reaction

Metal nanoparticle catalysts have been of great interest because they can show
unique activity and selectivity that differ from those obtained with bulk metals and metal
complexes. The use of nitrogen-doped carbon (NDC) as a support would overcome
many of limitations of metal nanoparticle catalysis for organic synthesis such as metal
leaching because of strong interactions between nitrogen dopants and metals."
However, electrochemical organic transformation, especially C-C bond-formation
reactions, using electrodes prepared from NDC-supported metal catalysts remain
challenging. These reactions are known to be clean and powerful redox processes
that use electrons as traceless reagents. Indeed, bulk base metals such as zinc or iron
are often consumed, and repeated use of such electrodes is still difficult. Recently,
electrochemical allylation of carbonyl compounds in water using a zinc electrode has
been developed with a catalytic amount of zinc consumed.? Nevertheless, a large
amount (ca. 25 mol%) of zinc still leached out and an excess amount of zinc was used
in terms of substrate amount. Moreover, the system required a divided cell and
substrate scope was limited.

We have developed electrochemical allylation reactions of carbonyl compounds
using cathodes prepared from NDC-incarcerated zinc catalysts. A range of aldehydes
and ketones afforded the desired allylic alcohols in high yields with <10 mol% zinc
leaching. NDC-stabilized zinc nanoparticle species showed advantages in terms of
scope for heteroaromatic substrates compared with bulk zinc electrodes and enabled
to use an undivided cell. Heterogeneous nature of active species was suggested by
the hot filtration test.

o R2 OH

R3 Br
+
1Jj\ \ \/\/ ;
R R R N
3

25 examples
Up to 98% yield
< 10 mol% Zn leaching

v low equivalent of Zn V reuse of electrode v heterogeneous nature

1) M. Beller, et al. Angew. Chem. Int. Ed. 2016, 55, 12582. 2) J. M. Huang, et al. Chem.
Commun. 2010, 46, 2286.
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Development of Reductive Cleavage of Aryl Ethers Using
Cooperative Catalytic Systems of Heterogeneous Metal
Nanoparticles and Lewis Acids

(School of Science, The Univ. of Tokyo) O Hiroyuki MIYAMURA, Shu KOBAYASHI
Keywords: Heterogeneous Catalyst; Metal Nanoparticle; Lewis Acid; Cooperative
Catalysis; Ether Cleavage

We have developed Rh-Pt bimetallic nanoparticles immobilized on a composite
support of polydimethylsilane and alumina (Rh-Pt/DMPSI-Al,O3) as highly active
catalysts for arene hydrogenation.” It was also found that a significant rate
acceleration occurred by cooperative catalytic systems of Rh-Pt/DMPSi-Al.Os; and
Lewis acids compared to the case without use of Lewis acids, and that sterically
hindered substrates could be hydrogenated under mild conditions.?

In this study, we found that aryl alkyl ethers gave the corresponding aliphatic
alcohols under reductive conditions using the cooperative catalytic systems. The
reaction proceeded under very mild conditions; 50 °C and atmospheric hydrogen.
Interestingly, aryl alkyl ethers containing bulkier aryl groups gave high selectivity
toward reductive cleavage. Wide scope of alkyl groups in the ether was demonstrated
under the optimized reaction conditions. We also investigated mechanistic studies
and obtained insight about intermediates during the reductive cleavage reactions. To
the best of our knowledge, this is unpreceded general reductive cleavage of aryl alkyl
ethers to afford the corresponding aliphatic alcohols in high yields. We opened new
methods to use aryl ethers as robust protecting groups, which can be deprotected
catalytically under very mild conditions.

Rh-Pt/DMPSi-Al;O3 (0.5-1.5 mol%)
O. RS Sc(0Tf)3 (5-15 mol%) HO. _R3

7 R2 iPrOH, 50 °C, H, (1 atm)

1) Miyamura, H. Kobayashi, S. et al. J. Am. Chem. Soc. 2018, 140, 11325.
2) Miyamura, H. Kobayashi, S. submitted.
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Development of Solid Base Catalysts for Hydroxypyrazine
Synthesis in Water

(School of Science, The Univ. of Tokyo) OTomoya HISADA, Taku KITANOSONO,*
Yasuhiro YAMASHITA, Shi KOBAYASHI*

Keywords: Reaction in Water; Hydroxypyrazine; Flow Synthesis; A-type Zeolite;
Basic Magnesium Salt

Hydroxypyrazine is an important structure in pharmaceuticals, and there is a need
to establish an efficient method for the synthesis. Conventional synthetic methods
require a large amount of phosphate buffer solution and an excessive amount of strong
base, as well as a large amount of acid for quenching, which possess safety and waste
problems.” The use of solid base catalysts can solve these problems, but there are
few reports of solid base catalysts that can be used in water. On the other hand, our
laboratory reported a heterocyclic formation reaction in water using a solid catalyst as
environmentally friendly synthesis.? Here, we develop a solid base catalyst that can
be used for hydroxypyrazine cyclization in water.

A-type zeolite and basic magnesium salts were found to catalyze the cyclization
reaction of a-amino acid amides with glyoxal in water. This method can be applied to
continuous-flow synthesis without use of any organic solvent. When a mixture of 2-
aminomalonamide and glyoxal was pumped through a column packed with A-type
zeolite, 3-hydroxypyrazinecarboxyamide, a precursor of favipiravir (an antiviral drug),
was obtained in good yields.® Basic magnesium salts showed higher catalytic activity,
catalyzing the cyclization reaction even at 5 mol% of loading under batch conditions.
In addition, life time of basic magnesium salts was longer than that of A-type zeolites.

2 1
i I — XX
R’ 2
%NHZ + R%RZ R2Z" N7 NoH
NH, O > 80% yield
aquaous solution for >1000 min.
ﬂ basic solid
it catalyst
1\ S
g N\
= 0.3 mL/min

1) ELMEZ T %S4t $HEF5E57396188. 2015-05-01.

2) Kitanosono, T.; Cho, S.; Kobayashi, S. Tetrahedron. 2018, 74, 7237.

3) Hisada, T.; Kitanosono, T.; Yamashita, Y.; Kobayashi, S. Bull. Chem. Soc. Jpn. 2021,
94, 1757.
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Highly Selective Synthesis of a-Aminoamide Utilizing an
Umpolung Reaction and Characteristics of a-Hydrazonoester

(Graduate School of Engineering, Mie University) OlIsao Mizota, Yusuke Nakamura,
Shunsuke Mizutani, Nanami Mizukoshi, Shunya Terasawa, Makoto Shimizu

Keywords: o-Hydrazonoester; Umpolung Reaction; N-Alkylation; Tandem Reaction;
Amidation

Hydrazones are versatile synthetic intermediates in organic chemistry such as
Wolff-Kishner reduction, Shapiro reaction, and Bamford-Stevens reaction. Since their C=N
moieties behave as electrophiles of moderate reactivity with an availability of their chiral
versions, €. g., SAMP and RAMP hydrazones, they have received considerable attention as
stable and versatile imine derivatives and the development of various synthetic
methodologies has been desired. During our research into o-iminoester,' we have been
interested in the reactivity of oxime derivatives as stable and useful substrates for the Sj2
type reaction at the nitrogen atom and for the subsequent umpolung reactions to introduce
plural substituents at the nitrogen.”

During the exploration into the Sy2 type reaction at the nitrogen atom, we focused on a
relatively strong N-N bond of the hydrazone moiety and found that once the N-N bond was
cleaved, the cleaved nitrogen moiety behaved as a good nucleophile for the ester part to
convert it to an amide. Herein, we would like to report an intriguing o-aminoamide
synthesis using an S)2 type reaction at the nitrogen atom followed by the subsequent amide
formation and the second N-alkylation. Further extension of the present reaction to the
synthesis of an inhibitor of the glycine type-1-transporter was also successfully carried out
in an efficient manner.’

3 3
RNy R3MgBr R\N/R

\N (@]
——— R1JﬁfNR2 L\M

R 002R2 17 examples

A\
N N
up to 92% vyield
P oy 0 G@CFB Inhibitor of Glycine
‘/ Tamdem N-Alkylation/Amidation/N-Alkylation ; N type-1-transporter
F

Y. 28% (5 steps
‘/ Application to Total Synthesis WNMGZ o ( ps)
‘/ Gram Scale Synthesis 0

1) 1. Mizota, M. Shimizu, Chem. Rev. 2016, 16, 688.

2) 1. Mizota, M. Maeda, M. Shimizu, Tetrahedron 2015, 71, 5793.

3) . Mizota, Y. Nakamura, S. Mizutani, N. Mizukoshi, S. Tertasawa, M. Shimizu, Org. Lett. 2021,
23,4168.
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Synthestic study of arenicolides

-construction of complete carbon framework- (*Kogakuin University) OReo Hirao!, Yoshinori
Kawano?, Eiko Yasui?, Shinji Nagumo!

Arenicolide Ais a 26-membered macrolide isolated from a marine actinomycete, Salinispora
arenicola and exhibits inhibitory activity against colon cancer cells. It has four consecutively
arranged hydroxyl and methoxy groups and three conjugated dienes. The total synthesis has
been not reported so far and the configuration of the methyl group at the C12 has been not
determined. We report here the synthesis of the precursor 6 having a complete carbon
framework based on an alkoxy substitution of epoxy unsaturated ester 1 and ring closing
metathesis.

Keywords . Macrolide; Ring Closing Metathesis; Marine Actinomycete
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Chemo-, Regio- and Diastereoselective Ring-Opening of
Epoxide by Utilizing Sulfenate Anions: An Efficient Access to
B-Hydroxy Sulfoxides

(‘Department of Chemistry, Tokyo Institute of Technology, *Institute of Innovative Research,
Tokyo Institute of Technology) Olian Zhang,' Vipul, V. Betkekar,! Keisuke Suzuki,” Ken
Ohmori'

Keywords: p-Hydroxy Sulfoxides, Epoxide, Sulfenate Anions, MgBr».

During a course of our synthetic study on a natural product, we found that epoxide 1 allows the
nucleophilic attack of sulfenate species to generate P-hydroxy sulfoxide 2 with anti-
stereochemistry, albeit in 27% yield (Scheme 1a). Inspired by this promising result,
demonstrating stereoselective transformation, we continued our efforts to develop new
synthetic method and strategy. We first applied this reaction conditions to simple epoxide 3,
giving the corresponding B-hydroxy sulfoxide in 77% yield with 7.7:1 d.r. (Scheme 1b).

After screening reaction conditions including base, Lewis acid, additive, temperature and
solvents, the optimized one could be settled. We also found that addition of catalytic Lil
promotes the reaction. We next examined a scope and limitation of this reaction, proving its
broad applicability (Scheme 2). A computational study gave us important insights into the
reaction mechanism and also its stereoselectivity. Details will be discussed in this presentation.

a) initial result observed in the synthesis of the natural product
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b) eatabilshed method for synthesizing B-hydroxy sulfoxides
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Scheme 1. initial result observed in the synthesis of the natural product and estabilshed methodology
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Reductive Dimerization of Styrenes Enabled by Flow
Microreactors

(Graduate School of Science, Kyoto University) O Yiyuan Jiang, Hideki Yorimitsu
Keywords: Microreactor; Reductive Dimerization; Dianion; Silole

Although 1,4-dianions are useful precursors to cyclic skeletons, the generation of the
dianions is limited to classical methods, such as reduction and halogen-lithium exchange of
1,4-dihaloalkanes. The dimerization of styrene by one-electron reduction can also generate
dianions, but the highly reactive dianions easily undergo anionic polymerization.*

Herein, we report the reaction of styrenes with lithium arenides in a flow microreactor
leads to the instantaneous generation of a styryl radical anion and subsequent dimerization
yields 1,4-diaryl-1,4-dianions. The efficiency was greatly improved by increasing the flow
rate and decreasing the inner diameter of the mixer. Therefore, fast mixing is considered to be
essential in this reaction. The efficiency and selectivity of this reductive dimerization was
proved to be low in batch-type reactors.

This method is capable of generating the dianions of various styrenes. Furthermore, the
generated dianions can react with various electrophiles. Notably, 3,4-unsubstituted
2,5-diarylsiloles can be conveniently synthesized by the reaction of the generated dianion
species with dialkyldichlorosilanes followed by oxidation with DDQ. Although siloles have
attracted a great deal of attention as a new class of functional materials due to their high
electron-accepting and fluorescent properties, the synthetic methods for 3,4-unsubstituted

2,5-diarylsiloles are limited.?
,--T-f.C _________ [].@_> R @ —_— Anionic
X _— S} ———> polymerization
O — B =

. M1 :
; R1 '

lithium —.—I ; DDQ 7\
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1) M. Szwarc, M. Levy, R. Milkovich, J. Am. Chem. Soc. 1956, 78, 2656.
2) S. Santra, ChemistrySelect 2020, 5, 9034.
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A therapeutic approach for cancers with special genetic mutations
using in vivo synthetic chemistry

('Biofunctional Synthetic Chemistry Laboratory, Cluster for Pioneering Research, RIKEN,
’School of Materials and Chemical Technology, Tokyo Institute of Technology,
’Biofuntional Chemistry Laboratory, Alexander Butlerov Institute of Chemistry, Kazan
Federal University) OTsung-Che Chang,' Igor Nasibullin,' Katsunori Tanaka'*”

Keywords: Therapeutic in vivo synthetic chemistry; Glycotargeting; Artificial
metalloenzymes; Genetic mutant cancers; Prodrug

A special gene mutation is present in approximately 25% of tumors, making it one of
the most common gene mutations linked to cancer. There are currently no effective
targeting methods or treatments available for patients with these special genetically
modified cancers. One of the major components that drives cell-to-cell interactions is
glycan recognition with lectins. Since most types of malignant cells compared to healthy
cells have altered their glycan patterns, this represents a potential targeting mechanism for
targeting the special genetic mutant cancers.

We have found several kinds of glycoproteins that enable effective targeting of the
special genetic mutant cancer cells. Through adapting the targeting glycoproteins to become
the glycosylated artificial metalloenzymes (GArMs)'~, the prodrug therapy activated by the
GArMs exerted excellent anticancer activity in cell-based assays. Furthermore, in vivo drug
synthesis via the GArMs was found to induce a reduction in implanted special genetic
mutant tumor growth in mice.

Glycosylated artificial
Glycan

C

Lectins :{)

The special genetic
mutation cancer cells

1) S. Eda, I. Nasibullin, K. Vong, N. Kudo, M. Yoshida, A. Kurbangalieva, K. Tanaka, Nat. Catal.
2019, 2, 780. 2) K. Vong, S. Eda, Y. Kadota, I. Nasibullin, T. Wakatake, S. Yokoshima, K. Shirasu,
K. Tanaka, Nat. Commun. 2019, 10, 5746. 3) T.-C. Chang, K. Vong, T. Yamamoto, K. Tanaka,
Angew. Chem. Int. Ed. 2021, 60, 12446. 4) K. Vong, T. Tahara, S. Urano, I. Nasibullin, K.
Tsubokura, Y. Nakao, A. Kurbangalieva, H. Onoe, Y. Watanabe, K. Tanaka, Sci. 4dv. 2021, 7,
eabg4038. 5) P. Ahmadi, K. Muguruma, T.-C. Chang, S. Tamura, K. Tsubokura, Y. Egawa, T.
Suzuki, N. Dohmae, Y. Nakao, K. Tanaka, Chem. Sci. 2021, 12, 12266.
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Fungal toxin fusicoccin enhances plant growth by promoting stomatal opening (‘Academic
Assembly, Institute of Agriculture, Shinshu Univ., *Graduate School of Science, Nagoya Univ.)
OHironaru Kiriyama', Satoru Kinoshita?, Yuki Hayashi?, Toshinori Kinoshita?, Shigemitsu
Kasuga', Hiroki Irieda’, Junko Ohkanda'

Stomata are the pores in the plant epidermis surrounded by a pair of guard cells and are
responsible for gas exchange. Through the stomata, plants optimize the concentration of carbon
dioxide for photosynthesis in the leaf and minimize water loss. In 2014, Kinoshita et al.
reported that overexpression of a plasma membrane (PM) H'-ATPase in Arabidopsis guard
cells enhances the stomatal opening, carbon dioxide uptake, and the rate of photosynthesis,
promoting plant growth.[1] These results indicate that control of stomatal opening greatly
increases plant growth efficiency. In this study, we demonstrated that fusicoccin (FC), a fungal
phytotoxin that stabilizes protein-protein interaction between the C-terminal phosphorylation
region of PM H'-ATPase and 14-3-3, promotes stomatal opening, enhances carbon dioxide
uptake and photosynthesis activity, and thereby promotes plant growth under the condition of
sufficient supply of water and light. The experimental details will be discussed.

Keywords : fusicoccin; stoma; plant growth regulator; PM H'-ATPase; 14-3-3
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[11Y. Wang et al., Proc. Natl. Acad. Sci. 2014, 111, 533.
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Analyses and regulation of protein-protein interactions caused by jasmonate-related
transcription factors ('Graduate School of Science, Tohoku University, *Graduate School of
Life Sciences, Tohoku University) OYousuke Takaoka,' Kaho Suzuki,' Minoru Ueda'?

A network of various protein-protein interactions (PPI) is involved in the repression and
activation of (+)-7-iso-jasmonoyl-L-isoleucine (JA-Ile) signaling, a plant hormone which
regulates plant defense responses as well as plant growth. In the absence of JA-Ile,
transcriptional repressor JAZ represses transcription factors including a master regulator MYC.
In contrast, when JA-Ile is accumulated, JAZ is degraded and then derepressed MYC able to
interact with the transcriptional mediator MED25, resulting in upregulation of the JA-
responsive gene expression. We herein performed a comprehensive analysis of the PPI between
MYC-JAZ or MYC-MED25 in vitro. These results further illuminate the transcriptional
machinery responsible for JA signaling.

Keywords : Plant hormone,; Jasmonate; Protein-protein interaction; Transcription factor

W B/ E A HIET AR A LT VY AEUEEA Y A 2 (JA-le)
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Figure 1. ¥ % AE VY 7T IMBREOWEK] (JRE: ¥ % AE VRIS E MBS T).
1) Y. Takaoka, M. Ueda, et al. J. Biol. Chem., 298, 101504 (2022).
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Development of a Fulgimide-Fluorophore Dyad Molecule for
Fluorescence Photoswitching in Cellular Imaging

(*Graduate School of Engineering, Osaka University, 2Immunology Frontier Research Center,
Osaka University) OKenji Torii,' Yuichiro Hori,"* Kazuya Kikuchi'?
Keywords: FRET; photochromism; fulgimide; bioconjugation

Photoswitchable fluorescent molecules (PSFMs) whose fluorescence intensities are
reversibly changed by light irradiation are biologically important tools for intracellular imaging.
Reversibly photoswitchable fluorescent proteins' are widely applied as PSFMs to pulse-chase
analysis and super-resolution imaging; however, these proteins suffer from photobleaching.
Although, in recent years, synthetic PSFMs? have been developed to improve photostability,
live-cell imaging using these molecules still has been challenging.

Herein, we developed a PSFM, named FF-TMR, containing a photochromic compound,
furylfulgimide (FF)’, and a photostable fluorophore, tetramethylrhodamine (TMR). FF
undergoes quantitative photoisomerization between open- and closed-ring forms and is used as
a fluorescence quencher based on FRET whose efficiency can be controlled by change in its
absorption spectra (Figure 1). As expected, the fluorescence intensity of FF-TMR is changed
upon light irradiation. Moreover, the sophisticated molecular design of FF-TMR enables the
preparation of the FF-TMR bioconjugates exhibiting reversible and fast fluorescence
photoswitching in an aqueous solution. Supporting this result, in fixed cells, the fluorescence
intensity of FF-TMR that labeled anti-tubulin antibody was repetitively modulated. In this
conference, we will report on the detailed molecular design and photoswitching properties of
FF-TMR and its bioconjugates.

E Fluorophore (\
o o
o/ NN 365 nm / N'V—O
Vi o (0]

) 530 nm 0 0
Open-ring form Closed-ring form

Figure 1. Fluorescence switching strategy of FF-TMR.
1) a) T. Grotjohann, ef al. Nature 2011, 478, 204. b) S. Habuchi, et al. PNAS 2005, 102, 9511. 2) a) K.

Uno, et al. J. Am. Chem. Soc. 2019, 141, 16471. b) K. Torii, et al. Bull. Chem. Soc. Jpn 2020, 93, 821.
3) Y. Yokoyama, et al. Chem. Rev. 2000, 100, 1717.
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Affinity selection discovery of N-methylated cyclic peptide
inhibitors of prokaryotic glycolytic mutases

(!Graduate School of Science, University of Tokyo, *National Center for Advancing
Translational Sciences, National Institutes of Health, * Structural Biology Center, University of
Kansas *New York Structural Biology Center, Brookhaven National Laboratory ’National
Human Genome Research Institute, National Institutes of Health)

OR.H.P. van Neer!, P.K. Dranchak?, L. Liu3, M. Aitha?, B. Queme?, K. P. Battaile*, H. Kimura',
T. Katoh!, S. Lovell?, J. Inglese**" and H. Suga'”

Keywords: Peptides, Affinity selection, Isoenzymes, Antimicrobials, Crystallography.

