Wed. Mar 22, 2023

K202

Academic Program [Oral B] | 02. Theoretical Chemistry, Chemoinformatics,
and Computational Chemistry | Oral B

[K202-Tam] 02. Theoretical Chemistry,
Chemoinformatics, and Computational

Chemistry
Chair: Gergely Juhasz, Satoshi Takahashi
9:00 AM - 11:10 AM K202 (K202, Lecture Hall Bldg. [2F])

[K202-1am-01] Study on Calculation of Electron Density
Distribution of Centrosymmetric Mg3BN3
High Pressure Phase via Maximum
Entropy Method Incorporating Discrete
Cosine Transform
SHideo Hiraguchi' (1. The Institution of
Professional Engineers, Japan)
9:00 AM - 9:20 AM

[K202-1am-02] Theoretical Study on Adhesion Interaction
of Epoxy Resin with Graphene and
Graphene oxide
OAmit Shrestha1, Yosuke Sumiya, Kazunari
Yoshizawa (1. Kyushu University)
9:20 AM - 9:40 AM

[K202-1am-03] Differences of molecular absorption on
titanium-dioxide surface - a
computational study
OGergerJuhasz1 (1. Tokyo Institute of
Technology)
9:40 AM - 10:00 AM

[K202-1am-04] Exploration of stable structures of host
guest materials: A comparison with
density functional theory calculations and
particle swarm optimization
OShuta Fukuura1, Takashi Yumura1, Yohei
Nishidate? (1. Kyoto Institute of Technology,
2. University of Aizu)
10:10 AM - 10:30 AM

[K202-1am-05] Switching of self-assembly pathway for
Pd¢L, square-based pyramid by NO,"
Osatoshi Takahashi1, Tsukasa Abe1, Tomoki
Tateishiz, Hirofumi Sato3'4, Shuichi Hiraoka'

(1. Graduate School of Arts and Sciences, The

Univ. of Tokyo, 2. iCeMS, Kyoto University, 3.
Department of Molecular Engineering, Kyoto

University, 4. 5 Fukui Institute for Fundamental
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Chemistry, Kyoto University)
10:30 AM - 10:50 AM

[K202-1am-06] A DMRG/CASPT2 Investigation of
Metallocorroles: Quantifying Ligand
Noninnocence in Archetypal 3d and 4d
Element Derivatives
QUAN MANH PHUNG', OYASIN
MUCHAMMAD', TAKESHI YANAI", ABHIK
GHOSH? (1. Nagoya University, 2. UiT-The
Arctic University of Norway)

10:50 AM - 11:10 AM

K502

Academic Program [Oral B] | 07. Inorganic Chemistry | Oral B
[K502-1am] 07. Inorganic Chemistry

Chair: Eisuke Yamamoto, Nobuyoshi Miyamoto
9:00 AM - 10:50 AM K502 (K502, Lecture Hall Bldg. [5F])

[K502-1am-01] Mechanism for neat monolayer tiling of
2D nanosheets by a spin-coating method
oNobuyuki Sakai1, Takayoshi Sasaki' (1.
National Institute for Materials Science)
9:00 AM - 9:20 AM

[K502-1am-02] A Novel Synthesis Method of Palladium
Nanosheets with Thickness Control
OSumiya Ando1, Eisuke Yamamotoz, Makoto
Kobayashiz, Minoru Osada®® (1. Nagoya Univ.,
2. IMaSS, Nagoya Univ., 3. WPI-MANA, NIMS)
9:20 AM - 9:40 AM

[K502-1am-03] Synthesis of amorphous silica nanosheets
using solid-state surfactant and
investigation of the exfoliation behavior
CFisuke Yamamoto1, Yuma Takezaki1, Makoto
Kobayashi', Minoru Osada'? (1. Nagoya
University, 2. International Center for Materials
Nanoarchitectonics, National Institute for
Materials Science)
9:40 AM - 10:00 AM

[K502-1am-04] Molecular simulation and thermodynamic
analysis of saturated water content in
organomontmorillonite
oMasaya Miyagawa1, Keigo Tozaki1, Fumiya
Hirosawa', Hiromitsu Takaba' (1. Kogakuin
university)
10:10 AM - 10:30 AM

[K502-1am-05] Structural analyses of monodisperse



nanosheet assemblies by small-angle X-
ray scattering

©Nobuyoshi Miyamoto' (1. Fukuoka Inst.
Technol.)

10:30 AM - 10:50 AM

K305

Academic Program [Oral B] | 08. Catalysts and Catalysis | Oral B
[K305-1pm] 08. Catalysts and Catalysis

Chair: Kohsuke Mori, Seiji Yamazoe
1:10 PM - 3:40 PM K305 (K305, Lecture Hall Bldg. [3F])

[K305-1pm-01] Revealing Hydrogen Spillover Pathways in
Reducible Metal Oxide Supports
OKazuki Shun1, Kohsuke Mori1, Hiromi
Yamashita' (1. Graduate School of
Engineering, Osaka University)
1:10 PM - 1:30 PM

[K305-1pm-02] Reaction mechanism of CO/CO, photo-
conversion into ethylene and propylene
using cobalt metal nanoparticle-
supported ZrO,.
OKeisuke Hara1, Rumiko Hirayama1, Rento
Ishii', Kaori Niki', Yasuo lzumi' (1. Chiba
University)
1:30 PM - 1:50 PM

[K305-1pm-03] Electrocatalytic reduction of carbon
monoxide to multicarbon products on a
copper-single atom catalysts
OKeitaro Ohashi1, Takashi harada1, Shuji
Nakanishi', Kazuhide Kamiya' (1. Osaka
Univ.)
1:50 PM - 2:10 PM

[K305-1pm-04] Chemoselective hydrogenation of nitro
compounds over Ir-based hybrid
clustering catalysts
©Shun Hayashi', Tetsuya Shishido®® (1. Natl.
Mus. Nat. Sci., 2. Tokyo Metrop. Univ., 3.
ESICB, Kyoto Univ.)
2:10 PM - 2:30 PM

[K305-1pm-05] Elucidation of molecular adsorption states
of strong base metal oxide cluster by X-
ray absorption spectroscopy
OTomoki Matsuyama', Hiroki Nagakari', Soichi
Kikkawa1, Naomi Kawamuraz, Kotaro Higashiz,

Naoki Nakatani', Seiji Yamazoe'® (1. Tokyo
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Metropolitan University, 2. JASRI, 3. JST-
PRESTO)
2:40 PM - 3:00 PM

[K305-1pm-06] Acid-Base Bifunctionality of Ti-based
Perovskite Nanoparticles for
Cyanosilylation
OTakeshi Aihara1, Wataru Aoki1, Keigo
Kamata1, Michikazu Hara' (1. Tokyo Institute
of Technology)
3:00 PM - 3:20 PM

[K305-1pm-07] Homogeneous Investigation of N-
Heterocyclic Carbene Stabilized Au-
Nanoclusters for Electrocatalysis
OSamuel Jacob1’2, Joey DeJesus1, Emily
Albright?, Yasuyo Tezuka', Masakazu Nambo',
Cathleen Crudden®' (1. Nagoya University, 2.
Queens University)

3:20 PM - 3:40 PM

K505

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

[K505-1pm] 09. Coordination Chemistry,
Organometallic Chemistry

Chair: Naoki Ishida, Yoshiaki Tanabe
1:10 PM - 3:40 PM K505 (K505, Lecture Hall Bldg. [5F])

[K505-1pm-01] Construction of Molecular Gears Based
on Lanthanoid Double-decker Complexes
with Phthalocyanine and
Naphthalocyanine Functionalized with
Four Planar Peripheral Substituents
OJeevithra Dewi Subramaniam1, Toshio
Nishino', Gwénaél Rapenne'? (1. Nara
Institute of Science and Technology, 2.
University of Toulouse, France)
1:T0 PM - 1:30 PM

[K505-1pm-02] Photoluminescence Properties of
Mononuclear Europium(lll) and
Gadolinium(lll) Complexes with
Tetradentate Schiff Base Ligands in the
Solid State
OMasanobu Tsuchimoto1, Toshiki Sakata1,
Naoki Takeda', Shuhei Itoh', Tomoaki Sugaya’,
Hyuma Masuz, Masayuki Watabnabe® (1.
Chiba Institute of Technology, 2. Chiba

University, 3. Japan Atomic Energy Agency )



1:30 PM - 1:50 PM

[K505-1pm-03] Synthesis of Dinuclear Titanium Oxalate
Complexes Supported by a
Tris(phenolato)amine Ligand
CAkira Okumura1, Florentine Mohr1, Thomas
Paul Spaniol’, Jun Okuda' (1. RWTH Aachen
Univ.)
1:50 PM - 2:10 PM

[K505-1pm-04] Transformation of dinitrogen and alkenes
to alkyl amines at a trititanium
polyhydride framework
OTakanori Shima’, Ping Wu?, Ryota Owada’,
Gen Luo?, Zhaomin Hou' (1. RIKEN, 2. Anhui
University)
2:10 PM - 2:30 PM

[K505-1pm-05] Transformation of Pyridines to
Cyclopentadienyl Units by
Denitrogenation in a PNP-Ligated
Dititanium Hydride Framework
OXjaoxi ZHOU', Qingde ZHUO ', Takanori
SHIMA', Xiaohui KANG?, Zhaomin HOU' (1.
RIKEN, 2. Dalian Medical University)
2:40 PM - 3:00 PM

[K505-1pm-06] Reaction of a Titanium Dinitrogen
Complex Bearing an (ONO)-Ligand with
CO, and CS,
OYutaka Ishida', Sui Hasegawa', Hiroyuki
Kawaguchi1 (1. Tokyo Institute of
Technology)
3:00 PM - 3:20 PM

[K505-1pm-07] Precise control of metal-centered chirality
of pentacoordinate chiral-at-vanadium(V)
complexes using chiral auxiliaries
OAyako Hino1, Koichi Nagata1, Hitoshi Ube1,
Mitsuhiko Shionoya' (1. The Univ. of Tokyo)
3:20 PM - 3:40 PM

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

[K505-1vn] 09. Coordination Chemistry,
Organometallic Chemistry

Chair: Daisuke Tanaka, Satoshi Horike
4:10 PM - 6:40 PM K505 (K505, Lecture Hall Bldg. [5F])

[K505-1vn-01] Liquid- liquid transition in coordination
polymer melt studied by dynamic
mechanical analysis

OTaichi Nishiguchi', Yuki Ohara?, Kentaro
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Kadota3, Satoshi Horike®® (1. Faculty of
Engineering, Kyoto University, 2. Graduate
School of Engineering, Kyoto University, 3.
iCeMS, KUIAS, Kyoto University)
4:10 PM - 4:30 PM

[K505-1vn-02] Glass formation of coordination polymers
driven by dehydration treatment
OZeyu FAN1, Yong-Sheng Wei2, Satoshi
Horike®>' (1. Graduate School of Engineering,
Kyoto University, 2. Institute for Advanced
Study, Kyoto University)
4:30 PM - 4:50 PM

[K505-1vn-03] Photo-generated extremely long-lived
spin-polarized radicals in
metal-organic frameworks
OKana Orihashi1, Akio Yamauchi1, Saiya
Fujiwara4, Kenichiro Tateishi4, Tomohiro
Uesaka4, Asada Mizue5, Toshikazu Nakamuras,
Nobuo Kimizuka1'2, Nobuhiro Yanai'® (1.
Kyushu Univ., 2. CMS, Kyushu Univ., 3. FOREST,
JST, 4. RIKEN, 5. Institute for Molecular
Science)
4:50 PM - 5:10 PM

[K505-1vn-04] Semiconductive Nature of Lead(ll)
Coordination Polymers with Benzenethiol
Derivatives
oRyohei Akiyoshi', Akinori Saeki?, Daisuke
Tanaka' (1.Kwansei Gakuin University, 2.
Osaka University)
5:10 PM - 5:30 PM

[K505-1vn-06] Inverse Guest Adsorption and Luminescent
Response in an Au(l)-based Metal—
Organic Framework
CHaruka Yoshino1, Masaki Saigoz, Kiyoshi
Miyata?, Ken Onda?, Hitoshi Miyasaka' (1.
Institute for Materials Research, Tohoku
University, 2. Graduate School of Science,
Kyushu University)
6:00 PM - 6:20 PM

[K505-1vn-07] Charge-driven Assembly of Water-soluble
lonic Metal-Organic Polyhedra with
Enzymes
oBenjamin Le Ouay1, Ryosuke Minami1, Purna
Kanta Boruah', Masaaki Ohba' (1. Kyushu
University)
6:20 PM - 6:40 PM



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

[K506-1vn] 09. Coordination Chemistry,
Organometallic Chemistry

Chair: Shin Takemoto, Takanori Shima
4:10 PM - 6:40 PM K506 (K506, Lecture Hall Bldg. [5F])

[K506-1vn-01] Synthesis of tris(dinitrogen) iron(0)
complexes stabilized by organosilicon
ligands
OReon Ishii’, Yusuke Sunada'? (1. Graduate
School of Engineering, The University of Tokyo,
2. Institute of Industrial Science, The University
of Tokyo)

4:10 PM - 4:30 PM

[K506-1vn-02] Synthesis and Reactivity of Doubly Oxido-
Bridged Diruthenium Complex with
Terminal Hydroxido Ligands
OTomoyo Misawa-Suzuki1, Nanako Asai1,
Hirotaka Nagao' (1. Fac. of Sci. and Tech.,
Sophia Univ.)

4:30 PM - 4:50 PM

[K506-1vn-03] Anion-Exchange-Induced Modulation of
Electric Field Response in a Two-
Dimensional Bis(terpyridine)metal(ll)
complex polymer
OKenji Takada', Hiroshi Nishihara' (1. Tokyo
University of Science, Research Institute for
Science &Technology)

4:50 PM - 5:10 PM

[K506-1vn-04] Intramolecular C-H Bond Activation and
Functionalization by Low-Valent Cobalt
Complexes with Diamide Ligands
OSuiho Kobayashi1, Tsubasa Hatanaka1,
Yasuhiro Funahashi' (1. Osaka Univ.)

5:10 PM - 5:30 PM

[K506-1vn-05] Heterobimetallic Pt/Main Group Metal
Complexes in Metal-Metal Cooperative
Bond Activation
OGOVINDARAJAN RAMADOSS1, Shubham
Deolka1, Eugene Khaskin1, Serhii Vasylevskyi1,
Robert R. Fayzullinz, Shrinwantu Pal1, Julia R.
Khusnutdinova' (1. Okinawa Institute of

Science and Technology Graduate University, 2.

Arbuzov Institute of Organic and Physical
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Chemistry FRC Kazan Scientific Center, Russian
Academy of Sciences 8
ArbuzovStreet,Kazan,420088 (Russian
Federation))
5:40 PM - 6:00 PM

[K506-1vn-06] Fabrication of oriented conductive metal-

organic framework thin film by dry process.

OSeoungmin Chon1, Ryo Nakayamaz, Shunta
|wamoto1, Shigeru Kobayashi1, Ryota Shimizu1,

21 (1. Tokyo Institute of

Taro Hitosugi
Technology, 2. the University of Tokyo)
6:00 PM - 6:20 PM

[K506-1vn-07] Selective CUAAC Transformation of Cu(l)
Complex Surrounded by Multiple Reactive
Points
OTakuya SHIBUE', Shang RONG', Kazuyuki
KUBO1, Shoko KUME1, Tsutomu MIZUTA! (1.

Hioshima Univ.)

6:20 PM - 6:40 PM

K404

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

[K404-1am] 10. Organic Chemistry -Organometallic

Compounds-
Chair: Hiroshi Naka, Mamoru Ito
9:00 AM - 11:40 AM K404 (K404, Lecture Hall Bldg. [4F])

[K404-1am-01] Regioselective Distal C-C Bond
Formations via Ir-Catalyzed C-H Activation
along with Chain-Walking
oKing Hung Nigel Tang', Tokutake Ryo’,
Uchida Kanako', Nishihara Kazuki', Ito
Mamoru1, Shibata Takanori' (1. Waseda
University)

9:00 AM - 9:20 AM

[K404-1am-02] Synthesis of 3,4-Fused-2-Quinolone
Derivatives via Site-Selective C- H
Functionalization by Cp* Rh(lll) Catalysis.
Chaohiro hirako1, takesi yasui1, yasihiko
yamamoto' (1. The Univ. of Nagoya)

9:20 AM - 9:40 AM

[K404-1am-03] Cationic Rhodium(l) Tetrafluoroborate-

Catalyzed Intramolecular

Carbofluorination of Alkenes via C- F



Bond Cleavage of Acyl Fluorides
OTomoki Yoshida1, Masaya Ohta1, Takuya
Kodama'?, Mamoru Tobisu'? (1. Osaka
University, 2. ICS-OTRI, Osaka University)
9:40 AM - 10:00 AM

[K404-1am-04] Cobalt/Photoredox Dual Catalysis-
Enabled Cycloisomerization of Enediynes
via C- H Bond Activation
OKeiji Yamada', Takeshi Yasui', Yoshihiko
Yamamoto', Nobuaki Koga® (1. Grad. Sch.
Pharm. Sci., Nagoya Univ., 2. Grad. Sch.
Informatics., Nagoya Univ.)
10:00 AM - 10:20 AM

[K404-1am-05] An Iridium Precatalyst for Transfer
Dehydration of Amides to Nitriles
Marie Ono1, Toshiki Asaiz, Asuka Naraoka1,
Yasuhiro Ohki3, Yoshiji Takemoto1, CHiroshi
Naka' (1. Grad. Sch. of Pharm. Sci., Kyoto
Univ., 2. Grad. Sch. of Sci., Nagoya Univ., 3.
Inst. Chem. Res., Kyoto Univ.)
10:40 AM - 11:00 AM

[K404-1am-06] Rhodium-Catalyzed Selective Synthesis of
Silicon-containing Cyclic Compounds by
Intramolecular and Intermolecular
Hydrofunctionalization of Alkynes
OKazuto Fuji2, Kohei Sekine1’2, Yoichiro
Kuninobu™? (1. Institute for Materials
Chemistry and Engineering, Kyushu University,
2. Interdisciplinary Graduate School of
Engineering Sciences, Kyushu University)
11:00 AM - 11:20 AM

[K404-1am-07] Magnesiation of C- F and C- O Bonds
Catalyzed by Rhodium- Aluminum
Bimetallic Complexes
Clkuya Fujii’, Haruka Kido', Ryota Higo',
Kazuhiko Semba’, Yoshiaki Nakao' (1. Grad.
Sch. Eng., Kyoto Univ.)
11:20 AM - 11:40 AM

The Chemical Society of Japan The 103rd CSJ Annual Meeting

Intramolecular Hiyama Coupling
ODonghyeon Lee1, Ryo Shintani' (1. Osaka
University)

4:10 PM - 4:30 PM

[K404-1vn-02] Palladium- catalyzed unimolecular

fragment coupling of amides via
elimination and translocation of isocyanate
ORyoma Shimazumi1, Riku Tanimoto1, Takuya
Koama1’2, Mamoru Tobisu™? (1. Osaka univ., 2.
ICS-OTRI)

4:30 PM - 4:50 PM

[K404-1vn-03] Mechanoredox/Nickel Dual Catalytic

System for Force-Induced Cross-Coupling
Reactions

OTamae Seo', Koji Kubota'?, Hajime Ito™? (1.
Graduate School of Engineering, Hokkaido
University, 2. WPI-ICReDD, Hokkaido
University)

4:50 PM - 5:10 PM

[K404-1vn-04] Dehydrogenative Three-Component

Coupling of Alkylarenes, CO and Phenols
ONaoki Ishida1, Hiroki Shinoya1, Tairin
Kawasaki1, Masahiro Murakami' (1. Kyoto
University)

5:10 PM - 5:30 PM

K603

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

[K603-1pm] 11. Organic Chemistry -Structural

Organic Chemistry-

Chair: Suguru Ito, Takashi Hirose
1:50 PM - 3:40 PM K603 (K603, Lecture Hall Bldg. [6F])

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

[K404-1vn] 10. Organic Chemistry -Organometallic

Compounds-
Chair: Kazuhiko Semba, Kei Muto
4:10 PM - 5:30 PM K404 (K404, Lecture Hall Bldg. [4F])

[K404-1vn-01] Palladium-Catalyzed Synthesis of 4-Sila-
4H-benzo[d][1,3]oxazines by

©The Chemical Society of Japan

[K603-1pm-01] Synthesis of the longest aza[n]helicene

OvYusuke Matsuo1, Takayuki Tanaka1, Shu Seki'
(1. Kyoto University)
1:50 PM - 2:10 PM

[K603-1pm-02] Synthesis and photophysical properties of

chiral 1,7-7° ,1" -cyclopyrenylene
oligomers

ORyo Kurosaki1, Rémi Métivierz, Hiroko
Yamada', Naoki Aratani' (1. NAIST, 2. ENS
Paris-Saclay)

2:10 PM - 2:30 PM

[K603-1pm-03] Solvent dependency of the charge

separation and the near-infrared emission



of sumanenetrione-based dyes
oJunyi Han1, Youhei Takeda1, Hayato Sakaiz,
Taku Hasobez, Yuta Uetakem, Yumi
Yakiyama1'3, Hidehiro Sakurai'® (1. Graduate
School of Engineering, Osaka Univ., 2. Fac. Sci.
Tech., Keio Univ., 3. ICS-OTRI, Osaka Univ.)
2:30 PM - 2:50 PM

[K603-1pm-04] Theoretical analysis and device
application of C;-chiral truxenes showing
an excellent circularly polarized
luminescence property on fluorescence
and phosphorescence
OFumitaka Ishiwari1, Takuya Omine1, Takashi
Hirosez, Tadashi Mori1, Naoya Aizawa1, Akinori
Saeki' (1. Osaka University, 2. Kyoto
University)
3:00 PM - 3:20 PM

[K603-1pm-05] Organic Triboluminescence Polar Crystals
Composed of a Host— Dopant System
oTakuya Ogaki1'2, Yasunori Matsui1'2, Hiroshi
lkeda'? (1.Grad. Sch. Eng., Osaka Metro.
Univ., 2. RIMED, Osaka Metro. Univ.)
3:20 PM - 3:40 PM

K606

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

[K606-1pm] 12. Organic Chemistry -Organic
Crystals, Supramolecular Chemistry-

Chair: Takashi Nakamura, Yumi Yakiyama
1:00 PM - 3:40 PM K606 (K606, Lecture Hall Bldg. [6F])

[K606-1pm-01] Anthracene-based molecular tweezers:
Construction of a giant spherical
assembly based on hierarchical self-
complementarity
OMasahiro Yamashina1, Yuta Sawanaka1, Shinji
Toyota' (1. School of Science, Tokyo Inst. of
Tech.)

1:00 PM - 1:20 PM

[K606-1pm-02] Molecular Dynamics Study on the
Structure— Property Relationship of Self-
Assembled Gear-Shaped Amphiphile
Molecules with/without Methyl Groups
OMoe Murata1, Osamu Kobayashi1, Shuichi
Hiraokaz, Tomomi Shimazaki1, Masanori

Tachikawa' (1. Yokohama City University, 2.
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The University of Tokyo)
1:20 PM - 1:40 PM

[K606-1pm-03] A twisted chiral cavitand with five-fold
symmetry and its length-selective binding
properties
CTanhao Shi’, Yuuya Nagata?, Shigehisa
Akine3, Shunsuke Ohtani1, Kenichi Kato1,
Tomoki Ogoshi'® (1. Kyoto University, 2.
Hokkaido University, 3. Kanazawa University)
1:40 PM - 2:00 PM

[K606-1pm-04] Two-dimensional living supramolecular
polymerization improved by using a
comonomer and a dummy monomer
OZHEHUI JIN'2, Norihiko Sasaki®, Masayuki
Takeuchi4’2, Yutaka Wakayamam, Kazunori
Sugiyasu3 (1. Kyushu University , 2. National
Institute for Materials Science, 3. Kyoto
University, 4. University of Tsukuba, 5. Tottori
University)
2:00 PM - 2:20 PM

[K606-1pm-05] Facet-selective Block Co-crystallization of
Two-different Spin-crossover Metal
Complexes
oTomoya Fukui1'2, Masahiro Tsuchiya1’2,
Takanori Fukushima'? (1. CLS, Tokyo Tech.,
2. Sch. Mater. and Chem. Tech., Tokyo Tech.)
2:30 PM - 2:50 PM

[K606-1pm-06] Self-assembling behaviors and properties
of platinum( Il') complexes possessing
chiral hydrophilic bis(phenylisoxazolyl)
benzene moieties
OMasaya YOSHIDA', Takehiro HIRAQ',
Takeharu HAINO™ (1. Graduate School of
Advanced Science and Engineering, Hiroshima
University, 2. WPI-SKCM?, Hiroshima
University)
2:50 PM - 3:10 PM

[K606-1pm-07] Supramolecular Polymerization of
Photofunctional Thiophene-Fused
[4n]Annulenes: Chiral Superstructures
and Chiroptical Properties
OTsubasa Aoki1, Takayoshi Akiyama1, Takuzo
Aida'?, Yoshimitsu Itoh™® (1. Grad. Sch. of
Eng., The Univ. of Tokyo, 2. RIKEN CEMS, 3.
PRESTO, JST)
3:10 PM - 3:30 PM



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

[K606-1vn] 12. Organic Chemistry -Organic Crystals,

Supramolecular Chemistry-
Chair: Kenichi Kato, Yoshimitsu Itoh
4:10 PM - 6:40 PM K606 (K606, Lecture Hall Bldg. [6F])

[K606-1vn-01] Signal-amplification Sensing via
Sumanene-based Supramolecular
Polymerization
CHiroaki Mizuno1, Hironobu Nakazawaz, Akihisa
Miyagawa3, Yumi Yakiyamaz, Susumu
Kawauchi4, Hidehiro Sakuraiz, Gaku Fukuhara'

(1. Department of Chemistry, Tokyo Institute of
Technology, 2. Department of Applied
Chemistry, Osaka University, 3. Department of
Chemistry, University of Tsukuba, 4. Tokyo Tech
Academy for Convergence of Materials and
Informatics, Tokyo Institute of Technology)

4:10 PM - 4:30 PM

[K606-1vn-02] Anion- Interaction in the Polyanionic
{Mo,;,} Cage
OChinatsu MURATA', jaesob SHIN’, yukatsu
SHICHIBU'?, katsuaki KONISHI'? (1. Grad.
Sch. Env. Sci., Hokkaido Univ., 2. Fac. Env. Earth
Sci., Hokkaido Univ.)

4:30 PM - 4:50 PM

[K606-1vn-03] Synthesis and Dynamic Properties of
Stapled o -Helical Peptides
ONaoki Ousaka1, Mark MacLachIan1'2, Shigehisa
Akine'® (1. Kanazawa Univ. NanoLSI, 2. The
Univ. of British Columbia, 3. Kanazawa Univ.
Grad. Sch. of Nat. Sci. &Tech.)

4:50 PM - 5:10 PM

[K606-1vn-04] Acceleration and deacceleration of helicity
inversion speeds in a dynamic helical
trinickel(ll) metallocryptand by alkali metal
ion binding
Osk Asif Ikba|1, Pei Zhaoz, Masahiro Eharaz,
Shigehisa Akine® (1. WPI-Nano Life Science
Institute, Kanazawa University, 2. Institute for
Molecular Science, Research Center for
Computational Science, 3. Graduate School of
Natural Science and Technology, Kanazawa
University)

5:10 PM - 5:30 PM
[K606-1vn-05] Colorimetric Chiral Sensing Using
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Supramolecular Organogels Formed by
Carbamoylated Riboflavin and Melamine
Derivative
OMarina Oka1, Ryo Kozako1, Hiroki lida' (1.
Graduate School of Natural Science and
Technology, Shimane University)
5:40 PM - 6:00 PM

[K606-1vn-06] Formation of a metastable Pd,Lg
interlocked cage complex based on the
energy ratchet mechanism
OTsukasa Abe’, Shuichi Hiraoka' (1. The Univ.
of Tokyo)
6:00 PM - 6:20 PM

[K606-1vn-07] Supramolecular reactions in a dynamic
solution
©Munenori Numata1, Takemori Haruna, Kanzaki
Chisako (1. Kyoto Prefectural University)
6:20 PM - 6:40 PM

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

[K602-1am] 13. Organic Chemistry -Reaction
Mechanism, Photochemistry,

Electrochemistry-
Chair: Shohei Saito, Shuzo Hirata
9:00 AM - 11:40 AM K602 (K602, Lecture Hall Bldg. [6F])

[K602-1am-01] Intramolecular Singlet Fission and
Chiroptical Properties of Chiral Acene
Dimers
OHayato Sakai', Yasuyuki Araki?, Takehiko
Wadaz, Nikolai Tkachenko3, Taku Hasobe' (1.
Keio University, 2. Tohoku University, 3.
Tampere University)
10:20 AM - 10:40 AM

[K602-1am-02] Transient Absorption Spectroscopic
Analysis of Energy Transfer Process in the
Solid-state Upconversion System
OYasunori Matsui1’2, Takumi Takahashi1,
Masaya Kanoh', Takuya Ogaki'?, Hiroshi
lkeda'? (1. Grad. Sch. Eng., Osaka Metro.
Univ., 2. RIMED, Osaka Metro. Univ.)
10:40 AM - 11:00 AM

[K602-1am-03] Photo-Induced Triplet Depletion Allowing
Higher-Resolution Afterglow

OKikuya Hayashi', Keiki Fukumoto? Shuzo



Hirata' (1. The Univ. of Electro-Commun., 2.
KEK)
11:00 AM - 11:20 AM

[K602-1am-04] Vibronic Couplings and Spin-Orbit
Couplings in Intersystem Crossing
Processes
OWataru Ota1'2, Motoyuki Uejima3, Tohru
Sato™? (1. Fukui Institute for Fundamental
Chemistry, Kyoto University, 2. Graduate
School of Engineering, Kyoto University, 3.
MOLFEX, Inc.)
11:20 AM - 11:40 AM

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

[K602-1pm] 13. Organic Chemistry -Reaction
Mechanism, Photochemistry,

Electrochemistry-
Chair: Nobuhiro Yanai, Taku Hasobe
1:30 PM - 3:40 PM K602 (K602, Lecture Hall Bldg. [6F])

[K602-1pm-01] Controlling Molecular Orientation to
Improve Photon Upconversion Efficiency
OCatherine Helenna Mulyadi'?, Masanori
Uji"2, Nobuhiro Yanai'? (1. Kyushu
University, 2. FOREST, JST)
1:30 PM - 1:50 PM

[K602-1pm-02] Efficient Photon Upconversion System
using Porous Film to Generate UV Light
from Visible Light
ONaoyuki Harada', Masanori Uji', Baljeet
Singh1, Nobuo Kimizuka1'2, Nobuhiro Yanai'??3

(1. Grad. Sch. Eng., Kyushu Univ., 2. CMS,

Kyushu Univ., 3. FOREST, JST)
1:50 PM - 2:10 PM

[K602-1pm-03] Near-Infrared Light Absorbing Organic
Molecules towards Photothermal Cancer
Therapy
OKazuya Yoshida1, Vasudevan Pillai Biju1'2,
Yuta Takano"? (1. Grad. Sch. Env. Sci.,
Hokkaido Univ., 2. RIES)
2:10 PM - 2:30 PM

[K602-1pm-04] What is the reason why the ring-opening
quantum yield is smaller than the ring-
closure one and their sum is smaller than
unity in many 6 m -electron photochemical
electrocyclic reactions?

OTakao Kobayashi1, Shinichiro Nakamuraz,
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Motoyuki Shiga® (1. Mitsubishi Chemical
Corporation, 2. Kumamoto University, 3. Japan
Atomic Energy Agency)
2:40 PM - 3:00 PM

[K602-1pm-05] Effect of para-substituents of PyBTM
radical derivatives on high-efficiency
solution fluorescence properties
OYohei Hattori1, Ryota Kitajima1, Ryota
Matsuoka?, Tetsuro Kusamoto?, Kingo Uchida'

(1. Ryukoku University, 2. Institute for

Molecular Science)
3:00 PM - 3:20 PM

[K602-1pm-06] Fluorescent Force Probe for Real-time
Imaging of Hydrodynamic Stress Field
OSachika Akitomo, Takuya Yamakado1,
Hidetsugu Kitakado1, Ryo Kimura1, Reiko
Kuriyamaz, Kazuya Tatsumiz, Kazuyoshi
Nakabe?, Shohei Saito' (1. Graduate School
of Science, Kyoto University, 2. Graduate
School of Engineering, Kyoto University)

3:20 PM - 3:40 PM

Academic Program [Oral B] | 14. Organic Chemistry -Aromatic,

Heterocyclic, and Heteroatom Compounds- | Oral B
[K703-1am] 14. Organic Chemistry -Aromatic,
Heterocyclic, and Heteroatom

Compounds-
Chair: Jumpei Taguchi, Yoshiaki Shoji
9:00 AM - 11:10 AM K703 (K703, Lecture Hall Bldg. [7F])

[K703-1am-01] Facile synthesis and evaluation of
polyfluoroarylated anthracene derivatives
via regio-selective cross-dehydrogenative
C-H/C-H coupling reaction
ORyota Sato1, Junpei Kuwabara1, Takeshi
Yasuda?, Takaki Kanbara' (1. Tsukuba
Research Center for Energy Materials Science
(TREMS), Graduate School of Pure and Applied
Sciences, University of Tsukuba, 2. National
Institute for Materials Science)

9:00 AM - 9:20 AM

[K703-1am-02] Synthesis of a NHC-Coordinated
Germylene with a Biphenylene Unit
oShogo Morisako', Takahiro Sasamori' (1.
Faculty of Pure and Applied Sciences, and

Tsukuba Research Center for Energy Materials



Sciences (TREMS), Univ. of Tsukuba)
9:20 AM - 9:40 AM

[K703-1am-03] Comparison of structures, optical
properties, and reactivity between linear
and cyclic disilane-bridged trimeric
framework
©Yoshinori Yamanoi', Teppei Yamada' (1.
The Univ. of Tokyo)
9:40 AM - 10:00 AM

[K703-1am-04] Iron-Catalyzed C- O Activation/Tandem
Tetra-annulation for Synthesis of Carbon-
bridged Oligo-(p-arylenevinylene)
OMENGQING CHEN', Rui Shang’, Eiichi
Nakamura' (1. The Univ. of Tokyo)
10:10 AM - 10:30 AM

[K703-1am-05] Spiro-conjugated 1,4-Dihydropentalenes:
Short-step Synthesis by Iron-catalysis and
Materials Properties.
OAziz Khan', Mengging Chen', Rui Shang1,
Eiichi Nakamura' (1. The University of
Tokyo)
10:30 AM - 10:50 AM

[K703-1am-06] Cationic Indium Catalyzed C-O Bond
Formation Reaction
OMitsuhiro Yoshimatsu1, Manoka Kikuchi1,
Rintaro Saito1, Hiroki Goto' (1. Department of
Chemistry, Faculty of Education, Gifu
University)
10:50 AM-11:10 AM

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

[K703-1Tpm] 14. Organic Chemistry -Aromatic,
Heterocyclic, and Heteroatom

Compounds-
Chair: Shogo Morisako, Yoshinori Yamanoi
1:50 PM - 3:40 PM K703 (K703, Lecture Hall Bldg. [7F])

[K703-1pm-01] Development of synthetic methodology
for AB,-type arsines and investigation of
catalytic activity utilizing arsa-Buchwald
ligands.
OAkifumi Sumida1, Kenta Ogawa1, Hiroaki
|moto1, Kensuke Naka' (1. Kyoto Institute of
Technology)

1:50 PM - 2:10 PM
[K703-1pm-02] Emission properties of Eu(lll) nitrate

complexes bearing arsine oxides

©The Chemical Society of Japan

The Chemical Society of Japan The 103rd CSJ Annual Meeting

OToshiki Fujii1, Yuichi Kitagawaz, Yasuchika
Hasegawaz, Hiroaki Imoto1, Kensuke Naka' (1.
Grad. Sch. of Sci. and Tec., Kyoto Inst. of Tech.,
2. WPI-ICReDD and Fac. of Eng., Hokkaido
Univ.)
2:10 PM - 2:30 PM

[K703-1pm-03] Development of Catalytic Arsa-Wittig
Reaction and Design Strategy of Arsenic
Catalysts
ORyoto Inaba1, Junya Yukiyasu1, Takashi
Yumura1, Hiroaki |moto1, Kensuke Naka' (1.
Kyoto Institute of Technology)
2:30 PM - 2:50 PM

[K703-1pm-04] Development of Iridium-Catalyzed C(sp>)-
C(sp?) [1,5]-Silyl Rearrangement Reaction
CJiawei Qiu1, Tsuyoshi Matsuzaki1, Makoto
Sako1, kenichi Murai1, Junichi Uenishi1, Kazushi
Mashima', Takeyuki Suzuki', Mitsuhiro
Arisawa' (1. Osaka University)
3:00 PM - 3:20 PM

[K703-1pm-05] Design and Synthesis of Spliceostatin A
Derivatives: Structure-Activity
Relationship Study related to Enone
moiety of Spliceostatin A
Osatoru Hirabayashi1, Noriko Ohta1, Yuko
Tsuyuguchi1, Yue Li1, Yusuke Yoshikawa1,
Banzhong Lin1, Megumi Fumimoto1, Junichi
Haruta1, Makoto Sako1, Kenichi Murai1,
Keisuke Nimura1, Mitsuhiro Arisawa' (1. The
Univ. of Osaka)
3:20 PM - 3:40 PM

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

[K703-1vn] 14. Organic Chemistry -Aromatic,
Heterocyclic, and Heteroatom

Compounds-
Chair: Akihito Konishi, Kento Iwai
4:10 PM - 5:30 PM K703 (K703, Lecture Hall Bldg. [7F])

[K703-1vn-01] Thermal Cyclization of Linear Arylalkynes
Facilitated by Folding inside a Molecular
Cage
OGeorgi Rosenov Genov1, Hiroki Takezawa1,
Harumi Hayakawa', Makoto Fujita™? (1.
University of Tokyo, 2. Institute for Molecular
Science)

4:10 PM - 4:30 PM



[K703-1vn-02] TEtraQuinoline (TEQ) and Other Cyclic
Quinoline Oligomers, a New Family of
Macrocycles
OWei Xu1, Haru Nonaka1, Ryota Yagami1, Mizuki
Nishiwaki1, Ayami Takeda1, Naoya KumagaiL2

(1. Keio University, 2. Institute of Microbial

Chemistry)
4:30 PM - 4:50 PM

[K703-1vn-03] Novel synthesis of multi-substituted
quinoline derivatives using
alkylidenemalononitriles and unsaturated
aldehydes by organocatalyst
OXiaolei Han1, Naoki Mori1, Yujiro Hayashi1 (1.
Tohuku Univ.)
4:50 PM - 5:10 PM

[K703-1vn-04] Intramolecular Cyclization Reactions of
Arylpropargyl Amides of Electron-deficient
a, B -Alkenyl Carboxylates
©Zhichao Wang1, Shoko Yamazakiz, Tsumoru
Morimoto®, Akiya Ogawa' (1. Osaka
Metropolitan University, 2. Nara University of
Education, 3. NARA Institute of Science and
Technology)
5:10 PM - 5:30 PM

K705

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

[K705-1pm] 15. Organic Chemistry -Aliphatic and
Alicyclic Compounds, and New

Synthetic Technology-
Chair: Ryo Yazaki, Yoshihiro Nishimoto
1:00 PM - 3:40 PM K705 (K705, Lecture Hall Bldg. [7F])

[K705-1pm-01] Highly Stereoselective Synthesis of
v, 8 -Unsaturated Quaternary @-Amino
Esters via the Tandem N-
Alkylation/Claisen Rearrangement of
o -Imino Allylesters
Clsao Mizota1, Toshikazu Fukaya1, Yumi Miwa1,
Yoshinari Kobayashi1, Tomoki Ejima1, Mizuki
Yamaguchi', Makoto Shimizu' (1. Mie
University)
1:50 PM - 2:10 PM

[K705-1pm-02] Selective Defluoroaminoxylation of
perfluoroalkylarenes by organic

photoredox catalysis
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ONaoki Sugihara1, Yoshihiro Nishimoto1,
Makoto Yasuda' (1. Graduate School of
Engineering, Osaka University)
2:10 PM - 2:30 PM

[K705-1pm-03] 1,4-Addition Reaction of 2H-
Heptafluoropropane to Unsaturated C-C
bond
OYusuke Higashi1, Kotono Shima1, Mikiya
Suzuki1, Moe Hosokawaz, Kiyomi Kakiuchi1,
Tsuyoshi Kawai', Tsumoru Morimoto' (1. Nara
Institute of Science and Technology, 2. Daikin
Industries, Ltd.)
2:30 PM - 2:50 PM

[K705-1pm-04] a-Amino acid and peptide synthesis
using catalytic cross-dehydrogenative
coupling
OTaro Tsuji1, Kayoko Hashiguchi1, Mana
Yoshida', Tetsu lkeda', Yunosuke Koga',
Yusaku Honda1, Tsukushi Tanaka1, Suyong Rez,
Kenyji Mizuguchi2’3, Daisuke Takahashi1, Ryo
Yazaki1, Takashi Ohshima' (1. The Univ. of
Kyushu, 2. NIBIOHN, 3. The Univ. of Osaka)
3:00 PM - 3:20 PM

[K705-1pm-05] Oxidative Dearomative Coupling Reaction
of Arenols Using Hypohalite Catalysis
OTakehiro Kato1, Muhammet Uyanik1, Kazuaki
Ishihara' (1. Nagoya University)
3:20 PM - 3:40 PM

E1662

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

[E1662-1am] 16. Natural Products Chemistry,
Chemical Biology

Chair: Takuya Kaji, Toyonobu Usuki
9:00 AM - 11:30 AM E1662 (1612, Bldg. 16 [1F])

[E1662-1am-01] Total synthesis of pigments with azulene
skeleton in an edible blue mushroom
OKiyo‘caka Maruoka1, Ryuju Suzuki1, Takaaki
Kamishimaz, Yoshitaka Koseki1, Toshihiro
Murafuji3, Hitoshi Kasai' (1. IMRM, the Univ.
of Tohoku, 2. Genesis Research Institute, Inc.,
3. Graduate School of Science and
Technology for Innovation, the Univ. of

Yamaguchi)

9:00 AM - 9:20 AM



[E1662-1am-04]

[E1662-1am-02] A*-dinor-OPDAs, novel ancestral

jasmonates of Marchantia polymorpha
OTakuya Kaji', Hidenori Yoshimatsu', Nobuki
Kato', Haruka Sakurai', Yang Ganggiang?,
Guillermo H. Jimenez-AIeman3, Roberto
Solano®, Minoru Ueda'* (1. Sciences,
Tohoku Univ., 2. Pharmacy, Yantai University,
3. CNB-CSIC, 4. Life Sciences, Tohoku Univ.)
9:20 AM - 9:40 AM

[E1662-1am-03] JA-lle-lactone enhanced accumulation of

alkaloid in tomato

CRina Saito1, Takuya Kajiz, Taichi Okumuraz,
Toshiya Muto1, Hiroshi Abe3, Sohei
Yamagami1, Yousuke Takaokaz, Minoru
Ueda'? (1. Grad. Sch. Lifesci., Tohoku Univ.,
2. Grad. Sch. Sci., Tohoku Univ., 3. RIKEN
BRC)

9:40 AM - 10:00 AM

Chemical regulation of crosstalk
between jasmonate and ethylene by
peptide-based chemical tools

OYousuke Takaoka1, Ruiqi Liu1, Qi Li1, Minoru
Ueda'? (1. Grad. Sci., Tohoku Univ, 2. Grad.
Life Sciences, Tohoku Univ)

10:10 AM - 10:30 AM

[E1662-1am-05] Glycolipids as ligands and molecular

probes for C-type lectin receptor Mincle;
synthesis and biological functional
analysis

OTakanori Matsumaru1, Kana Okubo1, Kasumi
Sakuratani1, Kodai Sueyoshi1, Shusuke Fujii1,
Juri Takayama1, Yamasaki Sh02'3, Yukari
Fujimoto' (1. Fac. Sci. Tech., Keio Univ., 2.
Research Institute for Microbial Diseases,
Osaka Univ., 3. Immunology Frontier Research
Center (IFReC), Osaka Univ.)