N-methylated amino acids (N-MeAA) are privileged residues in natural bioactive peptides
critical to bioactivity and metabolic stability!. However, de novo discovery of these peptides
through utilizing affinity selection methodologies is limited by low EF-Tu affinity of the
N-methyl-aminoacyl-tRNA, causing poor ribosomal incorporation of N-methylated amino
acids into the nascent peptide chain®. By modifying the tRNA’s T-stem region to compensate
and tune the EF-Tu affinity®, we conducted a mRNA display-based screen using a macrocyclic
peptide (MCP) library that contains six different N-MeAAs. Utilizing a “pool-and-split”
enrichment strategy (see figure) we identified N-methylated MCPs against three orthologues
of prokaryotic, metal ion-dependent phosphoglycerate mutases®. The identified MCPs reached
upwards to 57% N-methylation in the random region with up to three consecutively
incorporated N-MeAAs, rivalling natural products. Potent nanomolar inhibitors strongly
mediated by N-methylation and ranging in ortholog-selectivity were identified. Co-crystal
structures reveal both an active site metal ion-coordinating cysteine lariat-shaped MCP,
architecturally similar to ipglycermide Ce-2%%, however, functionally dependent on two trans
N-Me backbone amides, as well as a metal ion-independent inhibitor chemotype that acts as a

3-phosphoglycerate mimetic.
Round 3

Positive selection /_\ .. o
—_\ [}
@M = iPGM enriched
® .@M —__ mRNAlibrary mRNA library
000 —
[ ] ) E—
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o.o.o... WW@.’.’. M. orale iPGM
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1) Chatterjee, J. et al., Angew. Chem. Int. Ed. 2012. 52, 1, 254-269. 2) Zhang, B. et. al., J. Am. Chem.
Soc, 2007. 129, 37, 11316-11317. 3) Iwane, Y. et. al., Nucleic Acids Res. 2021, 49, 19, 10807—10817.
4) Roychowdhury, A. et al., FEBS J. 2015, 282, 1097-1110. 5) Yu, H. et al., Nat. Commun. 2017, 8§,
14932. 6) Wiedmann, M. et al., J. Biol. Chem. 2021, 296, 100628.
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Development of activatable fluorescence probe for
carboxypeptidase activity to visualize cancer

(!Graduate School of Medicine, The University of Tokyo, *Graduate School of
Pharmaceutical Science, The University of Tokyo) OMinoru Kawatani,' Mako Kamiya,'
Hirohisa Iwaki,' Kyoko Yamamoto,! Yasuteru Urano'-

Keywords: Carboxypeptidase; Fluorescence probe; Cancer; Fluorescence imaging;
Photoinduced electron transfer

[Introduction] Carboxypeptidases (CPs) are enzymes that are up-regulated in some cancer
cells, thus fluorescence detection of a specific CP activity allows visualization of cancer.
However, only a few activatable fluorescent probes targeting CPs activities have been
developed, as it is difficult to translate the chemical reaction from amide to carboxylate by
CPs into the change in fluorescence intensity. In this study, we aimed to develop new
activatable fluorescent probes that can detect CP activities with high sensitivity in live cells.
[Molecular design] We designed and synthesized molecules in which an azoformyl (AF)
group and a substrate amino acid were introduced into the benzene moiety of fluorescein
scaffold. The probe is weakly fluorescent before reaction with CP due to photoinduced
electron transfer from fluorophore to the benzene moiety, but is converted to strongly
fluorescent scaffold fluorophore upon reaction with CP.

[PSMA probe]” We developed an activatable fluorescent probe, 5SGIuAF-2MeTG, which
targets prostate cancer-specific membrane antigen (PSMA), a CP that is upregulated in
prostate cancer, by introducing glutamate (Glu) as a substrate amino acid into
membrane-permeable TokyoGreen (TG) scaffold. SGluAF-2MeTG successfully visualized
the tumor sites in resected specimens from prostate cancer patients, including milli-meter
size tumors that are difficult to detect with the naked eye.

[CPM probe]? By incorporating basic amino acid (arginine; Arg) as a substrate amino acid
into fluorescein diacetate (FDA) scaffold, we developed a fluorescent probe 5SArgAF-FDA
with improved intracellular retention that targets Carboxypeptidase M (CPM), which is
upregulated in breast cancer. By using 5SArgAF-FDA, we succeeded in visualizing the
different CPM activity of different cell lines at the single cell level.

[Conclusion] We established a molecular design strategy of activatable fluorescent probes
that can detect CPs with high sensitivity and succeeded in developing activatable
fluorescent probes that are useful for cancer imaging.

7 O " Carboxy-
e(' R peptidases R
oL
O (o] o] '
Non-fluorescent AA

AA : substrate amino acid

1) M. Kawatani, J. Am. Chem. Soc. 2019, 141, 10409. 2) H. Iwaki, Anal. Chem. 2021, 93, 3470.
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Site-selective Protein Cleavage by Cysteine Formylation (! Graduate School of Pharmaceutical
Science, Kyushu University, >Pharmaceutical Science, Kyushu University)
ONaoki Zenmyo!, Akihiro Yasuda', Yuya Matsumoto?, Shohei Uchinomiya!, Naoya Shindo',
Kaori Tabata!, Akio Ojida!

In functional analysis of proteins, chemical modification with small molecule is useful for
function analysis and regulation of protein of interest (POI). Although a number of selective
protein labeling method have been reported, chemical protein cleavage method has been poorly
developed. In this presentation, we report a novel chemical method enabling functional
regulation of protein by cleavage reaction. We found that formylation of Cysteine residue
induces cleavage of amide bond of peptide backbone. We evaluated the sequence selectivity
and found that Asp-Cys and Asn-Cys sequence were cleaved in high efficiency. We also
achieved sequence selective cleavage of Proteins by using formylation affinity probe.

Keywords : Protein Cleavage, Chemical Modification, Warhead, Cysteine Formylation
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Exploration of Biomolecularly Transparent IR Region for Structural
Identification Using VCD

(‘Graduate School of Life Science, Hokkaido University, *Faculty of Advanced Life Science,
Hokkaido University) O Mohamad Zarif Mohd Zubir,'! Nurul Fajry Maulida,' Tohru
Taniguchi,” Kenji Monde?

Keywords: Chirallity, VCD Spectroscopy, Deuterium, Azide

The stereostructure of biomolecules significantly influences their roles in biological
processes. Thus, a comprehensive knowledge of their structural properties is the key to fully
understand and regulate their functions. However, stereostructure elucidation of biomolecules
is rather challenging because of the limitation of conventional analytical methods. Vibrational
circular dichroism (VCD) spectroscopy has proven to be a precise and powerful tool for
molecular stereostructural characterization. First, we studied the applicability of nitrile,
isonitrile, alkyne, and azido groups to identify suitable chromophores that exhibit VCD
couplets in the 2300-1900 cm™' region by using a chiral binaphthyl scaffold. Azido group is the
most promising for extracting structural information from biomolecules because it showed the
most simple and strong VCD signals whose pattern is readily predicted by harmonic DFT
calculations (Figure A)."' Second, we utilize the C-D stretching in this region to explore the
practicality of CD; groups for obtaining the local chirality. A series of pyranosides was used as
a model study. The epimeric pairs agreeably presented almost mirror-image VCD patterns in
the 2300-1900 cm™ region irrespective of other chiral centers (Figure B). The application of
this concept was further demonstrated to other complex systems by studying the VCD spectra
of the C-1 epimeric pairs of a disaccharide gentiobiose, 6-lauroylated surfactant, and 5-
membered glucofuranosides.
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1) T. Taniguchi, M. Z. M. Zubir, N. Harada, K. Monde, Phys. Chem. Chem. Phys., 2021, 23, 27525.
2) M. Z. M. Zubir, N. F. Maulida, Y. Abe, Y. Nakamura, M. Abdelrasoul, T. Taniguchi, K. Monde, Org.
Biomol. Chem., 2022, https://doi.org/10.1039/D10B02317A.
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A novel antidotal system for a fire gas poisoning using artificial hemoglobin model complexes
(‘Faculty of Science and Engineering, Department of Molecular Chemistry and Biochemistry,
Doshisha University, *Building Research Institute, *Center for Better Living, *Faculty of
Pharmaceutical Science, Doshisha Women's College of Liberal Arts)

OQiyue Mao,' Xuansu Zhao,” Yasutaka Fukuda,® Akiko Kiriyama,® Shigeru Negi,* Hideki
Yoshioka,? Hiroaki Kitagishi'

Carbon monoxide (CO) and hydrogen cyanide (HCN) are regarded as the primary toxic
constituents of fire toxic gases. In this work, we developed an antidote that efficiently detoxifies
CO and HCN gases at the same time. For practical applications as pharmaceuticals, it would
be necessary to maintain the safety and reduced cost. Here, we have developed artificial
hemoglobin model complexes that capture CO and cyanide ions in vivo. In animal experiments
using mice, we proved that our heme protein model complexes are very effective as an antidote
for fire toxic gases containing CO/HCN.

Keywords : Porphyrin, Cyclodextrin, Hemeprotein model; Gas poisoning, Animal experiment
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1) Kitagishi, H.; Kano, K. Chem. Commun., 2021, 57, 148—173.
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Development of Photo-responsive Cell Scaffold for Control of Cellular Function (!Faculty of
Engineering, Yokohama National University, *College of Engineering Science, Yokohama
National University) OHiroki Miyajima,' Saeka Kato,? Kazutoshi lijima'

Photo-responsive materials have been studied as cell scaffolds or drug carriers owing to
spatiotemporal control of their property with light stimuli. In this study, we developed a cell
scaffold of hydrogel with a photo-responsive monomer to release a substance that can control
cellular function in response to a light stimulus. Ortho-nitrobenzyl acrylate (o-NBA) known as
a photo-responsive monomer was synthesized according to literature, and hydrogel was
prepared after polymerization of o-NBA with gelatin methacrylate (GelMA) which was a
gelatin derivative. The obtained hydrogel was irradiated by light, immersed in DMSO, and then
the compounds extracted from the gel in DMSO were detected with UV-Vis spectroscopy.
Detected UV-Vis spectra of hydrogel immersed in DMSO were different by light irradiation.
From the results, o-NBA introduced into hydrogel would be decomposed by photo irradiation
and the decomposed substance was released from the hydrogel.

Keywords : Cell Scaffold,; Photo-responsive; Hydrogel
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1) L.Li, J. M. Scheiger, P. A. Levkin, Adv.Mater. 2019, 31, 1807333.

2) A. M Kloxin, M. W Tibbitt, K. S Anseth, Nat Protoc. 2010, 5(12) 1867-1887.

3) J. W. Nichol, S. T. Koshy, H. Bae, C. M. Hwang, S. Yamanlar, A. Khademhosseini, Biomaterials
2010, 31, 5536-5544.
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Controlling IEDDA Reaction with Macrocyclic Tetrazine

(*Graduate School of Life Sciences, Tohoku University, *Institute of Multidisciplinary Research
of Advanced Materials, Tohoku University) O Ira Novianti,! Toshiyuki Kowada,'? Shin
Mizukami'-?

Keywords: Bioorthogonal Reaction, Click Chemistry, Tetrazines

Tetrazine cycloaddition refers to the reactions between tetrazines and dienophiles via
inverse electron-demand Diels-Alder (IEDDA). Owing to its exceptionally fast kinetics and
excellent biocompatibility, this bioorthogonal reaction has been applied in various fields
spanning from material sciences to biomedicine and has been utilized for therapeutic in
humans!=. This otherwise spontaneous reaction can be controlled by developing activatable
tetrazines or activatable dienophiles. However, all activatable tetrazines have only been based
on the oxidation of dihydrotetrazine into tetrazine®*, while tetrazine activation that relies on
controlling tetrazine reactivity has yet to be developed.

Here we showed that connecting the two phenyl substituents of 3,6-diphenyltetrazine by
a chemical bridge (macrocyclic tetrazine) can make it unreactive towards one of the most
reactive dienophiles, trans-cyclooctene (TCO). Our theoretical study revealed that the
suppressed reactivity was mainly attributed to the high distortion energy of the macrocyclic
tetrazine that was originated from the rigid conformation. Furthermore, we also demonstrated
the first example of tetrazine activation based on the cleavage reaction of the chemical bridge

in macrocyclic tetrazine.

Macroc_yclic
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1) Oliveira, B. L.; Guo, Z.; Bernardes, G. J. L. Chem. Soc. Rev. 2017, 46 (16), 4895-4950. 2) Mark,
P. Click chemistry sees first use in humans. 3) Zhang, H.; Trout, W. S.; Liu, S.; Andrade, G. A,;
Hudson, D. A.; Scinto, S. L.; Dicker, K. T.; Li, Y.; Lazouski, N.; Rosenthal, J.; Thorpe, C.; Jia, X.;
Fox, J. M. J. Am. Chem. Soc. 2016, 138 (18), 5978-5983. 4) Ehret, F.; Wu, H.; Alexander, S. C;
Devaraj, N. K. J. Am. Chem. Soc. 2015, 137 (28), 8876-8879.
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Development of Functional Anthracene-Based Multiblock
Fluorophore for Visualization of Biological Environment

(School of Life Science and Technology, Tokyo Tech.) OJunya Adachi, Kohei Sato, Kazushi
Kinbara
Keywords: Anthracene; Visualization; Biological Environment

Phase separation is a ubiquitous phenomenon in biological systems such as lipid raft and
liquid-liquid phase separation, where the environment is slightly different from the
surroundings. Recently, this phenomenon has been revealed to play important roles in
biological activities and attracts a great deal of attention not only in biology but also in
chemistry.! However, details of this phenomenon remain unexplored, and there is a need to
investigate the behavior of relevant molecules in the biological environment.

Our research group has developed a series of multiblock molecules, which form
supramolecular assemblies in the lipid bilayer membranes and exhibit functions.? This
functionality takes advantage of the environmental characteristics of the lipid bilayer
membranes that have hydrophobic region surrounded by aqueous phases. By leveraging our
experience of developing the functional molecules sensitive to the surrounding environment,
we aimed to develop novel molecules that are able to sense a biological environment with
phase separation.

Here, we designed anthracene-based multiblock fluorophores which successfully
showed characteristic emission depending on the physical parameters of the surrounding
environment, and applied them for visualization of the phase-separated substances related to
the biological environment. The details of the chemical properties of these fluorophores will
be presented at the conference.

1) Kamimura, Y. R.; Kanai, M. Chemical Insights into Liquid-Liquid Phase Separation in Molecular
Biology. Bull. Chem. Soc. Jpn. 2021, 94, 1045—-1058.

2) Sato, K.; Muraoka, T.; Kinbara, K. Supramolecular Transmembrane Ion Channels Formed by
Multiblock Amphiphiles. Acc. Chem. Res. 2021, 54, 3700-3709.
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Evaluation of the properties of a cyclic pyrrole—imidazole
polyamide, which specifically binds to CAG/CTG repeat DNA

(*Graduate School of Science, Kyoto University, *RIKEN Center for Biosystems Dynamics
Research, *Institute for Integrated Cell-Material Science (WPI-iCeMS), Kyoto University)
OYuki Hirose,! Tomo Ohno,! Sefan Asamitsu,? Kaori Hashiya,' Toshikazu Bando,' Hiroshi
Sugiyama'3

Keywords: CAG repeat; CTG repeat; Triplet repeat; Pyrrole-imidazole polyamide; DNA
ligand

Trinucleotide repeat sequences widely exist in the human genome. And abnormal
expansion of the repeat often leads to a variety of diseases.! The abnormal elongation of
CAG/CTG repeat sequences causes Huntington’s disease, spinocerebellar ataxia, and
myotonic dystrophy. In order to develop therapeutic methods for these diseases, many
compounds targeting CAG/CTG repeat sequences have been developed.? Our group have
been studied hairpin pyrrole—imidazole polyamides (hPIPs), which sequence specifically
bind to the minor groove of CAG/CTG sequences.’

Although hPIPs have been mainly used in many studies, cyclic PIPs (cPIPs) have been
developed and reported to have higher DNA-binding affinity and sequence specificity than
the corresponding hPIPs.* Therefore, we have developed a CAG/CTG-targeting cPIP in this
study. We evaluated its DNA-binding property by using double-stranded DNA melting
temperature (7m) measurements and surface plasmon resonance (SPR) assays. Additionally,
the next-generation sequencing study revealed the high sequence specificity of the cPIP.
The results of each experiment will be reported in detail in the presentation.

f‘L v High DNA-binding affinity
/\)L )W
S_‘I)L ,(—7)'\ ‘rr’\—g NH, ¥ High sequence specificity

?ﬁ“ﬂf‘j Las

® : N-methylimidazole
—_ r
g HZNWGCWGCW 3 O : N-methylpyrrole
NH, <> : B-alanine
3" -WCGWCGW-5" (C

W=2orT \ - Y-aminobutyric acid

Figure. The chemical structure and ball-and-stick notation of the cPIP.

1) Mirkin, S. M. Nature 2007, 447, 932. 2) Nakamori, M. et al. Nat. Genet. 2020, 52, 146. 3)
Asamitsu, S. et al. Bioorg. Med. Chem. 2014, 22, 4646. 4) Herman, D. M. et al. 1999, 121, 1121.5)
Hirose, Y. et al. ChemBioChem in press.
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Development of selective Cu*-responsive protein labeling reagent
towards conditional proteomics

(‘Graduate School of Engineering, Kyoto University, *ERATO, JST) O Rong Cheng,'
Tomonori Tamura,' Itaru Hamachi '
Keywords: Cu"-responsive protein labeling reagent

Copper (Cu) is one of the most essential metals in all living systems, and its dynamics are
precisely regulated in cells to maintain various physiological responses.! Cu'-responsive
probes have emerged as powerful tools in tracking the dynamic changes in Cu” to characterize
its contribution to health and disease states.” However, most probes are diffusible hence the
spatiotemporal resolution is limited, and they are incapable of identifying the proteins at Cu'-
rich sites.

The conditional proteomics approach has emerged as a powerful method for identifying
proteins in specific condition-rich microenvironments and mapping the localization of those
microenvironments. This strategy has been applied to the proteome profiling of zinc ion- and
hydrogen peroxide-rich regions in live cells. * In this presentation, we report a Cu'-responsive
protein labeling strategy for the detection of Cu” with preserved spatial information and the
identification of proteins at Cu'-rich sites in living cells. Specifically, we designed quinone
methide (QM) precursor-based fluorescent reagents that undergo Cu’-dependent oxidative
cleavage to release a highly electrophilic QM for subsequent labeling of proximal proteins in
situ. The Cu'-responsiveness of these reagents was evaluated by in vitro assay, and the optimal
reagent showed high selectivity for Cu” over other biological metal ions and reactive oxygen
species. The capability of this reagent in cellular contexts was demonstrated by Cu-dependent
protein modification in HeLa cells overexpressing copper transporter 1.

Cut*-responsive
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by reaction with proximal proteins

} j” Cu* nch microenvironment i}' Labeled sub-proteome

1) Kardos, J et al., Cell Commun. Signal. 2018, 16(1), 71. 2) Cotruvo, J. A et al., C. J. Chem. Soc. Rev.
2015. 44(13), 4400. 3) a) Miki, T et al., Nat. Methods. 2016. 13(11), 931. b) Zhu, H et al., JACS. 2020.
142(37), 15711.
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Expanding the detectable pH range of DNA nanostructure-based
fluorescent pH sensors

(Mnstitute of Advanced Energy, Kyoto University, *Institute for Chemical Research, Kyoto
University) OKhongorzul Gerelbaatar!, Eiji Nakata', Hisaaki Hirose?, Shiroh Futaki?,
Takashi Morii'

Keywords: fluorescent pH sensor; DNA nanostructure; DNA origami; ratiometric detection

Cellular processes are mediated through intertwined complex chemical and physical
interactions of biological molecules. Therefore, analytical devices that simultaneously
monitor the change of the concentration and the location of biologically important
molecules, and the change of cellular environment indicated by various physical parameters
will give a comprehensive understanding of molecular mechanisms underlying of various
cellular processes.

Compared to the conventional sensors comprised of a single sensing molecule,
assembling several kinds of fluorescent sensors on a DNA scaffold has advantages in
monitoring different targets at the same time within the same nanospace by combining
individual functions of fluorescent sensors. A single DNA scaffold allows the assembly of
multiple fluorophores, with different responses towards pH changes, to be localized in a
defined space, enabling ratiometric detection and the expansion of the detectable pH range.

We have developed a ratiometric pH sensor by constructing a DNA nanostructure
labeled by two types of fluorophores based on a DNA origami method'. The combination of a
pH sensitive fluorophore fluorescein (CF) with pK, of 6.5% and tetramethylrhodamine (CR), a
pH insensitive fluorophore under the physiological conditions, assembled on a DNA origami
scaffold had resulted in a reliable ratiometric pH detection in test tube. The sensor was
successfully applied for real-time sensing of cellular pH changes throughout its
internalization by its fluorescence signal variation under microscopic conditions.’ In this
study, Oregon Green 488 (OG) with pK, of 4.8 was coassembled with CF and CR on a DNA
origami scaffold. The pH monitoring was carried out in a test tube by the ratiometric
fluorescent pH sensor to successfully realize an expanded detectable pH range.

/.
{
ODN-tag tethered
fluorophores

DNA origami scaffold Fluorophore assembled
DNA origami

Fig. Illustration of fluorophores assembled DNA origami scaffold for intracellular pH monitoring

1) P. W. K. Rothemund, Nature 2006, 440, 297. 2) J. Han and K. Burgess, Chem. Rev. 2010, 110,
2709. 3) E. Nakata, et al., Chem. Sci. 2021, 12, 8231.
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Tyr, Trp, Pro-rich IIKR TF K54 T35 1) DFEZE L SARS-CoV2
(Xt BBRKRRTF FOFEIR
(LKL KT T7472) Oy Ak - F/E wE' - BH K- AE @t

2

Selection of macrocyclic peptides against SARS-CoV2 spike protein from Tyr, Trp, Pro-rich
macrocyclic peptide library ('Graduate School of Engineering, Nagoya University, *Institute
of Nano-Life-Systems, Institutes of Innovation for Future Society, Nagoya University) O
Tomoshige Fujino,' Ryogo Sonoda,' Taiga Sumi,' Hiroshi Murakami'-?

In this work, we constructed a macrocyclic peptide library with a high content of Tyr, Trp,
and Pro residues by direct codon synthesis method". We focused on these three amino acids
because Tyr is rich in the complementarity determining region (CDR) of mammalian IgG?, Trp
is rich in the peptide binders selected in previous studies, and Pro is expected to contribute to
a rigid structure of macrocyclic peptides. From this library, we successfully selected peptides
that bind to the receptor-binding domain (RBD) of spike proteins of six strains of SARS-CoV2
(the original Wuhan strain, a, B, v, 6, and k variants) using TRAP—display3). We also obtained a
peptide that inhibits the interaction between RBD (the original, a, B, and y variants) and human
angiotensin-converting enzyme 2 (ACE2), which serves as the cellular receptor for SARS-
CoV2 infection.

Keywords : Directed evolution; Peptide library;, SARS-CoV?2

A TIE, = R | DO LT HBERAFIHT 2T, &7 /%
DR A4 L, Tyr, Trp, Pro D HEBEE DS WBRIRSTFF RT3 4 75 U ZREE LT,
Tyr (X, "HFLIEOPUER CDR ICBWTHBBHE R @2 & D) Trp 1d, WEICHE S
T2EBRIRAT T ROESFOHBBHEEN M- T2 Z b HFEE EiF, &5, Pro
ITERIRART T ROREREEIRICEN THD EE 2T, ZOT7A4A 77 Vs, #1k
ST LN FETH D TRAP #2REEFIH L P, SARS a0 A LR 2 DAL 6
(PR, o, By y. 8. kHK) DAL T BRI EAZEEES R A A 2 (RBD) & FET)
EL, ZHCHREAT DRI T ROBIREZHA AT, ZO/RER, £ TOZEEK RBD
RS T ORIRTF FERUGT 562 LTS Lc, 512, R, o, B, y £D RBD
WX LTI, B DBRICZ /R E LTEIK, v N7 U7 v U EHEESR 2 (ACE2)
EOREREIETHZEDTEDLXTF RIZHONTH BRI LTz,

Tyr, Trp : 15%, Pro :10%
Other amino acids : 3.75%
(except Cys, Stop)
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mRNA library Macrocyclic peptide library

1) B. Virnekis et.al., Nucleic Acids Res. 1994, 22(25), 5600. 2) M. Zemlin et.al., J. Mol. Biol. 2003,
334(4), 733. 3) T. Ishizawa et.al., J. Am. Chem. Soc. 2013, 135(14), 5433.
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Preparation of super-catalytic antibody against the conserved region of influenza virus
hemagglutinin molecule and the biochemical features (‘Research Promotion Institute, Qita

University,? Graduate School of Engineering, Oita University, *Nanotechnology Laboratory,
ISIT)) OEmi Hifumi,' Tamami Nonaka,' Ayuka Tanaka,’ Taizo Uda®

Hemagglutinin molecule of influenza virus is essential for viral infection. The frequent
mutations occurred in this molecule have made numerous subtypes of influenza virus, and the
vaccination inoculated every year is necessarily. In this study, in order to solve this problem,
we developed a new method to make the super-catalytic antibody targeting the conserved
region of the hemagglutinin molecule, in whose region the mutation hardly takes place. By
mutating a part of the light chain of InfA-15 mAb, we could produce the effective super-
catalytic antibody to suppress the infection of influenza virus in vitro. The chemical and
biochemical features investigated in this study will be reported in detail.

Keywords : Catalytic antibody, Influenza virus, Hemagglutinin

[B0] A TN F T AN A e~ T NF =53 T-(HA 53 FHIE T A L Z DR
VHTHD, —KIZ, 2O TICHBEICERNAL DI 7NV P UL LR
(Flu virus)IZIZZHOHERDBFE L, 222, HFEOTV 7 FUHERLRERS IATH
%o AWFZETIE, ZORBEZRRT D7D, EORID T A L AT b XHTE DU
BT H72DIC HA 55 F ORIFEIR AR LI A= "—FiRRERE 2 FRS 5 F
BRI L. T OLRA R O LZIME 2 35RO THET 5,

[ FEBRTFE] BriRi g~ 28 38 A 121X KOD-Plus-Mutagenesis Kit (TOYOBO) Z H\ 7=,
FERIETE XTI O A IS E Arg-pNAR-pNA), BLORFRNZ/ERL 72 FRET-InfA ~7'5
K% TRl L 72, Flu virus (259 2 @Y INHEER 1T HINT B o o1 L 2 % HuC
MDCK a2 % S 5 Plaque assay &17> 72,

[R5 & B 2] 5139 CTlC HA 20 T ORFHEI< 7T F(GMVDGWYG)IZXIT %
~ 7 AR ) 7 v —F UHUR(InfA-3, -6, -9, -10, -15, -18mAb)Z EUG L T\ 5 D, Zd
HC InfA-15 HUIRIE Flu virus O HI(AAA VA H3 (F#AD . BELOVHS B (R Y
) LD HAIZHNT 2HBEH 25U TH D, Lo LA b, InfA-15 Huikds &
O ORSIIHUR DG Z A L TR 53, Fluvirus [2xHd 2 B MHIRE T &< A D
N7ginotz, EZAN, BEESNLH LEPURICERE AIEIZLD 2 | InfA-15 1E0
BEDOPURR BT BEFIERE 2 T 5975 2 & D3k, HA (RIFEFEIAS 7 F FIZH4 54
fEBESP Flu virus (ZXF9 DTk 2 BQMfilRE 21 532 Z S ITiEh Lz, ZHUdE
FLNZ N SARS-CoV-2 DFRYLTBHIZ bR OFHT & L Tk S,

1) E. Hifumi et al., J. Biosci. Bioeng.,109(6), 598-608(2010). 2) E. Hifumi et al., Science Advances,
6(13), eaay6441(2020).
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Improvement of neutralizing activity of monobody against SARS-CoV-2 by affinity maturation

(‘Graduate School of Engineering, Nagoya University, *Department of Infectious Diseases and
Immunology, Clinical Research Center, National Hospital Organization Nagoya Medical
Center, *Division of Basic Medicine, Graduate School of Medicine, Nagoya University,

*Institute of Nano-Life-Systems, Institutes of Innovation for Future Society, Nagoya University)

OTaishi Kondo', Kazuhiro Matsuoka?, Tomoshige Fujino', Shun Umemoto', Gosuke Hayashi',
Yasumasa Iwatani**, Hiroshi Murakami'*

We report affinity maturation of monobodies against the RBD of SARS-CoV-2 and the
neutralization activity against SARS-CoV-2 wild-type as well as variants of concerns. We
selected matured monobodies from multiple-site saturation libraries by using the in vitro
selection method, the TRAP display. One of the clones showed high affinity (Kp < 0.01 nM)
against the RBD of SARS-CoV-2. Furthermore, the monobody C4-AM?2 efficiently neutralized
wild-type SARS-CoV-2 (ICso = 46 pM, 0.62 ng/ml) as well as the Alfa (/Cso = 1.0 ng/ml), the
Beta (/Cso = 7.2 ng/ml), and the Gamma (/Cso= 7.4 ng/ml) variants infection to the host cells.
Keywords : Directed Evolution, Neutralizing antibody; SARS-CoV-2; Antibody-like proteins

42 1% 10 kDa F2F£ & /N Sy Monobody A THUAE#% % VT TRAP 2~k K-
T ANRA 7 Z ™I LT RO BRI A2 7> 7 Fi5H D Monobody % 4 H fH] T
RITDZEITRILTWD D, ZOFD 7 v—r C4 1Tz A 72 PR E ¢
SARS-CoV-2 (Z%F L C IC50 = 6.6 nM & 58\ FniEMEE /R L7z,

T, CADHFFIEEOR B2 B LT, BAIMERA AT/ >7-, C4 D BC, FG
N—TD 5,6 FelAET A IMELIZ mRNA T4 7T VB L, AL 7 HZ XY
B LT Ly v a r&2iTiol-, TOME, %5475 ) THEEIENE M- T2
BoslZ& 72 C4-AMI T, fREEESY Kp=0.11nM 59 9 f£12m B L7, 512,
IS RGFESN TV ZEE L, EOMOEHSE T X M LTz 747 F
UZEREEL, VB LWERETRIRZIT o7, TORE., /55107 C4-AM2 1L, fiF
BEEEC10pM LA R & 720 | HFIEME S ICso = 46 pM, 0.62 ng/ml, BRI THT LT 7
1.0 ng/ml, ~X—%# 72ng/ml, H >~ 74ng/ml, 7 /L% 80ng/ml & KigiZm L7,

Lib3  Multisite Saturation Mutagenesis

Lib2

Lib1 \ BC loop FG loop
§Lib4 ca PSSRYEHYQF WTGDVEWYWLVN . ol o ICop (NM)
C4 Lib1 XXXXXEHYQF WTGDVPWYWLVN oop °op Ko (M) T T Beta |Gamma| Delta

| C4Lib2 PSSRYXXXXX WIGDVEWYWLVN | o, |pSRYEHYQFWTGOVPWYWLVN 096 | 66 | ND. | ND. | ND.
,  C4Lib3 PSSRYEHYQF XXXXXXWYWLVN

C4 Lib4 PSSRYEHYQF WTGDVPXXXXxX |C4AM2 PRGGPADYQWMTGKVPWYWSAN <0.01 | 0.046 | 0.54 | 0.55 | 0.59

Monobody X:Random amino acids N.D. : Not detected

1) Kondo, T., et al, Sci. Adv. 2020, 6 (42), eabd3916.
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Activity regulation for adenylate kinase through conformational change trapping with antibody
proteins ('Division od Materials Science, Nara Institute of Science and Technology,
*Department of Biomolecular Chemistry, Kyoto Prefectural University) Ibuki Nakamura,'

Hiroshi Amesaka,” Kento Yonezawa,' Hironari Kamikubo,! Shun-ichi Tanaka,> O Takashi
Matsuo'

Conformational trapping for biomacromolecules is a promising strategy of the function
regulation for enzymes with large conformational changes. Accordingly, we attempted to
regulate the activity of adenylate kinase (Adk), a phosphoryl transfer-mediating enzyme
between ATP/ADP/AMP with the conformational interconversion of OPEN/CLOSED form,
using low-molecular-weight antibody mimetics (“monobodies”) that recognize each
conformation of Adk. Monobodies binding specifically to the OPEN form of Adk were found
to decrease the Adk catalytic activity. Small angle X-ray scattering spectroscopic analysis for
one of the monobodies complexed with Adk displayed the complexation fashion at the hinge
part of Adk, not at its active site. The result indicates that the conformation trapping strategy is
applicable for the enzymatic activity regulation without direct influences to the active site of
the targeted enzyme.

Keywords : Antibody, Conformational change trapping; Adenylate kinase; Function
regulation; Small-angle X-ray scattering

BEREFEFRIG 1T R X S b 2 E 9 2 v X7 BTk LT, FOMES R sY 5
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(Adk) #EFLHlE LT, Adk @ OPEN/CLOSED ##i&Z 2 % K BAIZ385k L.
E b7 a7 aRx I FUoEAT I RAAL V2D TEBICOLOEDTHKRI AT v 7
(£ RT 1) ZfR L. Adk OFEMERIE, Ad—T / RT 1 EAEROREEZEAM % 57
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A ZA4 77V, CLOSED BUZFEAT 2 D% 1 fiE (CL-1), OPEN ZZHEAT
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BN oTz, EHIT, OP-4 1225\ T, X HUNMIRGEL T Adk & OB A IRKE S % fifdT
L7z& 2 A, OP-4 1T, BENBIMT 2 e v PHAITHEE LTWD &) fE RS
iz, DFE 0, FHERAA TIX/2 <, BRREO b VA~ OB E) TRESETEMEIC
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A rapid, convenient, and highly sensitive electrochemical detection
of human hemoglobin in serum using a high-affinity bivalent
antibody-enzyme complex

(*Graduate School of Engineering, Tokyo University of Agriculture and Technology, *Joint
Department of Biomedical Engineering, The University of North Carolina at Chapel Hill and
North Carolina State University) ODaimei Miura', Hayato Kimura ', Wakako Tsugawa', Koji
Sode?, Kazunori Ikebukuro!, Ryutaro Asano!

Keywords: Antibody-enzyme complex, Immunosensor, Catcher/Tag reaction, Glucose
dehydrogenase, Anti-hemoglobin single-chain antibody

Glucose

. (A) Antibody-enzyme P (B)

Antibody-enzyme complexes comer (R0 _ES = 800
(AECs) are ideal sensing elements %ﬁ.\ =
for immunosensors due to their - | 2
bifunctionality. We have recently
established a convenient, universal,
and homogeneous preparation
method of a bivalent AEC using
Catcher/Tag system'. EGFR, one of
cancer marker, was successfully
detected using the AEC as a sensing
element, but its sensitivity was not meet clinically required range®. The bivalent AEC could not
exert avidity effects for EGFR with monomeric structure at lower target concentration. Here,
we hypothesized that higher sensitivity can be achieved for multimeric target. Human
hemoglobin (Hb) has tetrameric structure and is a biomarker for hematologic diseases. An
extremely low level of Hb in blood immediately leads to hypoxia. Thus, rapid, convenient, and
sensitive Hb detection is highly required.

In this research, a bivalent AEC composed of two anti-Hb single-chain antibodies (scFvs)
and a glucose dehydrogenase was prepared using Catcher/Tag system, and applied to wash-
free and electrochemical immunosensor. The bivalent AEC retained high enzymatic activity
even after AEC formation. Whereas, an affinity to Hb of the bivalent AEC (Kp = 4.3 nM) was
remarkably improved compared to scFv itself (13 nM) as we expected. This is due to synergic
effect of the bivalency of AEC and the multimeric structure of Hb. Using the bivalent AEC
combined with a magnet and magnetic beads, we tried to detect Hb in diluted human serum
(Fig.). As aresult, Hb-dependent current increase was observed within 25 min of manipulation
time. The linear range was 0.97-28 g/dL, which completely covered clinically required range.
Hemolysis reagents are often used for pre-treatment of Hb detection and can be considered as
contaminants on electrochemical detection, however, in our system there were no influences of
the hemolysis reagents. These results strongly suggested that we successfully developed a
novel Hb detection system and it can be applied to detection of other multimeric biomarkers.

Hemoglobin
(Hb)

0 100 200 300
Hb in human serum (nM)

Fig. (A) A schematic illustration of wash-free Hb detection
system. (B) Hb detection in human serum.

1) H. Kimura, R. Asano, N. Tsukamoto, W. Tsugawa, K. Sode, Anal. Chem., 2018, 90, 14500. 2) H.
Kimura, D. Miura, W. Tsugawa, K. Ikebukuro, K. Sode, R. Asano, Biosens. Bioelectron., 2021, 175,
112885. (3) D. Miura, H. Kimura, W. Tsugawa, K. Ikebukuro, K. Sode, R. Asano, Talanta, 2021, 234,
122638.
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Thiazolidine ring-opening by 2-aminobenzamide-based
formaldehyde scavengers for one-pot multiple peptide ligation

(‘Graduate School of Engineering, Nagoya University, *Institute of Nano-Life-Systems, Nagoya
University, >Graduate School of Engineering, The University of Tokyo, *Research Center for
Advanced Science and Technology, The University of Tokyo) O Koki Nakatsu', Hiroshi
Murakami'?, Gosuke Hayashi', Akimitsu Okamoto™*

Keywords: Chemical Protein Synthesis; Native Chemical Ligation; Thiazolidine; 2-
aminobenzamide; One-pot peptide ligation

In chemical protein synthesis, native
(a) Prewous work HS

chemical ligation (NCL)' is a promising strategy < . _Nove —
to ligate two unprotected peptide segments pH ~4 HoN [0
between an N-terminal cysteinyl peptide and a Thz °
C-terminal peptide thioester. For multiple  Sidereaction 0O - o
i ont i ity '/?ZN'OMe — I oMe
peptide segment condensation, the reactivity of X SR ——> ; N

the N- or C-terminus of internal segments should thioester unreaciive

be controlled appropriately to avoid self-ligation ® This werk

and cyclization. For this purpose, 1,3- W - W
. 40 He
Z

thiazolidine-4-carbonyl (Thz) was employed as oo o O,

a precursor of reactive Cys residue in many

|
. . MeO ,N
previous reports. Thz ring opens when \du ~ Meo\©\)LN.N\
L. o .. "
H

methoxyamine is added at acidic condition.’ avper T2
However, due to its high nucleophilicity, Low nuclophilicity
methoxyamine attacks thioester moieties and Figure 1. (a) Thz deprotection by methoxyamine.
produces a methoxyamine adduct during NCL (b) Thz deprotection by AMDBH.

(Figure 1a).

In this presentation, we will report a new Thz ring-opening method using 2-
aminobenzamide-type formaldehyde scavengers. These scavengers have a weak nucleophile
moiety at the o-position of the amine group, and after imine formation with aldehyde, a ring-
closing reaction occurs and stable products is produced.® After screening some derivatives, we
found that 2-amino-5-methoxy-N',N'-dimethylbenzohydrazide (AMDBH) efficiently
scavenged formaldehyde and converted Thz to Cys in NCL buffer (pH4.0) (Figure 1b). Due to
the lower nucleophilicity of AMDBH, this scavenger did not affect thioester and ligation
reaction at pH~7. Using ADMBH-mediated Thz ring-opening, we developed a one-pot four
segments peptide ligation method. We applied this method to the chemical synthesis of

monoubiquitinated histone H2A.Z (209 amino acids, 23 kD).

1) P. E. Dawson, T. W. Muir, 1. Clark-Lewis, S. B. Kent, Science 1994, 266, 776-779. 2) D. Bang, S. B.
H. Kent, Angew. Chem. Int. Ed Engl. 2004, 43, 2534-2538. 3) P. I. Kitov, D. F. Vinals, S. Ng, K. F.
Tjhung, R. Derda, J. Am. Chem. Soc. 2014, 136, 8149-8152.
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Ribosomal synthesis of peptide libraries containing cyclic y-amino
acids for drug screening

(‘Graduate School of Science, The University of Tokyo) O Takashi Miura,' Takayuki
Katoh,' Hiroaki Suga'

Keywords: gamma amino acid; unnatural amino acid; macrocyclic peptide; translation;
drug discovery

v-Amino acids can induce unique secondary structures of peptides, such as Cis-helix,
Ciano-helix, and Cio-turn. ! y-amino acids are found in some natural bioactive peptides and
play important roles in their biological activities and proteolytic stability.”) Especially,
cyclic y**-amino acids (cyAA, Figure) are ideal building blocks that stabilize structures of
peptides, and thereby can improve binding affinity to target proteins due to their constrained
rigid conformations. Therefore, incorporation of cyAAs into a random peptide library and
its application to in vitro selection of active ligands would be powerful approach for
developing novel therapeutic peptides.

Recently, our group reported the ribosomal incorporation of cyAAs into nascent
peptide chains using a reconstituted translation system assisted by Flexizyme technology,
referred to as the Flexible In vitro Translation (FIT) system.”! Here we report the ribosomal
synthesis of macrocyclic peptide libraries containing two cyAAs, cis- and
trans-3-aminocyclobutane carboxylic acid by means of the FIT system, and its application
to an in vitro screening methodology, referred to as the Random nonstandard Peptides
Integrated Discovery (RaPID) system.¥ Consequently, we obtained inhibitor peptides
against interferon-gamma receptor 1 (IFNGR1) that showed strong binding affinity and
inhibitory activity with low nM Kp and ICso values. Moreover, the peptides containing
cYAA exhibited up to 27-fold longer half-lives in human serum than their
alanine-substituted mutants.

O O
H2N——<>—« HQN—<>.---H/<
OH OH
cis-3-aminocyclobutane trans-3-aminocyclobutane
carboxylic acid carboxylic acid

Figure Cyclic y-amino acids used in this study

[1] Hintermann, T., Gademann, K., Jaun, B., Seebach, D., Helv. Chim. Acta 1998, 81, 983.
[2] Frackenpohl, J., Arvidsson, P.I., Schreiber, J.V., Seebach, D., Chembiochem, 2001, 2,
445,

[3] Katoh, T.; Suga, H. J. Am. Chem. Soc. 2020, 142, 4965.

[4] Yamagishi, Y.; Shoji, I.; Miyagawa, S.; Kawakami, T.; Katoh, T.; Goto, Y.; Suga, H.
Chem. Biol. 2011, 18, 1562.
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A chemi-genetic Ca®* indicator based on a synthetic chelator and
a fluorescent protein

(‘Graduate School of Science, The University of Tokyo, *Department of Chemistry, The
University of Alberta)

OWenchao Zhu', Takuya Terai', Yusuke Nasu', Robert E. Campbelll’2

Keywords: Fluorescence sensor, Calcium ion imaging, Protein chemistry, HaloTag

Metal ions (e.g., Ca’®", Na") are crucial for cell signaling. For example, the Ca*
concentration inside cells controls various processes, such as the release of
neurotransmitters and muscle contraction. Fluorescent indicators are widely used for
dynamic imaging of biological systems to understand their detailed mechanisms. The main
classes of indicators are small molecule-based' and protein-based” indicators. A small
molecule sensor consists of a synthetic fluorophore and a recognition motif, and a
protein-based biosensor is made of a fluorescent protein (FP) and an ion-binding protein.
Relative to small molecule-based indicators, protein-based indicators are inherently
biological compatible and can be expressed with specific localization in cells or tissues.
However, since protein-based biosensors rely on the ion-binding proteins, for ions for which
suitable binding proteins have not been discovered (e.g., Mg, Na"), the development of a
biosensor is impossible.

To combine the advantages of synthetic molecules and proteins in a single indicator,
we conceived a new indicator design based on integrating a synthetic chelator and a FP. In
this work, we set out to construct a Ca®" indicator based on a combination of green FP
(GFP), a self-labeling protein (HaloTag) which can covalently bind with a chloroalkane
ligand, and a Ca*" chelator BAPTA (1,2-bis(o-aminophenoxy) ethane-N,N,N,N -tetraacetic
acid) (Fig. 1). After combining ten types of BAPTA ligands and 32 types of GFP-HaloTag
proteins, we eventually identified a prototype sensor with a 1.4-fold fluorescence change.
We then performed many rounds of rational and random optimization to reach the final
variant with a 10-fold fluorescence increase upon binding to Ca®>". We demonstrated that
this sensor is applicable to cell-based imaging experiments.