10:30 AM - 10:50 AM

[E1662-1am-06] Development of tyrosinase-based

proximity protein labeling in living cells
©Yuna Matsuda1, Hao Zhu1, Jae Hoon Oh2,
Hideki Nakamura1'2, Muneo Tsujikawaz,
Tomonori Tamura1, Itaru Hamachi'? (1.
Graduate School of Engineering, Kyoto
University, 2. JST ERATO)

10:50 AM - 11:10 AM

[E1662-1am-07] Relationships between catalyst-
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promoted oxygenation level of amyloid
B and cytotoxicity

oRyota Matsukawa1, Masahiro Furuta1,

Harunobu Mitsunuma'?, Shigehiro

Kawashima1, Youhei Sohma3, Motomu Kanai'
(1. Grad. Sch. Pharm. Sci., Tokyo Univ., 2.

JST PRESTO, 3. Sch. Pharm. Sci., Wakayama

Med. Univ.)

11:10 AM - 11:30 AM

D1443

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

Biology | Oral B
[D1443-Tpm] 1

6. Natural Products Chemistry,

Chemical Biology
Chair: Shuhei Higashibayashi, Toshitaka Okamura

2:00 PM - 3:40 PM

D1443 (1443, Bldg. 14 [4F])

[D1443-1pm-01]

[D1443-1pm-02]

[D1443-1pm-03]

[D1443-1pm-04]

Stereochemical assignment of macrolide
natural products by GIAO NMR
calculation and DP4+ analysis

OKeisuke Murata1, Hirotoshi Mori1, Haruhiko
Fuwa' (1.Chuo University)

2:00 PM - 2:20 PM

Total Synthesis of Lobatamides
OSoichiro Yasui', Shona Banjo', Yoshiyuki
Nagashima1, Yuto Okada1, Eiko Nakasuji1,
Keisuke Nakata1, Noritaka Chida1, Toshitaka
Okamura', Takaaki Sato' (1. Keio
University)

2:20 PM - 2:40 PM

Isolation and Structure Elucidation of
Cytotoxic Substances from Marine
Mollusk Aplysia kurodai and Elucidation
of their Origins

Ovusuke Hioki1, Eri Anshitaz, Tatsuya Sato3,
Toyoki Iwao4, Atsushi Kawamura1'5,
Tsunematsu Yuta1'6, Masaki Kita' (1.
Graduate School of Bioagricultural Sciences,
Nagoya University, 2. School of Agricultural
Sciences, Nagoya University, 3. Zakko Club,
4. Toba Fisheries Science Center, 5.
Interdisciplinary Cluster for Cutting Edge
Research, Shinshu University, 6. Institute for
Advanced Research, Nagoya University)
2:40 PM - 3:00 PM

Development and mechanistic studies



of photo-mediated [4+2] cycloaddition
for rapid assembly of iboga-type scaffold
OGavin Tay1, Soushi Nishimura1, Hiroki
Kubota', Hiroki Oguri' (1. The University of
Tokyo )
3:00 PM - 3:20 PM

[D1443-1pm-05] Syntheses of tricyclic diterpenes based
on site-selective iodination and selective
6-endo radical cyclization
CRiichi Hashimoto1, Kengo Hanaya1, Shuhei
Higashibayashﬂ, Takeshi Sugai1 (1. Keio
university)

3:20 PM - 3:40 PM

E1662

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

[E1662-1pm] 16. Natural Products Chemistry,
Chemical Biology

Chair: Daisuke Takahashi, Gosuke Hayashi
2:20PM - 3:40 PM E1662 (1612, Bldg. 16 [1F])

[E1662-1pm-01] Efficient Synthesis of Tag-Modified
Peptide Thioester Facilitated by
v -Substituted Proline

OKoki Nakatsu1, Gosuke Hayashi1, Hiroshi

Murakami'? (1. Graduate School of
Engineering, Nagoya Univ., 2. Institute of
Nano-Life-Systems, Nagoya Univ.)
2:20 PM - 2:40 PM

[E1662-1pm-02] Stereospecific syntheses of aryl C-
glycosides with glycosyl trifluoroborate
OKazuki Kurahayashi1, Kengo Hanaya1,
Takeshi Sugai', Go Hirai?, Shuhei
Higashibayashi1 (1. Fac. Pharm., Keio Univ.,
2. Grad. Sch. Pharm. Sci., Kyushu Univ.)
2:40 PM - 3:00 PM

[E1662-1pm-03] Regio- and Stereoselective
B -Arabinofuranosylation Using a Boron-
Mediated Aglycon Delivery Method
OKazuki Inaba1, Yuna Naito1, Mina
Tachibana1, Kazunobu Toshima1, Daisuke
Takahashi' (1. Keio University)
3:00 PM - 3:20 PM

[E1662-1pm-04] Chemical synthesis of ganglioside TACAs

and their conjugation to alpha-galactosyl
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ceramide for cancer vaccine constructs
OMads Hartvig Clausen' (1. Technical
University of Denmark)

3:20 PM - 3:40 PM

E1661

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

[E1661-1am] 17. Biofunctional Chemistry,

Biotechnology
Chair: Hiromu Kashida, Tamaki Endoh
9:00 AM -11:10 AM E1661 (1611, Bldg. 16 [1F])

[E1661-1am-01] Development of Cu(ll)-responsive
DNAzymes by chemoenzymatic
incorporation of picolinic acid ligands
OKohei Sakurai1, Yusuke Takezawa1,
Mitsuhiko Shionoya1 (1. Grad. School of
Science, The Univ. of Tokyo)

9:00 AM - 9:20 AM

[E1661-1am-02] Metal-dependent Regulation of
Hybridization Behaviors of DNA Strands
Containing Iminodiacetic Acid-modified
Uracil Bases
OKeita Mori1, Yusuke Takezawa1, Mitsuhiko
Shionoya' (1. Grad. School of Science, The
Univ. of Tokyo)

9:20 AM - 9:40 AM

[E1661-1am-03] Development of a sequencing method
for XNA by using duplex formation
CHiromu Kashida1, Emiri Kagawa1, Yuka
Shimizu1, Keisuke Toya1, Yuichiro Aibaz,

(1. Grad.

Sch. Eng., Nagoya Univ., 2. Grad. Sch. Sci.,

Osami Shojiz, Hiroyuki Asanuma’

Nagoya Univ.)
9:40 AM - 10:00 AM

[E1661-1am-04] Development of PureCap Analogs for
Co-transcriptional Capping Enable
Synthesis of Fully Capped Messenger
RNA
OMasahito Inagaki', Naoko Abe', Zhenmin Li',
Yuko Nakashima1'2, Susit Acharyya1, Kazuya
Ogawa1, Daisuke Kawaguchi1, Haruka
Hiraoka1, Bannno Ayaka1, Zheyu Meng1,
Mizuki Tada1, Tatsuma Ishida1, Pingxue Lyu1,
Kengo Kokubo1, Hirotaka Murase1, Fumitaka

Hashiyaz, Yasuaki Kimura1, Satoshi Uchida4'3,



Abe Hiroshi"®®2 (1. Nagoya University, 2.
Research Center for Materials Science,
Nagoya University, 3. Kyoto Prefectural
University of Medicine, 4. iCONM, 5. JST-
CREST, 6. iGCORE)
10:10 AM - 10:30 AM

[E1661-1am-05] NMR analysis of mismatch base pair
recognition mechanism by naphthyridine
derivatives
OShuhei Sakurabayashi1’2, Kyoko Furuita',
Noriaki Sugiuraz, Takeshi Yamadaz,
Toshimichi Fujiwara', Kazuhiko Nakatani?,
Chojiro Kojima1’3 (1. Institute for Protein
Research, Osaka University, 2. SANKEN,
Osaka University, 3. Yokohama National
University)
10:30 AM - 10:50 AM

[E1661-1am-06] Nucleic Acids Chemistry beyond the
Watson-Crick Double Helix (86):
Intracellular multicolor detection of
multiple chemicals using signaling light-
up aptamers
OTamaki Endoh1, Jia-Heng Tanz, Shuo-Bin
Chen?, Naoki Sugimoto'® (1. FIBER, Konan
University, 2. Sun Yat-sen Universsity, 3.
FIRST, Konan University)
10:50 AM - 11:10 AM

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

[E1661-1vn] 17. Biofunctional Chemistry,

Biotechnology
Chair: Koji Oohora, Nobutaka Fujieda
4:10 PM - 6:40 PM E1661 (1611, Bldg. 16 [1F])

[E1661-1vn-01] Proposed BciC enzymatic hydrolysis and
decarboxylation mechanism
OMitsuaki Hirose1, Jiro Haradaz, Yuichiro
Kashiyama3, Hitoshi Tamiaki' (1. Ritsumeikan
Univ., 2. Kurume Univ., 3. Fukui Univ. of
Technol.)
4:10 PM - 4:30 PM

[E1661-1vn-02] Fabrication of Oil-in-Water (O/W)
emulsions using enzyme reactive self-
assembling peptides
oAyato Higuchi', Rie Wakabayashi', Masahiro
Goto1'2, Noriho Kamiya1'2 (1. The Univ. of

Kyushu, 2. Center for Future Chemistry, The
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[E1661-1vn-03]

[E1661-1vn-04]

[E1661-1vn-05]

[E1661-1vn-06]

[E1661-1vn-07]

Univ. of Kyushu)

4:30 PM - 4:50 PM

Dispersion of protein nanoparticle in
water/DMSO mixed solvent

OMaika Yamashita1, Norifumi Kawakami1, Kenji
Miyamoto' (1. Keio University)

4:50 PM - 5:10 PM

Studies on the association character and
structural analysis of antibody light chain
that tetramerizes by domain swapping
OTakahiro Sakai1, Shohei Yamaguchi1,
Tsuyoshi Mashima', Naoya Kobayashi',
Hideaki Ogata4, Emi Hifumiz, Taizo Uda3, Shun
Hirota' (1. Nara Inst. Sci. Tech., 2. Oita Univ.,
3. ISIT, 4. University of Hyogo)

5:10 PM - 5:30 PM

Development of Artificial Metalloenzymes
with 2-His-1-Carboxylate Facial Triad
toward Stereoselective Michael Addition
Reaction

ORyusei Matsumoto1, Saho Yoshiokaz,
Yoshitsugu Morita', Nobutaka Fujieda1’2 (1.
Osaka Metropolitan University, 2. Osaka
Prefecture University)

5:40 PM - 6:00 PM

Catalytic C- H bond amination by
engineered hemoproteins containing iron
porphycene as an artificial cofactor
oYoshiyuki Yoshiyuki1, Koji Oohora1, Takashi
Hayashi' (1. Osaka University)

6:00 PM - 6:20 PM

Directed Evolution of Myoglobin
Reconstituted with an Iron Corrole
Complex: Development of Artificial
Peroxidase with Enhanced Catalytic
Activity

OKoki Takeuchi1, Shunsuke Kato1, Takashi
Hayashi1 (1. Graduate School of Engineering,
Osaka University)

6:20 PM - 6:40 PM

E1662

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

Oral B

[E1662-1vn] 17. Biofunctional Chemistry,
Biotechnology
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Chair: Masayasu Taki, Yoshitaka Koseki 6:00 PM - 6:20 PM

4:10 PM - 6:40 PM E1662 (1612, Bldg. 16 [1F]) _ _ o
[E1662-1vn-07] Design, synthesis, and chiroptical

[E1662-1vn-01] Design and application of functional properties of figure-eight shaped
oligonucleotides encoding the macrocycles composed of
information of intracellular target bispyrrolidinoindoline alkaloidal scaffold
metabolite OTasuku Honda', Daiji Ogata?, Makoto Tsurui®,
OYuto Motohashi', Shuhei Moritani', Tatsuya Takahiro Muraoka®, Yuichi Kitagawa®,
Nishihara1, Kazuhito Tanabe' (1. Aoyama Yasuchika Hasegawa3, Junpei Yuasaz, Hiroki
Gakuin University) Oguri’ (1. The University of Tokyo, 2. Tokyo
4:T0 PM - 4:30 PM University of Science, 3. Hokkaido University,
[E1662-1vn-02] Functional Thin-Layer Chromatography 4. Tokyo University of Agriculture and
for Tissue Glutathione Imaging Technology)
OTatsuya Nishihara', Koki Nishida', Rika 6:20 PM - 6:40 PM

Tsukame', Kazuhito Tanabe (1. Aoyama

Gakuin University) K301

4:30 PM - 4:50 PM

Academic Program [Oral B] | 18. Polymer | Oral B
[K301-1pm] 18. Polymer

Chair: Hiroharu Ajiro, Takeshi Yamamoto
cancer cells 1:20 PM - 3:40 PM K301 (K301, Lecture Hall Bldg. [3F])

[E1662-1vn-03] Development of prodrug nanoparticles

with highly selective drug release in

CAki Shibata1, Yoshitaka Koseki1, Keita Tanita1,
) g Te ; [K301-1pm-01] Extrapolation performance Improvement
Ryuju Suzuki', Anh T.N. Dao %, Hitoshi Kasai
by quantum chemical calculations for
(1. IMRAM, Tohoku University, 2. Nagasaki
machine learning-based predictions of
University)

4:50 PM - 5:10 PM
[E1662-1vn-04] Synthesis of B -lactamase-mediated

flow-synthesized binary copolymers.
OShogo Takasuka1, Shunto Oikawa1, Takayoshi

. . Yoshimura?, Sho Ito”, Yosuke Harashima’',
activation of an SN-38-cephalosporin
. . . . Tomoaki Takayama', Shigehito Asano®, Akira
conjugate and their anticancer properties
o 1 1 Kurosawa3, Tetsunori Sugawara3, Miho

Yoshitaka Koseki', Mitsuki Uehara’, Ryuuju
1 5 1 Hatanaka?, Tomoyuki Miyao', Takamitsu
Suzuki’, Anh Thi Ngoc Dao®, Hitoshi Kasai
Matsubara1, Yuya Ohnishi3, Hiroharu Ajiro1,
(1. Tohoku Univ., 2. Nagasaki Univ.)

5:170 PM - 5:30 PM

Mikiya Fujii' (1. Nara Institute of Science and
. . . Technology, 2. Keio University, 3. JSR

[E1662-1vn-05] Viscosity-Responsiveness and
Corporation)

1:20 PM - 1:40 PM

Melanosomal Visualization in Living Cells

using Water-Soluble Fluorescent Probe
o g ] o [K301-1pm-02] Synthesis of heat-resistant polymer

Junya Adachi’, Haruka Oda’, Toshiaki
g ” ) ] particles by dispersion polymerization
Fukushima’, Hiroka Sugai®, Kohei Sato’,
o ] o ] and RAFT precipitation polymerization of
Hiroshi Kimura', Kazushi Kinbara' (1. Tokyo
styrene with maleimide derivatives
Inst. Tech., 2. Univ. of Tsukuba)

5:40 PM - 6:00 PM

OShun Yamazaki1, Daisuke Aoki1, Tatsuo

Taniguchi1, Takashi Karatsu1, Takeshi Wakiyaz,
[E1662-1vn-06] Structure-property relationships of NIR-
Koki Okura® (1. Chiba university, 2. Sekisui
emissive phospha-rhodamine dyes and
Chemical Company)

1:40 PM - 2:00 PM

their utilization in cell imaging

OYoshiki Tanaka', Masayasu Taki?, Shigehiro
12 ) [K301-1pm-03] Monomer Sorting and Parallel
Yamaguchi*“ (1. Graduate school of science,
Polymerization in Bichannel MOFs
Nagoya University, 2. ITbM, Nagoya
OKeat Beamsley1, Nobuhiko Hosono1, Takashi
University)
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Uemura' (1. Grad. Sch. of Eng., The Univ. of
Tokyo)
2:00 PM - 2:20 PM
[K301-1pm-04] Synthesis of double-stranded polymers
via controlled crosslinking in coordination
nanospaces
OMasahiro Abe1, Tomohito Moriz, Yuki
Kametani3, Takashi Uemura® (1. Graduate
School of Frontier Sciences, The University of
Tokyo, 2. School of Engineering, The University
of Tokyo, 3. Graduate School of Engineering,
The University of Tokyo)
2:20 PM - 2:40 PM
[K301-1pm-05] Highly efficient polymerization behavior
using molecular flow field induced by
scanning wave photopolymerization
OTakuto Ishiyama1, Hirona Nakamura1, Miho
Aizawam, Kyohei Hisano1, Shoichi Kubo1,
Atsushi Shishido' (1. Tokyo Institute of
Technology, 2. PRESTO, JST)
2:40 PM - 3:00 PM
[K301-1pm-06] Development of Alternating
Copolymerization by Ring-Opening
Metathesis Polymerization of
Fluoroalkenes
OKaoru Tashiro1, Midori Akiyama1, Kimiaki
Kashiwagi?, Takashi Okazoe'? (1. The Univ. of
Tokyo, 2. AGC Inc.)
3:00 PM - 3:20 PM
[K301-1pm-07] Screw-Sense Induction to
Poly(quinoxaline-2,3-diyl) Bearing Achiral
Amino Groups by Addition of Chiral Acids
in Water
OTomonori Yamawaki1, Ren Hirano1, Takeshi
Yamamoto1, Michinori Suginome1 (1. Kyoto
university)

3:20PM - 3:40 PM

B445

Academic Program [Oral B] | 19. Colloid and Interface Chemistry | Oral B
[B445-1am] 19. Colloid and Interface Chemistry

Chair: Masaki Saruyama, Yosuke Okamura
9:00 AM - 11:30 AM B445 (445, Bldg. 4 [4F])

[B445-1am-01] Reversible control of dispersibility of

cubic gold nanoparticles induced by
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visible light irradiation
OKoichiro Saito1, Keegan McGeheem, Yasuo
Norikane'? (1. AIST, 2. Univ. of Tsukuba)
9:00 AM - 9:20 AM
[B445-1am-02] Sonication-induced nanocrystallization of
a gold cluster enabled by encapsulation in
micelles
Ovuki Saito1, Ayano Sudaz, Maki Sakaiz,
Yukatsu Shichibu1’2, Katsuaki Konishi'? (1.
Fac. of Env.Earth Sci., Hokkaido Univ., 2. Grad.
Sch. of Env. Sci., Hokkaido Univ.)
9:20 AM - 9:40 AM
[B445-1am-03] Fabrication and Unique Characterization
of Polymeric Nanofiber Suspension as
Novel Anisotropic Nanomaterials.
OHayato Yokose1, Naoya Ichihara1, Yosuke
Okamura'? (1. Grad. Sch. of Eng., Tokai Univ.,
2. Micro/Nano Tech. Center, Tokai Univ.)
9:40 AM - 10:00 AM
[B445-1am-04] Structure- Function Relationship Studies
of Hydrophobic Ligands for Stable
Colloidal Nanoparticles
OTatsuya Sudo1, Shohei Yamashita1, Hidehiro
Kamiya1, Yohei Okada (1. Tokyo University of
Agriculture and Technology )
10:00 AM - 10:20 AM
[B445-1am-05] Dispersibility Study of Surface-modified
TiO, Nanoparticles: Thermodynamics of
Dispersion and Agglomeration in Less-
polar Solvents
OShohei Yamashita1, Yukina |to1, Tatsuya
Sudo’, Hidehiro Kamiya', Yohei Okada' (1.
Tokyo University of Agriculture and
Technology)
10:30 AM - 10:50 AM
[B445-1am-06] Anisotropic control of three-dimensional
nanoparticle superlattices
OMasaki Saruyama1, Toshiharu Teranishi' (1.
Kyoto Univ.)
10:50 AM - 11:10 AM
[B445-1am-07] Colloidal synthesis of coherent InP/ZnS
core/shell nanocrystals and their
optoelectronic applications
OKazuhiro Nemoto1, Naoto Shirahata'?3 (1.
National Institute for Materials Science, 2.

Hokkaido University, 3. Chuo University)
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[K202-1Tam] 02. Theoretical Chemistry, Chemoinformatics, and

Computational Chemistry
Chair: Gergely Juhasz, Satoshi Takahashi
Wed. Mar 22, 2023 9:00 AM - 11:10 AM K202 (K202, Lecture Hall Bldg. [2F])

[K202-1am-01] Study on Calculation of Electron Density Distribution of
Centrosymmetric Mg3BN3 High Pressure Phase via Maximum
Entropy Method Incorporating Discrete Cosine Transform
“Hideo Hiraguchi1 (1. The Institution of Professional Engineers, Japan)
9:00 AM - 9:20 AM

[K202-1am-02] Theoretical Study on Adhesion Interaction of Epoxy Resin with
Graphene and Graphene oxide
O Amit Shrestha', Yosuke Sumiya, Kazunari Yoshizawa (1. Kyushu University)
9:20 AM - 9:40 AM

[K202-1am-03] Differences of molecular absorption on titanium-dioxide surface - a
computational study
OGergely Juhasz' (1. Tokyo Institute of Technology)
9:40 AM - 10:00 AM

[K202-1am-04] Exploration of stable structures of host guest materials: A
comparison with density functional theory calculations and particle
swarm optimization
OShuta Fukuura', Takashi Yumura', Yohei Nishidate® (1. Kyoto Institute of Technology,
2. University of Aizu)
10:10 AM - 10:30 AM

[K202-1am-05] Switching of self-assembly pathway for Pd L, square-based pyramid
by NO,"
OSatoshi Takahashi1, Tsukasa Abe1, Tomoki Tateishiz, Hirofumi Sato3'4, Shuichi Hiraoka'

(1. Graduate School of Arts and Sciences, The Univ. of Tokyo, 2. iCeMS, Kyoto

University, 3. Department of Molecular Engineering, Kyoto University, 4. 5 Fukui Institute
for Fundamental Chemistry, Kyoto University)
10:30 AM - 10:50 AM

[K202-1Tam-06] A DMRG/CASPT2 Investigation of Metallocorroles: Quantifying
Ligand Noninnocence in Archetypal 3d and 4d Element Derivatives
QUAN MANH PHUNG', ©YASIN MUCHAMMAD', TAKESHI YANAI', ABHIK GHOSH? (1.
Nagoya University, 2. UiT-The Arctic University of Norway)
10:50 AM - 11:10 AM
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Study on Calculation of Electron Density Distribution of
Centrosymmetric Mg3BN3 High Pressure Phase via Maximum
Entropy Method Incorporating Discrete Cosine Transform

('Professional Engineer, Japan belonging to the Institution of Professional Engineers,
Japan) OHideo Hiraguchi !

Keywords: 3-dimensional DCT; Electron Density Distribution Maps; Maximum Entropy
Method; Mg;BN3 high pressure phase

The electron density distribution map of Mg’BN3(H)"? via the Maximum Entropy
Method® ® incorporating the 3-dimensional discrete cosine transform (3D-DCT)® has been
obtained in Fig. 1. For these calculations, Fhkl(h=0~4, k=0~4, [=0~4) and 33x33x49 voxels
in the unit cell were used. The 3D-DCT electron density map whose negative electron
densities were replaced for 0.1/A was used for a starting electron density map for the
Maximum Entropy calculation incorporating into the 3D-DCT. As shown in Fig.1, a top of
each electron density peak is more rounded than the normal Maximum Entropy maps.
However, the value of constraint function C is 180, when each o is set as 5%. Further
convergence is a challenge for the near future.
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Figure 1 DCT-ME electron density map of Mg3BN3(H)at (110)

1) HHIRAGUCHI, O.SAKATA, H.HASHIZUME, A.TAKENAKA, O.FUKUNAGA.(1990). J. Cryst.
Soc.Jp. OB-11, 32. 2) H. HIRAGUCHI, H. HASHIZUME, O. FUKUNAGA, A. TAKENAKA, M.
SAKATA.(1991). J. Appl. Cryst. 24. 3) H. HIRAGUCHI, H. HASHIZUME, S. SASAKI, S. NAKANO, O.
FUKUNAGA. (1993). Acta Cryst. B49. 4)H. HIRAGUCHI.(2021).J.Appl.Cryst. 5) M. Sakata & M. Sato,
Acta Cryst. A46, 263-270, 1990. 6) M. Sakata, R. Mori, S. Kumazawa, M. Takata & H. Toraya, J. Appl.
Crvst. 23, 526-534, 1990.
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Theoretical Study on the Adhesion Interaction of Epoxy Resin with
Graphene and Graphene Oxide

(Institute for Material Chemistry and Engineering and IRCCS, Kyushu University 744
Motooka, Nishi-ku, Fukuoka 819-0395, Japan) OAmit Shrestha, Yosuke Sumiya, Kazuki
Okazawa, Takahiro Uwabe, and Kazunari Yoshizawa

Keywords: Graphene oxide, Density functional theory, Adhesion, Epoxy resin

Carbon fiber-reinforced plastic (CFRP) composites are used in many applications due to
their various properties, such as lightweight and high strength. To enhance the performance of
such composites, the interfacial adhesion strength between reinforcing fillers and polymer
matrices needs to be improved. Graphene possesses great potential as an excellent filler for
polymer matrices such as epoxy resin (ER). However, the graphene surface is hydrophobic and
exhibits poor adhesive behavior with ER, limiting its application in nanocomposites. The
adhesion strength can be improved by using graphene oxide (GO), which is obtained by
functionalizing the graphene surface with oxygen-containing groups (epoxides and hydroxyls).
To investigate their difference, we analyzed the adhesion interfaces of ER to graphene and GO
based on density functional theory (DFT) with dispersion correction.'

The ER was modeled by the structure (3) formed by the curing reactions of diglycidyl ether
of bisphenol A (1) and the curing agent (2) in Figure 1. The adhesion force for each interface
was estimated from the maximum value of the force curve obtained by differentiating the
energy curve when 3 pulls off the surface. The adhesion force for graphene was 335 MPa and
for GO was 558 MPa. Decomposition of the adhesion forces into DFT and dispersion
components revealed that the dispersion contribution did not change much at both interfaces,
but the DFT contribution to the adhesion force at the ER/GO interface was significant.

Applying the crystal orbital Hamiltonian population (COHP) analysis to the interactions at
each interface, it was found that the bonding-type interactions of the hydrogen bonds and OH-
7 interactions between the functional groups of 3 and the GO surface contribute to the adhesive
strength. Here, the epoxide on the GO surface was not involved in these interactions, only the
hydroxy groups. Also, these bonding-type interactions were absent at the ER/graphene
interface. Therefore, it was found that ER adhered to the graphene surface only through
dispersion interaction, while for the GO surface, interactions involving charge transfer as well
as dispersion interaction contributed to the adhesive strength.
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Fig.1 The structures of 1-3.
1) Shrestha, A.; Sumiya, Y. Okazawa, K.; Uwabe, T.; Yoshizawa, K. submitted.
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Differences of molecular absorption on titanium-dioxide surfaces -
a computational study

(School of Science, Tokyo Institute of Technology) OGergely JUHASZ
Keywords: Bayesian optimization, DFTB, TiO», anatase, rutile

Titanium dioxide is a common electrochemical and catalytic component. Such an
electrode or catalyst surface can be covered with the two most common phase of TiO,,
anatase and rutile phases, and different facets of them. The ration of these phases as well
that the surfaces can be controlled by different synthetic approaches. We have studied the
absorption of mono- and dicarboxylic acid molecules on anatase (001), (101) and rutile
(110) and (101) surfaces. In this talk we focus on the absorption oxalic acid, as it shows a
fascinating variety of binding modes.

We performed our calculations of slab models of titanium dioxide phases in vacuum
(without considering the solvent effect) and a single isolate oxalic acid per unit. The
calculations were performed using DFTB method (DFTB+ software) and matsci parameters
as they have been proved to produce comparable results to DFT calculation at the fraction
of the cost.

Oxalic acid has a wide variety of options to connect to oxide surfaces depending on the
geometry of its two carboxylic groups and the protonation state of these groups. We have
found that on anatase (001), and rutile (110) surfaces both carboxylic group tend to connect
to the surface, while on anatase (101) and rutile(101) single group attachment is a
competitive alternative (see in Figure bellow). These differences are mostly coming form
the O — O distance on the given TiO» surfaces. The binging between the surface and acid is
strong (binding energies between 90-300 kJ /mol), however the competitive binding of
several oxalic acid molecules may favor other isomers that allow more dense packing.
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Exploration of stable structures of host guest materials:
A comparison with density functional theory calculations and
particle swarm optimization

('Graduate School of Engineering, Kyoto Institute of Technology,?University of Aizu)
OShuta Fukuura,! Takashi Yumura,! Yohei Nishidate?

Keywords: Density functional theory (DFT) calculations; Geometry optimization;
Machine learning; Particle swarm optimization; Carbon nanotubes

In recent years, quantum chemical calculations can be applied to design nanometer-sized
host-guest materials. In particular, geometry optimization is necessary to obtain energetically
stable nano-structures. It is well known that widely used algorithms in geometry optimization,
such as the conjugate gradient (CG) method, is time-consuming and requires us proper set of
the initial structure for the fast termination of optimization. In addition, the algorithms
frequently find local minima instead of the global minima. To solve these problems, the current
study utilizes the particle swarm optimization (PSO), a kind of artificial intelligence algorithm,
for the optimization of host-gest structures consisting of an iodobenzene monomer inside
carbon nanotubes, where host-guest interactions are important to determine molecular
orientations.

To evaluate the PSO algorithm, we explored stable orientations of an iodobenzene inside
a carbon nanotube using PSO. In exploring stable structures, we ignored the distortion of
iodobenzenes and nanotubes, treating interactions between them with Lennard-Jones (LJ)
potential. The results were compared with stable structures obtained from density functional
theory (DFT) optimizations") in terms of internuclear separations between host and guest as
shown in Figure 1. In fact, from Figure 1, we found that the LJ-combined PSO calculations,
costing less computational resources, can yield inner iodobenzene orientation comparable to
those obtained from accurate and costly DFT optimizations, although there are applicability

limitations.

(a) (b)
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Figure 1. Stable structures of 1,2,3-triiodobenzene inside an (8,8) carbon nanotube obtained by
(a) DFT optimizations and (b) LJ-combined PSO calculations.

1) T. Yumura, S. Fukuura, R. Miki, J. Phys. Chem. C2022,126,365-377.
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Switching of self-assembly pathway for PdeL4 square-based
pyramid by NO3~

(*Graduate School of Arts and Sciences, The University of Tokyo, *iCeMS, Kyoto University,
3Department of Molecular Engineering, Kyoto University, *Fukui Institute for Fundamental
Chemistry, Kyoto University) OSatoshi Takahashi,' Tsukasa Abe,' Tomoki Tateishi,> Hirofumi
Sato,>* Shuichi Hiraoka'

Keywords: Molecular Self-Assembly; Chemical Master Equation; Kinetic Control

Molecular self-assembly proceeds under both thermodynamic and kinetic controls, the
former of which has long been the major strategy to obtain the objective products. On the other
hand, in kinetically controlled self-assembly, the final assemblies can be produced
with the yields higher the Boltzmann distribution by pathway selection. Although a
proper approach that can modulate energy landscape of molecular self-assembly is
needed to realize such a situation, so far this phenomenon has not been investigated
from that point of view.

In this study', based on the complementary experimental results, we have
revealed from numerical simulations (NASAP, numerical analysis of self-assembly
process) that the reaction pathway switching can be realized for the self-assembly of
a Pd¢L4 square-based pyramid (SP) complex due to the catalytic and kinetic template
effects of NOs~. A reaction network model was prepared with 592 elementary
reactions among 112 chemical species expected to be formed in the course of the
global self-assembly reaction. From the fitting to the corresponding experimental
results obtained by QASAP (quantitative analysis of self-assembly process)?, rate
constants of the elementary reactions for seven classes were obtained. Reaction
frequencies derived from the time evolution of the elementary reactions led to the
dominant reaction pathway and the rate-determining step for forming the Pd¢L4 SP.
How the pathway switching is achieved is discussed based on the comparison of the rate
constant parameters in the present NASAP results and those given in the absence of NO5~.?
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1) T. Abe et al., submitted. 2) S. Hiraoka, Bull. Chem. Soc. Jpn. 2018, 91, 957; S. Hiraoka, Israel J.
Chem. 2018, 59, 151; S. Hiraoka et al., Chem. Rec. 2021, 21,443. 3) T. Tateishi et al., Inorg. Chem. 2021,
60, 16678.
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A DMRG/CASPT2 Investigation of Metallocorroles: Quantifying
Ligand Noninnocence in Archetypal 3d and 4d Element Derivatives

(‘Graduate School of Science, Nagoya University, *UiT-The Arctic University of Norway)
Quan Manh Phung,1 (OYasin Muchammad,' Takeshi Yanai,' Abhik Ghosh?
Keywords: DFT; DMRG; CASPT2; corrole; ligand noninnocence [5 words at most]

We reported a quantitative study of seven archetypal metallocorroles to elucidate
their degree of ligand noninnocence (corrole radical character) using hybrid density
functional theory (B3LYP) and density matrix renormalization group (DMRG). In
decreasing order of non-innocent character, we identified them to be Mn[Cor]Cl >
Fe[Cor]Cl > Fe[Cor](NO) > Mo[Cor]|Cl, > Ru[Cor](NO) = Mn[Cor]Ph =~ Fe[Cor]Ph = 0
([Cor] refers to unsubstituted corrole ligand).

DMRG-CASSCF/CASPT2 also yielded detailed excited state energetics,
explicating periodic patterns of the transition elements involved. In this study, we further
confirmed the previously studied ground state of Fe[Cor](NO) system (S = 0) to be best
described as a non-innocent structure, where the locally S = ' {FeNO}’ unit is
antiferromagnetically coupled to a corrole radical. Whereas the Ru[Co](NO) system was
found to be non-innocent, as it conforms {RuNO}®-Cor”, having a locally closed-shell
corrole.

In addition, the closest excited state of Fe[Cor](NO) that conforms a
ferromagnetically coupling S = 1 {FeNO}’-Cor* state is only about ~17.5 kcal/mol higher
than the S = 0 ground state. Comparatively, the triplet first excited state of Ru[Cor](NO) has
a much larger gap with its ground state at 37.4 kcal/mol. The same way that Mo[Cor]Cl,
exhibits an adiabatic doublet-quartet gap of 36.1 kcal/mol. These large gaps associated with
metal-ligand spin coupling in Ru[Cor](NO) and Mo[Cor]|Cl, indicate the much greater
covalent character of the 4d-m interactions compared to that of involving 3d orbitals.

[229 words]

1) Q.M. Phung, Y. Muchammad, T. Yanai, and A. Ghosh, JACS Au 2021, 1, 12, 2303-2314
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[K5602-1Tam] 07. Inorganic Chemistry

Chair: Eisuke Yamamoto, Nobuyoshi Miyamoto
Wed. Mar 22, 2023 9:00 AM - 10:50 AM K502 (K502, Lecture Hall Bldg. [5F])

[K502-Tam-01] Mechanism for neat monolayer tiling of 2D nanosheets by a spin-
coating method
©Nobuyuki Sakai', Takayoshi Sasaki' (1. National Institute for Materials Science)
9:00 AM - 9:20 AM

[K502-1am-02] A Novel Synthesis Method of Palladium Nanosheets with Thickness
Control
OSumiya Ando’, Eisuke Yamamoto?, Makoto Kobayashi?, Minoru Osada®® (1. Nagoya
Univ., 2. IMaSS, Nagoya Univ., 3. WPI-MANA, NIMS)
9:20 AM - 9:40 AM

[K502-1am-03] Synthesis of amorphous silica nanosheets using solid-state
surfactant and investigation of the exfoliation behavior
OEisuke Yamamoto', Yuma Takezaki', Makoto Kobayashi', Minoru Osada'? (1. Nagoya
University, 2. International Center for Materials Nanoarchitectonics, National Institute
for Materials Science)
9:40 AM - 10:00 AM

[K502-1Tam-04] Molecular simulation and thermodynamic analysis of saturated
water content in organomontmorillonite
OMasaya Miyagawa1, Keigo Tozaki', Fumiya Hirosawa', Hiromitsu Takaba' (1. Kogakuin
university)
10:T0 AM - 10:30 AM

[K502-1am-05] Structural analyses of monodisperse nanosheet assemblies by
small-angle X-ray scattering
ONobuyoshi Miyamoto1 (1. Fukuoka Inst. Technol.)
10:30 AM - 10:50 AM

©The Chemical Society of Japan



K502-Tam-01 BALZS B1035SF4 (2023)
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Mechanism for Neat Monolayer Tiling of 2D Nanosheets by a Spin-Coating Method (National
Institute for Materials Science) ONobuyuki Sakai, Takayoshi Sasaki

Although a spin-coating technique realizes the neat monolayer tiling of 2D nanosheets," the
mechanism of how the nanosheets are tiled has not been clarified yet. In the present study,” we
have systematically examined by microscopic observations how the nanosheets are deposited
on a substrate surface at various rotation speeds. As a result, we have found that the neat
monolayer tiling of nanosheets is attained on the solvent surface, and then the monolayer film
is transferred onto the substrate surface upon evaporation of the solvent (Figure 1). We have
also clarified how the rotation speed governs the deposition behaviors, which can predict the
optimum conditions for the neat monolayer tiling over an entire surface of the substrate.
Keywords : 2D Nanosheet; Spin-Coating; Monolayer Film; Neat Tiling
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Figure 1. Schematic illustration of the formation process of a monolayer film of neatly tiled nanosheets
on a substrate surface during the spin-coating, and an AFM image of the resulting film.

1) K. Matsuba, C. Wang, K. Saruwatari, Y. Uesusuki, K. Akatsuka, M. Osada, Y. Ebina, R. Ma, T. Sasaki,
Sci. Adv. 2017, 3, €1700414.; 2) N. Sakai, T. Sasaki, Langmuir 2022, 38, 12399.
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A Novel Synthesis Method of Palladium Nanosheets with
Thickness Control

(!Graduate School of Engineering, Nagoya University, *IMaSS, Nagoya University,
SWPI-MANA, National Institute for Materials Science) O Sumiya Ando,' Eisuke
Yamamoto,”> Makoto Kobayashi,> Minoru Osada® *

Keywords: Nanosheets; Palladium; Carbon Monoxide

Two-dimensional (2D) nanosheets with a few atomic thicknesses show unique
properties different from 3D bulk counterparts. In the field of catalysis, noble metal
nanosheets are expected to be an efficient way to decrease the usage of noble metals
because of its high specific surface area and extraordinary high catalytic activity. Among
such rare metal nanosheets, palladium (Pd) nanosheets have been synthesized using carbon
monoxide (CO) as both reductants of Pd ions and adsorbents on 111 facets making Pd
grown into 2D shape. However, conventional methods using a compressed CO gas cylinder
or meatal carbonyls as a CO source have serious drawbacks, such as the difficulty of
large-scale synthesis and impurities contamination.! Moreover, designed synthesis of
molecularly thin Pd nanosheets still remains a challenge.

Here, we report a novel synthesis method of Pd nanosheets using 2, 4,
6-Trichlorophenyl Formate (TCPF) as a CO source.” This organic material decomposes and
emits CO gas when it reacts with weak base. Therefore, there are no problems with handling
compressed CO gas and contamination with hetero metal atoms. In addition, introduction
speed of week base, such as ammonia (NH3), is controlled by hydrolysis speed of urea. This
makes it possible to control introduction speed of CO gas, that is, thickness of Pd nanosheet.

In our presentation, we also address the thickness dependent properties of Pd

nanosheets.
a
R R
NH, + 2NH; + CO,t
HZN)\NHZ HO™ NH,
b
e cl cl cl
)L NHs, + €O
cl !
Figure 1 | Rection Scheme of CO gas generation for Figure 2 | Synthesized
synthesis of thickness controlled Pd nanosheets. a, NH; Pd nanosheets.

evolution from hydrolysis of urea. b, Decomposition of
TCPF caused by reaction with NH3.

1. M. Luo, et. al., Nature, 2019, 574, 81-85.
2. H. Konishi, et. al., Chem. Pharm. Bull., 2018, 66, 562-567.
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Synthesis of amorphous silica nanosheets using solid-state surfactant and investigation of the
exfoliation behavior ('Nagoya University, ‘*International Center for Materials

Nanoarchitectonics, National Institute for Materials Science) Eisuke Yamamoto,! O Yuma
Takezaki,' Makoto Kobayashi,' Minoru Osada'~

Silica constitutes the most abundant part of the Earth's crust, and the effective utilization of
silica with precisely controlled morphology has been well studied. In particular, amorphous
silica nanosheets have attracted great attentions because of their unique properies different from
bulk amorphous silica. Recently, we found a new approach for synthesizing the colloidal
amorphous silica nanosheets with molecularly thin thickness; exfoliation of nonionic surfactant
amorphous silica lamellar hybrids. Here, we investigated the formation mechanism and critical
factors for synthesizing lamellar hybrids. The lamellar hybrids were formed by adding
tetracthoxysilane into the dispersion of solid-state surfactant formed below Krafft point. It was
found that surfactant with solid phase was the suitable for the formation of layered hybrids
suitable for exfoliating monolayer amorphous silica nanosheets.

Keywords : Amorphous silica;, Nanosheets, Solid State Surfactants;

DU AT ETRLH Y }ahml:/\%fzb V| OREECTERETIE 2 8 U 7= A %)
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AT b PRI 2% Fig. 1 (a) XRD patterns of the lamellar hybrids synthesized
A/ Al S ISV VAl e at various temperatures, (b) AFM image of the amorphous
1) E.Gao, et al., J. Appl. Phys., 2016 119, silica nanosheets synthesized at 3 °C.
014301.
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Molecular simulation and thermodynamic analysis of saturated water content in

organomontmorillonite ('Kogakuin University) OMasaya Miyagawa,' Keigo Tozaki,' Fumiya
Hirosawa,' Hiromitsu Takaba!

Despite numerous studies on adsorption of aromatic compounds in organoclay, the
adsorption mechanism has yet to be understood comprehensively. The presence of water
molecule in the interlayer is one of the biggest factors to make it difficult to investigate the
interlayer morphology. In the present study, we investigated the saturated water content in
organoclay modeled by molecular dynamics (MD) and Grand canonical Monte Carlo methods.
Analyzing the non-bond energy of H>O in the organoclay is lower than that in the bulk model
when the water content is small, indicating H,O is more stable in the organoclay. The
consistency is observed when the water content is 13.2wt%, which is suggested experimentally
by thermogravimetry. Thus, it is found that the saturated water content is estimated theoretically.
Keywords: Molecular dynamics; Organoclay; Montmorillonite; Grand canonical Monte
Carlo; Adsorption
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ETEDZ Mol BETIE, BEMAHRTZ AL —ITESNET =/ —LD
WA TRBPEICHOWT bR 5.

1) T. Okada et al., Langmuir 2021, 37, 10469. 2) M. Miyagawa et al., ACS Omega 2021, 6, 19314.
3) M. Miyagawa et al., Langmuir, 2022, 38, 3514. 4) A. Abbas et al., Appl. Clay Sci. 2017, 142, 21.
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Structural Analyses of Monodisperse Nanosheet Assemblies by Small-Angle X-ray Scattering
(Department of Life, Environment, and Applied Chemistry, Fukuoka Institute of Technology)O
Nobuyoshi Miyamoto

We have been investigating self-assembled superstructures and liquid crystal phases that are
consist of inorganic nanosheets dispersed in a solvent"?. For the structural analyses of such
systems, in-situ techniques such as small angle scattering (SAS) and optical microscopy are
important. In SAS analyses, generally, experimental data are fitted to theoretical scattering
curves such as disk form factor and lamellar structural factor. However, experimental systems
usually consist of complicated hierarchical structures, partial orientation, and random
aggregation so that precise structural analyses are not straightforward. Here we report structural
analyses of monodisperse nanosheet assemblies by comparing the experimental data with the
numerically calculated scattering curves of the nanosheets with any arbitrary shape and
superstructures. The numerical SAS curves of uniform isotropic dispersion of nanosheets
coincided with analytical and experimental data. The experimental SAS data of various
nanosheet superstructures were finely reproduced by the numerical calculations.

Keywords : Numerical Calculation, Small Angle Scattering, Monodisperse Nanosheets, Self-
assembly
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1) N. Miyamoto et al. "Chapter 5: Inorganic Nanosheets as Soft Materials." In "Functionalization of
Molecular Architectures — Advances and Applications on Low-Dimensional Compounds," Shikanaka,
K., Ed. Pan Stanford Publishing: Singapore, 2019; pp 123-157.

2) N. Miyamoto et al., "Chapter 8: Colloidal nanosheets." In "Inorganic Nanosheets and Nanosheet-
Based Materials", Nakato, T. et al., Eds. Springer Japan: Tokyo, 2017; pp 201-260.
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Revealing Hydrogen Spillover Pathways in Reducible Metal Oxide
Supports

(*Graduate School of Engineering, Osaka University)

OXKazuki Shun,' Kohsuke Mori,! Hiromi Yamashita'

Keywords: Hydrogen Spillover; Reducible Metal Oxides; Non-equilibrium Alloy
Nanoparticle

Hydrogen spillover is a dynamic phenomenon which is initiated by the dissociation of
hydrogen molecules followed by the migration onto the reducible metal oxide supports.'
Spilled hydrogen atom shows specific behavior compared with gaseous hydrogen, thus it
dramatically promotes the reduction of metal ions and the catalytic performance. However,
in-depth understanding of its dynamic behavior, such as at what temperature it can take
place, what pathway it follows, and the region to where hydrogen migrates, is still poorly
understood because the observation method is not well established.

Our group has succeeded in the synthesis of binary alloy NPs catalysts with essentially
immiscible metal combinations (Ru-Ni and Rh-Cu) on a TiO; support by utilizing spilled
hydrogen atoms as a strong reductant. On the other hand, non-reducible y-Al,O3; and MgO
supports, whose hydrogen spillover abilities are inferior to that of TiO», afforded segregated
NPs under the identical synthetic conditions.”® This means that the formation of
non-equilibrium alloys strongly reflects the hydrogen spillover ability of the support
surface.

In this work, we evaluated hydrogen spillover pathways in typical reducible metal
oxide supports such as TiO;, CeO, and WOs3 by combining the specific formation of
non-equilibrium Ru-Ni alloy nanoparticle, in-situ techniques, kinetic analysis, and density
functional theory calculation. The combined experiments revealed that TiO; and CeO»
allowed the preferential migration of dissociated hydrogen atoms over their surfaces,
whereas hydrogen atoms preferably migrated within the bulk over WOs.*

Surface spillover Surface spillover Bulk spillover
H—e

Y N h‘{’ ﬁk&(.; .

TiO: CeO; WO3
1) W. Karim, C. Spreafico, A. Kleibert, J. Gobrecht, J. VandeVondele, Y. Ekinci, J. Bokhoven, Nature,
2017, 541, 68. 2) S. Masuda, K. Shun, K. Mori, Y. Kuwahara, H. Yamashita, Chem. Sci., 2020, 16,
4194. 3) K. Mori, K. Miyawaki, and H. Yamashita, ACS Catal., 2016, 6, 3128. 4) K. Shun, K. Mori,
S. Masuda, N. Hashimoto, Y. Hinuma, H. Kobayashi and H. Yamashita, Chem. Sci., 2022, 13, 8137.
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Reaction mechanism of CO/CO, photo-conversion into ethylene and propylene using cobalt
metal nanoparticles supported on ZrO: ('‘Graduate School of Science, Chiba University)
Keisuke Hara!, Rumiko Hirayama', Rento Ishii', Kaori Niki', Yasuo Izumi'.

Cobalt nanoparticles were supported on monoclinic ZrO, and the photocatalyst was reduced
under H» at various temperatures. Using the combination of 1*CO,, *CO, H», and/or D,O and
UV-visible light irradiation, ethylene and propylene were major products (Table 1b—d). The
reaction mechanism was investigated by in-situ FTIR measurements and DFT calculations
using VASP. The results demonstrated that both CO, and CO were adsorbed on the ZrO,
surface, then the H-added COH species transferred onto the metallic Co nanoparticle surface
via the interface between them. The CHOH, CH,, and CHjs species were favorable on the
metallic Co surface. Furthermore, the CHOH and CH, species tend to C—C couple resulting
in ethylene and propylene as one of the most favorable reaction pathway. On the other hand,
non-adiabatic molecular dynamics calculations revealed that the excited electrons transfer
owing to light irradiation transferred from ZrO;to CO, and/or CO on the femtosecond scale.

Keywords : Photocatalytic conversion, CO: Conversion, DFT calculation, Non-adiabatic
molecular dynamics calculation

Monoclinic-ZrO, {2 73V b 2 R+ Z2HEF L, Hy K T COETIEE 2 2 78
R, BCO KT BCO, Hy MU DO ZJUGH A & LTHWT, A EDEIRET L7z
LA ZTF LYy, el rEAEERME LTHETL(E 1b-d), S HIT in-situ FTIR
HIE, L0V VASP # V7o DFT FHEIC L 0 RS &2 0~ 7-, 2 Of5E COo, K
CO Wb ZrO, K2 WA L KIZ H AN S 717z COH Fl N R A f& i L T =0
N JE T /R RE BT L, CHOH » CH, » CHs FEXNHFNCAFIET D 2 & h3bho
Iz SHIZCHOHM L CH &N C-CREEG LT <, =F b, Fub'LIiEd
R A T ERD B iVTc, FIIEME 78 ) FEEIC LD Zi0, 20 B OthiE &
X CO,R°CO s AT —/VTRBAITTHZ L b E R0 T,
Table 1. Kinetic Data on Photoconversion of CO, Using the Co (7.5 wt %)—ZrO; Photocatalyst

Treduction formation rate (umol h™! geat™?)
entry  catalyst reactants

(KN BCO  BCHs BGHs BCGHs  BCHs  BCaHs

a - 0.016 <0.002 <0.002 <0.002 <0.002 <0.002
13CO; (2.3 kPa) + H2 (21.7 kPa)

b 11 190 <0.002 3.4 <0.002 0.25
[¢ Co-ZrO2 13C0O; (2.3 kPa) + H2 (2.3 kPa) 40 52 <0.002 1.1 <0.002 0.082

973
d 13CO (2.3 kPa) + H, (21.7 kPa) - 5.2 017 058 072 0.96
e 13CO (2.3 kPa) + H; (2.3 kPa) - 2.2 5.2 017 023 0.024
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Electrocatalytic reduction of carbon monoxide to multicarbon
products on copper-single atom catalysts

(!Graduate School of Engineering Science, Osaka University) OKeitaro Ohashi,' Takashi
Harada,' Shuji Nakanishi,! Kazuhide Kamiya'
Keywords: CO,/CO Electroreduction; Single Atom Catalysts; First-Principles Calculation

The electrochemical CO» reduction reaction (CO,RR) is an attractive strategy for closing
the carbon cycle by converting CO, to value-added muticarbon products (Ca+), using renewable
electricity. Considering that Cy: products are formed via carbon monoxide (CO) dimerization,'
the development of efficient electrocatalysts for CO reduction reaction (CORR) to Co+ products
is highly required. Single-atom electrocatalysts (SAECs), which are composed of singly
isolated metal sites supported on heterogeneous substrates, have attracted considerable recent
attention as next-generation electrocatalysts for various key reactions from the viewpoint of
the environment and energy. Our group has recently demonstrated that SAECs composed of
metal-modified covalent triazine frameworks (M-CTFs) exhibit various unique electrocatalytic
functions depending on the metal species.”* Herein, we attempted to apply copper-modified
CTF (Cu-CTF) as the electrocatalyst to reduce gaseous CO to Ca.

Cu-CTF was synthesized based on the reported method,* and the catalyst ink was drop-
coated on gas diffusion electrodes (GDEs) (Fig. 1). The faradaic efficiency (FE) for acetate and
ethylene in 1 M KOH at —1.0 V (vs. reversible hydrogen electrode) reached up to 27.2% and
16.2%, respectively. To elucidate the reaction mechanism of the selectively produced acetate,
CORR was performed by changing the electrolyte to 5 M NH; and 1 M KCI. In this electrolyte,
the formation of acetamide was observed with the FE of 4.7%, which is produced via
nucleophilic attack of ammonia on ketene (C=C=0) intermediate. The density functional
theory (DFT) calculation indicated that in the process of C,+ formation on Cu-CTF, C-C bond
reaction proceeds by the insertion of a CO molecule into adsorbed *CHO intermediate, which

1s a one-electron reduction reaction intermediate of CO.

1) Kortlever, R. et al. J. Phys. Chem. Lett. 2015, 6 (20), 4073-4082. 2) Kamiya, K. Chem. Sci. 2020, 11
(32), 8339-8349. 3) Ohashi, K. et al. /. Phys. Chem. C. 2021, 125 (20) 4) Kamiya, K. et al. Nat.
Commun. 2014, 5.

L |e

Cu-CTF s )
Electrolyte P /, . | '
(] /I | N
N
& t II I Cu éu
] NZONT | TNTTON
- P ] v N
"“‘ ------ - LI \
- . ‘\ éu & I
'),3 ‘\\ N h‘l
\, \ NN
e g
Catalyst layer Gas diffusion
electrode (GDE)

Figure 1. Schematic illustration of CORR on Cu-CTF/GDE.
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Chemoselective hydrogenation of nitro compounds over Ir-based
hybrid clustering catalysts

(‘Department of Science and Engineering, National Museum of Nature and Science,
*Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University,
SESICB, Kyoto University) OShun Hayashi,' Tetsuya Shishido*’

Keywords: Iridium; Hybrid Cluster; Chemoselective Hydrogenation; Nitro Group

Chemoselective hydrogenation of nitroaromatics to form anilines especially in the
presence of other reducible groups such as C=C is one of the important reactions in the
production of fine chemicals. Since the catalytic activities of heterogeneous nanoparticle
catalysts varies with the adjacent oxide species, forming a high density of metal/oxide
interfaces is important to improve the selectivity.> We had previously reported a catalyst
preparation method, namely hybrid clustering, for the efficient formation of metal/oxide
interfacial active sites.’ In this study, supported Ir-based catalysts were prepared by using
hybrid clusters as precursors. The effect of the preparation method on the activity for
4-nitrostyrene hydrogenation is discussed in comparison with typical Ir based catalysts.

The hybrid clustering catalyst,

IrsMo4/Al,O3, was prepared by using a ~ y ~

hybrid cluster, [(IrCp*)sMo4Oi6] (Cp* = — + +

n-CsMes), as a precursor.® In the o, T, lo, T,
1 2 3 4

4-nitrostyrene hydrogenation, IrsMo4/Al>O;3
selectively reduced the nitro group to

produce 4-aminostyrene (Figure la). In ( (b)
contrast, the coimpregnated catalyst, & ;\:100
Ir-Mo/ALOs, prepared from H»IrCls and % %
(NH4)sM07024-4H>0, reduced both nitro and é é 50
vinyl groups nonselectively (Figure 1b). g §
This suggests that the formation of the © °© oy

Ir/MoO, interfaces 1is essential for the

. . . Time /min
selective hydrogenation of nitro groups and
. o . —e—Yield (2)
that hybrid clustering is an efficient way to ~&3-Yield (4)

form a high density of such interfaces. The Figure 1. Time course of hydrogenation of
4-nitrostyrene (1) over (a) IrsaMos/Al2O3 and (b)

. ) ) Ir-Mo/AL:Os. Reaction conditions: 1 (0.1 mmol),
mechanism of the It/MoO, interfaces will be 1, (0.3 MPa), toluene (1 mL), catalyst (10 mg, Ir:

discussed based on X-ray absorption 0.52 mol%), 303 K.

spectroscopy.

1) Corma, A. et al. J. Am. Chem. Soc. 2008, 130, 8748. 2) Wang, Y. et al. Angew. Chem. Int. Ed. 2020,
59, 12736. 3) Hayashi, S.; Shishido, T. ACS Appl. Mater. Interfaces. 2021, 13, 22332. 4) Hayashi, Y.
etal J Am. Chem. Soc. 1988, 110, 3666.

local structures and the formation
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Elucidation of molecular adsorption states of strong base metal
oxide cluster by X-ray absorption spectroscopy

(!Graduate School of Science, Tokyo Metropolitan University, >Japan Synchrotron Radiation
Research Institute (JASRI), *JST PRESTO) OTomoki Matsuyama,'? Hiroki Nagakari,' Soichi
Kikkawa,' Naomi Kawamura,? Kotaro Higashi,? Naoki Nakatani,' Seiji Yamazoe'~
Keywords: Metal Oxide Cluster; Base Catalyst; Homogeneous Catalyst; HERFD-XAS

Metal oxide clusters consisting of group-V transition metals such as [MVs019]* (MY=Nb,
Ta) have a strong basicity that is comparable to MgO. Nevertheless, they are not deactivated
by molecular adsorption and catalyze Knoevenagel condensation reactions and CO, fixation
reactions.! In this study, we investigated unique molecular adsorption states on [MYs019]*" by
high-energy-resolved fluorescence detection X-ray absorption spectroscopy (HERFD-XAS)
which enables direct observation of the crystal field correlated with structural change.? We have
acquired XANES spectra of Nb K- and Ta Ls-edges in the HERFD mode and successfully
observed changes in the crystal field attributed to molecular adsorption for the first time.

Tetrabutylammonium salts of [MY6019]%
hydrothermal method in reference to the literature® and characterized by infrared spectra and
electrospray ionization mass spectra. Molecular adsorption states of [NbsO19]* (Nb6) were
studied by pre-edge peaks in Nb K-edge HERFD-XANES spectra (Fig.a). When 1% CO, gas
with N, balance and acid-base indicators as adsorbents were added to Nb6 DMF solution, the
intensity of pre-edge peaks in both XANES spectra decreased compared to the pristine Nbo6.
These results indicate that CO, and protons adsorbed to the same base sites with an increase in
their octahedral symmetry. Ta Li-edge HERFD-XANES spectra (Fig.b) also reflected d-orbital
splitting affected by molecular adsorption to [TasO19]*" (Ta6). From the increasement of
splitting width by CO; adsorption, we conclude that Ta6 activated CO, accompanied with the
increase of the octahedral symmetry near the active site of Ta6 (Fig.c).

were synthesized by a microwave-assisted

[ [
2 1.2 § 6 ®) 6] (©)  Expected
2 1.0 o 54 N base site High Oh Y
<)
3 0s- £ o ! 10 Sty
5 0.6- 5 3 ] AP ads. %)
0 T T T

N 0.4 % 2+ 9875 9880 9885 9890 X ‘ O L S ad
[ v © o o
£ 0.2 E 1
5 T T S ° °
2 0.0_ 18990 18995 20 T r T T r [MVGO1Q]3—

18980 19000 19020 19040 9880 9890 9900 9910 9920 (MV=Nb, Ta)

Photon energy (eV) Photon energy (eV)

Figure (a) HERFD-XANES spectra at Nb K-edge and (b) those at Ta Ls-edge. (c) Expected
molecular adsorption states.

1) S. Hayashi, N. Sasaki, S. Yamazoe, T. Tsukuda, J. Phys. Chem. C, 2018, 122, 29398., 2) H. Bao, P.
Duan, J. Zhou, H. Cao, J. Li, H. Yu, Z. Jiang, H. Liu, L. Zhang, J. Lin, N. Chen, X. Lin, Y. Liu, Y. Huang,
J.-Q. Wang, Inorg. Chem., 2018, 57, 11404., 3) M. A. Rambaran, M. Pascual-Borras, C. A. Ohlin, Eur.
J. Inorg. Chem., 2019, 2019, 3913.
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Acid-Base Bifunctionality of Ti-based Perovskite Nanoparticles for Cyanosilylation ('Tokyo
Institute of Technology) OTakeshi Aihara', Wataru Aoki', Keigo Kamata', Michikazu Hara'

Catalytic activities of perovskite oxides for oxidation, electrochemical, and photocatalytic
reactions have been widely investigated. However, acid—base catalysis of perovskite oxides has
not been sufficiently explored. In this study, synthesis for Ti-based perovskites and catalytic
activity for cyanosilylation were investigated. Highly pure Ti-based perovskite nanoparticles
were successfully synthesized by sol-gel method using malic acid, and the specific surface area
of SrTiO; was 46 m?g~! which was about 10 times larger than that of commercially available
SrTiO;. SrTiOs showed the highest cyanosilylation activity among the tested catalysts.
Poisoning effect of acetic acid and pyridine for cyanosilylation over SrTiOs revealed that acid
and base sites on SrTiO; cooperatively activate carbonyl compounds and trimethyl cyanide
(TMSCN), respectively, which results in high catalytic performance.

Keywords : Perovskite nanoparticles; Acid—base; Cyanosilylation
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Homogeneous Investigation of N-Heterocyclic Carbene Stabilized
Au-Nanoclusters for Electrocatalysis

(Mnstitute of Transformative Bio-Molecules (WPI-ITbM), Nagoya Unveristy, *Department of
Chemistry, Queen’s University) O Samuel Jacob,' Joey Delesus,! Emily Albright,? Yasuyo
Tezuka,! Masakazu Nambo,' Cathleen Crudden'?

Keywords: Gold Nanocluster, Electrocatalyst, Carbon Dioxide Reduction, Hydrogen
Evolution

Gold nanoclusters (AuNC) are among the most well studied type of NCs and are reputable
for their ability to catalyze several reactions of energy importance electrochemically, such as
hydrogen evolution reaction (HER) and CO, reduction reaction (CO,RR). Typically, AuNCs
are stabilized by either phosphine or thiol-based ligands, however, our lab has recently
spearheaded the synthesis and characterization of several new AuNCs stabilized by N-
heterocyclic carbenes (NHC).!® Interestingly, regardless of ligand identity, the electrochemical
nature of AuNCs remains surprisingly understudied. Despite the molecular nature of AuNCs,
examples of electrochemical homogeneous characterization are scarce and most
electrocatalytic experiments are performed heterogeneously."%” The evaluation of the
heterogeneous performance of molecular catalysts is valuable, however, homogeneous
electrochemical studies of molecular catalysts provide a wealth of information important for
benchmarking catalytic performance, understanding reaction mechanisms, and structural
optimization.

As such, our group is interested in expanding the current AuNC catalytic field through the
implementation of in-depth homogeneous studies for various reactions of energy importance.
Herein, we report the investigation of a family of atomically precise Au;3NCs supported by
Bis-NHC ligands for electrocatalytic homogeneous HER. From our investigation, we have
determined that the mechanism for HER is influenced by the NHC ligand functionality, acid
pka, and applied potential. As such, various stepwise catalytic EC reaction mechanisms can be
accessed by the manipulation of these parameters. Utilizing this knowledge, we have extended
our study towards CO,RR to optimize reaction conditions for selective CO production and H»
evolution suppression, a deleterious side reaction for CO,RR. To the best of our knowledge,
this is the first in-depth homogeneous study for HER utilizing AuNCs.

1) Kawawaki, T.; Negishi, Y. Nanomaterials 2020, 10 (2). 2) Yi, H.; Osten, K. M.; Levchenko, T. L.; et
al. Chem Sci 2021, 12 (31), 10436-10440. 3) Man, R. W. Y; Yi, H.; Malola, S.; et al. J. Am. Chem. Soc.
2022, 144 (5), 2056-2061. 4) Lummis, P. A.; Osten, K. M.; Levchenko, T. I.; et al. JACS Au 2022, 2 (4),
875-885. 5) Kulkarni, V. K.; Khiarak, B. N.; Takano, S.; et al. J. Am. Chem. Soc. 2022. 6) Kwak, K.; Lee,
D. Acc Chem Res 2019, 52 (1), 12-22. 7) Yang, D.; Wang, J.; Wang, Q.; et al. ACS Nano 2022, 16 (10),
15681-15704.
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[K505-1pm-01] Construction of Molecular Gears Based on Lanthanoid Double-
decker Complexes with Phthalocyanine and Naphthalocyanine
Functionalized with Four Planar Peripheral Substituents
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[K505-1pm-02] Photoluminescence Properties of Mononuclear Europium(lll) and
Gadolinium(lll) Complexes with Tetradentate Schiff Base Ligands in
the Solid State
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RIKEN, 2. Dalian Medical University)
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Ovutaka Ishida’, Sui Hasegawa1, Hiroyuki Kawaguchi1 (1. Tokyo Institute of
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Construction of Molecular Gears based on Lanthanoid Double-
decker Complexes for Intermolecular Gearing Motion Study

(‘Division of Material Science, Nara Institute of Science and Technology, *University of
Toulouse) OSubramaniam Jeevithra Dewi,' Nishino Toshio,' Rapenne Gwénaél 2
Keywords: Molecular Gear; Double-decker Complex; Lanthanoid; Porphyrinoid; Helicity

Artificial molecular machines are molecules capable to execute mechanical-like
movements as an outcome of an appropriate external stimuli. There are now many examples
like motors, shuttles, tweezers, nanocars and gears.' Various kinds of molecular gears have
been proposed,” among them, double-decker complexes, in which lanthanoid ion is sandwiched
between two porphyrinoid ligands such as porphyrin, phthalocyanine or naphthalocyanine, are
attractive structural motifs for molecular gears since the ligands can rotate around metal ions.’

In this study, we report the construction of double-decker complexes of cerium(I'V) as new
prototypes of molecular gears. Phthalocyanines substituted at the o-position with w-planar
bulky substituents were used to synthesize two homoleptic and one heteroleptic double-decker
complexes. It is expected that the upper and lower ligands tightly engage and work as gear due
to these bulky and rigid substituents. A Cy, symmetric phthalocyanine H,Pcl having 3,6-di-
tert-butyl-carbazole at the a-position was employed and synthesized as a sub-unit of the gearing
system.” Ce(Pcl), was obtained in 40% vyield through the complexation of H,Pel with
Ce(acac); nH,O under microwave irradiation. The structure of Ce'V(Pcl), was confirmed by
single crystal X-ray structure analysis (Fig. 1). Desymmetrised A3B-type phthalocyanine
H,Pc2 bearing one phenothiazine and three 3,6-di-tert-butyl-carbazole at the a-position was
also synthesized as the same manner as Ce(Pcl),. The formation of the complexes was
confirmed with "H-NMR, 2D-NMR, and MALDI-TOF-MS. To study molecular gearing on
surface with STM, our final target is constituted of a thioether-functionalized porphyrin as the
anchoring ligand and a carbazole-functionalized naphthalocyanine as the cogwheel (Fig. 2).
Thanks to the helical chirality of this double-decker complex, we hope to build a train of gears
with consecutive molecules of opposite chirality. §

E(S

EtS skt

SEt

Fig. 1: X-ray structure of B
Ce'V(Pcl)2 (side view) Fig. 2: Gear to study on surface with STM |

1) V. Balzani, A. Credi, M. Venturi, Molecular Devices and Machines: A Journey into the Nano World,
Wiley-VCH, Weinheim, 2003. 2) G. Rapenne et al., Chem. Eur. J. 2021, 27, 12019. 3) M. Takeuchi et
al., Chem. Eur. J. 2010, 16, 8285. 4) M. Kimura et al., Chem. Eur. J. 2017, 23, 15446.
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Photoluminescence Properties of Mononuclear Europium(I1I) and Gadolinium(III) Complexes
with Tetradentate Schiff Base Ligands in the Solid State (Faculty of Engineering, Chiba
Institute of Technology, *Center for Analytical Instrumentation, Chiba University, *Nuclear
Science and Engineering Center, Japan Atomic Energy Agency) OMasanobu Tsuchimoto,'
Toshiki Sakata,! Naoki Takeda,! Shuhei Itoh,! Tomoaki Sugaya,! Hyuma Masu,> Masayuki
Watabnabe®

Mononuclear Schiff base-europium(III) complexes X[Eu(L).] (X: counter cation; L: Schiff
base ligand) have a mononuclear structure with two Schiff base ligands in a meridional form.
The mononuclear europium(Ill) complexes display red photoluminescence based on the f—f
transitions by excitation with UV light. However, the emission intensities of the mononuclear
europium(IIl) complexes in the solid state at 298 K are drastically different among the
complexes with different counter cations. Recently, we found that the mononuclear
curopium(Ill) complex with the Schiff base ligands derived from stilbenediamine
BwN[Eu(L);] has two types of crystals: high luminescent white crystals and weakly
luminescent yellow crystals. In this study, we report the structures and luminescence properties
of the two types of crystals of the europium(III) and gadolinium(IIl) complexes.

Keywords . Europium Complex; Gadolinium Complex; Photoluminescence; Schiff Base;
Structure

WUIEED S 7 BB a B+ & 3% Bu(ID) HAZEEIA X[Bu(L),] (X: xfA A, L: ¥
AR NE, 2O >y THEERL 25 meridional BUZEM L 72 8 B/ D HLEL
g% &5, 2O Bu(ll)HEZEERIL, MR E RN T 5 & -0 EBRICHRT D RER
W R T A, 298K 2K 1T BEIRDFENTIE, XA 4> OFEWIZ L D RBNRE N K E
SHEIBEN D D, TE, AFARIOT I VNG EE LYy 7RI T &
9% Bu(Il) HAZSEAR BWN[Ew(L):IC1E, 58T 5 AEaDftim &, 99< BT 5 HEE
FEER D 2FEDOFE N H D Z L NI LM~ 72, ABFFETIE. BuIDgs A & GdIIsE
RIZDOWT, T 6O 2 FEOME S OREE & FEIFEIC DWW THET 5,

Cl Cl
\ /£ cl OH HO cl
‘W'Lr{’go = N=
/N ")
’* SO
T
Bu,N[Ln(3,5-Clsal-stien), ] H,{3,5-Clsal-(R,R)-stien}
(Ln=Eu, Gd)

Bu4N'

© The Chemical Society of Japan - K505-1pm-02 -



K505-1 pm-03 The 103rd CSJ Annual Meeting

Synthesis of Dinuclear Titanium Oxalate Complexes Supported by
a Tris(phenolato)amine Ligand

(RWTH Aachen Univ.) O Akira Okumura, Florentine Mohr, Thomas Paul Spaniol, Jun Okuda
Keywords: Titanium Complex, Oxalate, Reduction, Carbon Dioxide, Phenolate Ligand

Carbon dioxide (CO,) could become an attractive C1 building block for synthetic
chemistry to produce sustainable chemicals and polymers.! However, because of the high
thermodynamically stability and inertness of CO,, catalytic transformation of CO, remains
challenging. It is known that CO, can be catalytically transformed by organometallic
complexes, heterogeneous catalysts, and electrocatalysts. Especially, the electrochemical
reduction of CO, to formate and oxalate can offer C1 and C2 key intermediates.? As model
compounds, metal formate and oxalate complexes are important to understand the coordination
and reaction mode of CO, at metal centers. We have recently reported that titanium(IV)
chlorido complex, which bears a sterically bulky tris(phenolato)amine(Os;N) ligand, can be
transformed to titanium(IV) formate complexes.® Here, we report that dinuclear titanium(IV)
oxalate complex can be synthesized by protonolysis of the titanium(IV) benzyl precursor.

When titanium(IV) benzyl complex ([(OsN)TiBn]) was treated with 0.5 equiv. of oxalic
acid in toluene at room temperature overnight, dinuclear titanium(IV) oxalate complex
([(O3N)Ti(C204)Ti(O3N)]) was obtained as dark orange powder in 75% yield. Single-crystal
X-ray diffraction analysis revealed that two titanium(IV) centers are bridged by an oxalate
dianion with p,kO-coordination mode. This dinuclear titanium(IV) oxalate complex was
reduced by potassium metal to give a yellow complex, whose two titanium(IV) atoms are
reduced to titanium(III).

~OTIRY
O_Tiw J >
A \8 R? toluene, r.t.
R2 N’ overnight

1) M. Aresta, A. Dibenedetto, A. Angelini, Chem. Rev., 2014, 114, 1709. 2) a) E. Schuler, M. Demetriou,
N.R. Shiju, G.-J. M. Gruter, ChemSusChem, 2021, 14,3636.b) E. E. Benson, C. P. Kubiak, A. J. Sathrum,
J. M. Smieja, Chem. Soc. Rev., 2009, 38, 89. 3) A. Okumura, P. Ghana, F. Fink, R. Schmidt, A. Hoffmann,
T. P. Spaniol, S. Herres-Pawlis, J. Okuda, Dalton Trans., 2022, 51, 14345.

© The Chemical Society of Japan - K505-1pm-03 -



K505-1pm-04 BALEA H103BFES (2023)

FRAUERY FERWEBRDFETILTUODNLDTILFILT =
VERK

(BEF !« Anhui Univ.2) O F&H! » Ping Wu? « KFiH %K !+ Gen Luo® « & HARK!
Transformation of dinitrogen and alkenes to alkyl amines at a trititanium polyhydride
framework ('RIKEN, *Anhui University) OTakanori Shima,'! Ping Wu,? Ryota Owada,! Gen
Luo,?> Zhaomin Hou!

Direct synthesis of nitrogen-containing organic compounds from dinitrogen (N2) and
commodity chemicals is of great interest but remains a challenge. N, functionalization by
transition metal complexes generally requires electrophilic carbon sources to form N—C bond.
To develop simpler and more straightforward methods for synthesis of a variety of nitrogen-
containing organic compounds, studies of transformation of N with readily available abundant
carbon sources is of highly importance. Here we present a trititanium polyhydride mediated
transformation of N, with non-activated alkenes to alkyl amines. C(sp?)-H and N=N bond
activation, and reductive N—C bond coupling reactions sequentially take place under mild
conditions. Computational studies reveal that the split nitride species is readily bonded to the
alkenyl carbon rather than the bridging hydride or the other protons.

Keywords : N, Functionalization; Hydride,; Alkenes; Alkylamines
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1) T. Shima, S. Hu, G. Luo, X. Kang, Y. Luo, Z. Hou, Science 2013, 340, 1549.
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Transformation of Pyridines to Cyclopentadienyl Units by
Denitrogenation in a PNP-Ligated Dititanium Hydride Framework

('Organometallic Chemistry Laboratory, RIKEN CPR, *Advanced Catalysis Research Group,
RIKEN CSRS, 3College of Pharmacy, Dalian Medical University) OXiaoxi Zhou,' Qingde
Zhuo,! Takanori Shima,'? Xiaohui Kang,?> Zhaomin Hou!*

Keywords: Titanium Hydrides; Pyridine; C—N bond cleavage; Hydrodenitrogenation

Investigating the reactions of aromatic N-heterocycles with transition metal hydrides is of
fundamental interest and practical importance, given its relevance to important industrial
processes such as hydrodenitrogenation (HDN).! Here, we report the synthesis of a novel PNP-
ligated dititanium tetrahydride complex 2 and its unique reactivity towards pyridines. The
hydrogenolysis of titanium dimethyl complex 1 [(“”/PNP)TiMe,]* with H, afforded complex 2
in high yield. Reaction of 2 with pyridine led to the formation of the cyclopentadienyl (Cp)
complex 3, in which pyridine was directly denitrogenated to a Cp unit by the cleavage of the
two N-C bonds and formation of a new C—C bond. When 3,5-lutidine or 2,4-lutidine was
subjected to the reaction with complex 2, the 1,3-dimethyl-substituted Cp product 5 was
obtained. In these reactions, two key intermediates, i.e., an intermediate 4 derived from
pyridine unit coordination and an intermediate 6 derived from the cleavage of one C—N bond,
were isolated successfully. Reaction of 2 with quinoline gave a metalacyclic complex 7 through
the cleavage of both C—N bonds of quinoline. The mechanistic details of these pyridine skeletal
editing reactions were clarified by DFT calculations. This work may provide insights for
designing new catalysts for the HDN of aromatic N-heterocycles under milder conditions as
well as for other useful chemical transformations.
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1) a) M. Bachrach, T. J. Marks, J. M. Notestein, ACS Catal. 2016, 6, 1455. b) S. Hu, G. Luo, T. Shima,

Y. Luo, Z. Hou, Nature Commun. 2017, 8, 1866.
2) Z. Mo, T. Shima, Z. Hou, Angew. Chem., Int. Ed. 2020, 59, 8635.
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Reaction of a Titanium Dinitrogen Complex Bearing an (ONO)-Ligand with CO, and CS,
(School of Science, Tokyo Institute of Technology) oYutaka Ishida, Sui Hasegawa, Hiroyuki
Kawaguchi

We report N-C bond formation reaction of a titanium dinitrogen complex
[{K(dme)}2{(ONO)Ti}2(u—N>)] (1) with CO or CS,.  Exposure of the dinitrogen complex 1
in THF to a CO; atmosphere produced a dinuclear complex bridged by the p—N,N’-[N2(CO»):]
ligand (2), which each N atom of the N> unit is carboxylated. In contrast, addition of excess
CS; to a toluene/DME solution of 1 yielded [{K(dme)},{(ONO)Ti}{u—N2(CS2)}] (3),
incorporating one CS, molecule via N—C bond formation
Keywords : Functionalization of Dinitrogen, Titanium Complex;, Carbon Dioxide; Carbon
Disulfide

N-C fEBTERRSIGIZ & D Ny OEE 725y T ABUZEBR N R - o 1, EHREIR L
TR ERFEORISIT L D N-C FETROFINHRE ST Y, 4El (ONOYRAL
MTFZFFOTET X CEREE 1 & TR LRE R QR LRE ° & ORIGIZ L D N-
C ARG & fat LTz,

ERIER 1 & B bRFEIL THF FCBRIRFICRIG U, $7e 2 =B FC bk
FOPUG LTz p=NN°-[No(CO2)a] —AZSER 2 23U 83% T H iz, X Mk Sh ik fig
Frc X RS2 E L, —o0 TiN,CO TLEBRITVE#EEZ RS Z LNk o Tz,

ZEHREIR 1 D L 2 /DME BRI /MBI O ik FEE IR D & BOSITdp > <D
EHIT LT, THE/ ST O OBAEMICED . p-(NoCS) T T T A IR ZHODF
X U MINZEERE LT85 3 SR 44% TR DTz, X SRS ais ST of R, U v
LRFZ N LIUESEHATH D 2 & 3o T2, BN [BINLIR T~V L7288 3 » THF
HCo SN NMR TlE, §322ppm & 533 ppm (ZfEAEE S;w=15.0Hz ZfEo72 7
%Wﬁ%wéh\%%%ﬁ?ﬁ%hk%%ﬁm%%%bfbé;&ﬂmwéﬂto

P, n @

b S:L:( O\ P/TOI Bu

£ s/ \ By

toluene/DME B|Bu O/T\ K—s)\N‘TI JTol
(fror N B“ K <

(3 'B;f\

1) W. H. Bernskoetter, E. Lobkovsky, P. J. Chirik, Angew. Chem. Int. Ed. 2007, 46, 2858.

2) D.J. Knobloch, H. E. Toomey, P. J. Chirik, J. Am. Chem. Soc. 2008, 130, 4248.

3) Y. Nakanishi, Y. Ishida, H. Kawaguchi, Angew. Chem. Int. Ed. 2017, 56, 9193

4) Q. Zhou, J. Yang, Z. Mo, X. Zhou, T. Shima, Y. Luo, Z. Hou, J. Am. Chem. Soc. 2022, 144 6972.

5) R.J. Burford, L. Castro, L. Maron, J. E. Hein, M. D. Fryzuk, Dalton Trans. 2018, 47, 7983.

© The Chemical Society of Japan - K505-1pm-06 -



K505-1 pm-07 The 103rd CSJ Annual Meeting

Precise control of metal-centered chirality of pentacoordinate
chiral-at-vanadium(V) complexes using chiral auxiliaries

(Graduate School of Science, The University of Tokyo) O Ayako Hino, Koichi Nagata, Hitoshi
Ube, Mitsuhiko Shionoya

Keywords: Chirality, Chiral-at-metal complex, Asymmetric induction, Oxovanadium(V)
complex

Chiral-at-metal complexes are metal complexes with metal-centered chirality and are
attracting much attention as asymmetric catalysts." Compared to relatively substitution-inert
metals,'” controlling and stabilizing the absolute configuration at the substitutionally labile
metal centers are challenging due to rapid racemization, and to date there have been limited
examples of pentacoordinate chiral-at-metal complexes with high configurational stability.’

Oxovanadium(V) complexes have drawn attention for their biological activity and
catalytic applications.* However, isomerization occurs quickly at the metal center due to low
coordination stability in solution.’ In this study, by using a chiral bidentate ligand, we have
succeeded in controlling the metal-centered chirality of generally labile, pentacoordinate
chiral-at-vanadium(V) complexes in solution, and in achieving high diastereoselectivity and
suppression of stereoinversion at the metal center.

The reaction of rac-1 with an enantiopure chiral aminoalcohol, (S)-2, yielded a
diastereomeric mixture of pentacoordinate chiral-at-vanadium(V) complexes (4v)- and (Cv)-3
(Figure (a)). The structures of (Av*,Sx*,Sc*)- and (Cv*,5v*,Sc*)-3a were determined by single
crystal XRD analyses using racemic 2a to confirm the inversed absolute configurations at the
metal center. The slow stereoinversion process of 3 was monitored by NMR (Figure (b)) and
CD spectroscopy. The difference in their thermodynamic stability resulted in asymmetric
induction at the labile metal center, causing the equilibrium state between the two to be put
away. Finally, (Cv,5v,Sc)-3 was preferentially formed with 68% (3a) and 80% (3b)
diastereomeric excess, respectively, after 300 h.

(a) Complexation reactions (b) Time-course change in the ratio of (Av)-
- i 1
Ar U and (Cv)-3a monitored by 'H NMR
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N
HO \ 1
(5)-2 0.8
064
-THF 2 04
-HCl ]
0.2
Ar=Ph (2a) 0 &
rac-1 2-Naph (2b Av)-3 Cv)-3 -0.2
ph (2b) A8 o 0 100 . 200 300
diastereomeric mixture time / h
d.e = 68% (3a), 80% (3b) —— (Av)-3a (Cv)-3a — de.

1) T. Cruchter, V. A. Larionov, Coord. Chem. Rev. 2018, 376, 95. 2) H. Brunner, Angew. Chem. Int. Ed.
1999, 38, 1194. 3) J. Pérez-Prieto et al. Organometallics 2010, 29, 703. 4) M. Delferro et al. Chem. Rev.
2019, 119, 2128. 5) D. Rehder et al. Inorg. Chem. 1993, 32, 1844.
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Liquid—Liquid Transition in Coordination Polymer Melt Studied by
Dynamic Mechanical Analysis

(‘Graduate School of Engineering, Kyoto University, *Institute for Advanced Study, Kyoto
University) OTaichi Nishiguchi,! Yuki Ohara,' Kentaro Kadota,? Satoshi Horike'*
Keywords: Coordination polymer; Melting; Glass transition; Dynamic mechanical analysis

Melting and glassy coordination polymers (CPs) have been attracting attention as novel
functional materials due to their optical properties, moldability, and mechanical durability.! The
network and coordination structures in the melt states were analyzed in detail for some melting CP
systems.> However, mechanical properties or dynamics of the melt are still remaining to be
elucidated, and a comprehensive understanding of transition behavior in CPs did not progress. The
melting and glass transition behaviors of CPs have been discussed assuming a single melt phase.

We studied the properties of supercooled melt states of Cu(TFSI)2(bip). (1, TFSIT =
Bis(trifluoromethanesulfonyl)imide, bip = 1,3-Bis(1H-imidazol-1-yl)propane, Fig. a). Dynamic
mechanical analysis (DMA) observed a reversible rheological transition depending on temperature,
and suggested a liquid-liquid transition (Fig. b). The application of mechanical stimuli in DMA
formed a different melt state with the same components. Two melt states underwent a glass
transition at different temperatures. X-ray scattering analysis revealed their structural dissimilarities
and different crystallization behavior. The variety of nanometer-scale network structures in melt
states explains these differences.
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Fig. (a) Schematic representation of crystal structure of 1 (b) Temperature-ramp DMA profile of 1
melt. The dashed line represents the melting temperature of 1 crystal.

1) S. Horike, et al., Chem. Rev. 2022, 122, 4163.
2) T. D. Bennett, F.-X. Coudert, et al., Nat. Mater. 2017, 16, 1149.
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Glass formation of coordination polymers driven by dehydration
treatment

(*Graduate School of Engineering, Kyoto University, *Institute for Advanced Study, Kyoto
University) OZeyu Fan,! Yong-Sheng Wei,* Satoshi Horike '
Keywords: coordination polymers, metal-organic frameworks, glass, phase transition

Coordination polymer (CP) and metal-organic framework (MOF) glasses have been
emerged as new class of glass materials. Their structures and functionalities can be adjusted
by changing the inorganic and organic building blocks. The high processability, structural
dynamics and grain boundary free character enable them to form monoliths and membranes
for ion conductivity, gas separation and optical applications.! Similar with conventional
inorganic glasses, CP/MOF glasses are usually obtained by melt-quenching process.
However, most CP/MOFs did not melt and directly decompose irreversibly upon heating.” It
is essential to develop new method to fabricate CP/MOF glasses.

One of the most used ligands for constructing CP/MOFs are carboxylate ligands.
Nevertheless, there is no carboxylate-based CP/MOF glasses until now, which is due to the
alternative coordination environment and strong coordination bond between metal and
carboxylates. Here we develop the direct glass-formation process through thermal
dehydration of a series of carboxylate (fumarate, fum and terephthalate, bdc) and pyridine
(4,4’-bipyridine, bpy and 1,2-di(pyridin-4-yl)ethene, bpee) based Co*" one-dimensional
(1D) CPs which contain water molecules as ligands. Loss of coordination water through
heat treatment causes local structural rearrangement of the 1D coordination networks, which
is monitored by in-situ variable-temperature (VT) PXRD, FT-IR and synchrotron X-ray.
Glass transition is confirmed by differential scanning calorimetry (DSC) and thermal
mechanical analysis (TMA). These glasses form bulk monoliths through hot-press technique
and their grain-boundary free character is examined by cross-section SEM.