We hope our work serves as the archetype for a new class of chemi-genetic indicator
with ion- or molecular-specificities that have not yet been realized with fully protein-based

biosensors.
+ Ca?
a0 < G0 ca
HaloTa
GFP — Ca2+
BAPTA

Fig 1. Schematic illustration of the chemi-genetic Ca”" indicator developed in this work.
1) Curr. Opin. Chem. Biol. 2008, 12, 515. 2) Nat. Methods. 2019, 16, 649.
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Development of Split-Luciferase Probes for Monitoring Endogenous
RNAs in Living Cells

(Department of Chemistry, School of Science, The University of Tokyo)
OEguchi, Masatoshi; Yoshimura, Hideaki; Yoshibumi, Ueda; Ozawa, Takeaki

Keywords: Luminescent imaging, Single cell analysis, Protein engineering

Gene expression plays essential roles in physiological and pathophysiological phenomena.
Gene expression patterns upon external stimuli cause phenotypic changes such as cancer,
differentiation, and pluripotency. Temporal gene expression alteration includes important clues
for comprehension of the mechanisms in the phenotypic changes. In addition to the temporal
properties, the intracellular localization of RNAs plays essential roles in inducing the
physiological phenomena. Bioimaging approach in live cells for the RNAs will be useful to
provide information on the time course and intracellular localization of target molecules for
elucidating mechanisms of the physiological phenomena. A new analysis and imaging
technology in living cells are required to reveal the temporal changes in RNA abundance in
living cells. In this study, we aim to develop probes for temporal monitoring of a specific RNA
as the target gene expression product in single living cells by luminescence observation. We
developed a luminescence-based RNA probe which consists of two fusion proteins with each
different domain; One is an RNA recognition domain that binds to a specific RNA sequence,
and the other is a split luciferase domain. The probe emits a luminescence signal through
luciferase reconstitution by responding to the presence of target RNAs.

Firstly, to assess the reversible reaction of the probe to target RNAs, we monitored
luminescence of purified probe solution. The luminescence of the probe was weak in the
absence of the target RNA. Upon addition of the RNA, the luminescence intensity increased,
and following RNase treatment of the sample decreased the luminescence. Thus, the probe
worked reversibly upon addition and digestion of target RNA. The time lapse luminescence
images of living cells expressing the probes and target RNA were acquired under a
luminescence microscope. The time-lapse luminescence images of probe-expressing cells were
acquired under a luminescence microscope. The sample cells express the fluorescence protein
gene fused with the target RNA sequence so that the fluorescence protein works as an indicator
of the expression of the target RNA in these cells. The time-lapse images suggest the potential
of the probe to detect and quantify the target RNAs in single living cells. The luminescence
imaging of primary hippocampal neurons was also performed to detect endogenous RNA for
confirming the applicability to the detection of endogenous RNA in vivo. This result suggested
the ability of the present RNA probe to visualize subcellular localization and dynamics of the
target RNA separately from the protein produced by translation of the RNA in living cells.

These results totally suggest that the probes have potential to monitor target RNA
abundance in single living cells over time. In addition, the probe reversibly changed its
luminescence in response to an increase or decrease in the target RNA. It was able to monitor
the time course of gene expression using luminescence signals by this probe. These properties
of the RNA probe indicate that the RNA probe will provide a practical methodology for
visualization and quantification of RNAs to analyze time-course gene expression in living cells
to explore characteristic gene expression patterns for various physiological events.
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Synthesis of novel perfluoropolyethers using hexafluoropropylene

oxide

(‘Graduate School of Engineering,

Koyama,'! Midori Akiyama,'

Kimiaki Kashiwagi,’

The University of Tokyo, AGC Inc.) O Minoru
Kyoko Nozaki,! Takashi Okazoe'?

Keywords: Fluorine; Epoxide; Fluorinated polymer; Perfluoropolyether

Organofluorine compounds have

unique properties, and fluorinated polymers show

significantly different physical properties from other polymers. Therefore, fluorinated
polymers have received considerable attention in material chemistry.
In this study, the synthesis of a CFs-rich perfluoropolyether (PFPE) has been achieved

via the fluoride-catalyzed

reaction of hexafluoropropylene oxide (HFPO) with

(trifluoromethyl)trimethylsilane (TMSCF3) (Scheme 1). Repetition of the sequence afforded

a new PFPE as a solid, whose
structure was confirmed using °F
NMR spectroscopy and GC-MS
analysis. Thermal analysis and X-ray
diffraction analysis revealed its
crystalline character. To the best of
our knowledge, this is the first
example of crystalline PFPE. From
contact angle measurements, the
critical surface tension of this solid
PFPE was determined to be 13.4 mN
m%; this value demonstrated the
higher water- and oil-repellency of
the CFs-rich PFPE compared to that
of PTFE (18.5 mN m™?).1

A plausible reaction mechanism
is shown in Scheme 2. Nucleophilic
addition of a CFs; anion to HFPO
affords an acyl fluoride B via the
ring-opening of HFPO followed by
fluoride elimination. Further addition
of CF3 anions to the acyl fluoride B
gives tertiary perfluoroalkoxide D,
which attacks HFPO to regenerate an
acyl fluoride.

1) H. W. Fox, W. A. Zisman, J. Colloid Sci.
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Excess HFPO (1 atm)
CsF 2 mol%

tetraglyme 2 mol% / F CF3

TMSCF, Fc—H——f-0 OMe
m-(CF3)CeHa 1.5 mL \

10 mmol rt., 3.5 h; then CF3CFs CF3

MeOH 1 mL, 0.5 h DP, = 8.5, M, = 2.0x103, PDI = 1.1
v Crystalline PFPE

Scheme 1. The synthesis of a CF3-rich PFPE

TMSCF; TMSF
lnmatlon
Fa @ [M]
HFPO
M F
TMSCF;

@ M]

CF3

Elongation cycle
TMSF

\ /M] -

[M] CF3~ CF3 M]F

M]: K*, Cs*

TMSF TMSCF;

Scheme 2. Proposed reaction mechanism

1950, 6, 514-531.
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(RRBE L) OFg #4532 ' - A AA7 ' - Marta Ximenis' - % 1552 ' - A 550
Synthesis of unimolecularly-thick polyelectrolyte networks using MOF templates (' Graduate
School of Engineering, The University of Tokyo) O Ami Saito,' Yuki Hayashi,’ Marta
Ximenis,' Nobuhiko Hosono', Takashi Uemura'

Two-dimensional (2D) polymer possesses an anisotropic network topology, which is
expected to show unique properties based on the specific morphology. We have developed the
synthetic method for unimolecular-thick 2D polymer networks using nanosized slits of a
metal-organic framework". In this work, we performed the synthesis of 2D poly(methyl
methacrylic acid) (PMAA) networks by polymerization of methyl methacrylate (MMA) and
crosslinker in the MOF slits with 0.8-nm width, followed by MOF removal and hydrolysis
(see Figure). The compound with the larger amount of polyanion (methyl methacrylic acid)
composition shows the higher glass transition temperature. In the aqueous solution, the pH-
responsive change of the particle size was observed.

Keywords: Two-dimensional polymer; Metal-Organic frameworks, Polyelectrolyte.

2 Wotmm L, FEIRIDEN >Tery NU—I#iEL L, 2O hARnv—E&
I DR DOESIRE S F L ITE R 2MMEORB B HF I TWD, A2 Hid,
ZAMES B SR (MOF) AU » MIKHIALAZ ST & LT, B TIED 2 RILE D17
v NU— 7 AT 5 FEEZRBELTWD D RFSETIEL, 0.8 nm TEOMMFLANICE
J ==L LTAZ 7 VIVERATF IV (MMA) &R MEAIZ A L THEG 217 - 12 #RIC,
MOF /B H D L, kDT 22 T2WReAR I T =4 %y hU—7 25/ L
72 (F), MAKDEFREZFIECTE, RN T =AU (A ¥ 7 U VEEFAER) DK E W
{EEWEEBMNT T AEB R EZR LTz, £72, KEKRF T, 2 KRRV 7=
X v MU —27 ORiF-H A R pH BN R STz,

MOF removal,
m hydrolysis & / m n_
A ——— 00+
‘ﬂ:'ﬁ’l — > > o ? Na
‘ Unimolecular-thick

MOF>Polymer 2D polyanion network

Figure. Synthesis of unimolecular-thick 2D PMAA (polyanion) and the aqueous solution
showing a Tyndall effect.

1) N. Hosono, S. Mochizuki, Y. Hayashi and T. Uemura, Nat. Commun. 2020, 11, 3573.
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Self-Assembling Behavior and Negative Non-Linear Dependence
of Hydrogen-Bonded Tris(phenylisoxazolyl)benzene Dimers

(Graduate School of Advanced Science and Engineering, Hiroshima University) O Yudai Ono,
Takehiro Hirao, Takeharu Haino
Keywords: Self-Assembly; Chirality; Circular Dichroism

Ureido-pyrimidinone (UPy) motif forms a quadruple hydrogen-bonded dimeric pair with
a dimerization association constant of Kgim > 1.0 x 107 L mol™." Our group reported that
tris(phenylisoxazolyl)benzene derivatives with chiral side chains were stacked in a columnar
fashion to form one-handed helical supramolecular polymers.” Here, we report the self-
assembly behavior of UPy-appended tris(phenylisoxazolyl)benzene (S)- and (R)-1 in a mixture
of CHCls/methylcyclohexane (MCH) (Figure 1a). When the content of MCH was increased to
60%, a strong CD signal with a dissymmetry factor ga»s of 0.027 was observed (Figure 1b). On
the other hand, no CD signal was observed in the pure CHCI; solutions of (S)-1.

o] N 5% Vo
(a) HN‘(/N:§ ) \(b)
HN—( " HN—Y 4 = D
‘e tg : X 2007 4/6 (VIv)
: gl /
Dimerization w.¥  Self-Assembly £, =
— T = -
Q’ m—wo-\/
&
948 200
(S)1 R= z/\)\/oi)\ \:\\ 250 00 35 400
(R)_1 R= ‘z,/\/;\/\)\ € 1 dimer Wavelength / nm

Figure 1. (a) Cartoon representation of the formation of helically twisted supramolecular polymer consisting of 1.
Inserted AFM image was spin-coated film of (S)-1 on mica prepared from its CHCIs solution. (b) CD spectra of (S)-1 in

CHCI3/MCH. The red, black, green, blue, dotted, and broken lines denote the spectra of (S)-1 recorded in CHCls/MCH
(v/v) =10/0, 8/2, 6/4, 4/6, 2/8, and 0/10, respectively. [(S)-1] = 1.0 x 10*mol L.

The CD spectra were measured when varying the  10f K
enantiomeric excesses (ee) for (S)- and (R)-1 mixtures in | ) . P ’
CHCI:/MCH (4/6, v/v). The plot of the net helicity against the ee 2 N e
showed negative non-linear dependence at the concentration of % 0 . ?/’({ b
1.0 x 10* mol L™ (Figure 2). We will give a presentation about “os] ° )
the detailed discussion on the self-assembly behavior and _‘/ 2 |
negative non-linear dependence of (S)- and (R)-1 mixtures. ~foo 60 0 50 100

Enantiomeric excess

Figure 2. Plot of the net
1) F. H. Beijer, R. P. Sijbesma, H. Kooijman, A. L. Spek and E. helicity at (closed circle) 280
W. Meijer, J. Am. Chem. Soc., 1998, 120, 6761-6769. mn _ami (%I;en Clrcle% 320 o
agains (5] 0ol mixe
2) M. Tanaka, T. Ikeda, J. Mack, N. Kobayashi, T. Haino, J. Org. mgonomer of ( Se)? and ( R)-)l(.

Chem., 2011, 76, 5082-5091.

© The Chemical Society of Japan - C202-1pm-03 -



C202-1 pm-04 The 102nd CSJ Annual Meeting

Vinyl polymers degradable through main chain scission by
retro-aldol reaction over the backbone and pendants

(*Faculty of Textile Science and Technology, Shinshu University, “Research Initiative for
Supra-Materials (RISM), Shinshu University, *Institute for Chemical Technology and
Polymer Chemistry (ITCP), Karlsruhe Institute of Technology) (O Akane Kazama,* Patrick
Théato,® Yasuhiro Kohsaka'-?

Keywords: retro-aldol reaction, vinyl acetate, N-phenyl maleimide, main chain scission,
B-keto alcohol

Retro-aldol reaction (Scheme A), A)

proceeding in a B-keto alcohol skeletons D{ < " R\io
(highlighted by light blue), is known as a o ” \‘\[rH
common tool for the cleavage of carbon- OH

carbon bond in organic synthetic  B-ketoalcohol skeleton
chemistry. We have envisioned that the
reaction is also effective for the
degradation of vinyl polymers through O=< N
main chain scission.

In order to incorporate B-keto alcohol Eh
. , 0 o
skeletons  covering  over  polymer Radical
backbone and pendants, the radical =~ —~2Peymerzaton \
copolymerization of an equimolar mixture O=<) )
of vinyl acetate (VAc) and N-phenyl
maleimide (PMI), a pair of electron-rich polymer 1
and electron poor monomer for the Ph
alternative sequence, was conducted o N o
(Scheme B). The polymer 1 had a NaOH "
—_— .- ——» degradation

number-averaged molar mass (M,) and OH .

dispersity of molar mass (P) of 5200 and
1.76, respectively, and the composition
was [VAC]/[PMI]=30/70. Thus, 1 was not Sche_rr_le A) Retro-aldol rezflctic_m under gcid
an ideal alternating copolymer. The condition. B) Copolyme_rlz_atlon of vinyl

. . acetate and N-phenyl maleimide.
hydrolysis of 1 with NaOH was
conducted; the degree of saponification of VVAc units was 87%, while the M, was decreased
to 1900 (b = 1.08). The obtained 2 was then treated with 3 equimolar of hydrochloride in a
cosolvent of water and dimethyl sulfoxide. The M.s of the polymer were gradually
decreased and reached 620 after 5 days, suggesting a possibility of the main chain scission
by retro-aldol reaction. Additional experiments to confirm the reaction mechanism is in
progress.

polymer 2
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Synthesis of n-Conjugated Organometallic Polymers Containing Fused
Titanacycle and Thiophene Units

(‘Graduate School of Materials and Chemical Technology, Tokyo Institute of Technology)
OAlvin Tanudjaja,' Ryoyu Hifumi,' Shinsuke Inagi,' and Ikuyoshi Tomita'
Keywords: n-conjugated polymers, fused ring, titanacycle, thiophene

n-Conjugated polymers possessing heteroles of transition metals would be potentially
attractive materials for optoelectronic applications on the basis of the d-electrons of the
transition ~ metals. We  have been working on the  synthesis of
titanacyclopentadiene-containing polymers by the reaction of aromatic diynes and a
low-valent titanium complex, which serve as useful synthetic precursors for m-conjugated
polymers containing heteroatoms.' Based on the advantages of fused heterole systems, we
have also reported the synthesis of m-conjugated polymers containing titanafluorene’ and
dithienotitanacyclopentadiene moieties.” Herein we describe the synthesis of polymers
containing both thiophene and fused titanacycles so as to obtain polymers with advanced
optoelectronic performances.

As monomers for the polycondensation processes, a 4,4’-dibromotitanafluorene
derivative (1) was prepared by the lithiation of 4,4’-dibromo-2,2’-diiodobiphenyl using
n-BuLi followed by the reaction with titanocene dichloride, while 5,5’-diido-bithiophene (2)
was prepared by the reaction of dithienotitanacyclopentadiene with N-iodosuccinimide. The
arylene dihalides possessing titanacycle moieties thus obtained (1 and 2) were subjected to
the Sonogashira-Hagihara polycondensation using 3-dodecyl-2,5-diethynylthiophene (3) in
the presence of a palladium catalyst to produce the corresponding polymers (4 and 5).
Unique optical and electronic properties of the resulting polymers will also be described.

ﬂ % PdCl, (5 mol %)
N |/ Xantphose (5 mol%)

Ti S Cul (8 mol %) \Ti/ s
X X + = = e — _
i\ /; iPr;NH/ THF o ° -— \ /
R 70°C, 48 h . . /‘—2 n
s : R
- = S
Ar= @ s @ R = Dodecy! Ar= @ i\ /7 R = Dodecyl
4 5

1 2

1) a) K. Atami, T. Kino, W. M. Zhou, H. Nishiyama, I. Tomita, Synth. Met. 2009, 159, 949;
b) H. Nishiyama, I. Tomita, Macromol. Chem. Phys. 2010, 20, 2248; ¢) Y. Matsumura,
M. Ueda, K. Fukuda, K. Fukui, I. Takase, H. Nishiyama, S. Inagi, I. Tomita, ACS Macro
Lett. 2015, 4, 124; d) Y. Matsumura, K. Fukuda, S. Inagi, . Tomita, Macromol. Rapid
Commun. 2015, 36, 660; ¢) Y. Matsumura, M. Ishidoshiro, Y. Irie, H. Imoto, K. Naka, K.
Tanaka, S. Inagi, 1. Tomita, Angew. Chem. Int. Ed. 2016, 55, 15040;

2) A. Tanudjaja, S. Inagi, F. Kitamura, T. Takata, I. Tomita, Dalton Trans. 2021, 50,
3037-3043.

3) A. Tanudjaja, R. Hifumi, S. Inagi, I. Tomita, Polymer 2022, 241, 124511.
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Improvement of Hydrolysis Resistance for PET by Copper
Catalyzed Decarboxylation of Terminal Carboxylic Acid

(! Toray Industries,Inc) OMasato Akahira,' Komatsu Hirokazu,! Koji Yamauchi,'
Keywords: polyester; copper catalyst; acid value; terminal carboxylic acid; hydrolysis

Polyester resin such as polyethylene terephthalate (PET) has high mechanical properties, a
high chemical stability and a high transparency, and also has a high cost performance.
Accordingly, the polyester resin is most widely used for fibers, bottles, films, sheets and

containers.
However, polyester resin has a fundamental issue for hydrolysis of an ester bonding.
Furthermore, a terminal acidic carboxyl group accelerates the hydrolysis of the ester bonding

because it acts as a catalyst.
Herein, we will report improvement of hydrolysis resistance for PET by copper catalyzed

decarboxylation of terminal carboxylic acid.

(PET) CO,

H cCu

Fig.1
Copper Catalyzed Decarboxylation of Terminal Carboxylic Acid.
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Improvement of Hydrolysis Resistance by using Copper Catalyzed Decarboxylation
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Synthesis of supramolecular polysulfide polymers using hydrogen bonds and coordination
bonds ('Graduate School of Science, Osaka University, > Innovative Catalysis Science
Division-Institute for Open and Transdisciplinary Research Initiatives, Osaka University)O
Yuichiro Kobayashi', Yuki Yamagishi', Akiyoshi Horiguchi', Daiki Kitano', Hiroyasu
Yamaguchi'*?

Establishing a method for synthesizing polymers from waste sulfur is highly desirable in
order to create a sustainable society because it leads to the development of alternative polymer
materials made from petroleum. In this paper, we report the preparation of a supramolecular
polysulfide polymer using hydrogen bonds and metal-ligand interactions. The supramolecular
polysulfide polymers was prepared by introducing 2-ureido-4[1H]pyrimidinone (UPy) or
bipyridine unit at both ends of linear sulfur and linking the UPys or bipyridine with Cu(Il),
respectively. The molecular weight of the supramolecular polysulfide polymer was higher than
polysulfide polymer obtained from conventional polymerization. In the case of metal-ligand
interactions, the addition of chelating agents and Cu(Il) controlled the decomposition and re-
formation of the supramolecular polysulfide polymer.

Keywords : Hydrogen bonds; Sulfur; Coordination bonds; Supramolecules; Polysulfide
polymer
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Carboxyl-substituted Poly(quinoxaline-2,3-diyl) for Quantification of a Small
Enantiomeric Imbalance of Chiral Amines by CD Spectroscopy in Water

(Graduate School of Engineering, Kyoto University) OTomonori Yamawaki, Takuma
Kuroda, Yuuya Nagata, Michinori Suginome

Keywords: Helical Chirality; Asymmetric Amplification; Chiral Discrimination; CD
Spectroscopy; Acid-base Interaction

Quantification of enantiomeric ratio of chiral compounds is an important basis in the
development of chiral science. Chromatography using a chiral stationary phase and NMR
measurement using a chiral shift reagent are widely employed as useful chiral quantification
methods. However, since these methods rely on quantification of the peak integration ratios
of enantiomer signals, it is difficult to evaluate small enantiomeric imbalance. To overcome
this problem, induced CD method using dynamic helical polymers has attracted much
attention since a small enantiomeric imbalance of chiral compounds can be detected as
amplified CD signals of polymers. Nevertheless, only limited helical polymers have been
applied for the highly sensitive chirality detection. Poly(quinoxaline-2,3-diyl)s (PQXs) are
known as helical polymers with long persistence length, which facilitates quantitative
evaluation of the chiral amplification effect.'? In this study, we investigated helical chirality
induction of achiral P(100) bearing carboxyl side chains, which leads to the quantification
of a small enantiomeric imbalance of chiral amines through acid-base interaction.