1) S. Horike et al., Chem. Rev. 2022, 122, 4163. 2) J. A. Mason et al., J. Am. Chem. Soc. 2021, 143,
2801.
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Photo-generated extremely long-lived spin-polarized radicals in
Metal-Organic Frameworks

(*Grad. Sci. Eng., Kyushu Univ., >*CMS, Kyushu Univ., >*FOREST, JST, “RIKEN, >Institute for
Molecular Science.) O Kana Orihashi,! Akio Yamauchi,! Saiya Fujiwara,* Kenichiro
Tateishi,* Tomohiro Uesaka,* Mizue Asada,” Toshikazu Nakamura,” Nobuo Kimizuka,'?
Nobubhiro Yanai'??

Keywords: Polarized radical; Metal-organic framework; EPR; Photoexcited triplet

The generation and control of the electron spin polarization (ESP) is a crucial
foundation not only for a wide range of quantum technologies but also for dynamic nuclear
polarization (DNP), which is a technique to enhance the signal intensity of NMR and MRI.
In addition to the generation of ESP, elongated spin-lattice relaxation times of the electron
spin (Tic) is desired for expanding the scope of future quantum technology and DNP.
However, in conventional systems, Ti. has been limited to less than a few us at room
temperature. In this work, we have discovered photo-generated spin-polarized radicals with
extremely long lifetime in acene-based metal-organic frameworks (MOFs).

To obtain large ESP at room temperature, we employed 5,12-diazatetracene (DAT)
which can produce polarized triplets by photo-irradiation. We synthesized new ligand
DPyDAT by modifying DAT with pyridine as a coordination site to the metal. Pillared-layer
type of the MOF was synthesized with DPyDAT, Zn ion and carboxylic ligand. DAT
moieties are aligned one-dimensionally with relatively close distance in the skeleton of the
MOF. ESP formation in the MOF was evaluated by time-resolved ESR measurements at
room temperature. The ESR spectrum of the MOF showed, in addition to the DAT
triplet-derived pattern, a relatively sharp emissive peak of radical origin around 342 mT.
Significantly, spin-lattice relaxation time Ti. was found to be as long as 275 us by pulsed
ESR inversion recovery sequence at 342 mT at room temperature. We will also show the
relationship between assembly structure of acenes and the T). value by comparing different
MOF structures.
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Fig. 1 (a) Synthetic scheme and structure of the MOF. (b) Schematic image of this work. (c¢) Tr-ESR spectrum of the MOF.

1) S. Fujiwara, N. Matsumoto, K. Nishimura, N. Kimizuka, K. Tateishi, T. Uesaka, N. Yanai, 4ngew.
Chem. Int. Ed. 2022, 61, ¢2021157.
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Semiconductive Nature of Lead(ll) Coordination Polymers with
Benzenethiol Derivatives

(!1School of Science, Kwansei Gakuin University, *Graduate School of Engineering, Osaka
University) oRyohei Akiyoshi,! Akinori Saeki,? Daisuke Tanaka!
Keywords: Coordination Polymer; Lead; Semiconductive Nature; Charge Transport

Conductive metal-organic frameworks (MOFs) and coordination polymers (CPs) have
attracted increasing attention in recent years for diverse applications in electrocatalysis and
chemiresistive sensing.! Among them, sulfur-coordinated CPs (S-CPs) containing (-M-S-),
network have been extensively investigated because they often exhibit small band gap as well
as excellent band-like transport.? However, to the best of our knowledge, there is a general lack
of reports concerned with the crystal structures of S-CPs due to their low crystallinity.

Herein, we reported the synthesis of Pb(II) S-CPs, [Pb(X-SPhOMe):], (X = ortho (KGF-
32), meta (KGF-33), and para (KGF-34)) and discussed their crystal structures and
semiconductive properties. Single crystals of KGF-32, KGF-33, and KGF-34 were obtained
as pale-yellow needle crystals, light-yellow needle crystals, and dark-brown plate crystals,
respectively. Single crystal X-ray structural analyses revealed that KGF-32 and KGF-33
incorporating methoxy group on ortho or meta positions formed an 1D structure composed of
one-dimensionally extended (-Pb-S—), chain, whereas KGF-34 which had methoxy
substituent on para position shows the formation of 2D structure with (—Pb—S-), layer (Figure
1). Time-resolved microwave conductivity (TRMC) experiments demonstrated that KGF-34
exhibits highest TRMC signal intensity (¢Zumax = 1.4 x 1073 cm? V7! s71) among all MOFs and
CPs to date. First-principles calculations showed that a 2D layer comprising a (—-Pb—S-),
network plays a crucial role in the high photoconductivity. In this presentation, we will discuss
the detail of crystal structure and semiconductive nature for KGF-32, KGF-33, and KGF-34.

@ .

Figure 1. Crystal structure of KGF-34.

1) L. S. Xie, G. Skorupskii, M. Dinca, Chem. Rev. 2020, 50, 8536. 2) Y. Kamakura, D. Tanaka, Chem.
Lett. 2021, 50, 523.
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Inverse Guest Adsorption and Luminescent Response in an
Au(l)-based Metal-Organic Framework

(‘Institute for Materials Research, Tohoku University, *Graduate School of Science, Kyushu
University) OHaruka Yoshino,' Masaki Saigo,” Kiyoshi Miyata,” Ken Onda,” Hitoshi
Miyasaka,'

Keywords: Coordination polymer/Metal —Organic Framework, Luminescent property,
Metallophilic interactions, Inverse Guest Adsorption

Stimuli-responsive luminescent coordination polymers (CPs) and metal-organic
frameworks (MOFs) composed of metal ions and organic ligands have attracted
considerable attention for the development of novel photofunctional materials such as
chemical sensors owing to their highly regular, flexible, and designable frameworks.

Here, we prepared a novel CP {Zn"(pz)[Au'(CN).]:} (pz = pyrazine; 1) with an
interpenetrated 3-D structure based on cyanide-bridged Au-Zn-Au linkages and bidentate pz
ligands (Fig. (a)). 1 showed a light-blue phosphorescence (Aem = 462 nm, Aex = 365 nm)
originating from aurophilic interactions in the framework. In addition, Guest adsorption
properties were investigated to explore the guest-sensing ability of 1. Despite no adsorption
for nitrogen (N), carbon dioxide (CO,), methane (CH4), oxygen (O»), and carbon monoxide
(CO) and solvent guests, 1 displayed size-inverse and selective adsorption behavior for
carbon disulfide (CS;) at the room temperature with efficient host-guest interactions, in
which the emission intensity of the framework drastically and reversibly changed along
with CS, ads/desorption process (Fig. (b), (c)). Therefore, we focus on the details of the
CS:-responsivity of 1 because this harmful guest is one of the important chemicals in the
field of industrial society; however, it is also known the detrimental effects on human health
and the environment.

The correlation between the luminescent property and the structural change was
investigated by ex situ single-crystal X-ray diffraction and photoluminescent measurements
under CS, vapor. The CS;-adsorbed state of 1 possessed an interpenetrated 3-D structure
with two types of Au-Au distances induced by CS; adsorption. The resultant size-inverse
and guest-selective luminescent change of 1 might be due to the CS,-driven changes in
structure and emission decay process.
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Fig.(a) Crystal structure of 1, (b) size-inverse guest adsorption at 298 K,
(c) CSz-induced luminescent variations at room temperature.
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Charge-driven assembly of Water-soluble lonic Metal-Organic
Polyhedra with Enzymes

(!Graduate School of Science, Kyushu University) OBenjamin Le Ouay,'! Ryosuke Minami,!
Purna K. Boruah,! Masaaki Ohba'
Keywords: Metal-organic polyhedral, Enzyme immobilization, self-assembly

Metal-organic polyhedra (MOPs) are a fascinating class of compounds, that can be used as
elementary bricks for the realization of complex organized materials. MOPs are zero-dimensional
analogues of MOFs, with a high intrinsic porosity, but also the capability to be dispersed as
molecularly defined single entities in selected solvents and recombined in a controlled manner.
However, their typically low solubilities and stabilities in water preclude most application in
association with biological systems. This calls for the design of new MOPs, that would enable the
design bio-hybrid MOP-based systems. One promising application is for the immobilization of
catalytically active enzymes. Recently, this domain saw a strong interest in the use of MOFs as
immobilization matrix, combining high activity enabled by the MOF microporosity as well as good
stabilization performances. In this context, establishing a novel strategy that provides a general way
to build microporous networks able to integrate a wide variety of enzymes in mild conditions (i.e.
aqueous medium, room temperature, neutral pH with minimal salts or additive,...) is extremely
relevant for a wide range of applications.

Hereby, we describe for the first time how MOPs can act as an efficient immobilization matrix for
enzyme [1]. The targeted design of MOPs with Rh-centers and pending arms bearing either cationic
or anionic groups offered both a good solubility in water, as well as a high affinity for enzymes with
an isoelectric point (pI) below or above 7, respectively.

Using BSA, we demonstrate the formation of assemblies with cationic MOPs, that were obtained
either in a colloidal state or as precipitated powder, depending on the initial MOP-to-protein ratio.
Assemblies were obtained by simple mixing of BSA and MOP aqueous solutions, without additive
nor chemical modification required. The method was then transposed to Catalase, that has also a pl
below 7. In this case, immobilization resulted in a significant maintenance of catalytic activity with
a reduction by only one Log, on par with that of other MOF immobilization systems. Furthermore,
the immobilization in a solid material enabled recyclability for the enzyme. Meanwhile,
Cytochrome C, with a peroxidase activity and a pl above 7, we used anionic MOPs to prepare
assemblies. In this case, the activity was not only maintained, but was even significantly improved
for the immobilized enzyme, by a factor 44. This effect was attributed to interaction between
Cytochrome C and the highly ionic network of MOPs surrounding it.

As such, MOPs offer a powerful and versatile way to immobilize proteins and notably catalytically
active enzymes. The very mild assembly conditions, as well as MOP intrinsic porosity, contribute
to the high activity of the enzymes after immobilization.

[1] Submitted
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Synthesis of tris(dinitrogen) iron(0) complexes stabilized by organosilicon ligands (Graduate
School of Engineering, *Institute of Industrial Science, The University of Tokyo) OReon Ishii!,
Yusuke Sunada'?

It is known that iron dinitrogen complexes can function as highly active catalysts and often
be used as an alternative of noble metal catalysts. Furthermore, conversion reactions of
coordinated dinitrogen molecules have also attracted much attentions"-?. Construction of low-
valent and electron-rich iron centers could be considered as an efficient way to improve the
reactivity of iron dinitrogen complexes. In this study, novel iron(0) dinitrogen complex 2 was
synthesized by two-electron reduction of iron(Il) disilyl complex 1 under a dinitrogen
atmosphere. Dinitrogen molecules in complex 2 was suggested to be activated by various
spectroscopic analyses as well as a single crystal X-ray diffraction analysis, and reactivity of
complex 2 was also investigated.

Keywords : Dinitrogen complex; Low valent iron complex,; Organosilicon ligand
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1) S. Kuriyama, K. Arashiba, K. Nakajima, Y. Matsuo, H. Tanaka, K. Ishii, K. Yoshizawa, Y.
Nishibayashi, Nat. Commun. 2016, 7, 12181.

2) S.C.Bart, E. Lobkovsky, P. J. Chirik, J. Am. Chem. Soc. 2004, 126, 13794.

3) S.Arata, Y. Sunada, Dalton Trans. 2019, 48, 2891.
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Synthesis and Reactivity of Doubly Oxido-Bridged Diruthenium
Complex with Terminal Aqua/Hydroxido Ligands

(‘Fac. of Sci. and Tech., Sophia University) OTomoyo Misawa-Suzuki,' Nanako Asai,’
Hirotaka Nagao'

Keywords: Dinuclear Complex; Doubly Oxido-Bridged; Redox Behaviors; Spectroscopic
Behaviors

We have been studying syntheses, structures, electrochemical and spectroscopic
properties of a series of diruthenium complexes having the {Rux(u-O(H)),.} (n =1, 2) core
bearing ethylbis(2-pyridylmethyl)amine (ebpma),” which could be the structural model
compounds of metalloenzymes in nature. We have reported a carbonato-bridged complex
having the {Rux(p-O):} core, M[{Ru"™"(ebpma)}2(u-0)>(n-02CO)J2(PFe);, which was
prepared through reactions of the singly oxido-bridged dirutheniumcomplex with chlorido
ligands, [{Ru™"VCly(ebpma)}2(u-0)]PFs ([1c1]PFe),'? with carbonate sources in aqueous
solution of around pH 12' (Scheme 1 upper).

In aqueous solutions containing NaOH or KOH around pH 9 without any possible
bidentate donor ligands, in this work, a doubly oxido-bridged Ru(II)-Ru(IV) complex with
terminal aqua/hydroxido ligands, [{Ru"""Y(OH,)(ebpma)}2(u-0)2](BF4). ([200m](BF4); m
=1 or 2), was synthesized from [1ci]” (Scheme 1 lower). The reactivity of [20um] in
acetone and acetonitrile, and properties in aqueous solutions were investigated by
electrochemical and spectroscopic methods. In a pH 9 aqueous solution at 60 °C within
around 15 min., all the four chlorido ligands of [1ci]” were dissociated, resulting in the
framework conversion from {Rux(u-O)} to {Rux(u-0)2} and the coordination of terminal
OH,, ligands. The ESI MS supported the doubly bridged structure (m/z = 725.8).

[20Hm]"" showed an MLCT band at 337 nm and an IVCT-like band at 1028 nm in a
pH 9.2 water, which was attributed to the transitions on the {Ru,(u-O):} core and similar to
those of our series of the o THw

Ru(Ill)-Ru(IV) system having the o N s

M,CO; (M =K, Na
2CO; ( ) "'”‘RIM\"'O““ \dv’,

{Rua(u-0),} core.' Upon dissolution

or u
o o CO,(g) in NaOH(aq.) N
of [20um]”" into acetone or acetonitrile, o —
the X-ray crystallography of the el o' omdptiiz

~~o

obtained crystalline samples revealed e R\JV\M ” H,0 e
that two OH,, ligands were substituted wm Ot o
or reacted with the solvent used. We Hel ’:RTW o<
will discuss the electrochemical and

spectroscopic behaviors and reactivity 2otmt

of [20um]*" in solution. Scheme 1. Synthesis of [20Hm] "

1) a) T. Misawa-Suzuki, H. Nagao et al., Inorg. Chem. 2021, 60, 9996; b) Inorg. Chem. 2020, 59,
612; ¢) Inorg. Chem. 2016, 55, 6830; d) T. Suzuki, H. Nagao et al., Eur. J. Inorg. Chem. 2014, 4040.
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Anion-Exchange-Induced Modulation of Electric Field Response
in a Two-Dimensional Bis(terpyridine)metal(ll) Complex Polymer

('Research Institute for Science & Technology, Tokyo University of Science)
OKenji Takada!, Hiroshi Nishihara'
Keywords: Coordination Polymer; Thin Films; Terpyridine; Anion-Exchange

Coordination nanosheets (CONASHs) are emerging two-dimensional materials
prepared in bottom-up ways via coordination bonds. The high degree in freedom for the
choice in ligands and metals results in a rich variety of functionality of the CONASHSs.!
When a framework of CONASHSs is ionic, counter ions should be included in the
CONASHs. Therefore, in ionic coordination nanosheets, the choice of counter ions gives
another degree of freedom in the composition and functions.

Bis(terpyridine)metal(I) complex nanosheets, M-tpy (M = Fe, Co, and Zn), are
cationic CONASHs, whose framework features electrochemical and photophysical
functions such as electrochromism, redox conductivity, and photoluminescence.>* We
previously reported anion-exchange for Zn-tpy with luminescent dye anions and their
photofunctions.* This result motivated us to investigate new electronic functions of
redox-active M-tpy via anion-exchange reaction.

In this research, post-synthetic anion-exchange reaction of chloride-containing Co-tpy.
was examined. The chloride anions were efficiently replaced by other anions such as BF,4~
and [Ni(mnt);]"™ (n = 1 or 2). In addition, the response to electric field of Co-tpy on
interdigitated array electrodes (IDAs) was modulated by anion-exchange (Fig. 1). The
mechanism of these phenomena will be discussed based on the electronic states of the
CONASH and the anions.

®

Fig. 1. Electronic field response modulation of Co-tpy via anion-exchange
1) H. Maeda, K. Takada, N. Fukui, S. Nagashima, H. Nishihara, Coord. Chem. Rev. 2022, 470,
214693. 2) K. Takada, R. Sakamoto, S.-T. Yi, S. Katagiri, T. Kambe, H. Nishihara, J. Am. Chem. Soc.
2015, /37, 4681-4689. 3) J. Komeda, K. Takada, H. Maeda, N. Fukui, T. Tsuji, H. Nishihara, Chem.
Eur. J. 2022, 28, ¢202201316. 4) T. Tsukamoto et al. J. Am. Chem. Soc. 2017, 139, 5359-5366.

© The Chemical Society of Japan - K506-1vn-03 -



K506-1vn-04 The 103rd CSJ Annual Meeting

Intramolecular C-H Bond Activation and Functionalization by
Low-Valent Cobalt Complexes with Diamide Ligands

(Osaka Univ.) OSuiho Kobayashi, Tsubasa Hatanaka, Yasuhiro Funahashi
Keywords: C-H Activation; Coordinatively Unsaturated Complexes; Electron-Donating
Ligands; Low-Valent Cobalt; Oxidative Addition

Cobalt has attracted much attention as one of the most promising elements in the
first-row transition metals to catalyze C-H bond functionalization, and many examples have
been thus far reported. To achieve oxidative addition of C-H bond by low-valent cobalt, we
performed synthesis and reduction of cobalt complexes with highly electron-donating
terphenyl diamide ligands, TDA® (R = Mes, Dipp).

The Co(Il) complexes 1 and 2 were synthesized by reactions of cobalt chlorides with
potassium salts of the ligands. And then reduction of the Co(II) complexes 1 and 2 were
found to provide Co(I) complexes 3 and 4 (Scheme I). X-ray analysis revealed that the
cobalt centers in all complexes are interacted with the central aromatic ring of the terphenyl
ligand, and also the interaction becomes stronger by reduction of the cobalt centers. With
these reduced cobalt complexes in hand, we explored reactivities of low-valent cobalt
complexes, and found several unique reactions. For instance, addition of azobenzene to the
complexes 3 and 4 resulted in C-H bond activation of the central aromatic ring involving
hydrogen atom transfer to azobenzene to form Co(Il) complexes 5 and 6. We also achieved
C-C bond formation reaction between organic substrates and the TDAR ligands. In particular,
reactions of the complexes 3-6 with CO were found to afford generation of organic products
7 or 8. The formation of 7 and 8 is probably accomplished by C-H activation of the phenyl
ring, CO insertion into the Co-C bond, and reductive elimination from the cobalt center.

Scheme 1. 5:R = Mes F\\’ 7{ —l -
6; R = Dipp N\Co/N
1, R=Mes O O
2; R = Dipp 'T O
R N /:
\ch9'*THF PhN=NPh Colll)
H te
O O Reduction
Co(ll)
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Heterobimetallic Pt/Main Group Metal Complexes in Metal-Metal
Cooperative Bond Activation

(!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) O Govindarajan Ramadoss,! Shubham
Deolka,!, Eugene Khaskin,! Serhii Vasylevskyi,! Robert R. Fayzullin,? Shrinwantu Pal,' Julia
R. Khusnutdinova*!

Keywords: Heterobimetallic, Transmetalation, Metal-Metal cooperation, Small-molecule
activation.

Heterobimetallic complexes which hold two metals in close proximity have been the subject
of current interest due to their vital role in small molecule activation and catalysis via metal—
metal cooperativity. However, the selective synthesis of heterobimetallic complexes still
presents a significant challenge, many research groups rely on the thorough optimization of the
ligand design to overcome this issue.! Our group focused on the synthesis of unsymmetrical
naphthyridine-based binucleating ligands containing distinct binding environments. Such
ligand design allowed us to form selective heterobimetallic complexes via stepwise synthesis.
As a result, recently we reported the selective formation of Pt/Cu and Pt/Zn heterobimetallic
complexes showing close metal-metal interaction and promoting cooperative small molecule
activation (Ha, Si-H, B-H, and C-H).? In this work, we report Pt/main group heterobimetallic
complexes and their metal-metal cooperative reactivity in the activation of silanes and boranes.
We demonstrate how the synergistic interaction plays an important role in metal-metal
cooperative small molecule activation, transmetalation, and retrotransmetalation relevant to
Stille and Negishi coupling reactions. Metal-Metal interactions were analyzed by QTAIM
studies.

AN X

P
N (e} M= Main Group Metal ’?l/ '}l /O
Me-N—M---Pt—P'Bu,

X
N @, /
o

Transmetalation
Small Molecule Activation

1) R. Govindarajan, S. Deolka, J. R. Khusnutdinova, Chem. Sci., 2022, 13, 14008.

2) a). S. Deolka, O. Rivada, S. L. Aristizabal, R. R. Fayzullin, S. Pal, K. Nozaki, E. Khaskin, J. R.
Khusnutdinova, Chem.Sci. 2020, 11,5494. b) R. Govindarajan, S. Deolka, E. Khaskin, R. R. Fayzullin,
S. Pal, S. Vasylevskyi, J. R. Khusnutdinova, Chem. Eur. J. 2022, ¢202201639.
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Fabrication of oriented conductive metal-organic framework

thin film by dry process

(‘Department of Materials and Chemical Technology, Tokyo Institute of Technology,
’Department of Chemistry, the University of Tokyo) OSeoungmin Chon,' Ryo Nakayama,’
Shunta Iwamoto,' Shigeru Kobayashi,' Ryota Shimizu,' and Taro Hitosugi’

Keywords: Metal-organic framework; vapor phase deposition; thin film; orientation control;

Metal—organic frameworks (MOFs) consist of metal ions and ligands that show crystalline
porous structure. Recently, electrically conductive two-dimensional (2D) MOF, Cus(HHTP),
(HHTP = 2,3,6,7,10,11-hexahydroxytriphenylene), attracts attention in device applications
such as electronics and chemiresistive sensors [1,2]. For such applications, the oriented thin
film is desired due to its anisotropic property and structure, and has been fabricated by the wet
process [3]. Compared to the wet process, the dry process shows the advantage of device
fabrication because of reduced damage at the interface caused by solvent. However, no report
is available for the synthesis of orientated Cus(HHTP), thin film by dry process. In this study,
we show a novel two-step dry process combining vapor phase deposition and pyridine vapor
annealing to fabricate oriented Cus(HHTP), thin film.

As a first step, Cuz(HHTP), thin films were deposited on Al,Os (0001) using infrared-
pulsed-laser deposition (IR-PLD) [4,5]. Cu(OAc), (copper acetate anhydrous) and HHTP were
mixed with infrared absorbers (Si), followed by pelletization to make metal and ligand targets,
respectively. The thin films were deposited at 100 °C in a multilayer form: alternate deposition
of HHTP layer (10 nm) and Cu(OAc), (8 nm) was repeated 5 times. As a second step, the
fabricated multilayer films were annealed under pyridine vapor; the deposited film and a 3 uL.
of pyridine were separately set in a gasket-sealed cell (7 ml) under air. The cell was annealed
at 60 °C for 24h. The structural characterization was performed by X-ray diffraction (XRD).

XRD patterns indicate the formation of oriented Cus(HHTP), thin film (Figure). The out-
of-plane pattern only shows a broad peak near 28°, originating from the interlayer spacing of
Cu3;(HHTP), 002 (red star). In the in-plane pattern, sharp

peaks corresponding to the 100, 200, and 210 Miller ' Out—o|f-plane
indices were observed. Thus, in-plane orientation may g “;”f"’[”ee]
im., Ref. [6]
be at random, confirming the successful fabrication of - -
ubstrate
(001)-oriented Cus(HHTP), film. o
g ]
1. Song et al., Mater. Chem. Front., 2021, 5,3422. @ [y * ]
2. Rubio-Gimenez et al., Angew. Chem. Int. ed., 2018, =N A v
= } "W," o .
57,15086. T
3.Maet al., Nat. Commun., 2022, 13,6347 [ 200 /210 0(/)2 1
4. Maruyama ef al., ACS Nano, 2010, 4, 5946. i L - , . ]
5. Oguchi, Hitosugi et al., ACS Appl. Electron. Mater. 5 10 1% 20 25 30
2019, 7, 1792. 20 (degree)
6. Song et al., Angew. Chem. Int. ed., 2020, 59, 11184.  Figure : X-ray diffraction patterns
of the film.
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RBIZTF = ILEZEFE L 1= Cu (D) A D EEIRHI CuAAC ik

URESRPESEHEBR T 1) OiiL #iwk ' - Shang Rong! « AfLR Fn=g '« ACK 11+ ZKHM!
Selective CuAAC Transformation of Cu(I) Complex Surrounded by Multiple Reactive Points

(Hiroshima Univ.) OTakuya SHIBUE,' Rong SHANG,! Kazuyuki KUBO,'Shoko KUME,!
Tsutomu MIZUTA!

Cu(I)-catalyzed azide-alkyne cycloadditions (CuAAC) have enabled active template
synthesis by linking coordination and catalytic activity, while selective conversion among
multiple reaction points is still a challenge due to its intricate multinuclear intermediate
formation. We aimed to develop a regulated CuAAC system by confining a Cu center in a rigid
coordination surrounded by four equivalent ethynyl moieties. By monitoring CuAAC of this
complex, we found that CuAAC proceeds in a regulated stepwise manner, which was analyzed
as self-accelerated second-order reactions for Cu. Moreover, the competition of internal and
external ethynyl moieties resulted in an unprecedent regulations of CuAAC, that proceeded
with a sequence of two autocatalyses.

Keywords : CuAAC Reaction, Asymmetry Transformation; Autocatalysis, Selectivity

Cu(DZ ML L L7277 ¥ K7 vV BRABATIN(CuAAC) X &V VE RESL SR IR TN 70 55
TEFCH#ITL, T v 7 L— M X D80 AR Z FTREIC LT & 7z, — 7 TRk
& LT Cu()DBEAEEIZ A ERBID 0 | 2 58 I DTEMRA S HIAE 3 2 12 1A
HOERGI BN, BEEOSERTORIRE 7 CuAAC 11X, PRiE - DL O
FTOFLOEAN2 R BB 5, Foxld Cu()Txr LIRIEZ2EANL & B 5 [Cu(phen).] 65
ROJELDIZ 4 SOEMe=F = VAL T 2 2 & T, Cu(DDBNIHEE & CuAAC D
AT 288 < AHE S5 QAN D 4 DD T V¥ o ORI % 2 IR SE RPN
DT NF 2 EAEOT IV F o OFEKREY 7R B ARSI DT R Lz,

[Cu(diethynylphen),]* & 4-methylbenzylazide(Az) & D&% 'H NMR TiEBf L7z & =
B AODTINFDRINET o Z L TEHRL, BIHIED S B 157210 28R AR
B L CT#ITT D2 Enmholz, 72, [Cu(diethynylphen),|* & AT L% > Th 5 4-
ethynyltoluene Z B+ S Az & DRILEIToTc & 2 A, SR FINO RIS D 5ERER 1T
GNER Gy 1 D RS DY B AR Z 5 & S BBRERWEE RGO 2 (X), Ziun DK
S E RIS KOV U T — VA FE L T A B EIE D2 b HBEE LT,

(a) ® y (b)
-~ I ;‘ I :"
.‘ ﬁ '-"‘3.—6 Internal _‘4— = 0.8
3 autocatalysis ‘ -9 o
o - 3 * a @ 06
[Culdiethynylphen),]* S * g 0.4
ﬂ-methﬂbenmizldelhzl . : . 8 - Int |
— - 0.2 —— Interna
External
- - 2, 0 —_—
e ) 0 20 40 60 80
d-ethynyltoluene External autocatalysis Reaction time / h

X (a) [Cu(diethynylphen),]* & 4-ethynyltoluene D) CuAAC 1T (b) Ethynyl F&
D 1,2,3-triazole ~DZEHIZ H, 5 25 B ED B il 2h J (acetone-ds)
1) Allan et al., J. Org. Chem, 2017, 82, 5461-5468. 2) He et al., J. Am. Chem. Soc., 2021, 143, 16302-16310.
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Regioselective Distal C-C Bond Formations via Ir-Catalyzed C-H
Activation along with Chain-Walking

(School of Advanced Science and Engineering, Waseda University) (OKing Hung Nigel Tang,
Tokutake Ryo, Uchida Kanako, Nishihara Kazuki, Ito Mamoru, Shibata Takanori

Keywords: C-H Activation, Chain-Walking, Cationic Iridium Catalyst, Regioselective, C-C
Bond Formation

Chain walking strategy is a powerful tool to move alkene to a new position away from the
original position. Consecutive isomerization of double bonds along a hydrocarbon chain allows
the introduction of a remote functional group which is generally difficult to achieve. Since the
pioneering work of the palladium-catalyzed cycloisomerization of 1,n-dienes published by
Kochi and Kakiuchi,! many groups have utilized chain-walking strategy in organic synthesis.?*
On the other hand, one of the most widely studied methods to connect two molecule is C-H
activation. In 1993, Murai et al. published the insertion of alkene to a sp? C—H bond using a
ruthenium catalyst.* Yet, these two strategies did not meet until 2017.° To the best of our
knowledge, there are only two reports on the cooperative strategy of C—H bond activation and
chain-walking.>®

We herein report a regioselective remote C~C bond formation via sp? C-H activation along
with chain-walking enabled by a cationic iridium catalyst. The choice of the directing group
can greatly determine the mode of addition of the alkene to the product. When an imino group
was used as a directing group, linear products can be exclusively obtained.” On the other hand,
when a carbamoyl group was used, high branched/linear ratio, i.e., >20:1, was realized. The
fine-tuning of ligand for iridium catalyst can control the presented regioselectivity.

SNPh
+ WR
H n

NHAr

NHAr

1) Kochi, T.; Hamasaki, T.; Aoyama, Y.; Kawasaki, J.; Kakiuchi, F. J. Am. Chem. Soc. 2012, 134, 16544-16547.

2) Kochi, T.; Kanno, S.; Kakiuchi, F. Tetrahedron Lett. 2019, 60, 150938.

3) Ghosh, S.; Patel, S.; Chatterjee, I. Chem. Commun. 2021, 57, 11110-11130.

4) Kamatani, A.; Sonoda, M.; Sekine, S.; Kakiuchi, F.; Chatani, N.; Tanaka, Y.; Murai, S. Nature 1993, 366, 529-531.
5) Ebe, Y.; Onoda, M.; Nishimura, T.; Yorimitsu, H. Angew. Chem. Int. Ed. 2017, 56, 5607-5611.

6) Borah, A. J.; Shi, Z. J. Am. Chem. Soc. 2018, 140, 6062-6066.

7) Tang, K. H. N.; Uchida, K.; Nishihara, K.; Ito, M.; Shibata, T. Org. Lett. 2022, 24, 1313-1317.
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Synthesis of 3,4-Fused-2-Quinolone Derivatives via Site-Selective
C—-H Functionalization by Cp* Rh(lll) Catalysis

(!Graduate School of Pharmaceutical Sciences, Nagoya University) O Naohiro Hirako,!
Takeshi Yasui,! Yoshihiko Yamamoto'
Keywords: 2-Quinolone; C—H functionalization, Rhodium,; Oxidative annulation

2-Quinolone derivatives fused at the C3- and C4-positions are important motifs found in
natural products, biologically active substances, and approved drugs. Therefore, the
development of efficient methods for the synthesis of 3,4-fused-2-quinolones from readily
available substrates is an important mission for drug discovery. Oxidative annulation of 2-
quinolones with alkynes involving the C—H activation is one of the most efficient methods for
the preparation of 3,4-fused 2-quinolones. However, there are no reports involving the C3-
selective intermolecular C—H functionalization of 2-quinolones although the C5-selective C—
H functionalization to obtain 4,5-fused 2-quinolones have been reported. "

Herein, we report the oxidative annulation of 2-quinolones with alkynes to provide 3,4-
fused 2-quinolones via Cp*Rh(IIl) catalyzed C3-selective C—H functionalization. The
mechanistic study elucidated that the alkyne insertion is reversible, and the site-selectivity is
thermodynamically controlled, although the alkyne insertion is generally recognized as an
irreversible process because of the high activation barrier of its reverse process, -carbon
elimination, in most cases.

Me Ph
HN™ 0 AN
A [RN] x/ ~Ph
H NHAc / l}l (0] I}l 6]
5
H Me Me
NE Rh(lll) thermodynamic product
N e o A i Ph
' i Ac :
! N — X
: N : NS0
. Me : Me
ettt 4 kinetic product

Experimantal observation of
the reverse alkyne insertion

1) a) S. Mochida, M. Shimizu, K. Hirano, T. Satoh, M. Miura, Chem. Asian J. 2010, 5, 847.
V. S. Thirunavukkarasu, M. Donati, L. Ackermann, Org. Lett. 2012, 14, 3416. ¢) P. K. Dutta,
M. K. Ravva, S. Sen, J. Org. Chem. 2019, 84, 1176.
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Cationic Rhodium(l) Tetrafluoroborate-Catalyzed Intramolecular
Carbofluorination of Alkenes via C—F Bond Cleavage of Acyl
Fluorides

(‘Graduate School of Engineering, Osaka University, 2ICS-OTRI, Osaka University)
OTomoki Yoshida,' Masaya Ohta,' Takuya Kodama,"* Mamoru Tobisu'~

Keywords: Rhodium Catalyst; Carbofluorination; Organic Fluorine Compounds; Acyl
Fluorides; Carbon—Fluorine Bond Cleavage

Organic fluorine compounds play an important role in diverse fields including
materials, agrochemical, and pharmaceutical sciences.! The development of catalytic
reactions that allow for the synthesis of complex fluorinated compounds in an efficient
manner is the key to further advancement in these areas of research. If a carbon—fluorine
bond in fluorinated molecules is cleaved and an alkene or alkyne can be inserted in a
catalytic manner, it would offer a powerful tool for the synthesis of complicated organic
fluorine compounds from simpler organofluorine building blocks with a 100% atom
economy. Such an insertion reaction requires a catalyst that can mediate both cleavage and
formation of a C—F bond, which represents a daunting challenge. In fact, only two examples
of catalytic carbofluorination of unsaturated compounds via the activation of a C—F bond
have been reported to date.”’ Herein, we report on intramolecular carbofluorination of
alkenes using acyl fluorides via C—F bond cleavage, which is catalyzed by a rhodium
tetrafluoroborate salt.*

@) 0]

N E cat. Rh*BF,~ F
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Cobalt/Organophotoredox Dual Catalysis-Enabled
Cycloisomerization of 1,5,10-Enediynes via C(sp®)—H Activation

(‘Graduate School of Pharmaceutical Sciences, Nagoya University, *Graduate School of
Information Scienece, Nagoya University) OKeiji Yamada,' Nobuaki Koga,? Takeshi Yasui,'
Yoshihiko Yamamoto'

Keywords : Photoredox catalysis, Cobalt, Cycloisomerization, C—H activation

C-H functionalization reactions using high-valent group 9 metal catalysts such as Rh'" and
Co'! species have been recognized as a powerful method allowing access to various complex
molecules from non-preactivated substrates. In particular, Rh™ and Co™ complexes generated
in situ from the corresponding low-valent metal species by the oxidative cyclization of 1,6-
diynes or 1,6-enynes have also been employed for such fascinating transformations. V) This type
of transformation includes the cyclization process in addition to the C-H functionalization,
which potentially leads to efficient construction of complex polycyclic frameworks. However,
reports on such redox-neutral and highly atom-economic transformations have been
significantly limited.

Herein, we report a novel cobalt/photoredox dual-catalysis-enabled cycloisomerization of
1,5,10-enediynes via C(sp’)-H bond activation at zeta-position to the metal center of
cobaltacyclopentadiene intermediates. We performed several control experiments and
theoretical calculations to elucidate the mechanism of this intriguing transformation, indicating
that the C(sp®)-H bond cleavage proceeds through o-bond metathesis in the
cobaltacyclopentadiene intermediate. To the best of our knowledge, the site-selective C—H
bond functionalization at zefa-position to the metal center of metallacycle species has not been
reported to date although the cyclization reactions involving y-, 5-, and &-C—H activation have
been developed?.

possible intermediate

50 — 89% yields

Zeta C(sp®)—H Activation

1,3-diene intermediate

1) (a) K. Tanaka, Y. Otake, A. Wada, K. Noguchi, M. Hirano, Org. Lett. 2007, 9, 2203. (b) E. Santhoshkumar,
S. Mannathan, C-H. Cheng, Org. Lett. 2014, 16, 4208.

2) (a) Y. Oonishi, Y. Kitano, Y. Sato, Angew. Chem. Int. Ed. 2012, 51,7305-7308. (b) Y. Kawaguchi, S. Yasuda,
C. Mukai, Angew, Chem, Int, Ed, 2016, 55, 10473-10477. (¢) Y. Oonishi, S. Sakamoto, Y. Sato, Synthesis 2021,
53,2976-2983.
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An Iridium Precatalyst for Transfer Dehydration of Amides to
Nitriles

(‘Graduate School of Pharmaceutical Sciences, Kyoto University, *Graduate School of Science,
Nagoya University, Institute for Chemical Research, Kyoto University)

Marie Ono,' Toshiki Asai,” Asuka Naraoka,' Yasuhiro Ohki,’ Yoshiji Takemoto, ! OHiroshi
Naka'

Keywords: Iridium; Nitriles; Amides; Dehydration; Transfer Dehydration

Metal-catalyzed, homodesmotic transfer reaction is a valuable synthetic tool for converting
a specific functional group to other ones with a minimal loss of chemical energy. A remarkable
example is the ruthenium-catalyzed asymmetric transfer hydrogenation of carbonyl compounds
developed by Noyori using alcohols as H, donors. Homodesmotic transfer catalysis has been
recently recognized as a new strategy for reaction development.

The palladium-catalyzed transfer dehydration of primary amides with nitriles is a
characteristic homodesmotic transfer reaction.!! This reaction can be typically carried out
under aqueous conditions in the presence of palladium(Il) catalysts (typically PdCl,) and
acetonitrile (H>O acceptor) at room temperature and is frequently used for producing
functionalized nitriles. During our previous studies on the synthetic applications of the
palladium-catalyzed transfer dehydration catalysis,””! we wondered if the transfer dehydration
of amides with nitriles could be catalyzed by other metals, which should offer multiple options
for synthetic uses. However, to the best of our knowledge, there has been no metallic species
other than palladium known to catalyze homodesmotic transfer dehydration of amides to
nitriles using nitriles as water acceptors."!

Herein, we report a structurally well-defined iridium complex, IrCp*(MesCO»), [Mes =
2,4,6-trimethylphenyl], as an active precatalyst for the transfer dehydration of amides to nitriles.
This precatalyst promoted the dehydration of amides using dichloroacetonitrile as a water
acceptor with comparable functional group compatibility to previously reported palladium

IR

Ir

catalysts.!"*!

o) o~ \\0
.)j\  — o= —> ®»—C=N
NH,
+ CHCI,CN + CHCI,CONH,

—
—_
[a—

S. I. Maffioli, E. Marzorati, A. Marazzi, Org. Lett. 2005, 7, 5237-5239.
H. Okabe, A. Naraoka, T. Isogawa, S. Oishi, H. Naka, Org. Lett. 2019, 21, 4767-4770.
Our preliminary results were communicated in the CSJ annual meeting 2021 [A16-1am-05].
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Rhodium-Catalyzed Selective Synthesis of Silicon-containing Cyclic Compounds by
Intramolecular and Intermolecular Hydrofunctionalization of Alkynes ('Institute for Materials
Chemistry and Engineering, Kyushu University, Interdisciplinary Graduate School of
Engineering Sciences, Kyushu University) O Kazuto Fuji,> Kohei Sekine,'? Yoichiro
Kuninobu'~

In the case of molecules with two reaction sites, the selectivity for intramolecular and
intermolecular reactions is sometimes a problem. For instance, platinum-catalyzed
hydrosylilation of (2-hydrosilylaryl)alkynes 1 with an alkyne moiety and a hydrosilyl group
afforded a mixture of benzosiloles and polymeric products by intramolecular and
intermolecular hydrosilylation. In this research, we investigated the rhodium-catalyzed
hydrosilylation of 1 to control the selectivity of intramolecular and intermolecular reactions.
We revealed that intramolecular and intermolecular reactions could be controlled by changing
the phosphine ligands of the rhodium complex to afford three types of silicon-containing cyclic
compounds 2—4 with high selectivity.

Keywords : Rhodium Catalyst; Silylation; Alkyne; Cyclization; Silicon-containing Cyclic
Compound

S FIE 2 DT D s & 200 1Tk, 0 13 KOV F-ROE O BEA A3 &
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F OGRS OHIEZ B E LT, v oy Mtz AnW2{EE6W1 O ke UL
fbEME LT, TORER, v o0 AlZBITARAT 4 VENL T EEZ D EITE
V. 5 TAB LS TS 2T 2 2 L0 Lz, 4 TGS TlimER i
Reyva— 2 MMELIL, O FREKE TIER R D#EE AT 5 2HEOE 7 1 Fig
RT3 BLOABENENEEIRICE LT,

cat. [RhCl(cod)],

cat. Ligand B
. Intermolecular R3—;
R3\/ cat. [RhCl(cod)], R\— — Silylation
\ N cat. Ligand A \ / — R
) - —————— —]
Si R Intramolecular _Si—H
R R 2 Silylation R cat. [RhCl(cod)],
R cat. Ligand C
Intermolecular
Silylation

v/ Ligand control ¢ High selectivity ¢ Novel silacyclic compounds

1) Mérkl, G.; Berr, K.-P. Tetrahedron Lett. 1992, 33, 1601.
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Magnesiation of C-F and C-O Bonds Catalyzed by Rhodium—Aluminum Bimetallic

Complexes (Graduate School of Engineering, Kyoto University) Olkuya Fujii, Haruka Kido,
Ryota Higo, Kazuhiko Semba, Yoshiaki Nakao

Since the innovative discovery by Grignard, organomagnesium reagents have played many
important roles in organic synthesis due to their high reactivity in various transformations.
Conventionally, they have been prepared from the corresponding organobromides and easy-to-
handle magnesium turnings or powder. On the other hand, it has been difficult to prepare
organomagnesium reagents from organofluorine compounds or phenol derivatives. Herein, we
report the magnesiation of organofluorine compounds and phenol derivatives such as aryl
ethers and aryl carbamates with magnesium powder catalyzed by rhodium—aluminum
bimetallic complexes.

Keywords : Rhodium,; Aluminum; C-F activation;, C-0 activation; Grignard Reagents

7 = — VISANE, ZRRICEMRTE 5D FKRABIEFIZB Y TERHTH S,
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Thbd, BlziE, A7 AMDORE—7 v FER-EDO~ 7 37 AMEIZIE, Rieke =
TR NI EOEIEE~Y 7R ARG RGBT 5D, £, a0 Ml
L5777 x ) —VEERDRSE BB~ 7 A2 T MERIERHE SN TWAN, B
TR T E LR EDEZERAT = ) — VBEEROKNCHIE S D 2,

SR AL, rY U A=T NI =0 MEEGRSEEPEE T o VB LT U —
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organofluorine phenol
compounds derivatives

@Mg

Grignard
reagents

Mg powder

1) R. D. Rieke, S. E. Bales J. Chem. Soc., Chem. Commun. 1973, 879.
2) E. Pietrasiak, S. Ha, S. Jeon, J. Jeong, J. Lee, J. Seo, E. Lee J. Org. Chem. 2022, 87, 8380.
3) L. Fujii, K. Semba, Q.-Z. Li, S. Sakaki, Y. Nakao, J. Am. Chem. Soc. 2020, 142, 11647.
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[K404-1vn] 10. Organic Chemistry -Organometallic Compounds-
Chair: Kazuhiko Semba, Kei Muto
Wed. Mar 22, 2023 4:10 PM - 5:30 PM K404 (K404, Lecture Hall Bldg. [4F])

[K404-1vn-01] Palladium-Catalyzed Synthesis of 4-Sila-4H-benzo[d][1,3]oxazines by
Intramolecular Hiyama Coupling
ODonghyeon Lee', Ryo Shintani' (1. Osaka University)
4:10 PM - 4:30 PM

[K404-1vn-02] Palladium- catalyzed unimolecular fragment coupling of amides via
elimination and translocation of isocyanate
oRyoma Shimazumi', Riku Tanimoto’, Takuya Koama'?, Mamoru Tobisu'? (1. Osaka
univ., 2. ICS-OTRI)
4:30 PM - 4:50 PM

[K404-1vn-03] Mechanoredox/Nickel Dual Catalytic System for Force-Induced
Cross-Coupling Reactions
OTamae Seo, Koji Kubota'?, Hajime Ito'? (1. Graduate School of Engineering, Hokkaido
University, 2. WPI-ICReDD, Hokkaido University)
4:50 PM - 5:10 PM

[K404-1vn-04] Dehydrogenative Three-Component Coupling of Alkylarenes, CO
and Phenols
ONaoki Ishida', Hiroki Shinoya1, Tairin Kawasaki', Masahiro Murakami' (1. Kyoto
University)
5:10 PM - 5:30 PM
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Palladium-Catalyzed Synthesis of 4-Sila-4H-benzo[d][1,3]oxazines by Intramolecular Hiyama
Coupling (Graduate School of Engineering Science, Osaka University) ODonghyeon Lee,
Ryo Shintani

A palladium-catalyzed synthesis of 4-sila-4H- benzo[d][l,3goxazines, silicon-switched
analogs'"' of biologically relevant 4H-benzo[d][1,3]oxazines,”” was developed by the
intramolecular Hiyama coupling of 3-amido-2-(arylsilyl)aryl triflates. The present reaction is
an unusual way of utilizing the Hiyama coupling, enabling the synthesis of value-added
organosilanes as the main products. The intramolecular nature of transmetalation with
inversion of the stereochemistry at the silicon center was revealed by the mechanistic
investigation, and an asymmetric variant of this process was also demonstrated to give silicon-
stereogenic 4-sila-4H-benzo[d][1,3]oxazines with high enantioselectivity.

Keywords : Palladium catalyst; Organosilicon compounds, Asymmetric synthesis, Hiyama

coupling
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[1]1 R. Ramesh, D. S. Reddy, J. Med. Chem. 2018, 61,3779.[2] D. S. Zinad, A. Mahal, R. K. Mohapatra,
A. K. Sarangi, M. R. F. Pratama, Chem. Biol. Drug Des. 2020, 95, 16.
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Palladium-Catalyzed Unimolecular Fragment Coupling of Amides
via Elimination and Translocation of Isocyanate

(*Graduate School of Engineering, Osaka University, 2ICS-OTRI)

ORyoma Shimazumi,' Takuya Kodama'? Mamoru Tobisu'-

Keywords: deisocyanation; migration; intramolecular coupling reaction, amide; palladium
catalyst

Unimolecular fragment coupling (UFC) is a useful method for forming new bonds from
readily available starting materials via elimination of small molecules. A catalytic
decarboxylation reaction of esters® is a typical example of UFC. If amides, instead of esters,
can be used in a catalytic UFC, it would serve as powerful bond-forming methods using
abundant amine and carboxylic acid building blocks. However, such a UFC of amides have
not been reported to date.

We have developed palladium-catalyzed UFC reactions of amides for forging new
carbon—carbon and carbon—heteroatom bonds via the elimination of isocyanate. In addition,
we have also developed an amide group migration reaction in which the eliminated
isocyanate is trapped by a pendant nucleophile. ?

v Ar o I
- Ar\N/,C/’
j (o)
\ / /-\ \ H
NN e — AP X)I\N’
| |
Ar Ar
cut _0 \lj
Ar\N//C/ paste

1) Weaver, J. D.; Recio, A.; Grenning, A. J.; Tunge, J. A. Chem. Rev. 2011, 111, 1846.
2) Shimazumi, R.; Tanimoto, R.; Kodama, T.; Tobisu, M. J. Am. Chem. Soc. 2022, 144, 11033.
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Mechanoredox/Nickel Dual Catalytic System for Force-Induced Cross-Coupling Reactions
(‘Graduate School of Engineering, Hokkaido University, " WPI-ICReDD, Hokkaido University)
OTamae Seo,' Koji Kubota,'? Hajime Ito'

Recently, we have developed mechanoredox reactions using piezoelectric materials and ball
milling.!? In these reactions, distorted piezoelectric materials in response to mechanical impact
provided by ball milling can act as charge transfer catalysis that promotes single electron
oxidation and reduction. Here we report the development of a metallamechanoredox catalysis
that combines piezoelectric catalysis and nickel-based catalysis to realize force-induced C—N
and C-O cross-coupling reactions.® These reactions were characterized by broad substrate
scope, inexpensive catalysts combination, no requirement of bulk solvents, short reaction time
and ease of multi-gram scale synthesis. These features suggest that the present force-induced
platform provides a more attractive alternative to conventional solution-based
metallaphotoredox catalysis.

Keywords : Mechanochemistry; Redox Reaction, Ball Mill; Nickel; Piezoelectric Material
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Mechanoredox/Nickel Dual Catalytic System for Force-Induced Cross-Coupling Reactions

Br Ni cat. /BaT|O3
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ball milling
aryl bromide amine alcohol up to 99% vyield up to 81% vyield

m Merging mechanoredox with transition-metal catalysis m Inexpensive catalystic combination

m No need for bulk solvents w Short reaction time m Broad scope m Multi-gram scale synthesis

1) Kubota, K.; Pang, Y.; Miura, A.; Ito, H. Science, 2019, 366, 1500.

2) Pang, Y.; Lee, J. W.; Kubota, K.; Ito, H. Angew. Chem. Int. Ed. 2020, 59, 22570.

3) Corcoran, E. B.; Pirnot, M. T.; Lin, S.; Dreher, S. D.; DiRocco, D. A.; Davies, I. W.; Buchwald, S.
L.; MacMillan, D. W. C. Science, 2016, 353, 279.
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Dehydrogenative Three-Component Coupling of Alkylarenes, CO and Phenols (Graduate
School of Engineering, Kyoto University) ONaoki Ishida, Hiroki Shinoya, Tairin Kawasaki,
Masahiro Murakami

Dehydrogenative coupling liberating gaseous hydrogen is one of the ideal methods of
connecting organic molecules since it offers a straightforward and atom-economical pathway
from readily available materials. However, it is generally difficult to realize, and the examples
remain significantly limited. Herein we report the dehydrogenative three-component coupling
reaction of alkylarenes with carbon monoxide and phenols. It proceeds upon irradiation with
visible light in the presence of iridium and nickel bromide complexes. The benzylic C—H and
phenolic O—H bonds are cleaved to combine with carbon monoxide to give esters and release
gaseous hydrogen. The C(Ar)-Br and C(Ar)-B bonds, which often participate in transition
metal-catalyzed thermal cross-couplings, remain unreacted under the present reaction
conditions. The N—H bonds in amides and O—H bonds in aliphatic alcohols also survive.
Keywords : Dehydrogenative Coupling; Carbonylation,; Photoredox
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Wed. Mar 22, 2023 1:50 PM - 3:40 PM K603 (K603, Lecture Hall Bldg. [6F])

[K603-1pm-01] Synthesis of the longest aza[n]helicene
OYusuke Matsuo', Takayuki Tanaka', Shu Seki' (1. Kyoto University)
1:50 PM - 2:10 PM

[K603-1pm-02] Synthesis and photophysical properties of chiral 1,7-7" ,1" -
cyclopyrenylene oligomers
ORyo Kurosaki', Rémi Métivier?, Hiroko Yamada', Naoki Aratani' (1. NAIST, 2. ENS
Paris-Saclay)
2:10 PM - 2:30 PM

[K603-1pm-03] Solvent dependency of the charge separation and the near-infrared
emission of sumanenetrione-based dyes
OJunyi Han1, Youhei Takeda1, Hayato Sakaiz, Taku Hasobez, Yuta Uetake1'3, Yumi
Yakiyama1'3, Hidehiro Sakurai'® (1. Graduate School of Engineering, Osaka Univ., 2.
Fac. Sci. Tech., Keio Univ., 3. ICS-OTRI, Osaka Univ.)
2:30 PM - 2:50 PM

[K603-1pm-04] Theoretical analysis and device application of C,-chiral truxenes
showing an excellent circularly polarized luminescence property on
fluorescence and phosphorescence
OFumitaka Ishiwari', Takuya Omine’, Takashi Hirose? Tadashi Mori', Naoya Aizawa’',
Akinori Saeki' (1. Osaka University, 2. Kyoto University)
3:00 PM - 3:20 PM

[K603-1pm-05] Organic Triboluminescence Polar Crystals Composed of a Host-
Dopant System
OTakuya Ogaki1'2, Yasunori Matsui1'2, Hiroshi lkeda'? (1. Grad. Sch. Eng., Osaka Metro.
Univ., 2. RIMED, Osaka Metro. Univ.)
3:20 PM - 3:40 PM
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Synthesis of the longest aza[n]helicene

(!Graduate School of Science, Kyoto University, *Graduate School of Engineering, Kyoto
University) O Yusuke Matsuo,' Takayuki Tanaka,? Shu Seki?
Keywords: helicene, azahelicene, oxidative fusion reaction, n-conjugated system

In recent years, helicenes have been attracting attention as excellent chiral materials. To
improve their chiroptical properties, m-extension is a reliable method while the synthesis of
longer helicenes, especially those consisting of a triple-layered structure, is difficult because of
the large strain in the central layer and poor solubility in common organic solvents.” Further,
systematic characterizations of their properties depending on the helical pitches have not been
performed satisfactorily.?

Heteroatom-incorporation has been adopted to change the helical diameters and to install
functional sites, and recently, we have reported the synthesis of aza[7]helicenes via oxidation
of the linear precursor consisting of pyrroles and indoles with ortho-phenylene bridges.® Such
azahelicenes were found to be soluble in THF with the aid of hydrogen bonding interaction.
Therefore, we attempted the synthesis of longer azahelicenes of different helical pitches
systematically utilizing one-shot oxidative fusion reactions. This approach enabled us to obtain
six new aza[n]helicenes (n =9, 11, 13, 15, 17, 19). We confirmed all the crystal structures, in
which aza[17]helicene and aza|19]helicene were found to be triple-layered. All aza[n]helicenes
show high solubility in THF and their absorption and fluorescence spectra are red-shifted with
increasing the helical pitches. In this presentation, all these results as well as their structure-
property relationship will be reported.

Oxidative
fusion reaction

linear precursor
(n=2~7)

Crystal structures

aza[9] aza[11] aza[13] aza[15] aza[17] aza[19]

double-layered triple-layered

1) K. Mori, T. Murase, M. Fujita, Angew. Chem. Int. Ed. 2015, 54, 6847. 2) Y. Nakakuki, T. Hirose, H.
Sotome, M. Gao, D. Shimizu, R. Li, J. Hasegawa, H. Miyasaka, K. Matsuda, Nat. Commun. 2022, 13,
1475. 3) F. Chen, T. Tanaka, T. Mori, A. Osuka, Chem. Eur. J. 2018, 24, 7489.
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Synthesis and photophysical properties of chiral 1,7-7°,1’-
cyclopyrenylene oligomers

(‘Graduate School of Science and Technology, Nara Institute of Science and Technology,
2Supramolecular and Macromolecular Photophysics and Photochemistry, ENS Paris-Saclay)
ORyo Kurosaki,' Rémi Métivier,” Hiroko Yamada,' Naoki Aratani,’

Keywords: Pyrene; Cyclic Oligomers; Chirality; Emission

Arylene macrocycles constitute one of the most important shape-persistent oligomers.
Pyrene is a unique polycyclic aromatic hydrocarbon among those building units for larger
cycloarylenes because of its highly emissive property and large m-surface. Previously, we have
reported a series of directly linked 1,8- or 4,10-cyclic pyrene oligomers with intriguing
properties, such as ring-strain-driven reaction,' the incorporation of guest molecules,’
macrocyclic chirality with an odd number of pyrene unit,® and structural conversion upon
heating.*

In order to make a rigid chiral framework based on cyclopyrenylene, Ni-mediated
coupling reaction of a 1,1’-bipyrenyl with trifluoromethanesulfonyloxy groups at 7 and 7’
positions was performed and gave a series of chiral 1,7-7°,1’-cyclic pyrene oligomers ¢cCPn
(Scheme 1). Cyclic
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Scheme 1. Synthesis of ¢CPn with Ni(cod),.
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Figure 1. UV-vis and fluorescence spectra of cCP4 with and
without TCNB.

molecules has been evaluated for
their photophysical properties.

1) R. Kurosaki, et al. Chem. Sci. 2019, 10, 6785. 2) R. Kurosaki, et al. Chem. Commun. 2019, 55, 9618.
3) R. Kurosaki, et al. Chem. Lett. 2020, 49, 892. 4) R. Kurosaki, et al. Chem. Eur. J. in revision.
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Solvent Dependency of the Charge Separation and the
Near-Infrared Emission of Sumanenetrione-based Dyes

(*Graduate School of Engineering, Osaka University, *Faculty of Science and Technology,
Keio University, 3ICS-OTRI, Osaka University) OHan Junyi,! Youhei Takeda,! Hayato
Sakai,” Taku Hasobe,? Yuta Uetake,'* Yumi Yakiyama,'* Hidehiro Sakurai'*

Keywords: Sumanenetrione; Donor-Accepter Type Molecule; Curved-m Conjugated
Molecule; Optoelectronic Property

Sumanenetorione (ST) is a triketone derivative of curved-n conjugated sumanene. It is
known to show a strong electron-accepting ability close to Cg.! However, due to the low
reactivity of the peripheral aromatic carbons and limited sequential approach to its
functionalization, the derivatization of ST was not well investigated. We recently found an
effective functionalization method to prepare various Donor-Accepter (D-A) type ST
derivatives that show unique emission properties. In this work, we report the synthesis of
ST-based new D-A type molecules and their optoelectronic properties with a particular
focus on the luminescence property of ST-TPA.

Synthesis of functionalized STs was achieved by recently reported Lewis acid-mediated
Suzuki-Miyaura coupling reaction’ using bromosumanenetrione, which can be prepared
from previously reported bromosumanene® through Ru-mediated oxygenation (Scheme 1).

ST-NB: 85%, R = —§@Noz
R
ST-Thi: 79%, R=*O Q

43% ST-TPA: 81%, R = —§
Bromosumanene Bromosumanenetrione @

RUCl3:nH,0 (300 mol%)
O Q Br  Pyridine (1500 mol%)
. t-BuOOH (1000 mol%)
—>

CH,Cl,, 35 °C, 24 h

PdCl,(amphos); (2 mol%)
((tmeda)Zn(OH)(OTf));
(150 mol%)

THF, 80°C,1h

Scheme 1. Synthesis of ST-based D-A type molecules.
All the derivatives showed two

main absorption bands at both the 1.0{a) A ncHCL|  1.0]b) In hexane
UV range (250 nm to 500 nm) and ~  os I‘I‘ \\ 08
the visible region reaching 800 nm, & 6] — STAB |\ g 0.6
indicating their charge-transferring €44 [\ = 04
nature from the substituent to ST — g, | 0.2
moiety. In the case of ST-NB and 0.0 -/ 0.0
ST-Thi emission spectra, clear 400 500 oy 700 800 A Wi

emission was observed in CH,Cl,
at 600 nm and 680 nm,
respectively (Figure la).
Meanwhile, ST-TPA did not show emission in CH>Cl, but showed strong NIR emission at

703 nm in Hexane (Figure 1b).

Figure 1. Emission spectra of a) ST-NB and ST-Thi (A =
320 nm), b) ST-TPA (Agx = 300 nm).

1) a) T. Amaya, M. Hifumi, M. Okada, Y. Shimizu, T. Moriuchi, K. Segawa, Y. Ando, T. Hirao, J.

Org. Chem., 2011, 76, 8049. b) S. Higashibayashi, B. B. Shrestha, Y. Morita, M. Ehara, K. Ohkubo, S.
Fukuzumi, H. Sakurai, Chem. Lett., 2014, 43, 1297. 2) T. Niwa, Y. Uetake, M. Isoda, T. Takimoto, M.
Nakaoka, D. Hashizume, H. Sakurai, T. Hosoya, Nat. Catal., 2021, 4, 1080. 3) T. Amaya, S. Seki, T

Moriuchi, K. Nakamoto, T. Nakata, H. Sakane, A. Saeki, S. Tagawa, T. Hirao, J. Am. Chem. Soc.,
2009, /31, 408.
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Theoretical Analysis and Device Application of C3-Chiral Truxenes Showing an Excellent
Circularly Polarized Luminescence Property on Fluorescence and Phosphorescence
(‘Graduate School of Engineering, Osaka University, *Institute for Chemical Research, Kyoto

University) OFumitaka Ishiwari', Takuya Omine', Takashi Hirose®, Tadashi Mori', Naoya
Aizawa', Akinori Saeki'

We show that Cs-chiral truxenes exhibit excellent CPL with dissymmetric factor (g value) of
the order of 1072 Vibrational calculations and variable-temperature CPL measurements
suggested that molecular vibrations dramatically lower the g value of CPL. Furthermore, at low
temperature, Cs-chiral trimethyltruxene exhibits long-lifetime and strong phosphorescent CPL.
A conformationally rigid double-decker-type truxene with thermally robust CPL properties at
high temperature was applied as an emitter of electroluminescence devices exhibiting circularly
polarized electroluminescence with a high g value. In the presentation, we will show the
theoretical analysis on the CPL properties of Cs-chiral truxenes and device application.
Keywords : Circularly Polarized Luminescence, Truxenes, Molecular Vibration,
Phosphorescence, OLED
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1) M. Echavarren et al., Acc. Chem. Res., 2019, 52, 1812.
2) M. Echavarren et al., Chem. Eur. J., 2002, 8, 2879.
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Organic Triboluminescence Polar Crystals Composed of a Host-Dopant System

(‘Grad. Sch. Eng., Osaka Metro. Univ., *RIMED, Osaka Metro. Univ.) OTakuya Ogaki,'"
Yasunori Matsui, > Hiroshi Ikeda'?

Triboluminescence (TL) is a luminescence phenomenon induced by mechanical stimuli,
which is expected to be utilized as stimuli-responsive luminescence materials without any
photoexcitation. To achieve organic TL, luminescent organic polar crystals are required to
mechanically induce charge separation and recombination by piezoelectric effect. However, it
is difficult to rationally design organic polar crystals. To overcome the difficulty, in this work,
we propose a new concept, “organic TL polar crystal”, which is composed of a host—dopant
system (Fig. 1a). In the system, a highly-luminescent material such as thermally activated
delayed fluorescence molecule is doped into a polar crystal host. In the “organic TL polar
crystals”, energy transfer occurs from the excited state of host generated by mechanical stimuli
to the luminescent dopant (Fig. 1b). Thus, color-tunable TL is possible regardless of the
luminescence properties of the host materials.

Keywords : Triboluminescence;, Mechanoluminescence; Polar Crystals;, Energy Transfer,
Thermally Activated Delayed Fluorescence
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Fig. 1. (a) A schematic illustration of “organic TL polar crystals” composed of a host—-dopant system.
(b) Energy diagram of a host and a dopant. Photographs show TL from the polar crystals.
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Anthracene-based molecular tweezers: Construction of a giant spherical assembly
based on hierarchical self-complementarity (School of Science, Tokyo Institute of
Technology) CMasahiro Yamashina, Yuta Sawanaka, Shinji Toyota

HIV capsid is composed of self-complementary and hierarchical assembly of
multiple identical protein subunits. Here we report anthracene-based molecular
tweezers which formed a self-complementary cyclic hexamer in the crystalline state.
The hexamer exhibited blue fluorescence and high mechanical and thermal stability.
Furthermore, the hexamers assembled into a giant cuboctahedron and rhombohedral
assemblies through hierarchical assembling behavior in the presence of TFA.
Keywords: self-complementarity; molecular tweezers; anthracene; hierarchical assembly
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References

[1] G. Zhao, J. R. Perilla, E. L. Yufenyuy, X. Meng, B. Chen, J. Ning, J. Ahn, A. M.
Gronenborn, K. Schulten, C. Aiken, P. Zhang, Nature 2013, 497, 643.

[2] Y. Sawanaka, M. Yamashina, H. Ohtsu, S. Toyota, Nature Commun. 2022, 13, 5648.
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Molecular Dynamics Study on the Structure-Property Relationship of Self-Assembled Gear-
Shaped Amphiphile Molecules with/without Methyl Groups ('Graduate School of
Nanobioscience, Yokohama City University, *Graduate School of Arts and Sciences, University
of Tokyo) O Moe Murata,' Osamu Kobayashi,' Shuichi Hiraoka,® Tomomi Shimazaki,'
Masanori Tachikawa'

The nanocube is the hexamer of six gear-shaped amphiphile molecules (GSA) self-assembled
in water and can encapsulate guest molecules via a gap formed on the pole region. To elucidate
the effect of methyl groups (Me) on the equator and poles in the nanocube on the encapsulation
rate, we conducted molecular dynamics simulations for five different nanocubes. The nanocube
without Me on the poles easily formed a gap on the pole region without significant deformation
of its cubic structure. We believe our study shows the strategy to design the self-assembled
nanocubes with encapsulation efficiency.

Keywords : Molecular Dynamics; Self-assembly; Amphiphile
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1) S. Hiraoka, et al., J. Am. Chem. Soc. 130, 14368-14369 (2008). 2) Y.-Y. Zhan, et al., Commun. Chem.
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A twisted chiral cavitand with five-fold symmetry and its
length-selective binding properties

(‘Graduate School of Engineering, Kyoto University, *WPI Institute for Chemical Reaction
Design and Discovery, Hokkaido University,”WPI Nano Life Science Institute, Kanazawa
University, *Graduate School of Natural Science and Technology, Kanazawa University) O
Tanhao Shi', Yuuya Nagata?, Shigehisa Akine’*, Shunsuke Ohtani', Kenichi Kato', Tomoki
Ogoshi'?

Keywords: Pillar[n]arene; Corannulene; Dynamic covalent bond; Host-guest interaction

Controlling the chirality in bottom-up synthesis to construct architectures with specific
chirality is a challenging target. Here, by using corannulene 1 as seed' and
rim-differentiated pillar[5]arene 2 as chiral wall®, the bottom-up synthesis towards twisted
cavitand with five-fold symmetry was achieved. Because of the rigidity of the hedges, both
the unit flip of pillar[S]arene and inversion of corannulene were inhibited after crosslinking,
fixing the chirality. Moreover, the hedges tilt into two directions, endowing the cavitand
with a twisted and chiral body. Through the dynamic covalent bonds, all the subcomponents
tilted in the same direction and the thermodynamically stable cavitands with matching
chirality (PPP and MMM) were generated selectively. The entrance, body, and bottom of the
twisted cavitand all exhibited as binding sites, endowing the cavitand with length-selective
binding property towards a,m-dibromoalkanes. And three maxima in binding constants were
observed?.
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(A) Preparation of twisted cavitand 3. (B) Self-sorting chirality of 3. (C) Length-selective binding
properties of 3.

1) Ronson, T. K., et al. J. Am. Chem. Soc. 2020, 142, 10267. 2) Fa, S., et al. Chem. Lett. 2019,
48,1278. 3) Shi, T. H., et al. J. Am. Chem. Soc. 2022, 144,23677.
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Two-Dimensional Living Supramolecular Polymerization Improved
by Using a Comonomer and a Dummy Monomer

(‘Kyushu University, *National Institute for Materials Science, *University of Tottori,
*University of Tsukuba, Kyoto University) OZhehui Jin,"* Norihiko Sasaki,® Masayuki
Takeuchi,>* Yutaka Wakayama,'* Kazunori Sugiyasu’

Keywords: Supramolecular polymerization; Nanosheets; Porphyrins

Supramolecular polymerization under kinetic control has led to the development of
living supramolecular polymerization (LSP), which has permitted the synthesis of
supramolecular polymers with controlled length and narrow length distribution." The
general concept of LSP has been established; however, interrelated synthetic methodology
has yet to be developed. In this study, we focused on improving LSP by using a comonomer
and a dummy monomer to solve problems which we encountered in our previous study.

In our previous work,”™® we succeeded in two-dimensional LSP to obtain
supramolecular nanosheets with controlled area and aspect ratio. LSP basically worked
well; however, (1) supramolecular nanosheets are prone to agglomerate through stacking,
thus resulting in precipitation, and (2) the supramolecular nanosheets are rough round the
edges.

To solve the problem (1), we designed a new porphyrin monomer, Por', which
possesses solubilizing alkyl chains which are longer than those in the previous monomer,
Por'2. We found that copolymerization of Por'™ and Por'? resulted in dispersible
supramolecular nanosheets. As for the problem (2), we revisited the formation mechanism
of the supramolecular nanosheets. We found that a dummy monomer (Por®) could affect the
pathways of supramolecular polymerization, and consequently, the edge of supramolecular
nanosheets became smooth. We believe that the present study paves the way for the further
development of precision supramolecular polymerization.
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1) S. Ogi., et al., Nat. chem. 2014, 6, 188-195. 2) T. Fukui, et al., Nat. Chem. 2017, 9, 493-499. 3) N.
Sasaki, et al., Chem. Eur. J. 2020, 26, 7840-7846. 4) N. Sasaki et al., Nat. Commun. 2020, 11, 3578.
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Facet-selective Block Co-Crystallization of Two-Different Spin-Crossover Metal Complexes
(‘Lab. Chem. Life Sci., Tokyo Tech., *Sch. Mater. and Chem. Tech., Tokyo Tech.) OTomoya
Fukui,!? Masahiro Tsuchiya,l’2 Takanori Fukushima'*

As exemplified by block-co-polymers, block structures composed of different materials are
expected to emerge functions, which are not achieved by single-component systems. We are
working on the preparation of block co-crystals with two different compartments of spin-
crossover metal complexes. For this purpose, here we chose spin crossover Fe(Il) and Co(II)
complexes with 2,6-dipyrazolylpyridine ligands for constructing block co-crystals. After many
trials, we found a system that shows facet-selective crystal growth of cobalt complex from seed
crystals of iron complex, resulting in block co-crystals with complex morphology. In this
presentation, we will discuss the detail of facet-selective block co-crystallization based on
single-crystal X-ray diffraction, SEM-EDX, and micro-Raman spectroscopy.

Keywords : Block structure; Block co-crystal; Block co-crystallization; Spin crossover,
Hydrogen bond

Try s al) v —tRESHB & 51T, BRI A S 7 ey 2 ik
WA T CIE B I R A BT 5 = & A STV D, Thr g, RS S
DU b AU R E LTHA LT 0y 7 A AR L, &7 0 v 7 EA OVEER
S U LSRRI 2 B ISR BB LT 5, A, YET Y UAEY U
BT T &5 A C 0 7 1A A — A RO R A MR E R L+ 57 1w s
JERER DIERUT SV TR LT, 5% < ORB ORI, Sebkisfiz s — ke LTa
PV N BRI BRSNS — 7 & U R A L & 7 B TR A 72 R

%%#%%%wﬁbkwfﬁ%ﬁéa
(o] COadpp
@N—M‘ NH, Crystalllzatlon BIock *
co-crystallization

Single crystal of Feadpp Single crystal of Single crystal of
(Seed) FEadpp COadpp

2(BFa)-

[M(adpp)2](BF1)2

(Madpp, M = Fe, Co) POM image

Block
co-crystallization

COadpp+ Feadpp w !

Feadpp@ Co0adpp block co-crystal

© The Chemical Society of Japan - K606-1pm-05 -



K606-1pm-06 The 103rd CSJ Annual Meeting

Self-assembling behaviors and properties of platinum(1I)
complexes possessing chiral hydrophilic bis(phenylisoxazolyl)
benzene moieties

(‘Graduate School of Advanced Science and Engineering, Hiroshima University,
2WPI-SKCM?, Hiroshima University) O Masaya Yoshida,' Takehiro Hirao,! Takeharu
Haino"?
Keywords: Supramolecular chemistry; Self-assembly; Circular dichroism; Nano structure;
micelle

Our group reported that AIE-active micelles were formed through the self-assembly of
a platinum( 1) complex possessing achiral triethylene glycol (TEG) side chains.!"! The
hydrophobic effect and the intermolecular Pt-Pt interaction of the platinum center drove the
formation of the micelles. In this study, we will discuss the self-assembling behaviors of
(R)- and (S)-1 possessing the stereogenic centers on the TEG chains (Figure la). The
self-assembling behaviors were studied in THF/water mixed solvent. THF/water (40/60,
v/v) mixed solvent induced the self-assembly of (R)- and (S)-1, which formed the
micelle-like nanostructures that exhibited CD signals (Figure 1b, c).”
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Figure 1. a) Molecular structures of chiral platinum complexes (S)-1 and (R)-1. b) AFM image (5 pm x 5 pm) of (S)-1 (5 x 10* M)
on mica used THF/water (40/60, v/v). c) CD spectra of (S)-1 (blue) and (R)-1 (red) (5 x 10* M) in THF/water (40/60, v/v) at 5 °C.
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+ L

at the absorption band of 2. Accordingly, the L‘\ 0 g0 1
—

micelle-like nanostructures provide the chiral ° ’O 201

)
binding environments where the induced CD of 2 Orye 0 (R)-1+2(0.04 eq.)
was generated. 2 ” \L .

. . 00 500 600 700
[1] Hirao, T.; Tsukamoto, H.; Ikeda, T.; Haino, T. Wavelngth / nm

Chem. Commun., 2020, 56, 1137-1140. Conssemble micales of (S)1 and 2 (blue) (%) 1

[2] Yoshida, M.; Hirao, T.; Haino, T. Org. Biomol. 24?2 (red)(5x 10 M)in THF/water(40/60, v/v).
Chem., 2021, 19, 5303-5311.
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Supramolecular Polymerization of Photofunctional
Thiophene-Fused [4n]Annulenes: Chiral Superstructures and
Chiroptical Properties

(‘Grad. Sch. of Eng., The Univ. of Tokyo, *RIKEN CEMS, *PRESTO, JST) OTsubasa Aoki,'
Takayoshi Akiyama,' Takuzo Aida,'* Yoshimitsu Itoh'-

Keywords: Chirality; Supramolecular Polymer; [4n]Annulene; Thiophene; CPL

Non-planar z-motifs are potential monomers to obtain new functional supramolecular
polymers due to their chiral core and dynamic ring-inversion behavior. However, less
research has been done because of difficulties in synthesizing a suitable monomer and
structural characterization of the polymer. Recently, we have developed supramolecular
polymers of chiral thiophene-fused [4n]annulene (COT) derivatives, which brought the first
example of an alternating heterochiral sequence of the polymer and photo-suspendable
chain growth by photochemically fluttering monomers.!")  Both phenomena were never
seen in the previous supramolecular polymers. Notably, the COT monomers exhibit the
excited-state aromaticity (Baird aromaticity) as we reported in the previous work.*!  In this
presentation, we report our recent studies on COT-based supramolecular polymers focusing
on (i) an optically active racemic supramolecular polymer,' (ii) enhancement of circularly
polarized luminescence (CPL) upon supramolecular polymerization (Figure)."”!

Figure (a) Schematic Representation of a COT-Based Supramolecular Polymer and (b)
Photograph of Emissive Polymer Solution upon UV irradiation.

[1] M. Ueda, T. Aoki et al., JACS 2021, 143, 5121. [2] T. Aoki et al., JACS 2022, 144, 7080. [3] M.
Ueda et al., Nat. Commun. 2017, 8, 346. [4] T. Aoki et al., submitted. [5] T. Aoki et al., submitted.
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4:50 PM - 5:10 PM
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binding
Osk Asif lkbal', Pei Zhao?, Masahiro Ehara?, Shigehisa Akine'* (1. WPI-Nano Life
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Technology, Shimane University)
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Signal-amplification Sensing via Sumanene-based Supramolecular Polymerization
(‘Department of Chemistry, Tokyo Institute of Technology, *Department of Applied Chemistry,
Osaka University, *Department of Chemistry, University of Tsukuba,*Tokyo Tech Academy for
Convergence of Materials and Informatics, Tokyo Institute of Technology,) O Hiroaki
Mizuno,' Hironobu Nakazawa,” Akihisa Miyagawa,3 Yumi Yakiyama,2 Susumu Kawauchi,*
Hidehiro Sakurai,” Gaku Fukuhara!

In this study, we synthesized indole-modified sumanene as a chemosensor, which was then
mixed with unmodified sumanene to afford a sumanene-based hetero supramolecular polymer.
Surprisingly, a binding constant of the supramolecular polymer upon the complexation of
methyl benzoate was enhanced by a factor of up to 11, comparing to that obtained from the
sumanene chemosensor.

Keywords : Sumanene; Supramolecular Polymer, Molecular Recognition
BrlTonETCloEmsFEHE 7T AVBEIEY R—F—L LI-v 7 iEiEt v
o7 (SASS) B L, EEL TE ), ABETIE, fMRTTH 7 MRO@S ¥
RN ~—%FkT D A~% (1, Figure la) 2IZFEH L, @RV ~—IcLb s
FTNEERSEDLR~ERE LT, A F—%& 1IEM LTI A~ R Akt ¥ —
(2, Figure 1b) &L, ET VT ANy L& LTATFAR Y 2— K (MB) k&2
VU LIERER 1 E20EETTIEK=19M &7 0, 20H05E (K=7M")
&Pl UM E AN 11 (508 L7z (Figure 1b), AFER TIX, A~V R B 1ARY
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Figure 1. (a) Chemical structures of sumanene (1) and its chemosensor (2). (b) Result of non-linear
least-squares fitting, assuming the 1 : 1 stoichiometry, to determine the binding constant of 2 (black)
or the supramolecular polymer (red) upon the complexation of MB.

1) Fukuhara, G. J. Photochem. Photobiol. C 2020, 42, 100340.
2) Sakurai, H.; Daiko, T.; Hirao, T. Science 2003, 301, 1878.
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Anion-t Interaction in the Polyanionic {Mois.} Cage ('Grad. Sch. Env. Sci., Hokkaido Univ.,
’Fac. Env. Earth Sci., Hokkaido Univ.) OChinatsu Murata,' Jaesob Shin,' Yukatsu Shichibu,'*
Katsuaki Konishi'*?

Anion-r interaction is usually found with highly electron-deficient aromatic rings. Herein
we report that such m-interactions can occur, even with mono-substituted benzenes whose
electron deficiency is not so high, inside the polyanionic cage of [M01320372]**" (denoted by
{Moi32}). Systematic studies on the guest preference in the inclusion into the inner space reveal
that the polar guests with a strongly electron-withdrawing group show enhanced affinities when
compared with less polar guests. Coupled with control experiments using related araliphatic
and aliphatic guests, it is implied that the polyanionic nature of the host facilitates to interact
with the aromatic ring with a slight &+ character arising from the m-conjugated electron-
withdrawing substituents, boosting the anion-n interactions.
Keywords : Polyoxometalate; n-interaction; Host-guest
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[1] K. R. Dunbar et al., Chem. Soc. Rev., 2008, 37, 68. Fi%-zt,t tAénountS . of Hlloélo(i
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[2] A. Miiller et al., Chem. Soc. Rev., 2012, 41, 7431. within the {Moy3:}.
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Synthesis and Dynamic Properties of Stapled a-Helical Peptides ('WPI Nano Life Science
Institute, Kanazawa University, *Department of Chemistry, University of British Columbia,
3Graduate School of Natural Science and Technology, Kanazawa University) O Naoki
Ousaka' * Mark J. MacLachlan'? + Shigehisa Akine'"

We have successfully designed and synthesized stapled dynamic a-helical peptides
exhibiting a slow interconversion between the right- and left-handed helices, whose preferred
handedness can be reversibly switched by alternative addition of an appropriate base and acid.
Keywords : Helical Structure; a-Helix, Peptide; Helix Inversion

1951 4E|Z Pauling HIZ L Va-~V v 7 AEENE R I TR, ZHEEERAT
SHADT  mOT B TRARENTE R, P, INTHIRIZISE L THE
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DERNZEE) LTz (Figure 1),

(P)-rich P->M (M)-rich 2 >\n}‘
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Figure 1. Schematic representation of acid/base-triggered reversible helicity inversion of a stapled a-

helical peptide. Chemical structures of helicogenic achiral amino acid residues are also shown.

1) Pauling, L.; Corey, R. B.; Branson, H. R. Proc. Natl. Acad. Sci. USA, 1951, 37, 205.
2) Yashima, E.; Maeda, K.; Iida, H.; Furusho, Y.; Nagai, K. Chem. Rev. 2009, 109, 6102.
3) Yashima, E.; Ousaka, N.; Taura, D.; Shimomura, K.; Ikai, T.; Maeda, K. Chem. Rev. 2016, 116, 13752.
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Acceleration and deacceleration of helicity inversion speeds in a
dynamic helical trinickel(ll) metallocryptand by alkali metal ion
binding

(‘Nano Life Science Institute, Kanazawa University, *Institute for Molecular Science, Research
Center for Computational Science, *Graduate School of Natural Science and Technology,
Kanazawa University) oSk Asif Ikbal,' Pei Zhao,” Masahiro Ehara,? Shigehisa Akine'”
Keywords: Helicity inversion; Dynamic structural conversion; Alkali metal ions; lon
recognition; Nickel complex

Development of artificial dynamic helical molecules with controllable helix inversion rate
can be useful to make chiral memory materials." Most of the previous reports of stimuli-
responsive chiral molecules have been focused only on the equilibrium states before and after
stimulation but not on controlling the kinetics." We have already demonstrated that the helicity
inversion kinetics of trinickel(Il) cryptands can be controlled by guest recognition in the
cryptand cavity.> Here we present the detailed kinetic and thermodynamic studies of the
trinickel(Il) cryptand in the presence of the guests. The trinickel (II) complex is in slow
dynamic equilibrium between P and M isomers in solution, preferring one isomer in major
concentration. The guest binding with a series of alkali metal ions caused significant changes
in the P/M ratios, which were analyzed in terms of binding constants, isomerization constants,
and rate constants. We will focus on the determination of energy diagrams of the helicity
inversion (isomerization) and ion recognition. The apparent binding affinity at the transition
state for each guest will be discussed.
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Scheme 1. Concept of regulating the speed of helicity inversion by non-covalent binding

with alkali metal ions.

1) S. Akine, H. Miyake, Coord. Chem. Rev. 2022, 486, 214582. 2) S. Akine, M. Miyashita, S. Piao, T.
Nabeshima, Inorg. Chem. Front., 2014, 1, 53. 3) S. A. Ikbal, M. Ehara, Y. Sakata, S. Akine, The 102nd
CSJ annual meeting, 2022.
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Colorimetric Chiral Sensing Using Supramolecular Organogels
Formed by Carbamoylated Riboflavin and Melamine Derivative

(Graduate School of Natural Science and Technology, Shimane University) OMarina Oka,
Ryo Kozako, Hiroki lida
Keywords: Supramolecular Gel; Flavin; Melamine; Chirality; Chiral Sensing

Riboflavin, a naturally occurring m-conjugated organic molecule, has an optical activity
derived from the ribityl group and exhibits attractive functions such as organocatalysis and
redox activity. Therefore, polymers and supramolecules containing riboflavin would act as
attractive functional materials. Among them, supramolecular gels containing riboflavin
derivatives are expected to exhibit unique functions that are originated from combining the
high stimulus-responsive characteristic of supramolecular gels and the diverse properties of
riboflavin. However, only a few examples of the riboflavin-derived supramolecular gels
have been reported, and there have been no examples of functional gels utilizing the
chirality of riboflavin.' Recently, our group found that a riboflavin derivative bearing an
optically active carbamate-protected ribityl group (FI) and a melamine derivative possessing
two monoalkylated amino groups (M) are self-assembled to form chiral supramolecular gels
in organic solvents.

Flavin compounds have absorption in the visible light region caused by their
n-conjugated structure and have attracted an increasing attention as photocatalysts for the
aerobic oxidation of alcohols and thiols under visible light irradiation.” The flavins also
display the redox activity, thus their colors are significantly changed in each redox state.
Taking advantage of the photo- and redox-catalysis, in this work, we attempted colorimetric
sensing of chiral alcohols using the asymmetric catalysis of the chiral supramolecular gel
consisting of Fl and M. As a result, the color of the supramolecular gel was changed
enantioselectively upon the addition of optically active alcohols.
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oconrR ; RTHNOGO" prOCONHR! RIHNOCO:. “~NoconHR!
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1) a) S. Manna, A. Saha, A. K. Nandi, Chem. Commun., 2006, 4285. b) S. Kawamorita, M. Fujiki,
Z. Li, T. Kitagawa, Y. Imada, T. Naota, ChemCatChem, 2019, 11, 878. ¢) M. Cariello, B.
Dietrich, L. Thomson, V. Gauci, A. Boyer, S. Sproules, G. Cooke, A. Seddon, D. J. Adams,
Chem. Eur. J., 2022, 28, 1725.
2) a) H. Schmaderer, P. Hilgers, R. Lechner, B. Konig, Adv. Synth. Catal., 2009, 351, 163. b) M.
Oka, D. Katsube, T. Tsuji, H. lida, Org. Lett., 2020, 22, 9244.
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Formation of a metastable PdsLs interlocked cage complex based
on the energy ratchet mechanism

(Graduate School of Arts and Sciences, The University of Tokyo)
(OTsukasa Abe, Shuichi Hiraoka
Keywords: Interlocked cage, Kinetic control, Energy ratchet mechanism, Metastable

Although (X); CPdsLs interlocked cages (IC) have been reported so far,' no attempt to

produce a metastable IC without X~ was made, because reversible Pd(II)-L coordination

bonds cause the conversion of the metastable IC into two PdL4 cages under thermodynamic
control. Here, we report a metastable PdsLs IC by removing C1” from the (X );c[Pds15]*" IC
under the condition where ligand exchanges are prevented (without cat.). Addition of Py* as
a cat. to the metastable IC caused the conversion of the metastable IC into two [Pd,14]*
cages. As the (Cl);c[Pds15]*" IC was produced by addition of Cl to the [Pd214]*" cage in
the presence of cat., a directional cycle of transition was realized with two kinds of fuels (A

and B) and the catalyst that modulates the energy landscape by energy ratchet mechanism.
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1) a) M. Fukuda, R. Sekiya, R. Kuroda, Angew. Chem., Int. Ed. 2008, 47, 706, b) S. Freye, J. Hey, A
Torras-Galan, D. Stalke, R. Herbst-Irmer, M. John, G. H. Clever, Angew. Chem., Int. Ed. 2012, 51,

2191.
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Supramolecular reactions in a dynamic solution (Graduate School of Life and Environmental
Sciences, Kyoto Prefectural University) OMunenori Numata, Haruna Takemori, Chisako
Kanzaki

One of the fundamental issues in supramolecular chemistry is to incorporate multi-functional
molecules into a single supramolecular structure. In the recent advance of this area, the
emergency of molecular complexity along the polymer chain has been accomplished through
presice controlling over kinetic self-assembly processes. On the other hand, folding of the
created polymer chains as well as their further hierarchical assembles toward two- or three-
dimensional architectures, which are ubiquitous in Nature, has remained a challenging task in
supramolecular chemistry. Porphyrins are fascinating molecules not only from its unique
photonic properties but also from scaffold for placing a functional moiety at their peripheral
position. Here, we report the supramolecular co-polymerization of two types of water-soluble
porphyrins. We found that electrostatic interpolymer interactions caused their hierarchical
assembly, finally affording a double stranded helix structure at micrometer range.