The helical chirality induction of achiral P(100) using (S)-1-phenylethylamine (PEA) with
varied ee (10 mM) was investigated by CD measurements in water (Fig. la). Kuhn
dissymmetry factor g.s (Ae/e) at 370.5 nm is plotted against the ee of (S)-PEA (Fig. 1b).
The gabs values of P(100) increased nonlinearly with the increase of the ee of PEA, enabling
the detection of extremely low optical purity (down to 0.1% ee). Notably, the observed gabs
values against PEA with low optical purity (<1% ee) can be approximated to a linear
relationship (Fig. 1b, inset). The CD spectrum of P(100) in aqueous solution of purchased
racemic PEA showed the induction of a left-handed helical structure (Fig. 1c¢). This result
suggests that the purchased lot of racemic PEA has a slight enantiomeric imbalance (0.6%

ce (S))' ee of (S)-PEA (%)
— 0 T T T T
=~ O 2% 40 e 8 1
b)8"0'5 0 02 06 10 C)~
= 2 06 1, T 02
NH2 s 04 (% ee) e
0" "CO,H e : =
0._CO.H E:—’I.S -0.2 § 0
& 01'559 ) 3 5 J” \w
P(100 0 ee 2 S
(100) S-25 5702
| (o)

320 380 (nm)

Fig. 1. a) The structure of P(100) and PEA. b) The relationship between ee of PEA and gus of P(100) at
370.5 nm. The inset shows linear approximation between ee and gus at the low ee range. ¢) The CD spectrum
of P(100) in aqueous solution of purchased racemic PEA. P(100); 0.09 mM as monomer unit, PEA; 10 mM.

1) Yamamoto, T.; Murakami, R.; Komatsu, S.; Suginome, M. J. Am. Chem. Soc. 2018, 140,
3867-3870.
2) Nagata, Y.; Takeda, R.; Suginome, M. ACS Cent. Sci. 2019, 5, 1235-1240.
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Construction of Donor-Acceptor Type Conjugated Polymers Based
on Pillar[5]arene Units

(*Grad. Sch. of Eng., Kyoto Univ., 2Kanazawa Univ., WPI-NanoLSI)
OKeisuke Wada,* Shunsuke Ohtani,! Kenichi Kato,* Shixin Fa,* Tomoki Ogoshi?
Keywords: Pillar[n]arene; Donor-Acceptor Type; Conjugated Polymers; Molecular
Recognition

Pillar[5]arenes are highly symmetrical macrocyclic molecules and can take up linear guest
molecules because of the formation of multiple CH/x interactions between C-H moieties and
electron-rich pillar[5]arene cavity (Fig. 1a). Besides, functional groups can be easily
introduced into pillar[n]arenes. Especially, only one unit of pillar[5]arenes can be selectively
functionalized. In Previous our studies, we synthesized conjugated polymers with
pillar[5]arenes as building blocks by coupling reactions. However they hardly responsed to
guest molecules in optical properties.?

In this study, we constructed new conjugated polymers, Bn-Polymer and Bt-polymer
(Fig. 1b). From the solvatochromism of emission bands and subsequently Lippert-Mataga
plots, it was revealed that Bn-Polymer has two emission modes, which are derived from local
excitation (LE fluorescence) and charge transfer fluorescence (CT fluorescence). These
polymers showed response to guest molecules due to inclusion of the guest molecules in the
pillar[5]arene cavities. In case of Bt-Polymer, fluorescence intensity was only increased
without large peak shift upon addition of 1,2-dicyanoethane. On the other hands, Bn-Polymer
showed mainly CT fluorescence before addition of 1,2-dicyanoethane. However, after the
addition of 1,2-dicyanoethane, CT derived emission decreased and LE derived emission
increased, resulting in color change upon the addition of guest molecules (Fig. 1c).
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Fig. 1. (a) Chemical structures of pillar[5]arenes and their host-guest properties. (b) Chemical
structures of Bn-Polymer and Bt-Polymer. (c) Fluorescence spectra of Bn-Polymer before (orange
line) after (blue line) addition of 1,2-dicyanoethane in CHCIs (0.01 mM, Aex= 330 nm)

1) T. Ogoshi, Y. Shimada, T. Akutsu, T. Yamagishi, Polymer, 2017, 128, 325.
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Synthesis of boratrane-pendant polymers and their specific properties changes through side

chain reactions (‘Faculty of Engineering, Kanagawa University) O Akira Takahashi,'
Masahiro Yamanishi,' Atsushi Kameyama'

Side chain topology is an important factor for polymer properties. Triethanolamine borate
(TEAB) is a boratrane compound possessing a tricyclic cage structure with an internal N-B
dative bond. TEAB is formed by borylation of triethanolamine (TEA) and recovers TEA by the
hydrolysis. While such huge structural conversion between TEAB and TEA is a promising
molecular tool for post-polymerization regulation of polymer properties, boratrane-containing
polymers have yet been explored over half century since its finding."?

To reveal the basic properties of boratrane-containing polymers and their changes along with
the structural conversion, we synthesized polymers bearing TEAB group as a representative
boratrane unit at the side chain. Several synthetic approaches to the targeted polymers were
examined, and some basic properties and reactivities of the obtained polymers with TEAB
and/or TEA at the side chains were investigated.”

Keywords : Boratrane, Triethanolamine borate ester, Hydrolysis
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1) ‘FHFRIE, Rfa 8, TN, A AE28E 1949, 69, 58.
2) H. C. Brown, E. A. Fletcher, J. Am. Chem. Soc. 1951, 73, 2808.
3) A. Takahashi, M. Yamanishi, A. Kameyama, Chem. Lett. 2021, 50, 1993.
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Increasing the Strength of Temperature-Responsive Polymer Gels ('Graduate School of
Science and Engineering, Yamagata University) (OKazunari Yoshida,' Naofumi Fujiwara'

Functional hydrogels have been widely studied, too date. Volume phase transition of
hydrogels has, in particular, been paid attention". Poly(N-isopyropylacrylamide) (PNIPAm)
gel was found to undergo a volume phase transition with temperature change, because the
PNIPAm polymer have a lower critical solution temperature (LCST)?. However, the PNIPAm
gel is brittle and has a possibility to change into microplastics. Hence, we focused on the high-
strength double network structure® and the eco-friendly and temperature-responsive cellulose
derivative having LCST.

In this study, we developed the temperature-responsive hydrogels composed of
hydroxypropyl cellulose (HPC) and N,N-Dimethylacrylamide (DMAAm). The compression
test showed that the maximum pressures of HPC/DMAAm double-network gels and HPC
single gels were 0.4 and 0.1 MPa, respectively. Furthermore, the weight of HPC/DMAAm
hydrogel was reduced from 1 (initial weight) to 0.7 with an increase in temperature from room
temperature to 76 C. We obtained volume changeable and high-strength hydrogel.

This work was partly supported by Z mechanism Technology Institute Co., Ltd. and JST A-
STEP Tryout JPMJTM20BB.

Keywords : Polymer Hydrogel,; Soft Matter,; Soft Actuator; Polysaccharide
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1) T. Tanaka, Phys. Rev. Lett. 1978, 40 820.

2) Y. Hirokawa and T. Tanaka, J. Chem. Phys. 1984, 81, 6379.
3) I P. Gong, Y. Katsuyama, T. Kurokawa, Y. Osada, Adv. Mater. 2003, 15, 1155-1158.
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Low-voltage-driven hydrogel actuator using hydrophobic
interaction between poly(ethylene glycol) and iodine

(‘Graduate School of Science, Department of Chemistry, The University of Tokyo)
OHongyao Zhou,' Teppei Yamada'
Keywords: hydrogel, soft actuator, supramolecular complex, redox reaction

Biological muscle responds to the electric stimuli emitted from the nerve cells, and the
voltage across the cell membrane is generated by opening/closing of numerous ion channels.
Here we present a supramolecular hydrogel actuator which can reversibly swell and shrink in
response to external voltage and electrochemical production of redox-active ions. The hydrogel
is composed of crosslinked polyethylene glycol (PEG), which selectively captures triiodide
anion (I;"). > When PEG hydrogel adsorbs 15, the hydrogel shrinks because of formation of
the hydrophobic PEG—-iodine complex, and water is released from the hydrogel (Figure 1a).

The hydrophobicity/hydrophilicity of the Is/I" redox pair can be reversibly switched by
applying a small external voltage (< 1 V). The volume and rheology of the hydrogel can be
controlled by applying an external current in sifu (Figure 1b). The storage modulus of the gel
decreased when I3~ was reduced to I anion (a softer gel), and the value increased again when
I” was oxidized back to Is” anion (a harder gel). Further, a force was produced from the hydrogel
when the hydrogel swells. PEG—iodine hydrogel actuator only requires a small voltage (0.5 V),
and the applications into biomimetic soft robots are highly anticipated.
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Figure 1. (a) Swelling/shrinking mechanism of PEG—iodine hydrogel actuator (b) In-situ
measurement of rheology of the hydrogel under electrochemical cycles at a constant current
(0.5 mA cm™). A force normal to the electrode was generated at the reduction (swelling) step.

1) Guttman D. E. and T. Higuchi, J. Amer. Pharm. Assoc., 1955, 44, 668. 2) C. F. Hiskey and
F. F. Cantwell, J. Pharm. Sci., 1966, 55, 166
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Functional design of polymeric materials based on movable
cross-links and application for strain-sensor

(‘Graduate School of Science, Osaka University, *Institute for Advanced Co-Creation
Studies, Osaka University,”PRC, Osaka University, OTRI, Osaka University *ISIR, Osaka
University, °Graduate School of Organic Material Engineering, Yamagata University,
"JASRI,) ORyohei Ikura,! Shunsuke Murayama,® Yuka Ikemoto,” Motofumi Osaki,'”
Hiroyasu Yamaguchi,'”* Akira Harada,” Go Matsuba,’ Yoshinori Takashima'*>*
Keywords: Cyclodextrin; Supramolecular elastomer; Host-guest interaction; Movable
cross-links; Polymer blending
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obtained by the bulk polymerization of ethyl PS(20)/PEA(80).
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modified polystyrene. In tensile tests, the polymer £ N e H - ';ifgj’;:,p
blend materials (PS(20)/PEA(80): comparison) R ‘L¥ 751 o
exhibited low toughness and heterogencous = = = R

Fig. 2. DSC curves of PS CD (20

domains on the order of 0.1 mm due to low 1)DPEA(79) and PS(20)/PEA(S0).

miscibility (Fig. 1). PS-CD (20, 1)SPEA (79)

showed a 170430 times increase in toughness and Se"°"‘°'e' Down!
1.6+0.3 times increase in the Young’s modulus of KBmCa"t;f;:“e%ﬁ /‘
PS(20)/PEA(80). PS-CD(20, 1)>PEA(79) were h» ‘ ﬁs"e'“'"*“

white elastomers without heterogeneous domains on ~ Fig- 3. Photographs of strain-sensor
the order of 0.1 mm. DSC measurements reveals three-phase structure: PEA, PS and a
mixed phase (Fig. 2). The PEA phase contributes to effective stress dispersion by the
movable cross-links on account of its low 7, and high mobility. The PS phase contributes
to a high Young’s modulus as a hard domain with a high 7; (~100 °C). The movable
cross-links connect the two phases and result in a mixed phase, enabling each phase to work
together. In addition, compositing Ketjenblack EC600JD® (carbon-filler) achieved high
electrical conductivity (7.5+£0.3 S/m) and high strain-sensitivity (gauge factor at 100% strain

= 120), enabling application for strain-sensor (Fig. 3).

1) R. Ikura, A. Harada, Y. Takashima, et. at. Macromolecules 2019, 52, 6953-6962.
2) R. Ikura, A. Harada, Y. Takashima, et. at. Polymer 2020, 196, 122465.
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Synthesis and Functions of Novel Reticular
Polymeric Nanomembranes Formed within Unconventional
Electric Double Layer

(‘Graduate School of Engineering, The University of Tokyo, *JST PRESTO, *RIKEN CEMS)
OYoshimitsu ITOH,'? Tengfei FU,' Pier-Luc CHAMPAGNE,' Takuzo AIDA'?

Keywords: Nanomembrane; Reticular structure; Electric double layer; Separation
membrane

An ultrathin free-standing sheets (<100 nm) known as nanomembranes (NMs) have a
large potential to carry extraordinary properties in optical, electronic, and separation
applications, which are inaccessible using bulk materials.'"> However, despite the
development of fabrication approaches such as mechanical or chemical exfoliation of 2D
crystals, layer-by-layer assembly, and interfacial methods, challenges remain in the
development of improved synthetic methods allowing efficient and low-cost access to NMs
of precise dimensions and high quality.

Here we report a new environmentally friendly polymerization method of exceptional
efficiency to prepare large, smooth, and defect-free NMs of tailorable thickness, which is
inspired by our previous study on a self-assembled monolayer which responds to a local pH
gradient generated by an applied potential on the electrode surface.” It simply requires
applying an external potential to an electrochemical cell containing monomers and water
alone for as little as 1 minute. The NM formed on the electrode surface was immediately
released upon its submersion in pure water, which is difficult to achieve for a NM formed
by conventional electropolymerization methods.  The resulting polymers possess
interconnected voids fostering a reticular framework with the highest Young’s Modulus
reported thus far for polymeric NMs. This porosity and unrivaled mechanical robustness
were brought to bear in the preparation of thin-film

Mechanically Strong
Reticular Nanomembrane

composite (TFC) membranes which permitted the
characterization of the porous structures by means
of nanofiltration, revealing pH-responsive effective
pores of ~1 nm capable of separating small organic
molecules based on charge and size.?

1) Jaksi¢, Z.; Matovic, J. Materials 2010, 3, 165.

2) Watanabe, H.; Vendamme, R.; Kunitake, T. Bull.
Chem. Soc. Jpn. 2007, 80, 433.

3) Submitted.
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Room-temperature Coalescence of Metal Nanoparticles by Ligand
Exchange with Tri-n-Octylphosphine Oxide and Subsequent
Dipping into an Organic Solvent Containing a Sintering Agent

(\Faculty of Systems Engineering, Wakayama University, *Osaka Research Institute of
Industrial Science and Technology) (O Soichiro Okada,! Yoshio Nakahara,! Mitsuru
Watanabe,? Toshiyuki Tamai,” Yasuyuki Kobayashi,” Setsuko Yajima!

Keywords: Metal Nanoparticle; Room-temperature Coalescence; Electrical Resistivity,
Catalytic Activity; Tri-n-octylphosphine Oxide

Room-temperature (RT) coalescence of metal nanoparticles (NPs) is the remarkable
technology in various fields such as flexible electronics and heterogeneous catalysts. In the RT
coalescence of NPs, the metal surface is normally capped by ligands with a long alkyl chain to
avoid their aggregation but the ligands must be effectively removed after the immobilization
of NPs on the substrate. In this study, the RT coalescence of metal (Ag, Pd) NPs (diameter: ~6
nm) prepared by ligand exchange with tri-n-octylphosphine oxide (TOPO) was conducted
using sintering agents, which promote the desorption of ligands from the metal surface.

The TOPO paste of Ag NPs was cast on the substrate (PET and glass) and they coalesced at
RT by dipping into methanol containing cetyltrimethylammonium chloride (CTAC) as a
sintering agent (Figure 1a). The resistivity of the obtained Ag thin film was 3.8 x 10 Q m. The
SEM image of the Ag thin film indicated that most of Ag NPs coalesced after the RT sintering
(Figure 1b). In addition, porous Pd structures were obtained from the TOPO paste of Pd NPs
by dipping into methanol containing KOH as a sintering agent. Their catalytic activities in the
Suzuki coupling reaction increased with the increase of the KOH concentration in the sintering
process (Figure 2).

(HORB S 3 moio pd
kom. aiors0 6. s
KOH, CH3OH 50°C,8h O O

¢

a) Metal NPs +

TOPO - Metal 100
6 Dipping Cthinfim 2
__(coalescence) Drying S 80 -
=3 —
PET or glass DC: 60 -
Methanol + 2
Sintering agent o 40 1
>
(CTAC, KOH) 5 20 50 mM KOH
o
0O ¥F—F——
01 2 3 4 5 6 7 8 9
Reaction Time / h
Figure 1. a) General procedure of RT coalescence and b) SEM Figure 2. Conversion ratio against reaction
image of the Ag thin film obtained by dipping into methanol time in the Suzuki reaction in the absence and
containing CTAC. presence of porous Pd structures prepared by

various KOH concentrations.
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Platinum-Group-Metal High-Entropy-Alloy Nanoparticles

('Graduate School of Science, Kyoto University) ODongshuang Wu,' Kohei Kusada,' Hiroshi
Kitagawa'

Keywords: High-entropy alloy; platinum-group metals;, nanoparticles; electrochemistry,
catalysis

The platinum group metals (PGMs) are six neighboring elements, i.e., ruthenium (Ru),
rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir) and platinum (Pt), in the periodic
table of the elements, which are crucial to our daily lives, from household items to industrial
catalysis. One in four of the goods manufactured today either contain PGMs or are produced
through processes promoted by PGM catalysts.! Each PGM can efficiently promote unique
reactions, and therefore, alloying PGMs would create ideal catalysts for complex or multi-step
reactions that involve several reactants and intermediates.

High-entropy alloys (HEAs), which are defined as at least five elements in near-
equiatomic concentrations (recently reported as 5-35 at.% for each constituent),” boost the
discovery of new materials and phenomena, especially in structural bulk materials. However,
the development of HEA nanoparticles (NPs) is limited by the synthetic method, which mainly
require special experimental apparatuses.’ Here, we report the first example of HEA NPs of all
six PGMs (denoted as PGM-HEA NPs) using a facile wet chemical synthesis (Figure A) and
demonstrate that PGM-HEA NPs efficiently promote the ethanol oxidation reaction (EOR)
with complex 12-electron/proton transfer processes. PGM-HEA NPs shows higher activity
than the commercial catalysts. Remarkably, PGM-HEA NPs record more than 1.5 times higher
mass activity than the most active catalyst to date. The valence band spectrum of HEA NPs is
featureless, which suggests a great variety of adsorption sites on their surfaces. Our findings
pave the way for promoting complex or multi-step reactions that are seldom realized by mono-
or bi-metallic catalysts.

Figure A. HAADF-STEM image of the PGM-HEA NPs and the corresponding EDX maps
using the L-line characteristic X-ray from each element.

1) Thermofisher homepage. https://www.thermofisher.com/blog/metals/platinum-group-metals-at-
work-industrial-applications/. 2) a) J. Yeh et al., Metall. Mater. Trans. A, 2004, 35, 2533. b) E. George
et al., Nat. Rev. Mater., 2019, 4, 515. 3) Y. Yao et al., Science 2018, 359, 1489.
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The effects of Hofmeister series for the aggregation of polyion complex particles composed of

polysaccharides ('Yokohama National University, *Mol processing) O Makoto Yamazaki,'
Makoto Yabe,? Kazutoshi Iijima'

Polysaccharide polyion complex (PIC) particles aggregated in salts solution. In this study,
the effects of the Hofmeister series, which is an ionic permutation of the precipitation-inducing
ability of polymers, on the aggregation behavior of PIC particles were investigated (Fig. 1). By
adding solutions of six kinds of salts (NaCl, NaBr, NaNOs, Nal, NaClOs, and NaSCN) to PIC
particle dispersions composed of chitosan (CHI) and chondroitin sulfate C (CS), PIC particles
were aggregated in a concentration-dependent manner. In particular, the chaotropic anion
promoted the aggregation of PIC particles. Dynamic light scattering and zeta potential
measurements indicated that salts decrease the surface charge of PIC particles and increase
their particle diameter, suggesting that the neutralization effect of salts contributes to the
aggregation of PIC particles. The shielding effects caused by ions were also observed between
sugar chains by using molecular dynamics simulation with oligosaccharides.

Keywords : Polysaccharides; Polyion complexes; Colloidal particles; Hofmeister series;
Molecular dynamics

ORI AT a7y 7 2 (PIC) KR etk AP K e & OHAF
TE N CHEET B, AWML T, 2 X 5 PIC KL - OREEFEF ORI, By 1D
WIEGHELRE ) DA A NS (AR 7~ A A% —3%5) 53 PIC hi FDEEIZ G- 2 5 8%
fight L7= (Fig. 1),

¥ h¥2 (CHD BXLU=ar FaA F UflE C (CS) bR S 415 PIC K140k
Iz, 6 FEOMERIL (NaCl, NaBr, NaNOs, Nal, NaClOs, NaSCN) % Z L E U 2 7 %&
B HEIREIRFIINC PIC KL TN EE T 5 Z E MR ST, FFiZ, A hmr ey 7
DENT =F L PIC KL DEEE AR 2 Z & 2R Sivic, BIREBGELER KO
—HENMMAELY, WEIMZ D Z LT PIC K rOFRmEMMMKT L, RRNHEMNL
oo TDT LMD, A PICKFOREEMETNTHI LT, BEZHETDLZ L
DRESNTC, 6, AV TEEHNTFEINNFI I a2b—2arnb, £ 5002
K DR RPHESHEICAE T 5 2 & PR S T,

Hofmeister series
Ch Br NO;y I ClO; SCN-
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i Y ee !

Fig. 1 The schematic illustration of the concept of this research.
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Generation of Hydroxyl radical by Ultrasound-Excited Titanium Dioxide Nanoparticles - Gold
Nanocluster Loading Effect- (‘Faculty of Chemistry, Materials and Bioengineering, Kansai
University, *Faculty of Engineering Science, Kansai University) OHideya Kawasaki,' Atsuya
Ikeda,' Ken Yamamoto?

In this study, we first investigated the sonocatalytic activity of TiO.-supported Au
nanoclusters (NCs) (Au NCs/TiO) by monitoring the production of hydroxyl radicals (*OH)
under ultrasonication conditions. The deposition of Aujs4 NCs on TiO, NPs was found to
enhance sonocatalytic activity for *OH production by approximately a factor of 2. Electron—
hole recombination in ultrasonically excited TiO2 NPs is suppressed by Auis4 NCs acting as an
electron trap; this charge separation resulted in enhanced *OH production. The sonocatalytic
action that forms electron—hole pairs on the Auj44/TiO; catalyst is suggested to be due to both
heat and sonoluminescence from the implosive collapse of cavitation bubbles.

Keywords : Gold nanoclusters; Titanium dioxide; Sono-Catalysis; reactive oxygen species

&) ) 7T AK— (AuNCs) &%, Kifg 1-2 nm O S EE H D &7 451K
Th 5. AuNCs 1TEESEARCRIE 3nm UL EDO &) /R - L3R b2 =— 7 7t
b RetE O, &, R, MEER) 279, £OH T Au NCs filtlllix, o
EVENE, SR, ZEMENDAEReRMEE L THEBE SN TS, AuNCs 3%
DEWELRERE & B L72E = v VX — N D, B x 7B RS L TR
fIEME 2R3 2 LR STV D, Fex iX AuNCs OSEEUEIER  Otbid) KO
HHEMER (B Rhhk) % RH L, AuNCs @ Photodynamic (PDT) <> Sonodynamic
Therapy (SDT)~D B Z D TV D [1]. fil)7, Jefibit e L TmoinTng gk F %
/(TlOz) IFFROERL SRR © PDT X° SDT & & dekk 2 720 B CHIH & TE Y, TiO,

T ERRET e R LT Uh( OH )DAERMEESND Z 0N b
zhﬂ\é O« OH AR KIZIE, TiO, NTHERMT DL E 1 & ELLOFR G %
Pl LB A RET D 2 ERAETH D, £ 2 TARMIE TIE AuNCs ZHHEF L7z
TiO, F / ki1 (Au NCs/TiO, NPs) (ZBWT, HMEWNRKA FToO - OH AKIZEET %
AuNCs HEFZh IR Z Bt L7z, ZOfER, AuNCs % TiO, NPs ~HfF4 2% = & T - OH
AERRENER L, T OMEEDEIT AuNCs ORI 748 (4 144 BE{K(Aul44 NCs) & 4
25 BE{R(Aus NCS)DIEWY) ITHRSKFT D2 &2 M L7z [2]

1) T. Kawawaki, Y. Negishi, H. Kawasaki, Photo/electrocatalysis and photosensitization using metal

nanoclusters for green energy and medical applications, Nanoscale Advances, 2,17(2020).

2) K. Kawamura, A. Ikeda, A. Inui, K. Yamamoto, H. Kawasaki, TiO»-supported Auj44 nanoclusters for
enhanced sonocatalytic performance, Journal of Chemical Physics, 155, 124702(2021).
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Preparation of Smart Core-shell Gel Particles Having Hydrophilic Core and Temperature-

responsive Shell ('Faculty of Chemistry, Materials and Bioengineering and *ORDIST, Kansai
University) OAkifumi Kawamura,"? Mitsuhide Sasaoka,' Takashi Miyata,'

The block copolymer composed of poly[oligo(ethylene glycol) methacrylate-co-2-(2'-
methoxyethoxy) ethyl methacrylate] and poly(2-methacryloxyethyl phosphorylcholine) blocks
was synthesized by reversible addition fragmentation chain transfer (RAFT) polymerization.
Submicron-scale water-in-oil (W/O) emulsions were formed in the presence of resulting
P(OEGMA-co-MEO:MA)-b-PMPC in water-chloroform two phase system. The inverse
miniemulsion RAFT copolymerization of MPC and N, N'-methylenebisacrylamide proceeded
from P(OEGMA-co-MEO;MA)-b-PMPC to obtain core-shell type gel particles composed of
PMPC core and P(OEGMA-co-MEO;MA) shell. The transmittance of the gel particle
dispersion decreased drastically above 40 °C owing to the phase transition of P(OEGMA-co-
MEO;MA) shell.

Keywords : Core-shell gel particle; Temperature-responsiveness, W/O emulsion;, RAFT
polymerization; Block copolymer

pH PR 72 & OAMBRIEIZ IR L CREFIEN LT D RIBUSE =27 — v =1
TR, RS, BRI E~DISHAPBRE SN TWD, AIFFETIE, 16k
Dy — RIALEASREELITHEZ Y, poly(2-methacryloyloxyethyl phosphorylcholine)
(PMPC) 7 & »» 7 & poly[oligo(ethylene glycol) methacrylate-co-2-(2'-methoxyethoxy) ethyl
methacrylate] (P(OEGMA-co-MEO:MA)) 70 v 7 L a2 HT 5Kk 7 v v 7 LEA
RIZ & ZEL Sz Water-in-Oil (W/O) =~y arazfnizifii=o~</1i =
VRIEIATINBH ZLE S E) (RAFT) EAIZ X Y, MPC & N,N'-methylenebisacrylamide
CERMEAET DL LI VIRESEE 2T — v = VAR 2R LT, iR
TIVERRIF ORI TAI 270 nm T o7z, £7z, WEREIC LV 7 BT Bl O
REEISEZB AT L2 L 25, AR B OB 31% 40 °C LA Fic K &
W L7z (Fig. 1), Lizdo>7T, BN Ak 71X=2 712 PMPC, ¥ = /Ui
P(OEGMA-co-MEO:MA) 2 BT 5 a7 - = /U CThH H Z L BRIB I T,
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Fig. 1. Change in transmittance (650 nm) of the PMPC gel particle dispersion as a function of
temperature.
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Role of Surface Ligand Structure in the Colloidal Stability of TiO, Nanoparticles (7okyo
University of Agriculture and Technology) O Shohei Yamashita, Hidehiro Kamiya, Yohei
Okada

Nanoparticle-ligand complexes, which are nanoparticles coated with organic molecules, are
expected to be applied in various fields because of their processability and size-dependent
properties. One of the roles of ligands is to ensure colloidal stability in solvents, but the length
of the n-alkyl chain of the ligand required to enhance colloidal stability has been a subject of
controversy, because experimental facts inconsistent with classical colloid theory have been
reported in recent years.!

In this study, sub-10 nm TiO, nanoparticles capped with n-alkylphosphonates having various
chain lengths are synthesized by the solvothermal method? and their dispersibility in organic
solvents are evaluated. The figure describes the results of hydrodynamic diameter
measurements in toluene. The highest dispersibility was obtained in the case of carbon 12, and
the hydrodynamic diameter varied with solution temperature.

Keywords : Nanoparticle, Colloidal stability, Organic ligands
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(1) Kraus, T. et al. ACS Nano 2018, 12, 5969-5977.
(2) Do, T.-O. et al. ACS Nano 2009, 3,3737-3743.
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Acid-controlled reactivities of ligand-protected gold nanoclusters (I/nstitute for Chemical
Research, Kyoto University) OWataru Suzuki, Ryo Takahata, Toshiharu Teranishi

It is well known that thiolate-protected Auxs cluster anions ([Auzs(SR)is]") have attracted
attention due to their unique reactivities and catalytic activities. In this work, we investigated
the reactivities of [Au2s(SR)is]™ in the presence of protons. Air-oxidation of [Auzs(SR)is]™ to
form neutral Auys clusters ([Auzs(SR)s]’) were accelerated by addition of a proton source like
trifluoroacetic acid in THF. Kinetic analysis revealed the pre-equilibrium of the interaction
between [Auzs(SR)i3]” and O» before air-oxidation. Thiolate ligands (SR”) on [Aus(SR)is]
controlled the redox potential of the Au,s cluster anions, which was the main controlling factor
on the above reactivity. Moreover, in non-polar solvent like toluene, increasing the amount of
protons caused protonation-induced elimination of a thiolate ligand in [Auzs(SR)is] ™.
Keywords : Gold nanocluster, Oxygen reduction reaction, Protecting ligands, Protonation

BN FRd 7 T A X —1T, SR ssIRCT) ) hi A &I R A DR RS2 R 2
EMBEIEREF - TND D, L LN S WEEDORIEHNIRZ 57 T AKX —FK -
R CTOFHRRITH T HHAITZ U< FRICRUCHERE IR 22 S8 20, ABFSE
T, T4 7 — MRE Aws 7 T AZ—7 =4 ([Aws(SR)is]) ZET /L& L TR
FUETICB T DRISMEERF L, UG A =X L0 B LT,

R FAE T THF iZRBWTC, BEE LT U 74 afiig (TFA) ZiRML7z& 2
A, [Aus(SR)is] 1EZERER L 40, 1 BB ([Auws(SR)is]Y) MAEK L, ZOK
JEDRT OWME TN, MBEREEICH L TCHMEHERLEZIEND,
[Aus(SR)1s]” & FESE 53 1 [H O RPEBHE R OAFAED RIE S 4172 (Scheme 1), £72, 2D
FEALI S D NIRRT I Ko TR Y | B ORI L 72 [Auas(SR)is]
DIEALIZEITTEN DEWD, OSEERD D EXEIR FThDH Z LB bhnrolz, —77,
KO RPEDR b 2R L L7255 6| [Aus(SR)is] DZER BB bR & Hia LT,
TFA IZ LD F 47— MBI D 7 v b ABIZEERE U 72 B I BES S 238 2 0 | A W]
WHNZHID 7 F A% — (AuCs) ~EEH LD Z ENHI)>7- (Schemel), Z Dk
LV, BLIETIX, RERNL T2 BBET 2 Z & 72 < [Auas(SR)is] & BEFR /0 7238
HEHLTWA Z ERRIB ST,

(0) H*
[Auy5(SR)4g]™ 4_;> [Au,5(SR)4g]™***0, ———> [Auy5(SR)5]°

E H+ .
‘ XCess [AU25(SR)13.X] +XxRSH Transformation AuCs

Scheme 1. [AUZs(SR)18T@Z§%@§“(Kﬁm@%ﬁ}imx 5?‘—‘,5

1) R. Jin and co-workers, Chem. Rev. 2021, 121, 567. T. Tsukuda and co-workers, Acc. Chem. Res. 2014,
47, 816.
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Type | collagen-stabilized gold nanoparticles produced by pulsed
laser ablation in liquids and y-ray irradiation

(!Grad. Sch. Eng., Osaka Univ., 2ICS-OTRI, Osaka Univ.) O Nazgul Assan!, Tomoyuki
Suezawa!, Satoshi Seino!, Yuta Uetake!?, Michiya Matsusaki', Hidehiro Sakurai'*
Keywords: Gold nanoparticle; type [ collagen; pulsed laser ablation in liquids; y-ray
irradiation; microchip laser

Peptides and/or gelatin have attracted considerable attention as unique matrices to
stabilize metal nanoparticles (NPs). These metal NPs excel in their colloidal stability and
enhanced biocompatibility!. In this study, we focused on type I collagen (Col™) as a unique
stabilizing matrix, since it has distinctive chemical structure; triple helix structure and
exceptional physical property as thermal sensitivity>.

AuNPs stabilized by Col™ (Au:Col™) with the particle size of 2.2+1.3 nm were
successfully prepared in 1xPBS by ablating target bulk Au (pulsed laser ablation in liquids-
PLAL) within 1 h using a microchip laser (1064 nm, Nd:YAG, 160 mW) (Figure 1A).* The
triple-helix structure of Col™ was
maintained after laser irradiation A) Pulsed laser ablation in liquid

by circular dichroism Col™ i I
. . PLAL g

spectroscopy. Likewise, l (1064 nm, 70 A, 80 Hz, 180 ps)  p ..o i‘i‘

HAuClix3H,0 was added to Col™! BulkAu—2 PBS buffer (2220.6 nm)

magnetic stirrers rt, 1h, 225 rpm

in 1xPBS to form metal cross-
. ] Bivigay irradiaii
linked gel, which was later ) y-ray irradiation

irradiated by y-ray (20 kGy) and ek )

produced uniformly distributed co™ . e o el vkl
AuNPs with the particle size of .oen \
4.3£1.3 nm (Figure 1B). In il

addition, the - thus-obtained gel Figure 1 Preparation of Au:ColT1 by (A) PLAL and (B) v-

from HAuCls, showed improved T
ray irradiation.

viscoelasticity compared with the

pristine metal cross-linked

collagen gels. SEM images of the irradiated sample showed that the morphology of collagen
changed after y-ray irradiation.

1) J.-J. Zhang, M.-M. Gu, T.-T. Zheng, J.-J. Zhu, Anal. Chem. 2009, 81, 6641. 2) N. J. Greenfield, Nature
Protoc. 2006, 1, 2891. 3) J. R. Macdonald, H. P. Bachinger, J. Biol. Chem. 2001, 276, 25399. 4) H. H. Lim,
T. Taira, Opt. Express. 2017, 25, 6302.
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4:50 PM - 5:10 PM

[A202-1vn-04] Construction of Ultra-thin Pt Layers on Ni Substrates for Highly
Efficient Oxygen Reduction Reaction Catalysts
ODiIinigeer Dilixiati', Yuka Araki', Toshihiro Kondo' (1. Ochanomizu University)
5:10 PM - 5:30 PM

[A202-1vn-05] Validation of a quantitative analysis for intramolecular vibrations of
electrolytes in the heterophase system by the near-infrared
spectroscopy
Jingchao Xu', Hideshi MAKI', Minoru MIZUHATA'? (1. Kobe University, 2. Jagiellonian
University)
5:30 PM - 5:50 PM

[A202-1vn-06] Synthesis and characterization of porous boron nitride having
specific gas adsorption properties
OTakahiro Ohkubo', Jun Kimura', Kai Egami1, Masato Yamashita', Yasushige Kuroda' (1.
Okayama Univ.)
5:50 PM - 6:10 PM

[A202-1vn-07] Direct Determination of Structure of Concentrated Polymer Brushes
by Surface Forces Measurement
Ovutaka Takahashi', Masashi Mizukami', Yoshinobu Tsujiiz, Kazue Kurihara' (1. Tohoku
University, 2. Kyoto University)
6:10 PM - 6:30 PM

[A202-1vn-08] Development of a long-term stabilization method of chlorosilane in
air and its application to superhydrophobic materials with self-
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healing ability by the reconstruction of surface morphologies
OSatoshi Nakamura', Atsushi Hozumi' (1. AIST)
6:30 PM - 6:50 PM
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Solvent effects on pulsed laser ablation in liquid (PLAL) using
microchip laser for preparation of gold nanoparticles

(*Grad. Sch. Eng., Osaka Univ., 2ICS-OTRI, Osaka Univ.)

OHettiarachchi Barana Sandakelum,* Yuta Uetake,"* Yumi Yakiyama,"* Hidehiro Sakurai*?
Keywords: Pulsed Laser Ablation in Liquids; Microchip Laser; Gold Nanoparticles;
Solvent Effect; Graphitic Carbon

Pulsed laser ablation in liquids (PLAL) is one of the promising techniques in the field
of metal nanoparticles (NPs) synthesis. It is based on the use of a liquid-phase synthesis
route of NPs with the assistance of the pulsed laser ablation process. So far, attempts to
prepare polymer-stabilized gold nanoparticle by PLAL have been investigated using
conventional large laser system. The cutting-edge discovery of microchip laser system by
Taira et al. introduced the new era to utilize the laser technique in more convenient manner.*
While it is well known that gold nanoparticles can be ablated from bulk gold in large laser
systems, laser ablation using low-power microchip laser systems has not been explored.

In this study, we report gold nanoparticles (AuNPs) stabilized by polymers, such as
poly(N-vinyl-2-pyrrolidone) (PVP) and polystyrene, are prepared by PLAL method using
microchip laser. By increasing PVP concentration diminishes the ablation rate due to the
increase in solution viscosity (Fig. 1). The

average size of the AuNPs stabilized by

polystyrene highly depends on the solvent. It 120 - PVP K-15

is attributed to the aromatic solvents ;. PVP K-30
decomposition such as toluene occur under £ PVP K-90

the laser irradiation and makes graphitic f,” 80 1

carbon (GC) mentioned by Meneghetti’s 3 60 .

previous approach.? GC layer thickness S 40

could be reduced by optimizing the laser

power and polymer concentration In which 20 e 100 150
high polymer concentration absorb heat Viscosity (mP&s)

from the generated NPs thereby reduce the
solvents decomposition and GC |ayer Fig 1. Viscosity effect on Au NP ablation efficiency.
thickness.

1) H. Lim, T. Taira, Opt. Express. 2017, 25, 6302.
2) V. Amendola, G. A. Rizzi, S. Polizzi, M. Meneghetti, J. Phys. Chem. B 2005, 109, 23125.
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Site-Selective Introduction of Metal Oxide Co-catalysts through Plasmon-Induced Charge
Separation and Galvanic Replacement (/nstitute of Industrial Science, The University of Tokyo)
OHiroyasu Nishi, Kangseok Kim, Tetsu Tatsuma

PbO, was introduced site-selectively onto the top face of Au nanocubes (AuNCs), the
interfacial region between the AuNCs and TiO», or the entire AuNC surface via plasmon-
induced charge separation (PICS), and was replaced with MnO, as a co-catalyst on the basis of
galvanic replacement. Their PICS efficiencies depending on the reaction site were investigated.
Keywords : Plasmonic Photocatalyst;, Plasmon-Induced Charge Separation; Gold Nanocube;
Galvanic Replacement;, MnQO, Co-catalyst
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MnO, %3 A L 7= & i D PICS
WD KB INE &
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G; ANCIALE SRS IR Figure 1. (a-c) PbO, % HILIEIRAYIC u L72 AuNC .&
NSV g0 e (d-f) MnO» |2 EH# 1% O BT E 1 PAMMEE 4,

1) Y. Tian, T. Tatsuma, J. Am. Chem. Soc. 2005, 127, 7632. 2) T. Tatsuma, H. Nishi, Nanoscale Horiz.
2020, 5, 597. 3) R. Ogata, H. Nishi, T. Ishida, T. Tatsuma, Nanoscale 2021, 13, 681. 4) H. Nishi, M.
Sakamoto, T. Tatsuma, Chem. Commun. 2018, 54, 11741.
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Liquid-Crystalline Organic-Inorganic Hybrid Dendron-Modified
Fesz0Os4 Nanoparticles: Characterization of the Self-organized
Structure

(nstitute of Multidisciplinary Research for Advanced Materials, Tohoku University,
’Department of general Engineering, National Institute of Technology, Sendai College,
3Department of Materials Science and Engineering, The University of Sheffield)

O Takehiro Yachi,' Masaki Matsubara,'? Xiangbing Zeng,® Goran Ungar,® Atsushi
Muramatsu,' Kiyoshi Kanie!

Keywords: self-organization; magnetic nanoparticle; liquid-crystalline; organic-inorganic
hybrid

Magnetic nanoparticles (NPs) exhibit the interparticle-dependent magnetic properties
because of strong magnetic interactions from adjacent particles. Therefore, a dynamic control
of the magnetic nanoparticles-based array structure is one of the promising techniques that
allows us to control the magnetic properties. However, it is still a challenging problem due to
strong magnetic interaction between particles. In our previous studies, we have demonstrated
that surface modification with liquid-crystalline dendron molecule is a powerful tool to control
NP-based structure, since it allows us to introduce the dynamic property of dendrons to
inorganic NPs.!?

In the present study, the dendron-modified Fe3sO4 NPs have been developed to control the
array structure based on magnetic NPs. A typical synthetic procedure is as follows: Firstly,
COOH-modified Fe;O4 NPs were prepared by a ligand exchange reaction with a terminal
COOH-substituted phosphonic acid.” Then, dendron ‘
modification was carried out by an amidation reaction w @
between the COOH group on the particle surface and an / e

Loy 220,, 1222400
. . v 310%
amino-substituted dendron molecule. The structural g 200 21 77V T 40
8 v ~ 422
analysis was performed by grazing-incidence small angle & -~ N

X-ray scattering (SAXS) for resulting particles. The
temperature-dependent SAXS profiles of the dendron- -

modified Fe;Os NPs in Figure 1 revealed that array

structure was changed dynamically due to thermal phase 005 0.1 0.15 02 025 03 035
transition and the structure formed at 170 °C could be g (A"

assigned as BCC structure. The result indicated that  Figure 1. SAXS profiles of
dendron modification enables us to control the array  dendron-modified FesOs NPs
structure based on magnetic NPs. at different temperatures.
1) K. Kanie, M. Matsubara, X. Zheng, F. Liu, G. Ungar, H. Nakamura, A. Muramatsu, J. Am. Chem. Soc.,
2012, 7134, 808. 2) M. Matsubara, W. Stevenson, J. Yabuki, X. Zeng, H. Dong, A. Muramatsu, G. Ungar, K.
Kanie, Chem, 2017, 2, 86. 3) T. Yachi, M. Matsubara, C. Shen, S. Asami, N. B. Milbrandt, M. Ju, S.

Wickramasinghe, A. C. S. Samia, A. Muramatsu, K. Kanie, ACS Appl. Nano Mater. 2021, 4, 7395.
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Construction of Ultra-thin Pt Layers on Ni Substrate for Highly
Efficient Oxygen Reduction Reaction Catalysts

(‘Graduate School of Humanities and Sciences, Ochanomizu University) O Dilinigeer
Dilixiati,' Yuka Araki,' Toshihiro Kondo'

Keywords: Electrocatalyst for Oxygen Reduction Reaction; Ultra-thin Pt Layers on Ni;
Self-termination

In order to construct highly efficient and low-cost electrocatalysts for oxygen reduction
reaction (ORR), ultra-thin Pt layers prepared on the Ni substrate is expected as one of the
best electrocatalysts for ORR, because of the surface electronic energy effect and also
because of using cheaper Ni as a substrate. However, it is difficult to electrochemically
deposit Pt, which is a noble metal, on Ni which is a base metal. In this study, using
self-termination phenomenon of Pt,'* we constructed ultra-thin Pt layers on the Ni substrate
in the pH-controlled electrolyte solution, evaluated their thickness by x-ray photoelectron
spectroscopy (XPS), and then discussed the relationship between thickness of Pt layers and
electrocatalytic activity for ORR.