Keywords : Supramolecular structures; Kinetic control; Supramolecular polymerization;
Microflow; Non-equilibrium
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[K602-Tam-01] Intramolecular Singlet Fission and Chiroptical Properties of Chiral
Acene Dimers
oHayato Sakai1, Yasuyuki Arakiz, Takehiko Wadaz, Nikolai Tkachenko3, Taku Hasobe'

(1. Keio University, 2. Tohoku University, 3. Tampere University)

10:20 AM - 10:40 AM

[K602-Tam-02] Transient Absorption Spectroscopic Analysis of Energy Transfer
Process in the Solid-state Upconversion System
OYasunori Matsui'?, Takumi Takahashi', Masaya Kanoh', Takuya Ogaki1'2, Hiroshi lkeda
2 (1. Grad. Sch. Eng., Osaka Metro. Univ., 2. RIMED, Osaka Metro. Univ.)
10:40 AM - 11:00 AM

[K602-Tam-03] Photo-Induced Triplet Depletion Allowing Higher-Resolution
Afterglow
oKikuya Hayashi1, Keiki Fukumotoz, Shuzo Hirata' (1. The Univ. of Electro-Commun., 2.
KEK)
11:00 AM - 11:20 AM

[K602-1am-04] Vibronic Couplings and Spin-Orbit Couplings in Intersystem
Crossing Processes
OWataru Ota'?, Motoyuki Uejimas, Tohru Sato'? (1. Fukui Institute for Fundamental
Chemistry, Kyoto University, 2. Graduate School of Engineering, Kyoto University, 3.
MOLFEX, Inc.)
11:20 AM - 11:40 AM
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Intramolecular Singlet Fission and Chiroptical Properties of Chiral Acene Dimers
(\Department of Chemistry, Faculty of Science and Technology, Keio University, *Institute of
Multidisciplinary Research for Advanced Materials, Tohoku University, *Faculty of
Engineering and Natural Sciences, Tampere University) OHayato Sakai,! Yasuyuki Araki,
Takehiko Wada,? Nikolai V. Tkachenko,® Taku Hasobe'

Singlet fission (SF) is able to generate two triplet excitons from one photon absorption
between two neighboring chromophore units. Acene is one of the representative compounds
for occurrence of efficient SF. Although various reports on the covalently-linked acene dimers
with high-yield triplet excited states through SF are already published, the research number
regarding the synthesis and observation of SF utilizing molecular dimers bridged by chiral
linker units are quite limited. More importantly, no attention has been paid to the relationship
between the chiroptic property and excited-state dynamics associated with SF, so far. In this
study, we synthesized a series of acene (i.e., pentacene and tetracene) dimers bridged by chiral
units. The details on the relationship between chiroptical and SF properties will be discussed
in this presentation.

Keywords : Acene; Dimer, Chiroptical Property, Singlet Fission
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1) Lakhwani, G. et al., J. Phys. Chem. 42021, 125,7226-7234 & | Chemical structures of chiral
2) Guldi, D. M. eta al., ChemPhotoChem 2020, 4, 5168-5174 ~ 2cene dimers in this study.
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Transient Absorption Spectroscopic Analysis of Energy Transfer
Process in the Solid-state Upconversion System

(lGrad. Sch. Eng., Osaka Metro. Univ., 2RIMED, Osaka Metro. Univ.)

OYasunori Matsui,'? Takumi Takahashi,' Masaya Kanoh,' Takuya Ogaki," Hiroshi Ikeda'*
Keywords: Time-resolved Spectroscopy; Energy Transfer; Triplet—Triplet Annihilation;
Dexter Mechanism

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 employed solution-processed polyurethane
(PU) composites containing D, an energy mediator (M), and a dyad DPA—Ad-DPA'? as A
(Fig. 1). In this work, we analyzed the energy transfer behavior in the PU composites (Fig. 1
and 2) by using transient absorption analysis.

First, we prepared the PU composites containing platinum octaethylporphyrin (PtOEP)
and various concentrations of anthracene (Ant) and 9,10-diphenylanthracene (DPA). The
Stern—Volmer analysis obtained by phosphorescence quenching of *PtOEP* by DPA
provided quenching rate constant (ko) is 1.2 x 10® M's™". This kq value is almost 1/10 of
that in a CHxCl, solution, suggesting that slow molecular diffusion occurs in the PU
composite.

Transient absorption analysis (Fig. 3) was conducted for the PU composite containing
PtOEP (0.1 mM), Ant (10 mM), and DPA (1 mM). Photoexcitation of the PU composite
provided T-T absorption bands of *Ant* at 425 nm (s = 4.6 x 10*M'cm™) formed by
energy transfer from *PtOEP*. After 10 us of excitation, broad absorption of *DPA* was
observed at 448 nm (1.5 x 10* M'em™) but *Ant* remained. These results suggest that
partial energy harvesting occurred from *DPA* to DPA to promote TTA.

0.3 A

425 100 ns

-0.1 -

P T T T T T T
Ant (M) 400 450 500 550 600 650

DPA—-Ad-DPA (A) Jag/NmM
Fig. 1. Structures of PtOEP, Ant, and Fig. 2. A schematic representation Fig. 3. Transient absorption spectra of the
DPA-Ad-DPA, and a photograph of the  of polymer composites containing PU composite of PtOEP (0.1 mM), Ant (10
PU composite. PtOEP, Ant, and DPA-Ad-DPA. mM), and DPA (1 mM) (Agx = 532 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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Photo-Induced Triplet Depletion Allowing Higher-Resolution
Afterglow

(!Graduate School of Informatics and Engineering, The Univ. of Electro-Commun., *High
Energy Accelerator Research Organization) OXikuya Hayashi,' Keiki Fukumoto,” Shuzo
Hirata'

Keywords: Triplet Exciton; Photoionization; Room-Temperature Phosphorescence; High-
Resolution Microscopy

Stimulated emission depletion microscopy uses stimulated emission from the singlet
excited state of a chromophore, which allows super-resolution fluorescence images.' However,
fluorescence imaging is often interfered by emission from surrounding environment in the
presence of fluorescent impurities. As an imaging technique independent of fluorescent
impurity, afterglow imaging using persistent room-temperature phosphorescence (RTP) has
been reported.? However, no possible stimulated emission from the lowest triplet excited state
(Ty) precludes us to make higher resolution-afterglow emission images.

Here, we demonstrate photoinduced triplet depletion and improved resolution of afterglow
emission using the depletion. After ceasing excitation, persistent RTP from an amorphous f-
estradiol film doped with 1 wt% chromophore 1 (Figure la) was depleted by the strong
photoirradiation with a longer wavelength than an absorption wavelength of 1 (depletion beam)
(Figure 1b). Triplet depletion possibility depending on irradiance of different depletion beam-
colors indicates that a photoionization from the lowest unoccupied molecular orbital (LUMO)
in Ty over vacuum level of 1 triggers the triplet depletion ((i) in Figure 1c). Analyses of charge
generation and upconversion emission behavior by irradiation of the depletion beam indicate
that triplet depletion mechanism includes a process in which electrons eventually return to the
highest occupied molecular orbital (HOMO) of 1 ((ii) in Figure 1c). By simultaneously
focusing excitation and specially modulated depletion beam onto the film, a higher resolution
afterglow emission was observed due to the triplet depletion (right in Figure 2).

(a) Q OH (C)
NN (i) In the absence of In the presence of
@ Q HO O@ " depletion beam  depletion beam

Vacuum
Chromophore 1 B-estradiol level W~ 7777

(b) 4
'1 Depletion beam
Iea O oo mp

Depletion Depletion
UVOFF  pheamON  beam OFF

0 0.5 1.0 1.5
Time after ceasing excitation [s] HOMO

Figure 1. (a) Chemical structures. (b) Photographs showing RTP  Figure 2. High-resolution

£

>
®
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depletion. (c) Energy diagram illustrates RTP depletion mechanism. afterglow imaging. Left and
. right show in the absence and
1) S. W. Hell, J. Wichmann, Opt. Lett. 1994, 19, 780. presence of donut-shaped

2) L. Battacharjee, S. Hirata, Adv. Mater. 2020, 32, 2001348. depletion beam, respectively.
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Promoting and Accepting Modes in Internal Conversion Processes ('Fukui Institute for
Fundamental Chemistry, Kyoto University, *Graduate School of Engineering, Kyoto University,
3MOLFEX, Inc.) Wataru Ota,"* Motoyuki Uejima,> OTohru Sato'~

An analytical expression for the rate constant of the intersystem crossing (ISC) in a molecule
was derived using the mixed-spin crude adiabatic (CA) representation. All vibrational modes
were considered to be on an equal footing in the rate expression. In the mixed-spin CA
representation, the ISC can be regarded as a transition accompanying one-phonon emission and
absorption, thereby clarifying the dependence of the ISC rate constant on the vibronic couplings
and spin-orbit couplings. One of the advantages of this representation is that the driving force
for the ISC is the same vibronic couplings as for the internal conversion, allowing a unified
treatment of the nonradiative transitions. Another advantage is that the origin of the vibronic
couplings can be elucidated by their density forms, i.e., vibronic coupling densities (VCDs),
which can be utilized for rational molecular design. Using the concept of VCD, the ISC
processes can be understood and controlled in terms of electronic states and vibrational modes
separately. Based on the obtained expression, we quantitatively calculated the ISC rate constant
of 9-fluorenone and investigated the role of vibronic couplings and spin-orbit couplings on the
ISC processes.

Keywords : Intersystem Crossing, Nonradiative Transition, Vibronic Coupling; Spin-Orbit
Coupling
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JEECIX, mixed-spin JEJE & F70 V) | RREIARZEIT A B U HLEFE AAER 2 BRE) /) & LTt
T35 LB EN5 2, BONIMBITRIZESE, 9-TALF L/ oD $i0vb To, B
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RIME=T 4 TE— L BRI ANT—EZTMLT 78T T 4 T E—
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1) T.Kato, N. Haruta, and T. Sato, Vibronic Coupling Density: Understanding Molecular Deformation
(Springer, 2021).
2) B. R. Henry and W. Siebrand, J. Chem. Phys. 1971, 54, 1072.
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Controlling Molecular Orientation to Improve Photon Upconversion
Efficiency

("Center of Molecular Systems, Kyushu University) oCatherine Helenna Mulyadi,’
Masanori Uji," Nobuhiro Yanai,’

Keywords: Photon upconversion, Triplet-triplet annihilation, Spin statistical
factor, Dimer

Triplet-triplet annihilation photon upconversion (TTA-UC) is a promising research
field for various photonic applications due to tunable spectral range and non-coherent
light source utilization. Recent research has been aiming to enhance TTA-UC
performance, such as the UC efficiency (nyc), which is crucial especially in energy-
harvesting related applications. The UC efficiency is comprised of spin statistical factor
(f) and quantum yield of energy transfer processes (®isc, Ptrer, PrTa) @nd
fluorescence (@), as described in the equation below:

Nnuc = f PiscPrrerPrra®PrL

According to the research by Bossanyi et al., the spin statistical factor, the
probability of singlet state acceptor formation after TTA process, can be improved by
fixating parallel orientation of the acceptor molecules.* With this molecular design, the
f value can increase significantly from 40% to 66.7% in solution system. Therefore,
this research tries to prove this theory by synthesizing a parallel-oriented dimer of a
widely known acceptor molecule (9,10-diphenylanthracene, DPA) with Schiff-base
linker then observing its optical properties. The DPA dimer is successfully synthesized,
and its optical properties resemble those of the single DPA molecule. In addition, the
upconverted fluorescence of DPA dimer was observed at 446 nm using PtOEP as the
donor molecule. We'll report the detailed UC parameters in this presentation.

UC spectra
[DPA dimer] = 125 pM, [PtOEP] = 10 uM in CHCl; under Ar
2ex= 532 nm in 1mm quartz cell

/ Laser
_— UC emission
-

Donor's phosphorescence

i |
l
o
UCPL intensity (a.u.)

400 500 600 700 800 900

Wavelength (nm)

1) David G. Bossanyi, Yoichi Sasaki, Shuangging Wang, Dimitri Chekulaev, Nobuo
Kimizuka, Nobuhiro Yanai, and Jenny Clark, JACS Au 2021 1 (12), 2188-2201.
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Efficient Photon Upconversion System using Porous Film to Generate UV Light from Visible
Light ('Graduate School of Engineering, Kyushu University, *CMS, Kyushu University,
3FOREST, JST) O Naoyuki Harada,! Masanori Uji,! Baljeet Singh,! Nobuo Kimizuka,'?
Nobuhiro Yanai'??

Triplet-triplet annihilation-based photon upconversion (TTA-UC) converts lower-energy
(longer-wavelength) light into higher-energy (shorter-wavelength) light, which can be applied
in solar cells, photocatalysis, and biological imaging. Recently, TTA-UC materials that convert
visible light to ultraviolet light (UV), which are useful for photocatalysis and photo-redox
reactions, have attracted much attention. However, most conventional examples are solution
systems, which use volatile organic solvents and are difficult to handle for applications. In this
study, we developed a film material that shows efficient upconversion using a porous film. As
an emitter, we used UV-emissive TIPS-Nph (Figure 1)." This film sandwiched between quartz
substrates exhibited upconversion performance comparable to conventional solution systems.
Moreover, it is found to be possible to use weak light of about sunlight (~ mW cm™).
Keywords : Photon upconversion, Triplet-triplet annihilation; Visible light, Ultraviolet light;
Porous film

Bz ¥— (RER) tx I mnzpd— (BERR) RICEHRT 57200
SHIA - CHEIAMEBICESLS 7 by s Ty T ar =T g v (TTA-UC) Hifi.
KB EHSIEAE, AERA A= T~ DISHN A RETH D, Bt T, o
L Ry 7 AROSSCA A72 /I DS E~ZE BT D TTA-UC MERSHIFSE S dLhh
HTND, LLaRb, #ERMEIOZ It 2 AW TRiR Th o | st
DEBIAI AR L CD Z & eI H 0 M W LR EORES R H -
Too ARFFETIE, R—=TF AT 4 N LEEHNDZ ETRVBNNEG 2T v T —
Va vt 7 4 VIO AT T,

I E L TREREIEL TTA-UC il STV 285103856 D TIPS-Nph % H
W= (Figure 1), 1 A5 HAR CHEEA TR 7 4 )V DIIHER DR ERIZFDOT v 7
N— g UMEREE IR Z E D KL

FEEE (~ mW em?) D55V DR OF A3 A - Y Iy
HEThDZEBHBNL T, 228 G
™
ST W

. %R>ﬁ< 4¢
[1] N. Harada, Y. Sasaki, M. Hosoyamada, N. AN Tipsnpn UE fim
Kimizuka, N. Yanai, Angew. Chem. Int. Ed. 2021,
60, 142. Figure 1 Schematic illustration of a TTA-UC film.

© The Chemical Society of Japan - K602-1pm-02 -



K602-1 pm-03 The 103rd CSJ Annual Meeting

Near-Infrared Light-Absorbing Organic Molecules towards
Photothermal Cancer Therapy

(*Graduate School of Environmental Science, Hokkaido University, and ’Research Institute
for Electronic Science, Hokkaido University.) OKazuya Yoshida,! Vasudevanpillai Biju,"?
Yuta, Takano,"?

Keywords: Photothermal therapy; rosamine; cancer; electron transfer

Modern cancer treatment is mainly by surgery, radiation therapy, and chemotherapy.
However, the invasion of normal tissues and drug-resistant cancers are often problems.
Therefore, alternative and non-invasive treatments are desired. Phototherapy, including
photodynamic therapy (PDT) and photothermal therapy (PTT), has attracted attention in
cancer treatments because of its advantages, such as locally selective treatment, low
invasiveness, minimal side effects, and effectiveness against resistant cancers. PDT is a
technique that uses a photosensitizing agent with high tumor affinity and laser irradiation in
the presence of oxygen to generate reactive oxygen species (ROS) to cause tumor cell death.
However, the efficacy of PDT is greatly affected by tumor hypoxia. In contrast, PTT uses
photothermal agents to damage cancer cells by generating thermal energy through light
irradiation. The oxygen concentration does not limit its use. The
development of organic materials that absorb near-infrared (NIR) O
light for PTT is preferable in terms of bio-permeability and N
biodegradability. In this study, we desig and synthesize ~\ O S \K‘/

‘ N

photo-functional molecules based on sulfone-rosamine (Fig. 1), 0o

which absorb and utilize NIR light efficiently. Their photothermal ~ Fig- 1 Thr structure
effects are verified, and their molecular dynamics in cancer cells ~ ©Of sulfone-rosamine.
and the photothermal killing effect are revealed.

The sulfone-rosamine derivative in Fig. 1 showed the main absorption peak at 704 nm in
PBS, indicating its light harvesting ability in the NIR region. After 10 min of a xenon lamp
irradiation, the temperature of the solution is increased by 16.2 °C, indicating that the
sulfone-rosamine derivative possesses a sufficient .

photothermal effect. Since there is no change in the P No change

absorption spectrum before and after the xenon lamp

g 10
irradiation (Fig. 2), the sulfone-rosamine derivative is ::b
highly photostable. Subcellular localization shows that o
the sulfone-rosamine derivative is taken up by living 00

300 400 500 600 700 800 900

cells and is mainly localized in lysosomes. The Wavelangth nm]

cell-killing effect of the sulfone-rosamine derivative is Fig. 2 Absorption spectra of a

also verified, and the results will be presented in the sulfone-rosamine dye before

presentation. and after the Xe lamp irradiation
1) L. Liet al. Chem. Eng. J. 417, 128844 (2021). (290 mW / spot)

© The Chemical Society of Japan - K602-1pm-03 -



K602-1pm-04 BASEA H103EFES (2023)

—

i, %< D6nEBFRIAAFHEFIRINRISIS ﬁ’SL\’C ﬁ-ﬁf:%% 4z
RIFBEBFRELYENES . TRODOFA 1 L YMS VDM ?
(ZZ7 I NREAE ! - BEARKRT: 2 - HARR - OFSeBR 5% °) Ok sl ' -
A R—RR 2 - B R

What is the reason why the ring-opening quantum yield is smaller than the ring-closure one
and their sum is smaller than unity in many 6m-electron photochemical electrocyclic reactions?
('Mitsubishi Chemical Corporation, *Kumamoto University, *Japan Atomic Energy Agency)
OTakao Kobayashi', Shinichiro Nakamura?, Motoyuki Shiga®

In many 6m-electron photochemical electrocyclic reaction systems such as photochromic
molecules of diarylethenes, there is an empirical rule that the ring-opening quantum yield is
smaller than the ring-closure one and their sum is smaller than unity, the reason for which has
not been clarified experimentally or theoretically for a long time. In this study, we have
successfully revealed the reason why this empirical rule is fulfilled through nonadiabatic
molecular dynamics (NAMD) simulations of both photochemical ring-opening and ring-
closure reactions of CHD/cZc-HT, which is a 6m-electron electrocyclic reaction model system,
on highly accurate potential energy surfaces at the highly accurate level of XMS-CASPT2.
Keywords : Photochemical electrocyclic reaction,; Cyclohexadiene/Hexatriene; Quantum Yield;
Conical Intersection, Nonadiabatic Molecular Dynamics,
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Figure 1: Schematic photochemical electrocyclic reaction pathways from S; Franck-Condon states of
CHD(left) and cZc-HT(right) to products for each decay passway obtained by NAMD simulations.
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Effect of para-substituents of PyBTM radical derivatives on high-efficiency solution

fluorescence properties ('Ryukoku University, *Institute for Molecular Science) O Yohei
Hattori,! Ryota Kitajima,' Ryota Matsuoka,? Tetsuro Kusamoto,? Kingo Uchida'

Fluorescence of stable triarylmethyl radicals has attracted much attention for applications
such as highly efficient OLED materials."

We have found that diphenylpyridylmethyl radical derivatives, PyBTM? and F,PyBTM?
had high photostability. Substituting chlorine atoms at the para-position of the methyl group
using micellar Suzuki-Miyaura coupling reaction,” we prepared Mes,F,PyBTM with high
fluorescence quantum yields in solutions.”

We have recently synthesized new radicals with other para-substituents. We will report on
their fluorescent properties and discuss the role of the para-substituents.

Keywords : Radical, Fluorescence, Luminescence, Donor-Acceptor System, DFT Calculation
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1) X. Ai, E. W. Evans, S. Dong, A. J. Gillett, H. Guo, Y. Chen, T. J. H. Hele, R. H. Friend, F. Li, Nature
2018, 563, 536.

2) Y. Hattori, T. Kusamoto, H. Nishihara, Angew. Chem. Int. Ed. 2014, 53, 11845.

3) Y. Hattori, T. Kusamoto, H. Nishihara, RSC Adv. 2015, 5, 64802.

4) S. Mattiello, F. Corsini, S. Mecca, M. Sassi, R. Ruffo, G. Mattioli, Y. Hattori, T. Kusamoto, G. Griffini,
L. Beverina, Mater. Adv. 2021, 2, 7369-7378.

5) Y. Hattori, R. Kitajima, W. Ota, R. Matsuoka, T. Kusamoto, T. Sato, K. Uchida, Chem. Sci. 2022, 13,
13418-13425.
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Fluorescent Force Probe for Real-time Imaging of Hydrodynamic Stress Field

(‘Graduate School of Science, Kyoto University, *Graduate School of Engineering, Kyoto
University) Sachika Akitomo, ! Takuya Yamakado, ' Hidetsugu Kitakado, ' Ryo Kimura, ' Reiko
Kuriyama, > Kazuya Tatsumi, > Kazuyoshi Nakabe, > Shohei Saito!

The conventional FLAP force probe requires the adjustment of solvent viscosity for
visualizing hydrodynamic stress field, because the excited-state planarization occurs in the
low-viscosity solvents even without stress. We designed a new FLAP molecule bearing TIPS
ethynyl groups. The molecule is expected to suppress spontaneous planarization in the excited
state, and therefore it will work as a force probe even in low-viscosity solvents. Here, we report
synthesis and photophysical properties of this novel FLAP molecule.

Keywords : Fluorescent Force Probe; Excited State; Conformational Change; Polymer
Solution; Hydrodynamic Stress Field
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[1] R. Kotani, S. Yokoyama, S. Nobusue, S. Yamaguchi, A. Osuka, H. Yabu, and S. Saito, Nat. Commun.
2022, 13,303.
[2] T. Yamakado and S. Saito, J. Am. Chem. Soc. 2022, 144, 2804.
[3] AT, RIS, LEEESS ], 7RERH S, 38 fnth, W38k, WK RREs [endiy
540 & (2021) 56 & 378 X—,
[4] T. Yamakado, K. Otsubo, A. Osuka, and S. Saito, J. Am. Chem. Soc. 2018, 140, 6245.
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Applied Sciences, University of Tsukuba, 2. National Institute for Materials Science)
9:00 AM - 9:20 AM

[K703-1Tam-02] Synthesis of a NHC-Coordinated Germylene with a Biphenylene
Unit
OShogo Morisako', Takahiro Sasamori' (1. Faculty of Pure and Applied Sciences, and
Tsukuba Research Center for Energy Materials Sciences (TREMS), Univ. of Tsukuba)
9:20 AM - 9:40 AM

[K703-1am-03] Comparison of structures, optical properties, and reactivity between
linear and cyclic disilane-bridged trimeric framework
SYoshinori Yamanoi’, Teppei Yamada' (1. The Univ. of Tokyo)

9:40 AM - 10:00 AM

[K703-1Tam-04] Iron-Catalyzed C- O Activation/Tandem Tetra-annulation for
Synthesis of Carbon-bridged Oligo-(p-arylenevinylene)

OMENGQING CHEN’, Rui Shang’, Eiichi Nakamura' (1. The Univ. of Tokyo)
10:10 AM - 10:30 AM
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Facile synthesis and evaluation of polyfluoroarylated anthracene derivatives via regio-selective
dehydrogenative C—H/C—H cross-coupling reaction (‘TREMS, Univ. of Tsukuba, NIMS,
National Institute for Materials Science) ORyota Sato,' Junpei Kuwabara,' Takeshi Yasuda,’
Takaki Kanbara'

Cross-dehydrogenative coupling (CDC) reaction, which uses C—H bonds as reactive sites, is
a powerful tool for step and atom economical synthesis. Recently, we developed a CDC
reaction between polyfluoroarene and simple acene with unique regio-selectivity, which
proceeded at sterically vacant positions. [1] We envisioned that multiple arylated acenes could
be synthesized by combining this unique regio-selective CDC reaction with conventional cross-
coupling reactions in a complementary manner. In this presentation, we show that this protocol
can easily introduce different aryl groups into anthracene. Their basic properties and
electroluminescent properties were evaluated. In addition, we will also show the
semiconducting properties of the anthracene derivatives synthesized so far.
Keywords . Cross-dehydrogenative coupling reaction; Palladium catalyst; C— H bond
activation reaction; Anthracene; Polyfluoroarene.

i KFEM 7 v 295 » 7Y 7 (CDC) BUSFIEE O C-H B 2RISR LT 2720,
A RDOAF NN TH D, HilTH % 1L, polyfluoroarene & Hififi/2 acene ® CDC JX
IS —H ) 72 Pd RIS K D C-H S G UI & 13872 0 | SEREYIZ 29 T A0 T RAY
T B EE R LT, W Z ORER7NLERIY) CDC KL ZERIED 7 a A7
v U T ROG EFRIIC A S o B Z & ¢, 47 multiple arylated acene 735K,
T&E D EE 2=, KBFFE Tl 1,5-dibromoanthracene % HFEFEHT . fiE3k1E & CDC X
W KV HTe D aryl A ENOREBICEATE L LEWLMNIC LT, BT, £
WO OEMERESAH EL BEE L2 MLz, fFE T, Z2hETHMRLE
polyfluoroarylated anthracene #7538 {& D B ARKFE IR L T LRI T 5,

Pd cat.
C-H/C-H arylation

Br
Pd cat.
Arylation
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[1] R. Sato, T. Iida, T. Kanbara, and J. Kuwabara, Chem. Commun. 2022, 58, 11511-11514.
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Synthesis of a NHC-Coordinated Germylene with a Biphenylene Unit (' Faculty of Pure and
Applied Sciences, Univ. of Tsukuba, *TREMS, Univ. of Tsukuba,) O Shogo Morisako,'?
Takahiro Sasamori'-?

Carbenes, divalent two-coordinated carbon chemical species, have a wide variety of uses in
organic chemistry field. A germylene, a heavier analogue of a carbene, should exhibit the
singlet ground state with a lone-pair and an empty 4p orbital, which cause its nucleophilic and
electrophilic characters. Especially, aryl-substituted germylenes are known to be highly
reactive enough to cleave o-bond of a hydrogen molecule and thus expected to be effective
small molecule activator. We have previously reported the generation of a biphenylene-
substituted germylene at low temperature, which underwent facile dimerization to give the
spirogermabifluorene derivative as a final product. In this study, we aimed to isolate the
biphenylene-substituted germylene as a N-heterocyclic carbene (NHC) coordinated complex.
Dichlorogermane 2 was prepared by dilithiation of 1 followed by the reaction with GeCls. The
NHC-coordinated germylene 3 was generated by the reduction of 2 in the presence of NHC.
Herein, we will report the details of the synthesis and reactivity of 3
Keywords : Germylene; Germanium,; Biphenylene; Metallylene
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(1) Y. Peng, J.-D. Guo, B. D. Ellis, Z. Zhu, J. C. Fettinger, S. Nagase, P. P. Power, J. Am. Chem. Soc.
2009, /31, 16272—-16282. (2) S. Morisako, K. Noro, T. Sasamori, Inorganics 2021, 9, 75.
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Comparison of Structures, Optical Properties, and Reactivity of Linear and Cyclic Disilane-
Bridged Trimers (School of Science, The University of Tokyo) Yoshinori Yamanoi, Teppei
Yamada

,
ity

Organosilicon compounds are widely used in light-emitting materials and pharmaceuticals.
Compounds incorporating disilane bridges in their molecular structures are linked by
conjugation between the overlapping 7 orbitals of the aromatic ring moiety and the ¢ orbitals
of the disilane moiety (o-m conjugation). The incorporation of o-m conjugation results in a
bulky and flexible backbone, which is expected to exhibit physical properties different from
those of conventional compounds with a C=C backbone. Since the dimer and tetramer of the
disilane-bridged cyclic dimer have already been reported, the trimer has not yet been reported.
We synthesized a disilane-bridged cyclic trimer (c-Ph3) and a disilane-bridged linear trimer (1-
Ph3) for comparison, and measured the optical properties of these compounds. AgSbF¢ was
added to these compounds, and the complex formation was confirmed by NMR, UV-vis, and
mass spectrometry.

Keywords : Organosilane; Complexation, Photoluminescence
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1) Omoto, K.; Nakae, T.; Nishio, M.; Yamanoi, Y.; Kasai, H.; Nishibori, E.; Mashimo, T.; Seki, T.; Ito,
H.; Nakamura, K.; Kobayashi, N.; Nishihara, H. J. Am. Chem. Soc. 2020, 142, 12651-12657.

2) Shimada, M.; Yamanoi, Y.; Ohto, T.; Pham, S.-T.; Yamada, R.; Tada, H.; Omoto, K.; Tashiro, S.;
Shionoya, M.; Hattori, M.; Jimura, K.; Hayashi, S.; Koike, H.; Iwamura, M.; Nozaki, K.; Nishihara,
H. J. Am. Chem. Soc. 2017, 139, 11214-11221.
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Iron-Catalyzed C-O Activation/Tandem Tetra-annulation for
Synthesis of Carbon-bridged Oligo-(p-arylenevinylene)

(Department of Chemistry, Graduate School of Science, The University of Tokyo) (OMengging
Chen, Rui Shang, Eiichi Nakamura

Keywords: Iron; Tetra-annulation; Carbon-bridged Oligo-(p-arylenevinylene)

Carbon bridging in the form of a strained 1,4-dihydropentalene framework, effectively
flattening and stabilizing oligophenylenevinylene systems, is useful for the development of
optoelectronic materials.! The typical rigid and planar 1,4-dihydropantelene framework was
accessed using lithiation and Friedel-Crafts reaction, limiting the synthetic modularity.? due to
the involving a strong carbon nucleophile and carbenium intermediate susceptible for cationic
rearrangement. We reported an iron-catalyzed single-pot tandem cyclization of a
diarylacetylene into 1,4-dihydropentalene in high yield using a catalytic amount of FeCl,/PPh;
as a catalyst, Mg/LiCl as a mild reductant after sequential addition of 1,2-dichloropropane as a
mild oxidant’. Herein, we report the design and synthesis of conjugated dithiophenes of the
highest HOMO level among known conjugated dithiophenes using iron-catalyzed tandem
tetra-cyclization strategy. These bithiophenes made are expected to be applied to construct
donor-acceptor-type small molecule and conjugated polymeric materials of narrow optical gaps.

Ary Arp Ary Ary

OMe OMe >_\
s Fe.cat. ci Cl
\ reductant, t  THF, rt
MeO MeO

1 Ary Ary Arp . .
tandem annulation of 4 rings
F
1) C-O activation +[Fel (Fel | double rin
2) carboferration | +8 e~ contractior?
—-4e

double ferracycle A

1) Tsuji, H.; Nakamura, E. Acc. Chem. Res. 2019, 52, 2939-2949. 2) a) Zhu, X.; Tsuji, H.; Navarrete, J.
T. L.; Casado, J.; Nakamura, E. J. Am. Chem. Soc. 2012, 134, 10254-19259. b) Lu, H.; Nakamuro, T.;
Yamashita, K.; Yanagisawa, H.; Nureki, O.; Kikkawa, M.; Gao, H.; Tian, J.; Shang, R.; Nakamura, E. J.
Am. Chem. Soc. 2020, 142, 18990-18996. 3) M. Chen, W. Sato, R. Shang, E. Nakamura. J. Am. Chem.
Soc. 2021, 143, 6823-6828.

© The Chemical Society of Japan - K703-1am-04 -



K703-1am-05 The 103rd CSJ Annual Meeting

Spiro-conjugated 1,4-Dihydropentalenes: Short-step Synthesis by Iron-
catalysis and Materials Properties

('Molecular Technology Innovation, Department of Chemistry, Graduate School of Science, The
University of Tokyo)
0Aziz Khan,' Mengqing Chen,' Rui Shang,' and Eiichi Nakamura'

Keywords: Iron-catalysis, spiro-conjugation, 1,4-dihydropentalenes, annulation, electronic materials

The spiro-conjugated systems attract considerable attention from both synthetic and material
chemists for their structural novelty and desired properties as optoelectronic materials. However, the
synthetic incorporation of stimuli-responsive vinylene moieties into spiro-conjugated systems is
challenging due to cationic rearrangement in established synthetic routes. Herein, we designed and
synthesized a series of pure hydrocarbon spiro-conjugated 1,4-dihydropentalene systems incorporating
highly strained vinylene moiety by utilizing the iron-catalyzed tandem cyclization approach. The new
spiro-conjugated 1,4-dihydropentalenes showed promising optoelectronic properties and high stability
in both solution and their film states, indicating their promising application as host and charge
transporting materials for organic electronic devices. Introducing donor and acceptor functionalities on
the spiro-conjugated 1,4-dihydropentalene system, and synthetically doping them with heteroatoms are
expected to facilitate the development of electronic materials for light-emitting and charge transport.

substituent
engineering

Fe catalysisﬁ

@Tr HOOC/ o

Fe-catalyzed spiro-cyclization for 1,4-dihydropentalenes

References

1) M. Chen, W. Sato, R. Shang, E. Nakamura, J. Am. Chem. Soc., 2021, 143, 6823.

2) H. Hamada, Y. Itabashi, R. Shang, E. Nakamura, J. Am. Chem. Soc., 2020, 142, 2059.

3) H. Hamada, T. Nakamuro, K. Yamashita, H. Yanagisawa, O. Nureki, M. Kikkawa, K.
Harano, R. Shang, E. Nakamura, BCSJ, 2020, 93, 776.

© The Chemical Society of Japan - K703-1am-05 -



K703-1Tam-06 AXL2S B1035S4E2 (2023)

NFFMEA OV LERANRE-BREESHERIE

(R RE) OFEIa =1 - JgHIERR - FRAERIRRD - 1% kol

Cationic Indium Catalyzed C—O Bond Formation Reaction (' Department of Chemistry, Faculty
of Education, Gifu University) OMitsuhiro Yoshimatsu, Manoka Kikuchi,'! Rintaro Saito,
Hiroki Goto

Previously, we reported the cationic indium catalyzed C—C bond formation reaction of
propargyl alcohols with some aromatics. In this presentation, we will report the C—O bond
formation of some benzyl alcohols, not propargyl alcohols. The cationic indium catalyzed C—
O bond formation of some alcohols proceeded via the bimolecular dehydration process to give
the unsymmetrical ethers in good yields.

Keywords : Indium; C—O bond formation; Ether, Carbocation
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1) Aryl boronic acid catalyzed dehydrative substitution of benzylic alcohols. S. Estopina-Duan, L. J.
Donnelly, E. B. Mclean, B. M. Hockin, A. M. Z. Slawin, J. E. Taylor, Chem. Eur. J. 2019, 25, 3950; 2)
M. Yoshimatsu et al., AHEIR TR TR, 2022.
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Development of synthetic methodology for AB»-type arsines and investigation of catalytic
activity utilizing arsa-Buchwald ligands. (Graduate School of Science and Technology,
Kyoto Institute of Technology) O Akifumi Sumida, Kenta Ogawa, Hiroaki Imoto, Kensuke
Naka

The palladium catalyzed cross-coupling reactions are widely used in various fields, and
ligands are one of the most important factors for activity and selectivity. Today, the mainstream
of the ligands is organophosphorus. On the other hand, some organoarsenic ligands show higher
activity and selectivity in some reactions compared with organophosphorus ones. However,
there are few reports of arsine ligands, which are attributed to their synthetic methods. Herein,
we have developed the efficient synthetic methodology for AB»-type organoarsenic to construct
the arsine ligand library. In addition, we synthesized novel arsa-Buchwald ligands with various
alkyl substituents and screened arsa-Buchwald ligands by applying them for Suzuki-Miyaura
coupling reaction. Finally, we investigated the substrate scope for various aryl halides and
boronic acids and evaluated steric/electronic properties of some arsa-Buchwald ligands.
Keywords : Organoarsenic compound, AB,-type ligand, palladium catalyst, Buchwald ligand,
Suzuki-Miyaura cross-coupling
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1) R.J. Lundgren, M. Stradiotto, Chem. Eur. J., 2012, 18, 9758. 2) V. Farina, B. Krishnan, J. Am.
Chem. Soc., 1991, 113, 9585.

Suzuki-Miyaura cross-coupling
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Emission properties of Eu(III) nitrate complexes bearing arsine oxides ('Grad. Sch. of Sci. and
Tec., Kyoto Inst. of Tech, *WPI-ICReDD and Fac. of Eng., Hokkaido Univ.) OToshiki Fujii',
Yuichi Kitagawa?, Yasuchika Hasegawa?, Hiroaki Imoto!, Kensuke Naka'

A europium (Eu®") complex exhibits red luminescence with small FWHM through
photosensitized energy transfer from antenna ligands. In the development of luminescent Eu**
complex, the design of antenna ligand has an important role. Phosphine oxide is a typical motif
of antenna ligand due to the wide selection of the aryl substitutes. On the other hand, the
emission properties of Eu** complex with arsine oxides have not been studied in detail.

In this study, we synthesized Eu** complexes with arsine oxides. The Eu*" complexes with
arsine oxides exhibited higher photosensitization efficiency and emission intensity of the
electric dipole moment than the phosphine analogues. According to experimental and
theoretical investigations, the heavy atom effect and high atomic polarizability of arsenic
enhanced emission properties of Eu** complexes. In addition, the annulation structures affected
the emission properties of the Eu®" complexes.

Keywords : Organoarsenic compound; Europium; Photosensitization;, Heavy atom effect;
Phosphine
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1) (a) T. Fujii, Y. Kitagawa, Y. Hasegawa, H. Imoto, K. Naka, /norg. Chem. 2021, 60, 8605. (b) T. Fujii,
Y. Kitagawa, Y. Hasegawa, H. Imoto, K. Naka, /norg. Chem. 2022, 61, 17762.
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il A4 arsa-Wittig IS D BAE & b Rl DR FTELRE

CRLHORBE L35) ORBHE v} - 174 Miak - ok WS - JEAR MR - o &
Development of Catalytic Arsa-Wittig Reaction and Design Strategy of Arsenic Catalyst

(Grad. Sch. of Sci. and Tech., Kyoto Inst. of Tech.) ORyoto Inaba, Junya Yukiyasu, Takashi
Yumura, Hiroaki Imoto, Kensuke Naka

Catalytic Wittig reaction is one of the most famous reactions for the formation of carbon-
carbon double bonds. The concept of catalytic Wittig reaction is that the produced phosphine
oxide is selectively reduced in situ by using silane as a reducing agent. This reaction has two
problems. One is the limitation of skeleton of phosphine catalyst to react catalytically. The
other is difficulty to control E/Z selectivity. On the other hand, arsa-Wittig reaction has
excellent E-selectivity compared with catalytic Wittig reaction. In this work, we synthesized
arsolane as a catalyst, and conducted DFT calculations to reveal the difference in E/Z selectivity
between phosphorus and arsenic catalysts. Moreover, we designed arsenic catalyst (p-NMe,)
to achieve room temperature catalytic arsa-Wittig reaction with excellent E-selectivity.
Keywords : Wittig reaction, Organoarsenic chemistry
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W+ Br_ COEt silane (1.2 eq) AS
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>99:1 N
Arsolane p-NMe,

Scheme 1. Catalytic arsa-Wittig reaction

1) R. Inaba, I. Kawashima, T. Fujii, T. Yumura, H. Imoto, K. Naka Chem. Eur. J. 2020, 26, 13400-13407.
2) J. Yukiyasu, R. Inaba, T. Yumura, H. Imoto, K. Naka Org. Chem. Front. 2022, 9, 6786-6794.
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Development of Iridium-Catalyzed C(sp®)-C(sp?) [1,5]-Silyl Rearrangement Reaction
(‘Graduate School of Pharmaceutical Sciences, Osaka University, 2SANKEN, Osaka
University) O Jiawei Qiu,! Tsuyoshi Matsuzaki,”> Makoto Sako,' Kenichi Murai,! Junichi
Uenishi,! Kazushi Mashima,' Takeyuki Suzuki,> Mitsuhiro Arisawa'

Silyl rearrangement reactions have attracted attention in recent years that easily construct
new bonds (e.g., O-Si bonds and C-Si bonds). The most frequently reported example of silyl
rearrangement reaction is Brook rearrangement. The driving force of this reaction is attributed
to big difference between Si-O and Si-C bond energies (about 269 kJ/mol). On the other hand,
more useful silyl rearrangement reaction to form new C-Si bond is still difficult and unexplored.

Here, we have developed Iridium-catalyzed C(sp*)-C(sp?) [1,5]-silyl rearrangement reaction
using 2-vinyl-3-silylmehtyl heterocyclic compounds as substrates. This reaction shows high
novelty due to its silyl rearrangement from C(sp®) to C(sp?) and long-range 1,5-migration,
which is considered difficult. Also, it is worth noting that this reaction is a new example using
an iridium catalyst [IrCl(cod)]a.

Keywords : Silyl Rearrangement; Heterocyclic Aromatic Compound; 1,5-Migration
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C(sp®)- C(sp?) [1,5]-Silyl rearrangement

PG=Ts, Ms,etc. R'orR?orR®=Me, Ph,Bn,etc. R*=H,Me, Cl, CF3, F, etc.