After the surface oxide-free Ni polycrystalline substrates were prepared by
mechanically polishing and electrochemically etching, ultra-thin Pt layers were constructed
on them by using self-termination of Pt, i.e., by dipping them at -0.60 V (vs. Ag/AgCl) ~
-0.64 V for several hundreds seconds in the 1 M NaCl electrolyte solution with pH = 8.0.'
After washing them with ultra-pure water, the electrochemical characteristics and surface
analyses of the samples were evaluated by the electrochemical and XPS measurements,
respectively.

The more positive the electrodeposition potential of Pt and the longer the
electrodeposition period, the more Pt was electrodeposited on Ni. However, the smaller the
amount of the electrodeposited Pt, that is, the thinner the Pt layer on Ni, the higher the
electrocatalytic activity for ORR. Therefore, the present results suggested that the thinner
the Pt layer on Ni, the greater the effect of the surface electric energy and then the higher
the electrocatalytic activity. However, if the Pt layer was too thin, the electrocatalytic
activity would decrease during the experiments. This indicates that the underlying Ni
seemed to electrochemically dissolve into the electrolyte solution. Therefore, it was found
that it is necessary to construct the Pt layers, which have an optimum thickness so that the
electrocatalytic activity is high and Ni does not dissolve.

1) Y. Liu, D. Gokcen, U. Bertocci, T. P. Moffat, Science 2012, 338, 1327. 2) Y. Liu, C. M. Hangarter,

D. Garcia, T. P. Moffat, Surf. Sci. 2015, 631, 141. 3) G. D. Moon, S. Ko, Y. Min, J. Zeng, Y. Xia, U.
Jeong, Nano Today 2011, 6, 186.
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Validation of a quantitative analysis for intramolecular vibrations of
electrolytes in the heterophase system by the near-infrared (NIR)
spectroscopy

('Graduate School of Engineering, Kobe University, *Faculty of Chemistry, Jagiellonian
University) OlJingchao Xu,! Hideshi Maki,' Minoru Mizuhata'*

Keywords: Ion-solvent interaction; Quantitative near-infrared spectroscopy; Solid-liquid
coexistence system

Ionic-solvent interactions reflecting the solvation structure of electrolyte solutions are
often discussed by infrared and Raman spectroscopy, but the extremely strong infrared
absorption and poor quantitative Raman spectroscopy are not suitable for their quantitative
analysis very much. In particular, for electrolytes coexisting with solids, where the influence
of the interface is reflected, an analytical method with quantitative capability that takes into
account the volume fraction of the liquid is necessary. Near-infrared (NIR) spectroscopy can
be measured with an ordinary optical cell and has excellent quantitative propertles In this
study, the quantitative properties of various aqueous electrolyte ' V) -
solutions and its coexisting system with fumed silica were discussed.  "*[ /

NIR spectra of aqueous chloride solutions containing Li*, Na*,
K*, and Ca*" were measured in the wavelength range of 1200-1800
nm using a JASCO V7200 with a 1-mm optical path length cell. | _
Each water occupied volume is calculated from the value of each ' N\, |
weight ratio and density. The NIR spectra of liquids coexisting with
solids were measured by mixing them with fumed silica to obtain an
arbitrary solid phase fraction at the same method. Each intensity of
absorption bands assigned to the dissolving species is calculated was
calculated from the area intensity based on the spectral shape
with the wavenumber as the horizontal axis as shown Fig.1.

Variations of detected absorption intensity of vi+vs at ca
6300cm™! with water occupied volume in each solution are shown
in Fig.2. In all electrolyte systems, the absorbance was lower than

1t s, |

7600 7200 6800 5400 6000
Wavenumber / cm™

Fig. 1. OH combination
band v;+v; of H,0 at
ca. 6800 cm™.
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the theoretical value expected based on the number of solvent
molecules present in the system, whereas the absorbance
decreases in proportion to the volume ratio of the water
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ption intensity ratio / %
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coexisting with fumed silica. This is thought to be due to a
decrease in the dielectric constant of the dissolved molecules and
a decrease in the absorption coefficient. The difference between
the measured and theoretical values in aqueous cationic solutions
with different charge densities shows different trends with
concentration, which, in combination with the variation of the
absorption peaks of water at each concentration, offers the possibility of quantitatively studying
the changes in the network structure of water. The relationship between NIR intensity and
occupied volume will be discussed in the presentation.

Fig. 2. Absorption intensity
ratio of vi+v; of H>O to
occupied volume of water
for various circumstance.

Ref. 1) D. H. Dagade et al., ChemPhysChem. 2016, 17, 902.
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Synthesis and Characterization of Porous Boron Nitride Having
Specific Gas Adsorption Properties

(*Graduate School of Natural Science and Technology and *Faculty of Science, Okayama
University) OTakahiro Ohkubo,! Jun Kimura,'! Kai Egami,! Masato Yamashita,? Yasushige
Kuroda'

Keywords: Porous Material; Gas adsorption; Ceramics

Boron nitride (BN) is a fine ceramic material used in a wide variety of fields. From
chemical and physical points of view, BN is an isoelectronic compound with carbon and
crystalline structure of hexagonal BN (h-BN) is quite similar to that of graphite, but it is an
insulator and forms atomically heterogeneous basal plane. Recent progress in synthetic
methods has been able to provide nanoporous BN (p-BN) materials with high specific
surface area constructed by fine crystallites of h-BN.! Lately, we have succeeded in
revealing gas adsorption properties of p-BN that interact with N, molecules stronger than
that of activated carbons.? Although the results indicate that p-BN will be a practical
material for gas adsorption and separation, there is a crucial issue; p-BN needs development
of the method to control pore size or surface chemistry. In our presentation, we first
introduce the gas adsorption properties of p-BN and subsequently discuss possibilities to
actively control its pore structure and surface properties through optimization of synthetic
methods.

Regarding the typical synthesis route!, we examined the effect of a gas atmosphere
during the calcination process. A result is shown in

@
o
o

Figure suggesting the effect of the gas species used
in the calcination process. Interestingly, when we

[=2]
o
o

choose CO: as a flow gas, the specific surface area
of micropore of p-BN (p-BN-CO;) were about 1/10
of p-BN synthesized under the N»- or Ar-flow
conditions (p-BN-N, and p-BN-Ar) at the same
temperature (i.e. 1473 K), but its mesopore structure

Amount of adsorbed N, / mi(STP) g™
N IS
o o
o o

o

has remained almost intact. The result supports that

04 06 08 1
PIP,

o
ot
)

we can control the pore structure of p-BN by the
synthetic conditions even for a thermally durable
BN material. Dependences of other conceivable Figure Adsorption-desorption
conditions like precursor species and calcination isotherms of N2 on p-BN-N;
temperature will be also discussed in the (red), p-BN-Ar (blue), and

presentation. p-BN-CO:; (black) at 77 K.

1) S. Marchesini, C. M. McGilvery, J. Bailey, C. Petit, ACS Nano, 2017, 11, 10003. 2)J. Kimura, T.
Ohkubo, Y. Nishina, K. Urita, Y. Kuroda, RSC Adv. 2021, 11, 838.
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Direct Determination of Structure of Concentrated Polymer Brushes by Surface Forces
Measurement (‘New Industry Creation Hatchery Center, Tohoku University, *Institute for
Chemical Research, Kyoto University) O Yutaka Takahashi,' Masashi Mizukami,' Yoshinobu
Tsujii,” Kazue Kurihara'

Concentrated poly(methyl methacrylate) (PMMA) brushes exhibit superior lubrication
properties in a good solvent (toluene). In order to understand the Iubrication mechanism, we
studied their properties by surface forces and resonance shear measurements. In this
presentation, the composition (structure) of concentrated PMMA brush layers was investigated
based on changes in the refractive index measured by fringes of equal chromatic order. The
changes in their properties under the applying load and shear were discussed.

Keywords : Surface Forces Measurement; Resonance Shear Measurement,; Polymer Brushes,
Fringes of Equal Chromatic Order
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Development of a long-term stabilization method of chlorosilane in air and its
biomimetic application to self-healing superhydrophobic surfaces through the
reconstruction of surface morphologies (Natzonal Institute of Advanced Industrial
Science and Technology) OSatoshi Nakamura' + Atsushi Hozumi'

Chlorosilanes have recently attracted much attention as silane compounds that form unique
micro/nanostructures ~ with  superhydrophobicity ~ through a  combination  of
hydrolysis/polycondensation reactions. On the other hand, chlorosilanes are known to be
extremely reactive and immediately react with moisture in air, significantly reducing their
reactivity after a relatively short time. In order to solve this trade-off, the authors have
developed a simple method to stably store chlorosilane in air for a long period using paraffin
wax. Specifically, by simply mixing methyltrichlorosilane (MTCS) with paraffin wax, it was
possible to stably store MTCS in air for one month without decreasing its reactivity. The
resulting surface of the MTCS/paraffin wax mixture not only exhibited superhydrophobicity,
but also showed self-healing ability for one month by reconstructing its microstructures even
after severe physical damages (Figure 1). This clearly indicates that MTCS effectively worked
stably as a repair agent for superhydrophobic surfaces.

Keywords : Self-healing;, Superhydrophobicity, Methyltrichlorosilane;
Hydrolysis/polycondensation; Paraffin wax
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Figure 1. Conceptual scheme of this study.
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[C205-1pm-01] Polypeptide Responsive Out-of-Equilibrium Volume Change of
Hydrogel-Enzyme Hybrid
9Masahiko Nakamoto', Shiro Kitano''?, Michiya Matsusaki' (1. Department of Applied
Chemistry, Graduate School of Engineering, Osaka University, 2. Technical Research
Institute, TOPPAN INC.)
1:40 PM - 2:00 PM

[C205-1pm-02] Production of a hybrid hydrogel consisting of synthetic polymers
and artificial protein nanocages
OFrika Nasu', Norifumi Kawakami’, Kenji Miyamoto1 (1. Keio Univ.)
2:00 PM - 2:20 PM

[C205-1pm-03] Programmed Porous Nanostructures with Biomolecular Machines
and Nanoparticles
OKiyoshi Morishita1, P. K. Hashim1, Haruaki Yanagisawa1, Masahide Kikkawa1, Tatsuya
Niwa?, Hideki Taguchi®, Takuzo Aida'? (1. The University of Tokyo, 2. Tokyo Institute of
Technology, 3. RIKEN Center for Emergent Matter Science)
2:20 PM - 2:40 PM

[C205-1pm-05] Screw Dislocation-Induced Mirror Symmetry-Breaking in Bulk
Metal-Organic Crystals
oGangfeng CHEN'? (1.The University of Tokyo, 2. RIKEN Centre for Emergent Matter
Science)
3:00 PM - 3:20 PM

[C205-1pm-06] Formation of novel concave surface structures by patterned
photopolymerization induced molecular diffusion
OSayuri Hashimoto', Norihisa Akamatsu', Shoichi Kubo', Atsushi Shishido' (1. Tokyo
Institute of Technology)
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Polypeptide Responsive Out-of-Equilibrium Volume Change of Hydrogel-Enzyme Hybrid
('Graduate School of Engineering, Osaka University) O Masahiko Nakamoto,! Michiya
Matsusaki'

The dissipative nature of the living system plays a crucial role for diverse biological
functions from molecular to cellular level. Recently, the engineering of the artificial dissipative
system is of great interest to realize a man-made material with the dynamic function. However,
to the best of our knowledge, there is no report on the bio-macromolecule responsive hydrogel
showing the transient and macroscopic volume change. Taking inspiration from the nutrient
intake, metabolism and waste excretion processes in the living system, we report the
engineering of the metabolic cycle-inspired hydrogel showing target peptide-responsive
transient volume change. The transient secretion of a model payload driven by the volume
change will also be reported in the presentation.

Keywords : Artificial dissipative system; Biomacromolecule responsive hydrogel; Hydrogel-

enzyme hybrid; Bio-inspired hydrogel
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1) Boekhoven, J.; Hendriksen, W. E.; Koper, G. J. M.; Eelkema, R.; van Esch, J. H. Science 2015,
349, 1075—-1079.
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Production of a hybrid hydrogel consisting of synthetic polymers and artificial protein
nanocages (Department of Biosciences and Informatics, Keio University) O Erika Nasu,
Norifumi Kawakami, Kenji Miyamoto

Proteins are of interest as biocompatible components of functional hydrogels. In this study,
we attempted to produce protein-polymer hybrid hydrogels containing artificial protein
nanocages TIP60 as junctions of network structure. The TIP60 is a 60-mer spherical protein.
The cysteine residues can be introduced on the exterior surface of TIP60 by mutation. These
cysteine residues can be used for chemical modifications. Thus, we connected the mutant TIP60
by the chemical modification using polyethylene glycol (PEG) with maleimide groups at both
ends. As a result, the hydrogel cross-linking of the mutant TIP60 by PEG was obtained.
Keywords : Artificial protein nanocages, Supramolecule; Hydrogel

HEREATERC SRR « MBE AT S X L X BT, A R Z L ORESZ L L
THEBEINTWD, YHFEENRE Lz N LY X7 F ki1 TIP60 1E. 60 431
DE )~ —NEHELTTE DY v —R— D dhze/ ki THh 5 2, TIP60 DNk
FREITIIERE AN LV BIRC AT A VBB AT D Z ENAEETH Y | AL P e
OERE LTRIHT2Z &M TED Y, AR TIL, TIP60 2K U ~—4r 1 CTLET
52 ST XD TIP60-R Y ~— A Ra FILOREE A L-, BARRIICIZ, TIP60 @
IMUNZ S AT A BN U TR G WiGll S AT A ERR RIS T 2~ LA
S REEAATLIRY = F LY a—L (PEG) TIERG L7z, TIP60 DEE<° PEG D
HEZR EOSMEERTFTI L, TIP60 O PEG ZEEIC L 5 X VO & Ml Lz, K7L
XS EIRZ L RIETH D TIP60 S PEG £~ U — 7 OEKGR L 2 DG TH Y |
TIP60 DREE N7 VOB IR BT D EE 2 ObND, FEEIZ, ThaxmLzL
HfFSnca70vomg e LT, # o X7EOEMERITHSD SDS ORI L D710
IR BN KD FE RN NNV A BIER LT,

~ 0.0 B e @
HS- AR v YR
SH o o s e
PEG crosslinker 5 .
ry 2 © @
I
Cysteine mutants TIP60-PEG
of TIP60 hybrid hydrogels

1) N. Kawakami et al., Angew. Chem. Int. Ed., 2018, 57, 12400
2) J. Obata et al., Chem. Commun., 2021, 57, 10226
3) E. Nasu et al., ACS Appl. Nano Mater. 2021, 4, 2434
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Programmed Porous Nanostructures with Biomolecular Machines
and Nanoparticles

(‘The University of Tokyo, *Tokyo Institute of Technology, RIKEN Center for Emergent
Matter Science) OKiyoshi Morishita,' P.K. Hashim,' Haruaki Yanagisawa,' Masahide
Kikkawa,' Tatsuya Niwa,” Hideki Taguchi,? Takuzo Aida'"

Keywords: Supramolecular Chemistry; GroEL; DNA Nanotechnology; Porous Materials

We report a class of supramolecular architectures, analogous to metal organic
frameworks but with ultra-large pore sizes on the order of several tens of nanometers,
consisting of gold nanoparticles (AuNPs) and the biomolecular machine GroEL.

In nature, the chaperonin protein GroEL assists in protein refolding by capturing
denatured proteins within its hydrophobic cavities and releasing them with ATP-induced
conformational motions." GroEL (ca. 800 kDa) adopts a barrel-shaped structure, with height
of 14.6 nm and outer/inner diameters of 13.7 nm/4.5 nm. We have previously used this
biomolecular machine to form supramolecular structures” and demonstrated ATP-responsive
guest release where GroEL mechanical motions alter the assembled structure morphology.’

Inspired by the self-assembled structures of metal organic frameworks (MOFs), we
constructed analogous frameworks formed by AuNPs as nodes and GroEL as linkers. The
use of DNA to link these components allowed for programming of the assembly. The
real-time growth of clusters and manipulation thereof was tracked by dynamic light
scattering. Distinct assembly pathways led to porous clusters having 1 or 3 GroEL units
linking AuNPs, as characterized by cryoEM tomography. The porous clusters retained their
ATPase activity and were able to load ultra-large macromolecular guests.

o+ 0B
AuNPpna  GroELpna

[ w00 |

1:1 mixing

=

Stepwise assembly TR
‘ ‘lg TEM 100 nm

1) H. Taguchi, J. Biochem. 2005, 137, 543. 2) a) S. Biswas, et al., J. Am. Chem. Soc. 2009, 131,
7556. b) D. Kashiwagi, et al., J. Am. Chem. Soc. 2018, 140, 26. c¢) D. Kashiwagi, et al., J. Am.
Chem. Soc. 2020, 142, 13310. 3) S. Biswas, et al., Nat. Chem. 2013, 5, 613.
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Screw Dislocation-Induced Mirror-Symmetry Breaking in Bulk
Metal-Organic Crystals

(‘Graduate School of Engineering, The University of Tokyo, *RIKEN Center for Emergent
Matter Science) OGangfeng Chen,'? Hubiao Huang,” Hiroshi Sato,” Takuzo Aida'?
Keywords: Screw Dislocation; Metal-Organic Crystals; Symmetry Breaking; Helical
Structure; Chiral

Mirror-symmetry breaking in crystals largely relies on arrangement of building units into
either a specific chiral space group or a chiral morphology.! However, screw dislocation—a
type of topological defects—can furnish certain nanocrystals with helical growth spirals without
the use of any chiral building units or additives.> Although these helical structures have been
frequently observed by using atomic force microscopy or electron microscopy,” the chirality of
crystals are rarely identified due to the difficulty in characterizing both sides of crystals.
Moreover, as the crystal size increases from nanoscale to microscale, the number of screw
dislocations increases drastically, where helical spirals with either same or opposite handedness
interact with each other, which may result in the disappearance of helicity.?

Here we report mirror-symmetry breaking in a bulk layer-structured metal-organic crystal
(“Cryst) induced by a single screw dislocation. A growth spiral with either clockwise (CW)
or counterclockwise (CCW) direction develops consecutively from the geometric center of
“Cryst to its peripheral edge, forming a spiral pyramid on the crystal surface. This indicates
that bulky “Cryst bearing a single screw dislocation, though crystallographically achiral, is
morphologically chiral due to screw dislocation-induced mirror-symmetry breaking.

1) T. Buhse et al. Chem. Rev. 2021, 121,2147.2) S. Jin et al. Acc. Chem. Res. 2013, 46, 1616.
3) M. P. Attfield et al. Chem. Eur. J. 2012, 18, 15406.
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Formation of novel concave surface structures by patterned
photopolymerization induced molecular diffusion

(Laboratory for Chemistry and Life Science, Tokyo Institute of Technology) O Sayuri
Hashimoto, Norihisa Akamatsu, Shoichi Kubo, Atsushi Shishido
Keywords: Liquid Crystal; Photopolymerization; Surface Structure

The precise control of the surface topology has drawn great attention for the fabrication
of functional devices widely applicable to wettability and adhesion control, modulation of
optical properties, and so on. Lithography processes have been widely used to fabricate surface
structures, especially in the industrial field. Alternatively, the photoinduced formation of
surface relief gratings (SRGs) using liquid crystals (LCs) has been developed to give
anisotropic functions'?. The surface structures formed on LCs have advantage of reversible
changes in molecular alignment in response to external stimuli such as light, electricity, and
heat. Recently, we presented the formation of surface relief structures accompanied with
molecular alignment in LC polymer films by patterned photopolymerization, based on a
concept of molecular diffusion’”. However, the height of the relief structures is limited to
several hundred nanometers. Fabrication of surface structures with a depth of micrometers still
remains a challenge.

In this study, we report on the formation of novel surface concave structures in the LC
films by simple patterned photopolymerization (Fig. 1). We revealed that the surface relief
structures were formed by the molecular diffusion, and
the period of the surface structures depended on the width UV light
of light pattern. Interestingly, concave structures with
depths of several micrometers were formed on LC
polymer films when the light pattern was changed in \ o
terms of the ratio of the irradiation width to the dark \ :..9
width. Moreover, we successfully designed the spatial XT
arrangement of the concave structures, i.e. canals and

Glass cell
Polymer film

holes, by controlling the irradiation patterns and  Fig. 1. Schematic illustration of
photopolymerization  conditions. The formation patterned irradiation.
mechanism of the concave structures will be discussed.

1) A. Natansohn, P. Rochon, Chem. Rev. 2002, 102, 4139. 2) T. Seki, Bull. Chem. Soc. Jpn. 2018, 91,
1026. 3) K. Hisano, Y. Kurata, M. Aizawa, M. Ishizu, T. Sasaki, A. Shishido, Appl. Phys. Express 2016,
9, 072601. 4) K. Hisano, M. Aizawa, M. Ishizu, Y. Kurata, W. Nakano, N. Akamatsu, C. J. Barrett, A.
Shishido, Sci. Adv. 2017, 3,e1701610. 5) S. Hashimoto, M. Aizawa, N. Akamatsu, T. Sasaki, A. Shishido,
Lig. Cryst. 2019, 46, 1995.
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Triboluminescence of luminophores in blended polymers: simple
preparation method for triboluminescent films

(Okinawa Institute of Science and Technology, *Arbuzov Institute) O Ayumu Karimata',
Robert R Fayzullin?, Julia R Khusnutdinova'
Keywords: Photoluminescence, Triboluminescence, Mechanoresponsive materials, Tribology.