1) For review, see: N. Lee, C. Tan, D. Leow, 4sian J. Org. Chem. 2019, 8, 25-31.
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Design and Synthesis of Spliceostatin A Derivatives: Structure-Activity-Relationship Study related
to Enone moiety of Spliceostatin A ('Graduate School of Pharmaceutical Sciences, Osaka
University, *Graduate School of Medicine, Osaka University) OSatoru Hirabayashi!, Noriko Ohta?,
Yuko Tsuyuguchi', Yue Li%, Yusuke Yoshikawa', Banzhong Lin!, Megumi Fumimoto!, Junichi
Haruta!, Makoto Sako!, Kenichi Murai', Keisuke Nimura?, Mitsuhiro Arisawa'

Prostate cancer is one of the most frequently detected cancers in men. Especially, in case of
developing into castration-resistant prostate cancer (CRPC), there are no effective therapy, so
drug development for the treatment of CRPC is important. Recently, we found that
Spliceostatin A (1) exhibits the CRPC proliferation inhibition activity. However, in vivo toxicity
studies in normal mice showed that 1 caused mouth death within 12 h of administration. To
reduce the toxicity of 1, we successfully synthesized an acid-stable derivative (2) and
succeeded in attenuating the toxicity compared to 1 based on in vivo toxicity studies using
normal mice. In this study, to investigate the importance of enone moiety of 1 for the CRPC
proliferation inhibitory activity, we designed and synthesized three novel derivatives (3-5). As
a results of biological evaluation, the proliferation inhibitory activity of those derivatives (3-5)
was lost. Furthermore, as a results of metabolic stability tests, it is found that the geometrical
isomerism of enone moiety of 1 made the differential selectivity of human or mouse CYP.
Keywords : Castration-Resistant Prostate Cancer, Spliceostatin A; Structure-Activity Relationship Study
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1) Cancer Res. 2019, 79, 5204-5217., 2) ACS Med. Chem. Lett. 2020, 11, 1310-1315.
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Thermal Cyclization of Linear Arylalkynes Facilitated by Folding
inside a Molecular Cage

(‘Department of Applied Chemistry, School of Engineering, The University of Tokyo,
2Division of Advanced Molecular Science, Institute for Molecular Science (IMS)) OGeorgi
Rosenov Genov,' Hiroki Takezawa,' Harumi Hayakawa,' Makoto Fujita'

Keywords: Tetradehydro-Diels-Alder Reaction; Cyclisation Reaction; Host-Guest;
Inclusion Compounds

The tetradehydro-Diels-Alder (TDDA) reaction is a useful transformation for the rapid
assembly of polycyclic scaffolds from simple linear precursors in a single synthetic step.
However, the reaction suffers from inefficient conversion and poor selectivity, requiring
careful substrate design and harsh reaction conditions to overcome the inherent entropic
cost for this transformation.'

Herein we report an efficient site-selective TDDA transformation within a
self-assembled supramolecular PdsLs cage.? Despite the large size, the flexibility of the
employed substrates allows for the efficient encapsulation within the host cavity. The rate of
thermal cyclisation of the encapsulated guest was found to be greatly enhanced, as well as
product selectivity has been observed. The efficiency of this system relies on the precise
conformational control of the substrate within the confined space of the host molecule. This
effect was clearly demonstrated on two related substrate classes, one of which can undergo
two subsequent cyclisation reactions, with the product shape dictating the selectivity of the

90 °C, 6h
D20
OO
extract

process.

PdglL 4 cage:
F’\d j 12+
(‘\

Q“@

70% encapsulation Yield (NMR): 51% 0%
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\ \ Pa= [ija:
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1) a) P. Wessig, G. Muller, Chem. Rev. 2008, 108, 2051. b) W. Li, L. Zhou, J. Zhang, Chem. Eur. J.
2016, 22, 1558. 2) G. R. Genov, H. Takezawa, H. Hayakawa, M. Fujita, manuscript in preparation
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TEtraQuinoline (TEQ) and Other Quinoline oligomers, a New Family in
Macrocyclic Compounds

(Graduate School of Pharmaceutical Sciences, Keio University) OWei Xu, Haru Nonaka,

Ryota Yagami, Mizuki Nishiwaki, Ayami Takeda, Naoya Kumagai
Keywords: quinoline, macrocyclic compounds, heterocyclic compounds, catalysis,
fluorescence

Macrocyclic chemistry has received sustained attention because of not only their fascinating
structures linked with their specific functions, but also a large number of naturally occurring
macrocycles featuring porphyrin frameworks. Based on our previous work of TriQuinoline (TQ),! a
unique quasi-flat head-to-tail quinoline trimer exhibiting unusual physical and chemical properties,
we endeavored to construct non-flat oligo-quinoline architectures.

TEtraQuinoline (TEQ), a head-to-tail quinoline tetramer, is an advanced form of TQ embedding
additional quinoline unit and acquires a characteristic saddle-shape with inwardly oriented four sp?
nitrogen atoms.? C, symmetric substituted TEQ entails considerably high energy barrier for flipping
to secure its chirality, which was experimentally supported by no erosion of enantiomeric excess even
at 240 °C. TEQ accommodates various kinds of transition metal cations, e.g. Fe?*, Co%*, Ni%*, Cu?*,
Zn?* and Pd?*, to form corresponding metal complexes as confirmed by X-ray crystallography,
exerting catalytic activity and cation-dependent fluorescence. A related TEQ congener with head-to-
head connectivity, amide-linked helical quinoline cyclic pentamer A and tetramer B will be also
comparatively discussed.

s B

TEQ: TEtraQuinoline Head-to-Head TEtraQuinoline

«rigid saddle architecture +H*, Zn?* responsive FL & CPL HH-TEQ
« chiral upon substitution (C,) + accommodates various metals ‘
+no racemization at 240 °C + application in transition metal catalysis

( 1
Quinoline-based oligoamide macrocycles

cyclopentamer A

L J

1) S. Adachi, M. Shibasaki, N. Kumagai, Nat. Commun. 2019, 10, 3820.
2) W. Xu, Y. Nagata, N. Kumagai, J. Am. Chem. Soc, 2023, in press.
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Novel synthesis of multi-substituted quinoline derivatives using
alkylidenemalononitriles and unsaturated aldehydes by
organocatalyst

(Graduate School of Science, Tohoku University) OXiaolei Han, Naoki Mori, Yujiro
Hayashi
Keywords: Quinoline; Organocatalyst; Domino reaction

Since there are many medicines possessing a multi-substituted quinoline moiety, it is
important to develop an efficient method for their synthesis. Many conventional synthetic
methods use aniline derivatives as starting materials. Herein, we will report a new one-pot
method for the synthesis of multi-substituted quinoline derivatives from unsaturated
aldehydes and alkylidenemalononitriles using an organocatalyst.

First, with the aim of developing a new asymmetric Michael reaction, a mixture of
B-alkynyl-a,B-unsaturated aldehyde 1 and isopropylidenemalononitrile (2) was treated with
diphenylprolinol silyl ether' developed in our laboratory. In this case, the tetrasubstituted
quinoline derivative 3 was obtained unexpectedly. (Condition A). Since 3 has no chiral
centers, we tried to find an inexpensive and easily available amine catalyst. After several
trials, 3 was obtained in the similar yield when di(2-ethylhexyl)amine and 4-nitrophenol
were used as catalysts (Condition B). This reaction has a wide substrate generality, and the
quinoline derivatives were obtained in high yields (Scheme 1).

Condition A Condition B
Ph /\/\(\H/)/\/\
Ph or oN
CHO iM
i NC.__CN H OSiMes 4-nitrophenol N Me
Ph" N ¢ N
SiMe. 71% 73%
3 Ph SiMes
1 2 3

Scheme 1. Substrate Scope Using Condition B

Selected Examples

10 mol% : CN CN CN

CHO /\/\(\H/)/\/\ g /N Me /N Ph /N
A & . . DY N RR=H:04% Y ;
TN 4-nitrophenol (2.5 mol%) CN i Ar SiMe;70%-~81% Ph SiMe; R=Me:95% Ph SiMe; 80%
SiMes H,0 (3.0 eq.) N R | 5
+ C : CN CN CN O :

N H
NC__CN toluene R2 ¢ N _N _N

JL,RZ Ar SiMe; N s o) « C‘ .
R i Ph SiMe; 78% Ph SiMe, O~786%  Ph SiMe, 91% !

1) Y. Hayashi, et al., Angew. Chem. Int. Ed. 2005, 44, 4212.
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Intramolecular Cyclization Reactions of Arylpropargyl Amides of Electron-deficient ao.,f3-
Alkenyl Carboxylates (!Osaka Metropolitan Univ., *Nara University of Education, 3Nara
Institute of Science and Technology) O Zhichao Wang,! Shoko Yamazaki,”> Tsumoru
Morimoto,* Akiya Ogawa'

Intramolecular cyclization reactions of arylpropargyl amides of electron-deficient a,f3-
alkenyl carboxylates such as fumarates and ethenetricarboxylates were investigated. The
reaction of the fumaramides with base, Ets;N or DBU in xylenes at 140 °C under air gave
benz[f]isoindoline derivatives in 63-21% yields. The benz[f]isoindolines may be produced via
formation of an allenic intermediate, intramolecular Diels-Alder reaction, proton transfer, and
dehydrogenation by oxygen. On the other hand, the reaction of fumaramide derivatives in
DMSO at 160 °C gave aroyl-substituted pyrrolidine derivatives as major products in 8§9-41%
yields, probably via addition of water. Furthermore, cyclization reactions of H and Me
substituted alkyne derivatives were investigated. Selective synthesis of various types of
products, such as formyl-substituted pyrrolidine derivatives and ene cyclized products was
achieved.

Keywords : Intramolecular cyclization reaction; Arylalkyne; Fumaramide, Benz[f]isoindoline;
Pyrrolidine derivatives
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Highly Stereoselective Synthesis of y,6-Unsaturated Quaternary
a-Amino Esters via the Tandem N-Alkylation/Claisen
Rearrangement of a-Imino Allylesters

(Graduate School of Engineering, Mie University) Olsao Mizota, Toshikazu Fukaya, Yumi
Miwa, Yoshinari Kobayashi, Tomoki Ejima, Mizuki Yamaguchi, Makoto Shimizu
Keywords: o-Iminoallyl Esters; Umpolung Reaction; N-Alkylation; Quaternary
Aminoesters; Claisen Rearrangement

v,0-Unsaturated o-amino acids are important molecular backbones present in many
natural products and pharmaceuticals such as antithrombotic agents and antibacterial agents.
v,0-Unsaturated a-amino esters are also important building blocks for the synthesis of
a-methylene-y-butyrolactone or pyrrolidine, which are the core units in many natural
products. Therefore, much attention has been paid to the development of practical and
efficient approaches to obtain y,8-unsaturated a-amino acid derivatives.

Previously, we have reported umpolung reactions for a-imino esters (N-alkylation) and
integrated various reactions using N-alkylation.'? These methods allow the free introduction
of various substituents on nitrogen and can yield a-amino acid derivatives in one-pot
reactions. In addition, we have previously reported a tandem MN-alkylation/Claisen
rearrangement of a-iminoallyl esters to give y,5-unsaturated a-amino esters; however, there
are some limitations to this reaction.” Herein, we would like to report a more efficient
synthetic method to achieve y,5-unsaturated quaternary a-amino esters using a broad range
of substrates. In addition, a highly £- and Z- selective Claisen rearrangement was achieved
by controlling the reaction conditions and substrates. Moreover, further transformations of
the products was achieved.

N’R 1. R™Al R v Highly efficient synthesis
A")Sfoﬁ/\ -_— R’ Vbb‘/\Ar/\< "R v Complete E-selecitive synthesis
0 R 2. CHyN, *~CO,H

v Highly Z-selective synthesis
y,0-Unsaturated Quaternary
a-Amino Ester J Functionalization

1) I Mizota, M. Shimizu, Chem. Rev. 2016, 16, 688.

2) I Mizota, Y. Nakamura, S. Mizutani, N. Mizukoshi, S. Tertasawa, M. Shimizu, Org. Lett. 2021,
23,4168.

3) I Mizota, K. Tanaka, M. Shimizu, Tetrahedron Lett. 2012, 53, 1847.
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Selective Defluoroaminoxylation of Perfluoroalkylarenes by
Organic Photoredox Catalysis

(Graduate School of Engineering, Osaka University) (ONaoki Sugihara, Yoshihiro Nishimoto,
Makoto Yasuda
Keywords: C—F bond transformation; photoredox catalyst; fluorinated compound; radical

Fluoroalkyl groups are often utilized in various field such as medicines and agrochemicals
because its incorporation can drastically change the properties of biologically active small
molecules. A number of methods have been reported for the efficient construction of
perfluoroalkylated compounds. A selective transformation of carbon—fluorine (C—F) bond is a
straightforward strategy for the synthesis of complicated multi-fluorinated compounds from
perfluoroalkyl compounds.' Although perfluoroalkyl units are inert and difficult to transform
selectively, we recently reported selective defluoroallylation of perfluoroalkylarenes using
allylic stannanes by photoredox catalysis.> We envisioned that other radical acceptors also
works well. Herein, we report selective defluoroaminoxylation of perfluoroalkylarenes by
organic photoredox catalysis.

In the investigation for the reaction of perfluoroalkylarene 1a with TEMPO 2 in the
presence of organic photoredox catalysts, photocatalyst 3 was found to be the most effective
catalyst, which afforded aminoxylated product 4a. Transient-absorption spectroscopy studies
disclosed dimethyl substituent in 3 played an important role in prolongation of excited triplet
life time and that enable the reaction to proceed efficiently.

: N'Pr.
EF o° Photocatalyst 3 . 2
q (5 mol%) O F :
CsF7 + N > ;
Ph MeCN, 35 °C, 24 h /©)<ch7 5 N
370 nm Ph ( I s I :]

1 (1 equiv) 2 (2 equiv) 4a (79%)

* Photocatalyst 3

Further C—F bond transformation of aminoxylated product 4 was successful. The reaction
of 4b with silyl enol ether 5 in the presence of AlCl; proceeded to afford fluorinated alcohol 6.
This result showed a potential of 4 for precursors of various fluorinated alcohols.

(o}
N . i
Q: . . OSiMe, AICl3 (2 equiv) o HO ‘Bu
/©)<C3F7 %’Bu CHCl3, rt, 6 h CsF;
NC NC

4b (1 equiv) 5 (5 equiv) 6 (62%)

1) Y. Nishimoto, N. Sugihara, M. Yasuda, Synthesis 2022, 2765.
2) N. Sugihara, K. Suzuki, Y. Nishimoto, M. Yasuda, J. Am. Chem. Soc. 2021, 143, 9308.
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1,4-Addition of 2H-Heptafluoropropane to Unsaturated C-C Bond

(‘Division of Materials Science, Nara Institute of Science and Technology (NAIST), *Daikin
Industries, Ltd) O Yusuke Higashi,' Kotono Shima,! Mikiya Suzuki,' Moe Hosokawa,’
Kiyomi Kakiuchi,' Tsuyoshi Kawai,' and Tsumoru Morimoto'

Keywords: 2H-Heptafluoropropane; 1,4-Addition Reaction; Heptafluoroisopropyl Group

Perfluoroalkyl-containing organic compounds are often found in a wide range of fields,
including pharmaceuticals, pesticide, electronic materials and polymer materials.' Although
many researchers have developed synthetic methods for such compounds, most of them involve
the introduction of primary fluoroalkyl groups, such as CF; and C,Fs, and few methods have
been developed to introduce secondary or tertiary perfluoroalkyl groups. Even in the case of
the introduction of the simplest secondary perfluoroalkyl group, only some reactions have been
reported for the introduction of (CF3),FC groups from hexafluoropropene, CF;CF=CF, or 2-
iodoheptafluoropropane, (CF3),CFI. In all of these methods, the radical species, (CF3).FC-, is
involved in the reaction as an important intermediate, but considering the electronic properties
of the (CF3),FC group, synthetic transformation via the anion species, (CF3),FC", also have
potential to become an effective method for the introduction of the (CF3).FC group. Herein, we
report a new synthetic reaction which proceeds via the generation of anion species from 2 H-
heptafluoropropane, (CF3),FCH.

The reaction of (CF3;),FC-H with 1-adamantyl acrylate (1) in the presence of
MesN'F -4H,0 (TMAF-4H,0) in anhydrous DMF at 30 °C for 5 h afforded 1-adamantyl 3-
heptafluoropropylpropanoate (2), in which (CF3),FC group is introduced at the terminus of
conjugated system, in 50% yield (Scheme).? In this reaction, the fluoride ion acts as a strong
base under nonaqueous conditions, deprotonating from (CF3)FC-H to generate the anionic
species, (CF3).FC", which forms a bond with the B-position carbon of the a,B-unsaturated ester
in the manner of 1,4-addition. Also, it was found that DMF not only acts as a solvent, but also,
contributes to the stabilization of (CF3),FC™ generated in situ, as in the other fluoroalkyl anion
such as "CF3 and "C,Fs. This represents the first reaction in which (CF3),FC group is introduced
into an aliphatic chain using (CF3),FC-H as the raw material. Furthermore, it was found that
the present method is applicable to the 1,4-addition reaction into a wide variety of electron-
deficient alkenes to yield the corresponding 1,4-adducts in moderate to high yields.

(0]

FsCg H 0 TMAF-4H,0 (0.25 mmol FsCo -
FH/ + \)J\ 2 ( - ) FSCNOAd Fa
CF, oAad  DMF (2.0 mL), 30 °C, 5 h E CF,
10 mL screw-capped vial CF;
2H-heptafluoro- 1 (0.25 mmol) 251%
propane Ad =
(0.88 mmol, 20 mL) %

1) N. Shibata et al. ASC Omega 2020, 5, 10633-10640. 2) T. Morimoto et al. JP2021-188866;
PCT/JIP2022-118114.

© The Chemical Society of Japan - K705-1pm-03 -



K705-1 pm-04 The 103rd CSJ Annual Meeting

a-Amino acid and peptide synthesis using catalytic
cross-dehydrogenative coupling

(" The Univ. of Kyushu, > NIBIOHN, * The Univ. of Osaka) OTaro Tsuji', Kayoko
Hashiguchi', Mana Yoshida!, Tetsu Ikeda', Yunosuke Koga', Yusaku Honda', Tsukushi
Tanaka', Suyong Re? Kenji Mizuguchi*®, Daisuke Takahashi', Ryo Yazaki', Takashi
Ohshima!'

Keywords: Amino Acid; Metal Catalyst

Ionic or radical a-amino Schiff base methods are well known for the synthesis of
o,a-disubstituted a-amino acids.'*> However, the incorporation of sterically demanding
groups 1s challenging with ionic methods, and radical methods require
prefunctionalization of the substrates. We have developed a dehydrogenative coupling
process of a-amino acid Schiff bases with hydrocarbon feedstocks for the synthesis of

3 These a-amino acid derivatives were

o,o-disubstituted o-amino acid derivatives.
transformed into C- and N-protected amino acids, which could be easily incorporated
into peptide synthesis. A range of a-amino acid derivatives could be readily accessed,
which includes, notably, those that bear contiguous quaternary centers. Circular
dichroism measurements show that the helical peptide structure is stabilized by the

highly sterically congested unnatural a-amino acid.

o O
H Copper catalyst N.__Ph
MeO N Ph + R27< - = MeO
HE ph R R* R*A RY ph
RS R*
amino acid schiff base easy to access Contiguous tetrasubstituted

carbon centers

solid-phase
peptide synthesis

Stability of a-Helix Structure

1) (a) Wang, J.; Liu, X.; Feng, X. Chem. Rev. 2011, 111, 6947. (b) Maruoka, K_; Ooi, T.
Chem. Rev. 2003, 103, 3013. (c) Henning, V.; Stefan, B. Org. Biomol. Chem. 2007, 5,
406.

2) Brandhofer, T.; Mancheno, O. G. Eur. J. Org. Chem. 2018, 6050.

3) Tsuji, T.; Hashiguchi, K.; Yoshida, M.; Ikeda, T.; Koga, Y.; Honda, Y.; Tanaka, T.; Re,
S.; Mizuguchi, K.; Takahashi, D.; Yazaki, R.; Ohshima, T. Nat. Synth. 2022, 1, 304.
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Oxidative Dearomative Coupling Reaction of Arenols Using
Hypohalite Catalysis

(Graduate School of Engineering, Nagoya University) OTakehiro Kato, Muhammet Uyanik,
Kazuaki Ishihara
Keywords: Hypohalite catalysis; Oxidative dearomatization; Phenol; Enantioselective; Oxone

Enantioselective oxidative dearomatization of arenols is an important tool for the synthesis
of several biologically important compounds. 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.? However, long times (~3 days) were required to complete the
reactions, even for these highly reactive substrates. Notably, no reaction took place for the
oxidation of phenols.

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
environmentally benign oxidants such as oxone or potassium bromate. 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, oxidative dearomatization of electron-deficient phenols, which were
hardly reactive using the hypoiodite catalysis, readily proceeded to give the corresponding
inter- and intramolecular dearomative C—O, C—N and C—C coupling adducts. We also achieved
the first enantioselective hypobromite catalysis for oxidative dearomative coupling reactions.
Notably, control experiments revealed that the reaction mechanism of hypobromite catalysis
might be different from that of hypoiodite catalysis.

Chiral cat. R4N*I~ O via I\O
Oxone
EDG-- | “Nu — RiN"
OH for R = EDG = EDG—\ | Nu
= (Electron-Donating Group) up to 94% ee (R) L ]
\ ,/’ ‘\\
R Z NuH Chiral cat. RyN*Br- o} SN vial’ o -
Oxidant ij\ Br ... R4N*
Nu = O, N-Pg or Ar Ewa N ; oY
for R = EWG = EWGL P Nu
(Electron-Withdrawing Group) up to 85% ee (S) i |

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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Total synthesis of pigments with azulene skeleton in an edible blue
mushroom

(Mnstitute of Multidisciplinary Research for Advanced Materials, Tohoku University, > Genesis
Research Institute, Inc., 3Graduate School of Science and Technology for Innovation,
Yamaguchi University.) O Kiyotaka Maruoka,! Ryuju Suzuki,! Takaaki Kamishima,’
Yoshitaka Koseki,' Toshihiro Murafuji,® Hitoshi Kasai'

Keywords: Azulene; Blue pigments; Total synthesis; Natural products; Nanoparticles

There has been a worldwide shift in food coloring from synthetic
. it n e

to natural pigments because of the increasing needs of our consumers OO o e
for food safety. Currently, the major carotenoids used for magenta and
yellow are fat-soluble. Fine particulation of carotenoid pigments makes 1
it possible to color them also in aqueous systems.' For cyan, however, all natural pigments that
are available are water-soluble. Fat-soluble blue pigments are needed to enable coloring of a
wide range of foods.? To develop a natural blue organic pigment, we focused our attention on
fat-soluble pigment 1 containing in the edible mushroom, Lactarius Indigo.> Here, we
presented the total synthesis and basic physical properties of 1.

Compound 3 with an ethynyl group was obtained by Sonogashira coupling using 2. To
construct the azulene skeleton, the azulene derivative 5 was successfully synthesized by the
Hafner method.* (3—5) The regioisomer mixture 6 was obtained via nucleophilic addition
reaction with methyl lithium to 5 and re-aromatization with an oxidant. The desilylation of this
mixture 6 afforded 7 with C4 methyl group as a single compound by silica gel column
chromatographic separation. The conversion of the ethynyl group at C—7 position to an
isopropenyl group proceeded by carbometalation reaction (7—8). The side chain moiety was
then constructed, and we achieved the first total synthesis of the desired 1 with a total yield of

3.7%.
H—=—TBS NO2 NO,
PACI,(PPh;), @ e
Cul, TEA N\ Br NO: Et,NH
e Qo
THF Z R EtOH N ® o EtOH Pyridine
91% 3 81% | Br
= b= TBS / 2% Rr= TBS
Cp,ZrCl,
1:MeLi Me-Al
3 3 st
THF 6 TBAF O i H20 OO seps OQ );/\015"'33
2 p-Chloranil \// 2 steps CHCl,
Benzene 52% 90%
Mixture

74%

1) S. Ghosh et al., Appl. Biochem. Biotechnol., 2021, 193,3787. 2) A. G. Newsome et al., J. Agric.
Food Chem., 2014, 62, 6498. 3) H. D. Harmon et al., Cell. Mol. Life Sci., 1980, 36, 54. 4) K. Hafner,
Org. Synth., 1990, 7, 15.
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A *-dinor-OPDAs, novel ancestral jasmonates of Marchantia polymorpha

(‘Graduate School of Sciences, Tohoku University, “School of Pharmacy, Yantai
University, 3CNB-CSIC, *Graduate School of Life Sciences, Tohoku University)
oTakuya Kaji', Hidenori Yoshimatsu', Nobuki Kato', Haruka Sakurai', Ganggiang
Yang?, Guillermo H. Jimenez-Aleman®, Roberto Solano’, Minoru Ueda'*

Recently, evolution of plant hormone signaling attracts attention and dn-OPDAs were
previously identified as ancestral jasmonates in the model bryophyte Marchantia polymorpha
which belongs to the basal land plant in the phylogenetic tree. Phytohormone jasmonates
regulate myriad of bioactivities including plant defense responses. On the other hand,
subsequent recent studies indicated the existence of other bioactive ligands than dn-OPDAs. In
this situation, we identified the A*-dn-OPDAs as novel ancestral plant hormones of M.
polymorpha, which are biosynthesized from EPA independent of hexadecanoid pathway of dn-
OPDAs. Herein, we will report synthetic preparation of A*-dn-OPDAs and the in-vitro
evaluation of binding activity against MpCOI1-MpJAZ co-receptor. As a result of pull-down
assay, A*-dn-iso-OPDAwas suggested as the primary ancestral jasmonate in M. polymorpha.
Keywords: Plant hormone, Natural products chemistry, Chemical biology, Organic synthesis

TR IVE 2 7 FIRZER OB ITFEER ST o
Y LY O SEET UM Th S =TT &(ii &(ﬁi

BT dn-OPDA MBI Y ¥ A€ Vg & L CRIE S L
LA RV U X AE ERIIBHEIGE T Ehkx TR EW A*-dn-cis-OPDA dn-cis-OPDA

EPEZHIEHY 5, —J7 T, HE<HFIEIC L > Tdn-OPDA O .
IEDNCTEME BB ¥ AT VBN EET S 2 & N RIE X 7 4
7= 2 Fex X dn-OPDA DAGRGEREE & 1TBNCIEET S é{ {i{
EPA 7 5 EA R S 115 A*-dn- cis/iso-OPDA NFHIAR DX seansosron - oo
A \/E&@ U 7\7 Ve }‘O){ﬁ*ﬁﬁ\%f% ZD Z & %E‘Hj L/fC 30 A "Ancestral jasmonates”
*_dn-cis/iso-OPDA D I[E & LAEMIETERN 2 H g & L7=1k

FABB LI OB LTAEE Y DY = =4 D COI-JAZ 2 SR~ OFE S TEEREA N 72 &
%3 L CA *dn-iso-OPDA NE =7 OFERMERS ¥ ATV THDH Z LR
I N7-, AEETITZENSOFEMAE#RET 5,

1) Monte, L., et al., Nat. Chem. Biol., 14, 480-488 (2018).
2) Soriano, G.et al., New Phytol 233, 1401-1413 (2022).
3) Kneeshaw, S., et al., PNAS., 119, 36 (2022).

© The Chemical Society of Japan -E1662-1am-02 -



E1662-1am-03 The 103rd CSJ Annual Meeting

D REVERAVAALUS MUIZKBEYMTIVAOA REE
EEE

AL KRB Al - BACRBE R * - BRAF BRC ) O B3 ' - TG $hak > - BUR
AHn 2 - 1*“36‘ LR PR e e bl 52

JA-Ile-lactone Enhanced Accumulation of Alkaloid in Tomato (‘Graduate School of Life
Sciences, Tohoku University, *Graduate School of Science, Tohoku University, *RIKEN BRC)
O Rina Saito,' Takuya Kaji,> Taichi Okumura,”> Toshiya Muto,' Hiroshi Abe,’ Sohei
Yamagami,' Minoru Ueda'*

(+)-7-iso-Jasmonoyl-L-isoleucine (JA-Ile) is a plant hormone that functions as a protein-
protein interaction (PPI) inducer between F-box protein COI1 and transcription repressors JAZ,
leading to secondary metabolites production as well as plant growth inhibition. We found that
a cyclized JA-Ile (JA-Ile-lactone, JILa) induced tomatine production without causing growth
inhibition in Solanum lycopersicum. We also confirmed that JILa induced tomatine production
in a COI1-dependent manner. However, JILa did not bind to COI1-JAZ co-receptor pairs. In
contrast, 120H-JA-Ile, a hydroxylated product of JILa could be a genuine bioactive form of
JILa which was perceived by some COI1-JAZ co-receptor pairs. We also report the mode of
action of JILa that revealed by gene expression analysis and metabolites analysis.

Keywords : Plant hormone,; Jasmonic acid; Secondary metabolites; Mode-of-Action
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1) G. H. Jimenez-Aleman., et al., Org. Biomol. Chem. 2017, 15, 3391-3395.
2) G. H. Jimenez-Aleman., et al., Org. Biomol. Chem. 2015, 13, 5885-5893.
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Chemical regulation of crosstalk between jasmonate and ethylene by peptide-based chemical
tools (‘Graduate School of Science, Tohoku University, *Graduate School of Life Sciences,
Tohoku University) OYousuke Takaoka,' Liu Ruiqi,' Li Qi,' Minoru Ueda'~

Jasmonate and ethylene are plant hormones that act synergistically or antagonistically
regulate plant growth and defense through their master transcription factors (TFs) MYCs and
EIN3/EIL1. Recently, JAZ10.4, a JAZ10 splice variant, which accumulates downstream of the
jasmonate response, and has been reported to be involved in desensitization in the JA signaling.
We herein designed and synthesized a JAZ10.4-based peptide chemical tool, that acts MYC-
selective inhibitor in vivo as well as in vitro. Furthermore, this molecule showed uncoupling
activity for MYCs-EIN3/EIL1 crosstalk regulatory system.

Keywords : Plant hormone,; Protein-protein interaction,; Peptide; Transcription factor
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TFLY (BT) . BBOAE L BE - 5 o
R MHE I BV TR E T %, 20 oo I g
yux h—sfcE, Fnehoy sy | oyt | SO 1
MEIBY 5 EBEERT Myc2ss & | P O ETR
EIN3/EIL1 |2 X % % v /< 7 ERIF B VE 73 JAle 0%1
45 2 ENRBRENTVDA, Z OHH 1
AN = R LIIARPF LN L (Fig. 1) 13, K JAZs EIN2
BIETIE, JA IED FHRTER-L, Z 0 7 \y,/'

BAEICBEHD D AT T A4 2N T | JAZ10.4 Coe e
ICHH L, ZHICHESS RTF KRB I 2 MYCs (E3)

VY =V ERRE s AR LT Y, TR l \><

BLIRE Z 210, MYC®BINAYIZHE A L EIN3 .
LRFeAEHaLRN I, vaAXF reSVFYg:::ggr;es resf)irs(:eg;;es
ATV Y AT AREFAMNEST DL g | JAET BZ7 v % h—2 12
MYC Tt D& & Ml 4+ 2 — 75 T, DAEER TRy T — 7.
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1) Howe, G.A. ef al. Annu. Rev. Plant Biol. 69, 20.1 (2018). 2) Takaoka, Y. et al. J. Biol. Chem., 298,
101504 (2022). 3) Liu, R, et al. Biosci. Biotechnol. Biochem., 86, 1405 (2022). 4) Moreno, J.E. et al.
Plant Physiol. 162, 1006 (2013). 5) Zhang, F. et al. Proc. Natl. Acad. Sci. 114, 1720 (2017).
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Glycolipids as ligands and molecular probes for C-type lectin receptor Mincle; synthesis and
biological functional analysis ('Faculty of Science and Technology, Keio University, *Research
Institute for Microbial Disease, Osaka University, *Immunology Frontier Research Center
(IFReC), Osaka University) O Takanori Matsumaru,' Kana Okubo,' Kasumi Sakuratani,’
Kodai Sueyoshi,' Shusuke Fujii,' Juri Takayama,' Sho Yamasaki,** Yukari Fujimoto'

Mincle, a C-type lectin receptor (CLR), recognizes various glycolipids from microbes and
dead host cells, leading to the activation of innate immune system. Recent studies revealed that
the importance of lipid moieties of the glycolipid ligand for Mincle-mediated signaling activity,
but the lipid structures—activity relationships are not fully understood. The intracellular
behavior of Mincle and the ligands are also unexplored.

In order to understand these biological roles, we synthesized characteristic ligand structures,
including fungal B-mannosyloxymannitol glycolipid “44-2”, trehalose diester with lipid-
modification, and their analogues. The ligand structure—Mincle-mediated signaling activity
relationships were then analyzed. Based on the established synthetic method, we also
synthesized molecular probes and utilized them for observation of the intracellular behavior of
Mincle and the ligand.

Keywords : Glycolipid; C-type lectin receptor; Mincle; Innate immunity

CHRIVITFUZRERO—FETHS Mincle (T~ 7 17 7 —T7 EaEiilaoREi2
FHLL, MAEDHSROEGIEE B COBEGH B RO R &, ZER2EEER
itk L CHARGE ZHIET 2, ZHETOMIENS ., IHHERBUZBWTY 7 RIFEH
MOBEEMEDRH OGN E 725 TWDED, ZOMEIEHEMBE ORI ThH D, £
Mincle DFEREIZ DWW T H AR AN L < | il 21X, Mincle ® U > REEFRIZHIT 5%
AR T > R oyF ORa N 28 ube\TO)uiéﬂﬂ iﬁﬁ 52N o TR, Fox (3FF
WM lREEEEZ A L, 817 Mincle 7 2 = X MNEMEEZ RT KEKW TH 5 B-
mannosyloxymannitol glycolipid “44-2” "3 X OV DF %ﬁi’é RE R L A I 2 3N
L7z Fbnma —RA VT AT VEHEMR D& Gk LIEPERGIC R 95 2 & T, SHEETE
MHABAZ LT LT, OIS LTI H o RERRIEEZHW T 7 e —7 25K
L. AR A A — 2 T T ~REBA 5 Z & C. Mincle & A7) 7o AR N 258 A LI L
D THRET D,

1) Matsumaru, T.; Sakuratani, K.; Yanaka, S.; Kato, K.; Yamasaki, S.; Fujimoto, Y. Eur. J. Org. Chem.
2022, 20, ¢202200109.

2) Matsumaru, T.; Sueyoshi, K.; Okubo, K.; Fujii, S.; Sakuratani, K.; Saito, R.; Ueki, K.; Yamasaki,
S.; Fujimoto, Y. Bioorg. Med. Chem. 2022, 75, 117045.
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Development of tyrosinase-based ]groximity protein labeling in living cells (' Graduate School
of Engineering, Kyoto University, "JST ERATO) OYuna Matsuda,' Hao Zhu,' Jaec Hoon Oh,’
Hideki Nakamura,l’2 Muneo Tsujikawa,2 Tomonori Tamura,1 [taru Hamachi'?

Enzyme-catalyzed proximity labeling (PL) is one appearing method to large-scale obtain
protein localization and interaction information under a live condition. The current PL
enzymes, however, have the limitations of requiring H,O, (1 mM) for the activation
(peroxidases), undergoing a slow labeling reaction (BiolD: 18-24 h), and suffering from high
background labeling (TurbolID). In this context, we are developing a new PL strategy based
on tyrosinase, which can address the above issues. This presentation will profile the
tyrosinase-catalyzed protein labeling in testing tubes and demonstrate its use for organelle
proteomics.

Keywords : Proximity labeling; Enzyme; Tyrosinase, Organelle proteomics

R AR T LT 57~ u{kiE (PL) 1, AR T 78 O JSTECHE AAEH
DI WA RN AFDT2D DO FIEL L CEFEH SN TS, Lo, BEfFD PL BERICIE
LT ORENMERH SN TWD, (1) FEMHAEIZ 1 mM O H0, ZHRINT 20 ERH D (~UL
T =), 2) T NILEJENEV (BiolD: 18-24 B, (3) T~ LDy s
777 RI3@EW (TurbolD), ZiLH DA R 57290, FxiZFr i —EIC
FESWHH O PL IS OB 2D T D, AKX T, RBRENTOF o F—
VD 5 2 X7 G T NNACD FEARFFHEZ IR AR R FIERAN TR T T T4 I 7 A
WCHEHTHD Z L ERT,
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Figure 1. Tyrosinase-based proximity protein labeling
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1) Hyun-Woo, R. et al. Science 339, 1328-1331 (2013).
2) Roux, K. J., Kim, D. I., Raida, M. & Burke, B. J. Cell Biol. 196, 801-810 (2012).
3) Branon, T. C. et al. Nat. Biotechnol. 36, 880—887 (2018).
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Relationships between catalyst-promoted oxygenation level of amyloid B and cytotoxicity
(‘Graduate School of Pharmaceutical Science, University of Tokyo, >JST PRESTO, *School of
Pharmaceutical Science, Wakayama Medical University) O Ryota Matsukawa,! Masahiro
Furuta,' Harunobu Mitsunuma, ' Shigehiro A. Kawashima,' Yohei Sohma,® Motomu Kanai'

Amyloid B (AP), a peptide associated with Alzheimer’s disease, exhibits neurotoxicity by
aggregating through hydrophobic interactions and accumulating in extracellular spaces.
Catalytic photooxygenation of AP improves the hydrophilicity of Ap by introducing oxygen
atoms into AP, which reduces its aggregative properties and cytotoxicity. On the other hand,
no quantitative relationship between the oxygenation level of oxygenated AP and its
cytotoxicity has been investigated. In the present study, we examined relationship between
oxygenation level of AP and viability of PC12 cells.

AP was aggregated under physiological conditions for 1 hour and then irradiated with
various concentrations of photooxygenation catalyst for 9 hours to oxygenate AP with different
oxygenation yields. After these samples were added to cultured PC12 cells and the mixture was
incubated for 3 days, the relationship between the oxygenation level of AP and cell viability
was examined by counting the number of viable cells. The viability of PC12 cells treated with
non-oxygenated AP was approximately 60%, whereas that treated with oxygenated Af with
only 2% yield recovered to 100%. This suggests that oxygenated AP is highly effective in
reducing cytotoxicity.

Keywords : Amyloid B ; Catalytic photooxygenation; Alzheimer s disease; Cell viability

T NI NA < —J{EHERTF R THLT7 I A N (AB) ITBKMEMAEERIZ X
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FHET 25 2 & CRELRO R DWEFE AR Z1ERR LT 2, ;népmzm%:m
% T3 AR Lictk, M x5 2 & C A OEEFbE & iatE 7R 0RR
%H«to%®#% KRIgFAL AR ZINZ 1= 3556 O EAFHRD 60%FRE TH > 7=D
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710 ZAUT L EFRL AR DS E W EEME IR O R A FFD 2 AR S Tz,

1) Y. Sohma, T. Sawazaki, M. Kanai, Org. Biomol. Chem., 2021, 19, 10017-10029.
2) N. Nagashima, S. Ozawa, M. Furuta, M. Oi, Y. Hori, T. Tomita, Y. Sohma, M. Kanai, Sci.

Adv. 2021, 7, eabc9750.
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Stereochemical assignment of macrolide natural products by GIAO NMR calculation and
DP4+ analysis (Department of Applied Chemistry, Faculty of Science and Engineering, Chuo
University) OKeisuke Murata, Hirotoshi Mori, Haruhiko Fuwa

GIAO NMR calculation'/DP4+ analysis® is now widely used for the structure assignment of
natural products. However, there are not many applications of GIAO NMR calculation/DP4+
analysis to macrolides. This is at least in part because a huge number of conformers are usually
generated in conformational searches of macrolides owing to the inherent conformational
flexibility of the macrocyclic skeleton.

In this study, we evaluated the accuracy of DP4+ analysis by its application to two macrolide
natural products, neopeltolide and lyngbyaloside B. Next, we applied NMR calculation/DP4+
analysis to the assignment of the relative configuration of the macrolactone domain of
leptolyngbyalide A—C>/oscillariolide®.

Keywords : Macrolides; Stereochemical assignment; Quantum chemical calculation

GIAO NMR #HH5i 1 & DPAHIEHT 2 13RI OREIERE ISR L SHA &S o FIET
bHo, LrL, v7rl Mea~o@EAEide < REEREEOFRMEICER L
TH U 2 ZHOBERMERDOFFEIZ 0D a A FRETH D,

AL TIL, 7 v U RRIXY neopeltolide & lyngbyaloside B % F\ T DP4+fEAT
DFEEZRFEL T2, & 512, GIAONMR FHH & DPAHENT T, Z AU E CIZARHELE 73
iE S ALTUWR ) o 7 leptolyngbyalide A-C3/oscillariolide* ~ 27 7 B D FH XL & OO I &
HATHT2DO T, ZOFEMEHET D,

1) Pulay, P. et al. J. Am. Chem. Soc. 1990, 112, 8261. 2) Sarotti, M. et al. J. Org. Chem. 2015, 80, 12526.
3) Piel, J.; Moreno, P. et al. Nat. Chem. Biol. 2019, 15, 813. 4) Murakami, M. et al. Tetrahedron Lett.
1991, 32, 2391. 5) Murata, K.; Mori, H.; Fuwa, H. Bull. Chem. Soc. Jpn. DOI: 10.1246/bcsj.20220253.
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Total Synthesis of Lobatamides

(Keio University) OSoichiro Yasui, Shona Banjo, Yoshiyuki Nagashima, Yuto Okada, Eiko
Nakasuji, Keisuke Nakata, Noritaka Chida, Toshitaka Okamura, Takaaki Sato
Keywords: lobatamide; total synthesis; enamide

Lobatamides A-C (1a-c) were isolated from a southwestern Pacific tunicate, and are
known to inhibit V-ATPases as potent antitumor macrolides.'®® Structurally, they share a
common macrobislactone framework with various enamide side chains. These enamides
would play an important role for their biological activity, although the systematic
structure-activity relationship are not investigated.? In this presentation, we report the total
synthesis of lobatamides based on the stercoselective construction of Z-allylic arene moiety,
and the late-stage installation of the enamide side chains from the terminal alkyne.

The Z-selective hydroboration of 1,1-disubstituted allene 2 and subsequent
Migita-Kosugi-Stille coupling provided (Z)-allylic arene moiety 6.2 The common
macrobislactone framework 8 was then prepared through intermolecular esterification with
7 and ynamide-mediated macrolactonization. The salient feature of our synthetic strategy
was the late-stage diversification from alkyne intermediate 8. Treatment of 8 with the
Schwartz reagent (Cp,ZrHCI) and NIS provided (£)-vinylic iodide 9 without affecting the
macrobislactone group.**® Finally, the total synthesis of lobatamides A (1a) and C (1¢) was
achieved by the copper-mediated enamidation with 10a and 10c¢, and the global
deprotection.
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Me Me Me TBS =
mOTBS nOTBS I6)
(Sia),BH Megsn 7
ia),BH;

then H,0,, NaOH cat. P(PPhy), HO OH

PO PO X
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Me 2 hydroboration Me macrolactonization
(P =TIPS) 3 (X=0H)
4 (X=Cl) B
OMe
e ~—N
Me OY\—/\\ o - \:/_
N O 10a,c Me Y\/\/ NH L.A(1a)
wwww % o] op HZN)LR nnQ o) o R
. v —N
Cp,ZrHCI; | o OH \:f o
PO NIS
9 enamidation HO L.B(1b)
8
Me Me  |obatamides A-C (1a-c) IWN “OMe
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1) a) J. A. Porco et al., J. Org. Chem. 1997, 62, 8968. b) K. Suzumura et al., Tetrahedron Lett. 1997,
38,7573. 2) J. A. Porco et al., J. Am. Chem. Soc. 2002, 124, 5650. 3) T. Sato; N. Chida et al., Chem.
Asian. J. 2018, 13, 1024. 4) a) T. Kan et al., The 142nd Annual Meeting of the Pharmaceutical
Society of Japan (2021), b) S. L. Buchwald ef al., Org. Lett. 2003, 5, 3667.
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Isolation and Structure Elucidation of Cytotoxic Substances from Marine Mollusk Aplysia
kurodai and Elucidation of their Origins ('Graduate School of Bioagricultural Sciences,
Nagoya University, >School of Agricultural Sciences, Nagoya University, Zakko Club, *Toba
Fisheries Science Center, °Interdisciplinary Cluster for Cutting Edge Research, Shinshu
University, SInstitute for Advanced Research, Nagoya University) O Yusuke Hioki,' Eri
Anshita,” Tatsuya Sato,® Toyoki Iwao,* Atsushi Kawamura,’ Yuta Tsunematsu,® Masaki Kita'

The herbivorous sea hare, Aplysia kurodai is known to possess cytotoxic compounds such
as aplaminones and aplyronines. These compounds have been thought to be derived from sea
algae or their associated microorganisms, however, their origins and acquisition pathways are
still unclear. To establish the origin of these cytotoxic compounds, we conducted a
comprehensive LC-MS/MS analysis of the secondary metabolites of the sea algae collected at
the habitat of sea hare and a genetic analysis of the associated microbes.