Triboluminescent materials, which produce emission of light by mechanical actions, are
attractive components for smart materials and mechanical sensors. In order to produce
triboluminescence (TL) in luminophores, piezoelectric (non-centrosymmetric) crystal structure
has been proposed for a factor to generate electric field by mechanical stimuli, which leads to
the excitation of luminophore. During our study on TL of a family of photoluminescent
[(pyridinophane)Cu!(NHC)]X complexes, we found that both centrosymmetric and non-
centrosymmetric crystals show intense TL.! And TL of the Cu' complexes was also observed
even in amorphous polymers, which inspired us to establish a new concept to produce
triboluminescent materials by utilizing common luminophores and polymers. To the best of our
knowledge, we for the first time demonstrate that triboluminescent films can be obtained by
simply blending common luminophores and polymers without crystalline formation of
luminophores. Representative nine luminophores, which show fluorescence or
phosphorescence, were selected and physically mixed with poly(methylmethacrylate)
(PMMA) to provide amorphous films. (Figure 1) TL of the luminophores in PMMAs were
observed by rubbing the surface under inert atmosphere, in spite of the TL property of the
luminophores in the crystals. The photographs of TL generated by rubbing the surface of the
PMMAs containing the luminophores (5—15 wt%) using glass rod under Ar are shown in Figure
1. PXRD analysis and fluorescence microscopy images confirmed the absence of crystalline
form and nano/micro particles of the luminophores in the PMMAs. The TL spectra of the
PMMASs (1 wt%) show photoluminescence of each luminophore and Ar gas plasma emission,
which imply gas discharging by triboelectrification. TL is also observed in polystyrene,
polycaprolactone,

poly(vinyl chloride), § Sl N
and polycarbonate. OOO x @ )@ \E) SIS (g?<~ < %

TL of the

luminophores in
[ P !
crystal as well as

influence of

di Figure 1. Chemical structures of luminophores and photographs of the TL
surrounding gas on | i, pMMA (5-15 wt%) under Ar.
TL will also be

discussed in the presentation.
1) A. Karimata, P. H. Patil, R. R. Fayzullin, E. Khaskin, S. Lapointe, J. R. Khusnutdinova, Chem. Sci.
2020, /1, 10814.

© The Chemical Society of Japan - C204-1pm-01 -



C204-1 pm-02 The 102nd CSJ Annual Meeting

Synthesis and Near-Infrared Photoluminescence Properties of
Novel D-m—A-Type Pyridinium Betaine Dyes Based on
Thiophene-Derived 1r-Skeleton

(‘Graduate School of Engineering, Osaka Prefecture University, *Mitsubishi Chemical
Corporation) O Ami Morimoto,! Mao Saikusa,! Naoya Suzuki,! Takeshi Maeda,'
Shigeyuki Yagi,' Seiji Akiyama®

Keywords: Near-infrared fluorescence; Betaine dye; Intramolecular charge transfer;
Fluorescent dye; Thiophene

Near-infrared (NIR) light, which shows high transmittance to the living body and is
invisible to the naked eye, has attracted much attention from the viewpoint of application in
biomedical science and security technology. However, there are few examples of NIR
luminescent dyes with high quantum yields (@) due to facilitation of nonradiative decay
according to the energy gap law. To develop novel NIR fluorescent dyes, we here focus on
donor—m—acceptor (D—-n—A)-type pyridinium—cyclic enolate betaines (Fig. 1). We recently
reported that PB-Th (m-spacer:
2,5-thienylene) exhibited deep red F o O @
fluorescence at 669 nm with @p of F@:,\?}Q ~ O N
0.75 in  dichloromethane.!  The F e @
N,N-diphenylamino donor group leads F
to achievement of red-shifted Fig. 1. General structure of D—n—A-type pyridinium—
fluorescence through the intramolecular cyclic enolate betaine dyes.
charge transfer character and plays an essential role in reduction of the non-radiative decay
rate. Also, as demonstrated in our previous work,? the electron-deficient five-membered
cyclic enolate based on maleimide promises the improvement of @y, due to suppression of
twisted intramolecular charge transfer at the pyridinium—enolate moiety upon
photoexcitation. In this research, we develop D-m—A-type pyridinium—cyclic enolate
betaine dyes bearing extended m-skeletons, aimed at highly efficient red-shifted
photoluminescence (PL) to the NIR region. Thiophene-derived extended m-spacers were
effective to achieve NIR fluorescence. For example, one of the present betaine dyes
exhibited intense NIR emission at 719 nm with @, of 0.66 in dichloromethane. Theoretical
calculations indicate that it adopts a quinoidal electronic structure at the excited state, and
thus the structural relaxation upon photoexcitation should be suppressed to achieve high @pr.
In the presentation, we report the synthesis of the NIR-fluorescent pyridinium betaine dyes
and discuss their PL properties in detail.

1) M. Saikusa, S. Yagi, et. al., 2021 Japan Society of Colour Material Annual Conference, 2A01
(online). 2) Y. Hayashi, S. Yagi, et. al., New J. Chem., 2021, 45, 9770-9779.
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3-Dimensional Control of Nanostructure of Chiral-Nematic
Liquid-Crystals in Monodispersed Polymeric Microparticles

(Department of Applied Chemistry, Ritsumeikan University) OTomoki Shigeyama,
Kyohei Hisano, Osamu Tsutsumi
Keywords: Chiral-nematic liquid-crystals; Dispersion polymerization; Polymeric particles

Chiral-nematic liquid-crystals (N* LCs), which spontaneously form helical
nanostructure of molecular orientation, exhibit Bragg reflection depending on the alignment
of helical nanostructure. Among various application of N* LC, the polymeric microparticles
have attracted much attention as small optical elements. Recentry, N* LC polymeric
particles have been produced by the polymerization of N* LC monomer droplets. Therefore,
the nanostructure that can be realized was limited. In this study, we found unique
nanostructure in the N* LC polymeric particles fabricated by dispersion polymerization. In
dispersion polymerization, a large number of monodisperse microparticles can be obtained
in single-step. The resulting polymer precipitates and grows to form monodisperse particles.

From the scanning electron microscopy (SEM) image (Figure la), the average
particle size of the obtained particles was 2.6 + 0.1 pum, indicating that monodispersed
particles were obtained. In addition, transmission electron microscopy (TEM) image of the
cross-section showed spiral stripe pattern (a)
from two orientation defects (Figure 1b).
The nanostructre predicted by this pattern
was different from that of fabricated by
the conventional method. We now expect
that this nanostructure was formed during
the growth process of the particles during

dispersion polymerization.
P POy Figure 1. (a) SEM image and (b) TEM image

Next, we investigated the optical of the N* LC particles fabricated in this study.
function of N* LC particles. Figure 2 o

shows the characters drawn using the N*
LC particle ink. The drawn characters
showed a angular-independent reflection
because of their centrally symmetric
nanostructures.

The monodispersed N* LC
particles developed in this study can be
applied to reflective coatings and security
inks utilizing the circularly polarized
reflective property of N* LC.

(mm)

Figure 2. Refractive coating of the N* LC
particles and its reflection color observed from
0°, 30° and 60°.
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Aggregation-Induced Room-Temperature Phosphorescence from
Mesogenic Gold(l) Complexes

(‘Graduate School of Life Science, Ritsumeikan University) OAndriani Furoida,' Kyohei
Hisano,' Osamu Tsutsumi'

Keywords: Aggregation-Induced Emission; Room-Temperature Phosphorescence; Gold
Complexes.

Luminescent organic materials generally show efficient luminescence only in dilute
solutions, and the emission is quenched by aggregation. This phenomenon is well known as
the aggregation-caused quenching (ACQ), which has become the main concern for practical
light-emitting applications.' In 2001, Tang et al. introduced an opposite phenomenon to ACQ,
termed aggregation-induced emission (AIE), in which the aggregation of molecules
significantly enhanced the emission.” Gold(I) complexes have been noticed as a type of
AlEgens, as their luminescence is significantly enhanced in the solid-state. Au—Au
(aurophilic) interactions in gold complexes play an important role not only in inducing
efficient luminescence from aggregates, but also controlling the luminescence behaviour.

In the present study, we designed and synthesized a series of rod-like gold(I) complexes
having mesogenic biphenylethynyl ligand and an isocyanide ligand. Here, we varied the
length of flexible alkoxyl or alkyl chains
as shown in Figure 1, and investigated Hox1Cx0 O O =—Au—=N-CyHy4
their AIE properties and liquid

crystalline (LC) nature. All synthesized Bxy; () = (24), (2:5), (3.9)

Figure 1. Molecular structures of gold complexes used

gold(I) complexes are AlE-active where, in this study.

in crystal, strong room-temperature
1.0

phosphorescence (RTP) with relatively

high quantum yields of up to 23% was 0.8
observed even in air. AIE study also ‘E

revealed that such strong RTP is greatly % 06
affected by crystal quality and % 0.4
aggregated structure (e.g., Au—Au § 0

distance) that depends on crystal size

and/or  crystal growth  process. 0 .
200 300 400 500 600 700 800

Moreover, B3-5 complex with longer Wavelength (nm)

flexible chains showed LC phase where
RTP can be observed.

Figure 2. Emission spectra of gold complexes in the

crystal

1) K.Zhang,J.Liu, Y. Zhang, J. Fan, C. Wang, L. Lin, J. Phys. Chem. C., 2019, 123, 24705
2) B.Z.Tang, X.Zhan, G. Yu, PP. Sze Lee, Y. Liu, D. Zhu, J. Mater. Chem., 2001, 11, 2974
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High-Speed Bending of Salicylideneaniline Crystals by
Photothermal-Induced Natural Vibration

(‘Graduate School of Advanced Science and Engineering, Waseda University, *Research
Organization for Nano & Life Innovation, Waseda University) OShodai Hasebe,' Yuki
Hagiwara,lTom Asahi,' Hideko Koshima®
Keywords: High-speed Crystal Bending;
Salycilideneaniline

Photothermal Effect; Natural Vibration;

Mechanically responsive organic materials have attracted much attention in both basic
research and applications to smart actuators and soft robots." We have developed many
light-driven mechanical crystals over the past decade, mainly based on
photoisomerization.>* Recently, we reported 25 Hz fast bending of a molecular crystal by a
photothermal effect, a phenomenon by which heat is generated by nonradiative deactivation
of the photoexcited state during a photophysical process. We then focused on a
salicylideneaniline derivative with an o-amino substituent (enol-1, Figure 1a) and elucidated
the bending mechanism that a nonsteady temperature gradient in the thickness direction
triggers photothermally driven crystal actuation, ultimately achieving 500 Hz high-speed
bending.’

Following this finding, we remeasured photothermally driven bending of another
enol-1 crystal (Figure 1b) using a higher performance high-speed camera. Upon ultraviolet
(UV) light irradiation for 0.1 s, the crystal bent away from the light source to reach 1.4°
after 0.1 s by the photothermal effect (Figure 1c). We analyzed the bending motion in detail
and discovered that the crystal

oscillated while bending (Figure lc, 2 Q\ " ®

inset); it was revealed that this

oscillation (773 Hz) is derived from . Uveo:°"1 v d e O rraciaton
natural vibration of the crystal. The . ;

crystal was then exposed to a pulsed 5 "2[ " Y | ”H ' ' ”
UV light of the same frequency asits 5 S8l || f Ve s ol ‘ﬂ “MJ m M‘ "' M H
natural frequency; the bend angle & 63[|° R I m H “W‘ u‘ \ ‘u”
was amplified to 7.2° by resonance, 02 : - 0:'(:5 0';_1 o, 3 e sor o

achieving high-speed and large
bending of 773 Hz (Figure 1d). It
was revealed that fast and large
bending can be generated by using
photothermal-induced natural
vibration.

Time (s) Time (s)

Figure 1. (a) Molecular structure of enol-1. (b) Photograph of
an enol-1 crystal viewed from the side face. (c)
Photothermally driven bending upon UV irradiation for 0.1 s.
(d) 773-Hz high-speed bending by photothermal-induced
natural vibration upon pulsed UV irradiation (773 Hz).

1) Mechanically Responsive Materials for Soft Robotics, ed. H. Koshima, Wiley-VCH, 2020. 2) H.
Koshima, N. Ojima, H. Uchimoto, J. Am. Chem. Soc., 2009, 131, 6890-6891. 3) H. Koshima, K.
Takechi, K. Uchimoto, N. Ojima, Chem. Commun. 2011, 47, 11423-11425. 4) Y. Hagiwara, T.
Taniguchi, T. Asahi, H. Koshima, J. Mater. Chem. C 2020, 8, 4876—4884. 5) S. Hasebe, Y. Hagiwara,
J. Komiya, M. Ryu, H. Fujisawa, J. Morikawa, T. Katayama, D. Yamanaka, A. Furube, H. Sato, T.
Asahi, H. Koshima, J. Am. Chem. Soc. 2021, 143, 8866—8877.
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Relationship between coloration of chrome-tanned leathers reacted by glucose oxides and
their mechanical strength (Osaka Research Institute of Industrial Science and Technology)
OTakeru Ohe, Yurika Yoshimura

We have experienced in our daily living well that foods including both reducing sugars and
proteins, become yellow or brown after the heating process or long storage. These coloration
reactions are called the Maillard reaction. In our laboratory, new textile coloration not using
toxic synthetic dyestuffs have been investigated as application of the Maillard reactions. Our
recent works also afforded interesting results that the usage of oxides of the reducing sugars,
including reactive intermediates of the Maillard reaction, enhanced largely the coloration
speed of the wool fibers comparably to those of synthetic dyes. Here, we investigated the
relationship between coloration of chrome-tanned leathers, one of protein fibers, reacted by
glucose oxides and their mechanical strength.

Keywords : Maillard Reaction, Leather,; Coloration; Mechanical Strength; Glucose Oxide
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Removal, Separation and Recovery of Cs, Co, and Sr from the Mixed Solution
Using Arthrobacter Cells (Faculty of Engineering, Hachinohe Institute of Technology)
(OTakehiko Tsuruta!, Jun Tachibana', Kazuya Yokoyama', Takahiro Nagane', Yuya Koseki',
Akira Shiga'

In detected metals around Fukushima Daiichi nuclear power plant, adsorption of Co, Sr, and
Cs from the solution containing mixed metals using Arthrobacter nicotianae was examined.
The amount of adsorbed each metal using microorganism was increased with increasing the
pH of the solution. The amount of adsorbed each metal (umol/g dry wt. cells) using
microorganism was also increased with increasing the metal concentration in the solution. The
relative degree of metal adsorbed by 4. nicotianae cells was observed to be Co, Sr >Cs. The
amount of total adsorbed each metal (%) was increased with increasing the cell amounts. Co
and Sr were removed quantitatively using enough amount of microbial cells, however, Cs was
not removed perfectly using microbial cells by batch system. Quantitative Co, Sr, and Cs by
immobilized A. nicotianae cell was next examined. All of the ions were removed by passing
through the column. Most of the adsorbed Cs could be desorbed separately, however, Co and
Sr couldn’t be separated. To separate these metal ions, Sr was removed batch treatment at pH
2. As the amount of Sr removed was about in this method was about 60 %, this treatment was
continued three times. After removed Sr, remained Co and Cs solution was passed though the
immobilized microbial column. All of the Co and Cs adsorbed was desorbed by diluted nitric
acid and separated perfectly.

Keywords : Co, Cs, Sr Removal; Co, Cs, Sr separation; Co, Cs, Sr recovery;
Arthrobacter nicotianae Cells
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New Separation Technology of Ni and Co in Solution by Chelating Resin for Resource

Recovery from Waste Lithium-ion Batteries ('Graduate School of Science and Engineering,
Ehime University, *EGS, Co.,Ltd.) Oliro Kondo,"* Hiromichi Aono,! Yasuhiro Tsugita?

Among the rare metals contained in waste lithium-ion batteries (Spent-LIBs), Ni and Co are
important elements as functional materials for lithium-ion batteries (LIBs), but they are
extremely difficult to separate. For example, both Ni and Co in solution are adsorbed by
chelating resin. In this study, the separation of Ni and Co was achieved by the action of metal
complexes formed by inorganic salts such as citric acid and ammonia with the metals.

In fact, in the column test on chelating resin (iminodiacetic acid), the adsorption of both Ni
and Co was unstable in citric acid only, and more than 90 % of both Ni and Co were adsorbed
in ammonia only. On the other hand, when the pH was adjusted to 10 or more in the presence
of citric acid and ammonia, the adsorption rates of Ni and Co were more than 90 % and less
than 10%, respectively. We have found that this new technology makes it possible to separate
easily Ni and Co.

In addition to Ni and Co, Li, Mn, Fe, and Al are contained in the recovered liquid obtained
by calcination, pulverization, and dissolution of Spent-LIB, and the problems in their
separation are also discussed in this paper. Tanaka and Kunimune also present related research
at this conference.

Keywords : lithium-ion battery; Ni; Co; Inorganic salt; Chelating resin
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Design of thermoplastic materials using cellulose as a base matrix

(! Kyushu Institute of Technology) ORuozhu Wang,! Yoshito Andou 2
Keywords: Cellulose acetate; Polylactic acid; Thermoplastic; Melt-kneading

In recent years, pollution such as marine plastics and climate change are considered
important global issues due to environmental aspects. Various measures to solve the
environmental problem are being considered. As a countermeasure, the development of
biodegradable plastics which has the potential to replace petroleum-based plastics such as
polyethylene and polypropylene has attracted particular attention. Cellulose is one of the
most abundant biodegradable polymer available in nature and exhibits excellent mechanical
properties. However, cellulose does not have the thermoplasticity of general-purpose resins,
which limits its utilization.

In this study, transesterification reaction by melt-kneading method was utilized to
produce thermoplastic composite with commercialized cellulose acetate (CA) and polylactic
acid (PLA). In general, CA has a high melting point of 250-300°C, and will be carbonized
after melting. It’s low thermoplasticity makes it difficult to use as a resin. PLA which is
versatile biodegradable resin, a polyesters, and the transesterification reactions between
molecular chains have been reported V. Here-in, we focused on the transesterification
reaction between the acetyl group of CA and polyester (Scheme 1). As shown in Fig.1,
unlike PLA , the composite resin obtained by melt-kneading CA and PLA was incompatible,
and no thermoplasticity was obtained. However, when 2-Ethylhexanoic Acid Tin(Il) was
added as a catalyst, a composite material showing thermoplasticity between CA and PLA
was obtained under certain kneading conditions. Characterization results confirmed that
PLA successfully grafted onto CA backbone.

: 0
l? X Tranzesterfication I R
CH3 CA0~Cellulose Cat. CH3-C O~Cellulose
1 —Y
3
SOB80ED o C © GHIOSD 0 ¢-c-9000080
! Il
' H; 0 CH;

Scheme 1.Transesterification reaction between the
molecular chains of CA and PLA

Fig. 1.Sample after melt kneading
1) J. Yang et al. Polymer 83(2016)230-238.
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Conductive Properties of Oxygen Deficient Titanium Dioxide by In-liquid Plasma Treatment
('ORC MANUFACTURING CO., LTD., *Graduate School of Science and Technology, Tokyo
University of Science, *Research Institute for Science and Technology, Tokyo University of
Science) O Kai Takagi!, Yuta Fujii* 3, Haruo Kuriyama', Takenori Hayakawa', Izumi
Serizawa!, Naoya Ishida®, Chiaki Terashima?® 3, Akira Fujishima?

In recently years, the recycling of carbon dioxide using electroreduction has been studied. It
is known that carbon dioxide can be selectively reduced by loading conductive carbon with an
auxiliary catalyst such as gold, lead, etc”. However, the carbon is degraded by redox reactions,
resulting in decreased long-term stability and selectivity. In this study, we aimed to improve
the inexpensive and chemically resistant anatase as a high electrical conductivity material by
using in-liquid plasma method. Resistivity at different voltage pulse width of pulse power
supply and XPS spectra of Ols before and after in-liquid plasma treatment (t = 0.26 us) are
shown in Fig. 1 and Fig. 2, respectively. The resistivity decreased as the pulse width increased.
It can be considered that the increase in electronic conductivity due to the increase in oxygen
vacancies results in a decrease in resistance. On that day, we will report on the carbon dioxide
electroreduction properties of gold-loaded anatase.

Keywords : In-liquid Plasma; Oxygen-deficient Titanium Dioxide; Electrode; Conducive Aid;
Carbon dioxide reduction
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1) L.Jinet. al., Nanoscale, 10, 14678 (2018).
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Complete Mineralization of Fluorinated lonic Liquids Using
Low-Temperature Superheated Water

(Faculty of Science, Kanagawa University) OHisao Hori, Satomi Oishi
Keywords: Ionic Liquid; Superheated Water; Decomposition; Fluorine

Ionic liquids (ILs) are cutting-edge materials for green chemistry applications because
they have unique characteristics such as negligible vapor pressure, high thermal and
chemical stability, and high solvation ability, and they are non-flammable. Among them,
fluorinated ILs, which are combinations of an organic cation and a perfluorinated organic
anion, are used as electrolytic media for energy-related applications in batteries,
dye-sensitized solar cells, supercapacitors, and actuators, because they not only have the
common characteristics of ILs but they also fulfill crucial requirements for electrochemical
devices.

The increasing number of industrial usages of fluorinated ILs has led to increased
examination of their aquatic toxicity. Several ILs are reported to be biodegradable; however,
their biodegradation is limited mostly in the organic cation moiety and does not result in
complete mineralization of the IL. Furthermore, the perfluorinated anion moiety,
bis(trifluoromethanesulfonyl)imide, [(CF3SO,),N]-, the most common anion used in
fluorinated ILs, has been shown to not biodegrade. Under these circumstances, waste
treatment technologies that allow complete mineralization of fluorinated ILs are needed.

We report herein an effective method that allows almost complete mineralization of two
fluorinated ILs—[Me;PrN][(CF3SO:):N] 1-methyl-1-propylpiperidium
bis(trifluoromethanesulfonyl)imide, [Csmpip][(CF3SO,).N]—in superheated water (often
referred to subcitical water or pressurized hot water) at a relatively low temperature
(300 °C) by using KMnOQOy4 as an oxidizing agent. KMnOy is a safe oxidizing agent that is
currently used at drinking water treatment plants to remove iron component and to control
the formation of trihalomethanes and other disinfection byproducts.
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1) H. Hori, S. Oishi, R. Kodama, Ind. Eng. Chem. Res.
Electrochemistry 2021, 89, 75-82 (review paper).
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