The investigation of the high polar fraction of A. kurodai led us to the isolation of new
cytotoxic aplaminone analogs. The LC-MS/MS analysis of the extracts of sea algae collected
at the habitat of A. kurodai revealed that the algae belonging to the Laurencia complex
contained aplaminones and aplyronines, and the presence/absence of the compounds varied by
the collection sites. These results indicate that the origins of aplaminones and aplyronines could
be microbes associated with the Laurencia complex. The genomic investigation of the microbes
is undergoing.

Keywords : Marine Natural Products; Structure Elucidation; LC-MS/MS; Cytotoxicity,
Biosynthetic Gene
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Development and mechanistic studies of photo-mediated [4+2]
cycloaddition for rapid assembly of iboga-type scaffold

(*Graduate School of Science, The University of Tokyo, Graduate School of Engineering,
Tokyo University of Agriculture and Technology) oGavin Tay,! Soushi Nishimura,® Hiroki
Kubota,? Hiroki Oguri!

Keywords: Iboga alkaloids; Photocycloaddition; Dihydropyridine; Multipotent biomimetic
intermediate; Photoflow reaction

Iboga-type indole alkaloids are a pharmaceutically significant class of natural products
known for its psychoactive and anti-drug addiction properties. In our previous biomimetic
synthesis, iboga-type scaffold 1a was assembled via thermal-assisted intramolecular Diels—
Alder cycloaddition between the dihydropyridine (DHP) ring and vinylindole methyl acrylate
moiety of 2a in 48% yield.! However, the attempted thermal [4+2] cycloaddition of substrates
with protection of indole nitrogen resulted in no conversion to form iboga-type scaffold 1. In
this study, we achieved the photo-mediated [4+2] cyclization of various substrates with
modifications of substituents R* and R? for efficient and flexible assembly of the iboga-type
scaffold 1 at room temperature in the absence of any photocatalysts or sensitizers.

Modular assembly of building blocks to form ene-yne and subsequent Cu(l)-catalyzed 1,6-
DHP ring formation? produced cyclization precursor 2 with protection of indole nitrogen.? A
representative substrate 2b (R* = Teoc, R?>= CO;Me) exhibits characteristic UV absorption at
365 nm. Photoirradiation at this wavelength region substantially improved the yield of the target
iboga-type scaffold 1b up to 72% (batch condition: 48%) with application of micro-flow system.
Through computational, spectroscopic, and mechanistic studies, we hypothesize that the photo
[4+2] cyclization would be triggered by site-selective activation of C4-C5 double-bond in the
DHP unit, which then undergoes a stepwise pathway presumably via open-shelled biradical
intermediates. Compared to the thermal cycloadditions, this approach featuring relatively
unexplored photo-induced [4+2] cyclizations has been demonstrated to have both broader
substrate scopes under milder reaction conditions and practical advantages using series of
precursors stable enough to be isolated.

modular N/\ N/ { N ~
NHz assembly /LOME N coMe  cat. Cu( _cat. Cu(l) | N S
b TCFsCH0H CICH,CH,CI b o COzMe
3CH> 212 0 OMe
N COMe  iCH,CH,CI CO;Me 60 °C 2a
previous
thermal [4+2]
370 nm N N
LED \ 2 e \ / N
=~ — N ) \
COo,M ! come R |, COuMe K {
e e R N
2 batch or R 2 1 H  CoMe COMe
flow For substrate 2b: R'= Teoc, R?= CO,Me 1a
. . . . flow: 72% (CICH,CH,CI i i i
photo-mediated [4+2] cyclization via biradicals batch: 490/: ((tolue:e) 2 e 'eoicitn'zzug'mrg;cmn

1) Mizoguchi, H.; Oikawa, H.; Oguri, H. Nat. Chem. 2014, 6, 57.
2) Mizoguchi, H.; Watanabe, R.; Minami, S.; Oikawa, H.; Oguri, H. Org. Biomol. Chem. 2015, 13, 5955.
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Syntheses of tricyclic diterpenes based on site-selective iodination
and selective 6-endo radical cyclization
(*Faculty of Pharmacy, Keio University) O Riichi Hashimoto,! Kengo Hanaya,! Shuhei

Higashibayashi,' Takeshi Sugai'
Keywords: Tricyclic Diterpenes; Short-step Synthesis; Site-selective lodination; Radical

Cyclization
[ Introduction ] Tricyclic abietane and podocarpane OH denydrosugiol (1a)

; : . o 1 2 (R12H, R2=/-Pr)
diterpenes (1a-d) consist of different substitution patterns on MRe R salvinolon (1b)
C ring and show diverse biological activities." Reported 06 E:;:i:l’l;e:ri’;lp:(m)
syntheses required many steps to enhance the oxidation level o (Ri=H.R*=Me)

A N . . . Me" Me A5—1n|mb|d2|0I (1d)

of B ring as well as the introduction of substituents on C ring 1 (R'=H, R*=0H)

after cationic polyene cyclization.” Here we accomplished the short-step syntheses of highly
oxidized tricyclic diterpenes (la-d) featuring site-selective iodination and selective 6-endo
radical cyclization as key steps.

[Results] Friedel-Crafts acylation between substituted methoxybenzene 2a and acid chloride
3a followed by oxime formation gave oxime ether 3a in 81% yield. Rh-catalyzed iodination in
a mixture of ionic liquid and CHCl; proceeded site-selectively at C9 position. Oxime at C7
position promoted the iodination as the strong directing group. Dehydration of hydroxy group
and deprotection of oxime ether were realized in one step with Meerwein reagent, giving cyclic
precursor 4a in 82% yield from oxime ether 3a.

Radical cyclization of 4a was investigated by photoredox catalysts under irradiation of blue
light. Although 5-exo cyclization took place preferentially than 6-endo cyclization in most of
investigated conditions, the combination of Ir[dF(CF3)ppyl(dtbpy)PFs with DBU in DMSO
realized preferential 6-endo cyclization. Finally, the synthesis of dehydrosugiol (1a) was
accomplished by deprotection. Our synthetic route improved the total yield and the number of
steps (31% in 6 steps) from so far reported synthesis (13% in 11 steps). In similar manner with
synthesis route of 1a, we also accomplished the syntheses of salvinolone (1b), crossogumerin
A (1c) and As-nimbidiol (1d) in 6 steps.

6-endo selective

Me . S radical cyclization
site-selective iodination
o Gl ¢ oM OMe 1) IdF(CF)ppyl- ™
e o i-Pr 1) [RhCp*Cl,], FPr 7 (dtbpy)PF i-Pr
i-Pr Me” Me Me NIS, CHCI3 Me DBU, DMSO Me @
1) AICl3 BMIM«NTf, blue LED
O UGS O O
2) MeONH, N 2) Me30+BF, o) 2) dodecanthiol [0)
2a 81% (2 steps) 1o’ “Me CI)Me 82% (2 steps) Me” Me 47% (2 steps) Me. Me
3a 4a dehydrosugiol (1a)

this work: 31% in 6 steps
previous: 13% in 11 steps

1) M. A. Gonzalez, Nat. Prod. Rep. 2015, 32, 684.
2) M. Tada et al., Bioorg. Med. Chem. 2001, 9, 347,
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Boron-Mediated Aglycon Delivery Method
OKazuki Inaba1, Yuna Naito1, Mina Tachibana1, Kazunobu Toshima1, Daisuke
Takahashi' (1. Keio University)
3:00 PM - 3:20 PM

[E1662-1pm-04] Chemical synthesis of ganglioside TACAs and their conjugation to
alpha-galactosyl ceramide for cancer vaccine constructs
“Mads Hartvig Clausen' (1. Technical University of Denmark)
3:20PM - 3:40 PM
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Efficient Synthesis of Tag-Modified Peptide Thioester Facilitated
by y-Substituted Proline

(1. Graduate School of Engineering, Nagoya Univ., 2. Institute of Nano-Life-Systems,
Nagoya Univ.) OKoki Nakatsu', Gosuke Hayashi', Hiroshi Murakami'~

Keywords: Proline derivatives; Thioester; Diketopiperazine; Peptide Ligation; Fmoc
Solid-Phase Peptide Synthesis

Native chemical ligation (NCL) is an effective strategy to ligate side-chain unprotected
peptide segments between an N-terminal cysteine peptide and a C-terminal peptide thioester
in neutral aqueous conditions.' To introduce a base-liable thioester moiety through Fmoc
solid-phase peptide synthesis (SPPS), many thioester surrogates has been designed and
reported by peptide chemists. Cysteinyl-prolyl-leaving group (CP-LG) is easily introduced
to a peptide in Fmoc Solid-Phase Peptide Synthesis and converts into thioester through
diketopiperazine (DKP) formation. The effect of leaving group to reaction rate in DKP
formation has been reported intensively.”* However, few studies have reported the effect of
other substitutions to DKP formation. Proline substitutions at Cy position greatly affect the
cis-trans conversion of prolyl amide and puckering of pyrrolidine ring of proline.” We
hypothesized that Cy-modified proline is an effective tool to investigate the nature of DKP
formation.

Herein, we will discuss the effect of y-substitution of proline of CP-LG on DKP
formation using CP-pyrazole peptides. Some modifications indicated a great improvement
in the rate of DKP reaction. In addition, we report peptide ligation using peptide thioester
with solubilizing tag attached to the y-position of the proline to ease the handling of
peptides in ligation reaction and purification steps.

© The Chemical Society of Japan

(¢}
e BICS .
)J\ N Lf( N DKP formation HN
‘21’ H >
(e}
(e}

(e}
- @ DKP thioester
CP(Sol.)-LG

v" DKP reaction was accelerated by
Cy-modification.
v’ Thioester with solubilizing tag

(1) Dawson, P. E.; Muir, T. W.; Clark-Lewis, 1.; Kent, S. B. Science 1994, 266, 776.
(2) Kawakami, T.; Kamauchi, A.; Harada, E.; Aimoto, S. Tetrahedron Lett. 2014, 55, 79.
(3) Yanase, M.; Nakatsu, K.; Cardos, C. J.; Konda, Y.; Hayashi, G.; Okamoto, A. Chem. Sci. 2019,

10, 5967.

(4) Nakatsu, K.; Yanase, M.; Hayashi, G.; Okamoto, A. Org. Lett. 2020, 22, 4670.
(5) Newberry, R. W.; Raines, R. T. Top. Heterocycl. Chem. 2017, 48, 1.
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Stereospecific syntheses of aryl C-glycosides with glycosyl
trifluoroborate

(Faculty of Pharmacy, Keio University, *Graduate School of Pharmaceutical Sciences,
Kyushu University) O Kazuki Kurahayashi,! Kengo Hanaya,'! Takeshi Sugai,! Go Hirai,?
Shuhei Higashibayashi?

Keywords: Aryl C-glycoside; Organoboron reagent; Cross-coupling; Stereospecific
synthesis

Aryl C-glycosides, whose sugars are directly connected through C-C bond with aromatic
rings, show various biological activities. In contrast to O-glycosides which are readily
hydrolyzed under acidic conditions or by glycosidases, C-glycosides are highly stable and
utilized as medicines. Since natural and pharmaceutical C-glycosides have a single
stereochemistry of either o and P, the desired stereoisomer is desirable. Reported synthetic
methods have several disadvantages such as a mixture of a and  products, highly toxic
reagents, or many steps.' To overcome these disadvantages in so-far reported methods, we
developed Cu-catalyzed stereoselective synthesis of glycosyl borates and the subsequent Pd-
catalyzed stereospecific cross-coupling between glycosyl borates and aryl bromides to produce
aryl B-C-glycosides 1.

Firstly, we investigated various conditions in the synthesis of glycosyl boronate from
glycosyl bromide 2, and succeeded in developing pB-selective borylation with Cu catalyst. Using
B-glycosyl trifluoroborate 3 and aryl bromides, aryl f-C-glycosides 1 were stereospecifically
synthesized in high yield with Pd catalyst. The B-configuration of glycosyl trifluoroborates was
stereoretentively transferred to that of C-glycosides, and aryl bromides with various functional

groups were applicable.

Cul (10 mol%),
PS-PPh; (13 mol%)

PIvO o Ba(pin), (1.5 eq.) PivO PdCI(A-taPhos), (5 mol%) ~ PIVO
P;:\’/i(ao TMSOLi (2.0 eq.) Pgﬁgﬁ/[m Cs,C0O3 (3.0 eq.), ArBr PB/i(V)O O,
BnG > BnO BnO

Br DMF, -20 °C, 20 h n toluene/H,0 = 1/1
3 microwave 120 or 130 °C 1
[B] = B(pin), B(dan), BF3K 3h

PivO CF3 PivO PivO Ph
PivO O PivO O PivO O
PivO PivO EnD PivO
n
1a 86% 1b 86% 1c 71%
PivO I\C/I)e PivO | NS PivO Me B
PivO Plvow) PivO O Q
PivO PivO Z PivO S F
Me BnO
1d 43% 1e 52% 1f70%

21 examples (42-86%)

1) M. A. Walczak, et al., J. Am. Chem. Soc. 2016, 138, 12049. 2) G. Hirai, et al., Org. Lett.
2021, 23, 1940. 3) M. A. Walczak, et al., Org. Lett. 2021, 23, 4289.
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Regio- and Stereoselective pB-Arabinofuranosylation Using a
Boron-Mediated Aglycon Delivery Method

(Faculty of Science and Technology, Keio University) (OKazuki Inaba, Yuna Naito, Mina
Tachibana, Kazunobu Toshima, Daisuke Takahashi

Keywords: [-Arabinofuranosylation; Boron-Mediated Aglycon Delivery; Regioselective;
Stereoselective; Boronic Acid

[-Arabinofuranoside (B-Arbf)-containing glycans have attracted much attention in many
research fields due to their interesting biological activities. However, stereoselective
construction of B-Arbf linkages has remained challenging owing to the non-availability of
neighboring-group participation, the unfavorable anomeric effect, and steric hindrance of
the substituent at the C2 position. In addition, furanose is favored by the Sn1 pathway due
to its structural and electronic properties compared to pyranose, resulting in the blunted
stereoselectivity.! In this context, we focused on our boron-mediated aglycon delivery
(BMAD), which can construct 1,2-cis pyranosides with high regio- and stereoselectivities
and we investigated the application of this method for regio- and stereoselective
[-arabinofranosylation.

Initially, the glycosylation of 4,6-diol acceptor 3 with 1,2-anhydro-D-arabinofuranose 1
using a boronic acid catalyst 4 was found to proceed smoothly to give B(1,6)-D-Arbf'S in
high yield with high regio- and complete (-stereoselectivities. In addition, it was confirmed
that when 1,2-anhydro-L-arabinofuranose 2 was used, the regioselectivity was reversed and
B(1,4)-L-Arbf 6 was obtained in high yield,? indicating the regioselectivity was completely
reversed depending on the optical isomerism of the donor used and was predictable a
priori.3 In addition, it was also successfully reversed the regioselectivity for the cis-3,4-diol
acceptors in the glycosylations using donors 1 and 2. Mechanistic studies using DFT
calculations revealed that the present glycosylation undergoes via Sni-type mechanism.
Furthermore, the usefulness of this present method was demonstrated by the chemical
synthesis of a fragment of arabinogalactan derived from timothy glass.
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1) A. B. Mayfield, J. B. Mettemich, A. H. Trotta, E. N. Jacobsen, J. Am. Chem. Soc. 2020,
142, 4061. 2) M. Tanaka, A. Nakagawa, N. Nishi, K. Iijima, R. Sawa, D. Takahashi, K.
Toshima, J. Am. Chem. Soc. 2018, 140, 3644. 3) M. Tanaka, K. Sato, R. Yoshida, N. Nishi,
R. Oyamada, K. Inaba, D. Takahashi, K. Toshima, Nat. Commun. 2020, 11, 2431.
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Chemical synthesis of ganglioside TACAs and their conjugation to
alpha-galactosyl ceramide for cancer vaccine constructs

'Center for Nanomedicine and Theranostics, Department of Chemistry, Technical
University of Denmark (OMads H. Clausen'
Keywords: Gangliosides; Cancer; Vaccines; Oligosaccharides; Glycolipids

Immunotherapy is revolutionizing cancer therapy by harnessing the power of the
innate and adaptive immune system against cancer cells and providing a more
tumor-selective approach in assistance to traditional treatments.! The identification of
tumor-associated carbohydrate antigens (TACAs), aberrant glycans decorating the surface
of tumor cells, has paved the way for the development of TACA-based cancer vaccines.’
TACA-based cancer vaccines have not yet reached the clinic and addressing some of the
limitations that characterize classical approaches in carbohydrate cancer vaccine
development can provide access to more effective candidates. In this context, iNKT cells
have emerged as central players in cancer vaccine therapies. Indeed, recent reports have
shown that iNKT cell-activating glycolipids, such as a-galactosylceramide (aGalCer), can
enhance the immune response against co-delivered cancer antigens by stimulating iNKT
cells to serve as universal T helpers.* As this strategy appears to be well-suited to break the
natural immunotolerance against TACAs,’ here we present our synthetic efforts towards the
preparation of ganglioside TACAs-aGalCer conjugates, their formulation in liposomes, and
their immunological evaluation in vitro and in vivo.® The synthesis relies on the preparation
of a suitably functionalized aGalCer moiety, the expeditious preparation of ganglioside
TACAs via improved reactions in sialic acid chemistry, and the conjugation of the two

components to obtain novel cancer vaccine candidates.
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1) M. Dougan, G. Dranoff, Annu. Rev. Immunol. 2009, 27, 83—117; 2) D. H. Dube, C. R. Bertozzi,
Nat. Rev. Drug Discov. 2005, 4, 477-488; 3) Y. Zhang, R. Springfield, S. Chen, X. Li, X. Feng, R.
Moshirian, R. Yang, W. Yuan, Front. Immunol. 2019, 10, 11-15; 4) M. Speir, I. F. Hermans, R.
Weinkove, Drugs 2017, 77, 1-15; F. Broecker, S. Gdotze, J. Hudon, D. C. K. Rathwell, C. L. Pereira, P.
Stallforth, C. Anish, P. H. Seeberger, J. Med. Chem. 2018, 61, 4918-4927; C. Romano, H. Jiang, S.
Tahvili, P. Wei, U. B. Keiding, G. Clergeaud, J. R. Henriksen, T. L. Andresen, A. E. Hansen, D.
Christensen, M. H. Clausen, ChemRxiv 2021, DOI 10.33774/CHEMRXIV-2021-L2SVH.
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[E1661-Tam-01] Development of Cu(ll)-responsive DNAzymes by chemoenzymatic
incorporation of picolinic acid ligands
OKohei Sakurai', Yusuke Takezawa', Mitsuhiko Shionoya' (1. Grad. School of Science,
The Univ. of Tokyo)
9:00 AM - 9:20 AM

[E1661-1am-02] Metal-dependent Regulation of Hybridization Behaviors of DNA
Strands Containing Iminodiacetic Acid-modified Uracil Bases
OKeita Mori1, Yusuke Takezawa1, Mitsuhiko Shionoya1 (1. Grad. School of Science,
The Univ. of Tokyo)
9:20 AM - 9:40 AM

[E1661-Tam-03] Development of a sequencing method for XNA by using duplex
formation
OHiromu Kashida1, Emiri Kagawa1, Yuka Shimizu1, Keisuke Toya1, Yuichiro Aibaz,
Osami Shojiz, Hiroyuki Asanuma' (1. Grad. Sch. Eng., Nagoya Univ., 2. Grad. Sch. Sci.,
Nagoya Univ.)
9:40 AM - 10:00 AM

[E1661-Tam-04] Development of PureCap Analogs for Co-transcriptional Capping
Enable Synthesis of Fully Capped Messenger RNA
OMasahito Inagaki1, Naoko Abe1, Zhenmin Li1, Yuko Nakashimam, Susit Acharyya1,
Kazuya Ogawa1, Daisuke Kawaguchi1, Haruka Hiraoka', Bannno Ayaka1, Zheyu Meng1,
Mizuki Tada', Tatsuma Ishida’, Pingxue Lyu’, Kengo Kokubo', Hirotaka Murase',
Fumitaka Hashiya® Yasuaki Kimura', Satoshi Uchida®®, Abe Hiroshi®>®? (1. Nagoya
University, 2. Research Center for Materials Science, Nagoya University, 3. Kyoto
Prefectural University of Medicine, 4. iCONM, 5. JST-CREST, 6. iGCORE)
10:10 AM - 10:30 AM

[E1661-Tam-05] NMR analysis of mismatch base pair recognition mechanism by
naphthyridine derivatives
OShuhei Sakurabayashim, Kyoko Furuita1, Noriaki Sugiuraz, Takeshi Yamadaz,
Toshimichi Fujiwara1, Kazuhiko Nakatani?, Chojiro Kojima1'3 (1. Institute for Protein
Research, Osaka University, 2. SANKEN, Osaka University, 3. Yokohama National
University)
10:30 AM - 10:50 AM

[E1661-1am-06] Nucleic Acids Chemistry beyond the Watson-Crick Double Helix
(86): Intracellular multicolor detection of multiple chemicals using
signaling light-up aptamers
OTamaki Endoh’, Jia-Heng Tan? Shuo-Bin Chen?, Naoki Sugimoto1'3 (1. FIBER, Konan
University, 2. Sun Yat-sen Universsity, 3. FIRST, Konan University)
10:50 AM - 11:10 AM
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Development of Cu(ll)-responsive DNAzymes by chemoenzymatic
incorporation of picolinic acid ligands

(‘Graduate School of Science, The University of Tokyo) OKohei Sakurai,' Yusuke Takezawa,'
Mitsuhiko Shionoya'

Keywords: Artificial DNA; Chemoenzymatic synthesis; DNAzyme; Metal complex; DNA
nanotechnology

DNA is one of the most versatile building blocks for constructing nanoscale structures
due to its highly programmable sequence-dependent self-assembly. The regulation of DNA
structure and function by external stimuli has also attracted increasing attention. Metal-
mediated artificial base pairs!! are formed by metal coordination of ligand-modified
nucleosides with a specific metal ion and have been used to develop metal-responsive DNA
systems.?! To synthesize various ligand-modified DNA strands, we examined post-synthetic
modifications that incorporate ligands chemoenzymatically after DNA synthesis.?!

In this study, a picolinic acid (pic) ligand was post-synthetically incorporated into
DNA strands by DNA glycosylase reaction and reductive amination. A 15-mer DNA duplex
with a pair of pic ligands in the middle was prepared. Melting analysis showed that the addition
of 1 equiv. of Cu" ions significantly stabilized the pic-modified duplex (AT, = +31.0 °C),
probably due to the formation of an interstrand pic—Cu"pic complex.

The pic-modified DNA was then applied to the development of Cu'-responsive
DNAzymes. A known RNA-cleaving DNAzyme (E5) was divided into two and a pair of pic
ligands were incorporated into the stem region (Fig. 1a). The addition of 1 equiv. of Cu" ions
resulted in an 8.3-fold increase in DNAzyme activity (Fig. 1b). This is due to the hybridization
of the two strands by pic—Cu''—pic complex formation, forming a catalytically active structure.
These results suggest that the pic-modified DNA synthesized by chemoenzymatic reaction can
be further applied to the construction of various metal-responsive DNA nanostructures.
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Fig. 1 (a) Design of Cu'l-responsive RNA-cleaving DNAzyme containing a pair of pic ligands. “rA” in the
substrate represents an adenosine ribonucleotide at the cleaving site. (b) Time-course analysis of the
RNA cleavage by pic-modified DNAzyme. [DNAzyme] = 1.0 uM, [substrate] = 10 uM, [Cu'] =0 or 1.0
¢Min 10 mM MOPS (pH 7.0), 1 M NaCl, 10 mM MgClz, 25 °C. Error bars: standard errors (N = 3).

[1]Y. Takezawa et al., Chem. Lett. 2017, 46, 622. [2] Y. Takezawa et al., Angew. Chem., Int. Ed. 2020,
59,21488. [3] K. Sakurai ef al., the 101% CSJ annual meeting, 2021, G101-2pm-03.
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Metal-dependent Regulation of Hybridization Behaviors of DNA
Strands Containing Iminodiacetic Acid-modified Uracil Bases

(‘Grad. School of Science, The Univ. of Tokyo) OKeita Mori,' Yusuke Takezawa,' Mitsuhiko
Shionoya'

Keywords: Metal-mediated Base Pair; DNA Nanotechnology; Modified Nucleobase; Artificial
DNA; Iminodiacetic Acid

Stimuli-responsive DNA assemblies have attracted increasing attention. In particular,
metal ions are useful triggers due to the reversible and selective complexation with specific
ligands. We previously developed metal-responsive DNA nanodevices driven by base pair
switching of a "bifacial" 5-hydroxyuracil (U°") nucleobase between hydrogen-bonded U°M-A
and metal-mediated U°"-Gd"'-U®" base pairs.'* However, the U°"-Gd"-U°" pairing required
sequential incorporation of U®™, which limited the flexibility of sequence design. In this study,
we have developed a novel bifacial uracil base that forms a single metal-mediated base pair,
which was used to control DNA hybridization behaviors.> An N,N-dicarboxymethyl-5-
aminouracil (dcaU) base was designed by modifying the 5-position of the uracil with an
iminodiacetic acid ligand. The dcalU base was expected to function as a tetradentate ligand to
form a metal-mediated deaU-Gd"'—dcaU pair and a hydrogen-bonded deaU-A pair (Fig. 1a).

The dcaU nucleoside was newly synthesized from 5-bromo-2’-deoxyuridine and
incorporated into DNA strands (1 and 2) by standard phosphoramidite chemistry. Melting
analysis showed that duplex 1-2 with a dcaU—dcaU pair was stabilized by the addition of Gd"
ions (AT =+16.1 °C), indicating the formation of a single deaU-Gd"—~deaU pair. In contrast,
duplex 1-3 with a decaU—A pair was destabilized upon Gd" addition (AT = —3.5 °C). While
duplex 1-3 was more stable than duplex 1-2 under Gd"'-free conditions, duplex 1-2 showed
higher stability in the presence of Gd™. (5

These results indicate the Gd"- o . ;) ,, /{% .
dependent base pair switching between § SN WO
dealU-A and deaU-Gd'deaU. The 6 bl quuh A0 N
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the DNA hybridization behaviors (Fig. e nded switching |~ deal-Gd'-dcal
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1) Y. Takezawa, K. Nishiyama, T. Mashima, M. Katahira, M. Shionoya, Chem. Eur. J. 2015, 21, 14713.

2) K. Mori, Y. Takezawa, M. Shionoya, the 101st CSJ annual meeting, 2021, A25-1am-07.
3) K. Mori, Y. Takezawa, M. Shionoya, Chem. Sci. 2023, in press. DOI: 10.1039/D2SC06534G
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Development of a sequencing method for XNA by using duplex formation (!Graduate School
of Engineering, Nagoya University, *Graduate School of Science, Nagoya University) O
Hiromu Kashida,! Emiri Kagawa,' Yuka Shimizu,! Keisuke Toya,! Yuichiro Aiba,> Osami
Shoji,2 Hiroyuki Asanuma!

Recently, enzymes and aptamers composed of xeno nucleic acids (XNAs) have attracted
considerable attention owing to their high nuclease resistance and stability. However, there is
no general method to analyze XNA sequences. In this study, we developed a new method to
sequence XNA. Biotin-modified serinol nucleic acid (SNA) was hybridized with randomized
DNA, and was immobilized onto magnetic beads. Then, DNA strands forming duplexes with
SNA were eluted and amplified by PCR. As a result, a DNA sequence complementary to the
original SNA sequence was obtained via next-generation sequencing (NGS). Moreover, this
method can also be used to analyze sequences of peptide nucleic acids (PNA).

Keywords : Xeno nucleic acid; Serinol nucleic acid; Peptide nucleic acid; Sequencing
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1) H.Kashida, K. Murayama, T. Toda, H. Asanuma, Angew. Chem. Int. Ed., 2011, 50, 1285-

1288.
2) P.E. Nielsen, M. Egholm, R.H. Berg, O. Buchardt, Science, 1991, 254, 1497-1500.
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Development of PureCap Analogs for Co-transcriptional Capping Enable Synthesis of Fully
Capped Messenger RNA (' Graduate School of Science, Nagoya University, *Research Center for
Materials Science, Nagoya University, *Graduate School of Medicinal Science, Kyoto Prefectural
University of Medicine, “iCONM, °*IST-CREST, iGCORE) OMasahito Inagaki,' Naoko Abe,!
Zhenmin Li,' Yuko Nakashima,' Susit Acharyya,' Kazuya Ogawa,' Daisuke Kawaguchi,' Haruka
Hiraoka,! Ayaka Banno,' Zheyu Meng,' Mizuki Tada," Tatsuma Ishida,! Pingxue Lyu,' Kengo
KokP??é' Hirotaka Murase,! Fumitaka Hashiya,” Yasuaki Kimura,' Satoshi Uchida,>® Hiroshi
Abe">>

With the spread of the COVID-19 pandemic, the importance of research and development on
messenger RNA (mRNA) therapeutics is strongly demanded. One of the characteristic structures of
mRNA therapeutics is the 5'-Cap structure. The purity of the Cap structure strongly affects the
activity of mRNA therapeutics. An in vitro transcription, co-transcriptional capping, with
nucleoside triphosphate (NTPs) and cap analogs, ARCA or CleanCap®, are applied for the general
production of mRNA therapeutics. The cap analogs and NTPs are competitively incorporated into
the 5'-end RNA, and the resulting transcript mRNA is a mixture of the capped form and the terminal
triphosphate form. Since mRNA therapeutics are relatively longer nucleic acids, it is difficult to
isolate and purify only the capped form. The Cap purity of mRNA therapeutics is 55-80%, which
varies from lot to lot. In this study, we achieved the production of completely capped mRNA by co-
transcription capping using a novel cap analog, “PureCap analog”, which was originally developed
in our group. In addition, we have also succeeded in producing high-purity mRNA having the "Cap2
structure," which was difficult to synthesize with commercially available cap analogs.

Keywords : Cap Structures, PureCap Analogs; mRNA Therapeutics; Photo-Cleavable Hydrophobic
Protecting Groups; In Vitro Transcgtion
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NMR analysis of mismatch base pair recognition mechanism by
naphthyridine derivative

(‘Institute for Protein Research, Osaka University, *SSANKEN, Osaka University, * Yokohama
National University) OShuhei Sakurabayashi'?, Kyoko Furuita', Noriaki Sugiura®, Takeshi
Yamada®, Toshimichi Fujiwara', Kazuhiko Nakatani?, Chojiro Kojima'?

Keywords: NMR, structural analysis, naphthyridine, isotope labelling, mismatch

Repeat expansion diseases are caused by expansions of simple sequence repeats in
the human genome. The aberrant CGG repeat expansions in an FMRI gene induce fragile X
syndrome. A synthetic small molecule naphthyridine dimer (ND, Fig. 1A, ref. 1) binds to
d(CGQG) triad, a structural motif found in the hairpin structure in CGG repeat.

In this study, the interaction between a small molecule ND that binds to the CGG
sequence and double-stranded DNA (dsDNA) containing the d(CGG/CGGQG) sequence (GG1,
Fig. 1B) was analyzed by NMR, accompanied by the synthesis of '"N-labeled NDs (Fig.
1A). ND was found to form two types of complexes with GG1: a kinetically stable
(dsDNA : ND=) 1:1 complex and a thermodynamically stable 1:2 complex (Fig. 1C).
Analysis of the *'P NMR spectrum revealed that the phosphate backbone of the 1:1 complex
is unwound, whereas in the 1:2 complex can release the strain in the backbone by flip-outs
of cytosines (C5 and C16).

(A) Naphthyridine dimer (ND) (C)
/ — Free DNA

HaC” o7 NN NN
HH H NS R H .
H “-.lgfo N IN‘ tNg CHs -
N A ="5N: 15N,-ND

[ # =15N: 15N,-ND

1 2 3 4 5 6 7 8 9 101
9-CTAACGGAATG-¥
) 3"GATTGGCTTAC'5, _Kineticallystablefch

22 21 20 19 18 17 16 15 14 13 12 (1:1 complex)

Thermodynamically stable form
(1:2 complex)

(B)
GG1

(A) The binding mode of ND to d(CGGQG) triad. (B) the 1:2 complex structure of d(CGG)
triad and ND determined by NMR. (C) 1D 'H-NMR spectrum of the binding intermediate
of imino proton region.

(ref. 1) K. Nakatani, S. Sando, H. Kumasawa, J. Kikuchi and I. Saito, J. Am. Chem. Soc.,
2001, 123, 12650-12657
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Nucleic Acids Chemistry beyond the Watson-Crick Double Helix
(86): Intracellular multicolor detection of multiple chemicals using
signaling light-up aptamers

('FIBER, Konan University, “Sun Yat-sen Universsity, *FIRST, Konan University) OTamaki
Endoh', Jia-Heng Tan,? Shuo-Bin Chen?, Naoki Sugimoto'-
Keywords: RNA, aptamer, imaging, fluorophore, orthogonality

Various chemical probes that output fluorescence signals have been developed to
visualize molecules in living cells. Recently, RNA-based mimics of fluorescent proteins,
which are known as light-up aptamers consisting of an RNA aptamer and a fluorogen, have
been developed. Light aptamers can be converted into so-called signaling aptamers, which
enable fluorometric detection and quantification of small molecules. Detection of small
chemicals such as metabolites in living cells has been reported using the signaling aptamers.

Although light-up aptamers that fluoresce at different wavelengthes have been
developed, only a single target chemical has been detected at a time in cells. In this study,
we demonstrate RNA selection based on the sequence of a pioneering light-up aptamer,
Broccoli, to create orthogonal light-up aptamers, each of which recognizes a different
fluorogen and emits fluorescence at a different wavelength. We obtained these orthogonal
light-up aptamers using RNA-capturing microsphere particles (R-CAMPs), which enable
selection of RNAs interacting with a molecule of interest emitting fluorescence.' In addition,
based on the orthogonal light-up aptamers, we have designed signaling light-up aptamers
for fluorometric detection of

multiple chemicals (Figure 1). We -«ZW*\‘! . i«
succeeded simultaneous detection ‘- N\ @@\% +
of theophylline and S-adenosyl [ iad

Aptamers for . |
molecule of Simultaneous detection of

interest multiple small molecules

methionine in cells by blue and Grnee + 0 = § T +

. Fluorogen

green fluorescence.? The results Quartet -
demonstrated here provides a ot m [L_'%

simple strategy for rational 0
designing of the signaling Figure 1. Construction of signaling aptamers targeting
aptamers for multicolor detection multiple small chemicals.”

of intracellular chemicals.

1) a) T. Endoh, T. Ohyama, N. Sugimoto, Small 2019, 15, 1805062; b) T. Endoh, N. Sugimoto, Anal.
Chem. 2020, 92, 7955; c) S. Satpathi, T. Endoh, P. Podbevsek, J. Plavec, N. Sugimoto, Nucleic Acids
Res. 2021, 49, 8449; d) T. Endoh, S. Takahashi, N. Sugimoto, Chem. Commun. 2023, in press, DOI:
10.1039/D2CC05858H. 2) T. Endoh, J.-H. Tan, S.-B. Chen, N. Sugimoto, Anal. Chem. 2023, in press,
DOI: 10.1021/acs.analchem.2¢03598.
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Proposed BciC enzymatic hydrolysis and decarboxylation
mechanism

(*Graduate School of Life Sciences, Ritsumeikan University, ?Kurume University School of
Medicine, 3Graduate School of Engineering, Fukui University of Technology) O Mitsuaki
Hirose,! Jiro Harada,? Yuichiro Kashiyama,® Hitoshi Tamiaki'

Keywords: BciC; Chlorophyll; Decarboxylation, Enzyme; Hydrolysis

Chlorophylls are molecularly designed to optimize various roles in photosynthesis
(sunlight absorption, excited energy transfer, and charge separation) by enzymatic
modifications of their peripheral functional groups as well as the core skeleton.

Most photosynthetic antennas are formed by complexation of pigments with proteins, but
the core part of chlorosomes, the main light-harvesting antennae of green photosynthetic
bacteria, consists solely of bacteriochlorophyll (BChl) ¢, d, and e molecules (Fig. 1, left
drawing). These BChl-c/d/e have common structural motifs, namely, the presence of a hydroxy
group at the C3'-position and the absence of a methoxycarbonyl group at the C132-position. A
BciC enzyme catalyzed the removal of a methoxycarbonyl group in chlorophyllide-a at the
C132-position, which reduced the steric hindrance around the 13-keto-carbonyl group.!
Therefore, the BciC is one of the most important enzymes in the biosynthesis of BChl-c/d/e.
The in vivo BeiC-catalyzed reaction mechanism would occur via the two sequential steps:>*
(1) enzymatic hydrolysis of the C132-methyl ester [Fig. 1, right, step (i)], followed by (2) quick,
spontaneous decarboxylation in the resulting carboxylic acid [Fig. 1, right, step (ii)]; however,
the possibility that the C13%-decarboxylation enzymatically proceeded, could not be ruled out.
We conducted docking simulations of a computationally predicted BciC protein conformation
and the precursor, as well as in vitro assays of mutated BciC with a zinc-complexed model
substrate. Thus, we
discussed BeiC- S A
catalyzed hydrolysis
and decarboxylation. 182

1) T. Oba, H. Tamiaki,
Photosynth. Res. 1999,
61,23.2) M. Hirose, J.
Harada, H. Tamiaki,
Biochemistry 2020, 59, /
4622. 3) M. Hirose, J. Farnesyl Chlide-a: M =Mg, R=H
Harada, H. Tamiaki, IFigure 1. Molecular structures of farnesylated BChl-c/d/e homologs;
Bioorg. Med. Chem. BChl-c: R7 = R% = CH3; BChl-d: R7 = CH3, R = H; BChl-e: R7 =
Lett. 2021, 40, 127931 CHO, R = CHs; R® = CH,CHs;, CH,CH,CH3, or CH,CH(CHs),,
CH,C(CHz3)3; R'? = CH3 or CH2CHs. The asterisk (*) shows the 3!-
chirality (left drawing). A (mutated) BciC enzymatic reaction
mechanism via two successive reactions: (i) BciC-catalyzed hydrolysis
of the C132-methoxycarbonyl group in Chlide-a/Zn-Me-Pheide-a and
(ii) decarboxylation of the C13?-carboxy group (right drawing).

CHyoH ©OH
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Fabrication of Oil-in-Water (O/W) emulsions using enzyme reactive self-assembling peptides
(Graduate School of Engineering, Kyushu University)
OAyato Higuchi, Rie Wakabayashi, Masahiro Goto, Noriho Kamiya

In this study, we aimed to fabricate highly effective Oil-in-Water (O/W) emulsions for
potential vaccine applications. To achieve this goal, self-assembling peptides, Fmoc-XL,QG (X
=20 natural amino acids), having reactivity to microbial transglutaminase (MTG) enzyme were
synthesized and investigated'"?. Among the 20 self-assembling peptides, those having charged
or hydrophilic amino acids at the X position showed both self-assembling ability and MTG
reactivity, and stabilized the interface of O/W emulsions. The study on antigen uptake into
dendritic cells (DC2.4) using enhanced green fluorescent protein (EGFP) as a model antigen
showed that the higher uptake by O/W emulsion formulations than EGFP alone.

Keywords : Peptide Amphiphile; Emulsion; Enzymatic reaction; Self-assembly; Vaccine.

KIFGEILT 7 F o ~DISHN R O/W vy a vy OE-ZHEL, 2079
MR R R T AV E I F—F (MTG) KeEx2 AT 5 H Ok 7F R
Fmoc-XL.QG (X = {LED 7 X /) OFHEZREL TW\WbH, MTG KISIZ LY Hii#
VR G R EHEE O LT T N EICEER LEEBUREERT 7 7 A S—% O/W =<)L
VaryORMEERAIE L THNSZ LT, ZANAEEICRD &% 2 7= (Fig. 1a)!
Ay RTF RSN ORBZAT > TR X ATHrdErE, BT IV BEEA L~
F RN H CHFRLEE L MTG S ZOFERD, =~ vy a VR A ZEILT 5 2 &
D BN o=, Fi2, TTAHRE L TRt 2 /)78 (EGFP) 23R L.
BERAIE (DC2.4) ~DOHURDELY IAA Z Al L72f5 K. EGFP DA & il LT O/W
T a AT LD B AR BT 5 2 L AR ST (Fig. 1b),
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Fig. 1 (a) Conceptual diagram of this study.
(b) Mean EGFP fluorescence intensities of DC2.4 cells treated with EGFP samples. N = 3,
mean +SD, “p <0.01, ™p <0.0001.
[1] R. Wakabayashi, A. Suehiro, M. Goto, N. Kamiya, Chem. Commun. 55, 640 (2019).
[2] R. Wakabayashi, A. Higuchi, H. Obayashi, M. Goto, N. Kamiya., Int. J. Mol. Sci., 22, 3459 (2021).

© The Chemical Society of Japan -E1661-1vn-02 -



E1661-1vn-03 The 103rd CSJ Annual Meeting

Dispersion of Protein Nanoparticle in Water/DMSO Mixed Solvent

(! Keio University) OMaika Yamashita,' Norifumi kawakami, ' Kenji Miyamoto'
Keywords: Protein Nanoparticles, Dimethyl Sulfoxide,; TIP60; Hydrophobic Effect; Chemical
Modification

Proteins that fold in organic solvents will be attractive materials for applications. Possible
approaches to obtain such proteins are designing the sequence by computational simulation or
experimentally exploring the sequence by random mutagenesis. However, combinations of
various organic solvents and large sequence space of proteins make it difficult for the sequence
design in simulation approaches. The random mutagenesis approach is also inefficient because
proteins are generally synthesized in an aqueous biological environment, requiring
purifications and subsequent refolding in organic solvents. In this study, as the first step for
designing the protein folded in organic solvent, we propose an alternative approach to design
the soluble protein based on our designed protein nanocage TIP60"* in organic solvents as
following two steps.

First, the exterior surface of TIP60 was chemically modified with aromatic
compounds, and then the solubility in the different concentration ratios of water/ DMSO mixed
solvent was observed by monitoring the light scattering (Figure). As a result, although the
modified protein was aggregated in water, the dispersibility was improved under a specific
concentration of DMSO. The optimal ratio of mixed solvent was different depending on the
size of the aromatic rings of modified groups.

Second, we prepared the mutant having hydrophobic amino acids at the position
where the aromatic compound was modified. The mutant showed that the protein yield was
improved compared to that of TIP60 without mutation in the optimized ratio of mixed solvent.
These data suggested that our method may provide a basis for designing hydrophobic proteins.

SURFACE
MODIFICATION

Protein
Nanoparticle

DMSO concentration (v/v%)

1) N. Kawakami et al., Angew. Chem. Int. Ed. 2018 2) J. Obata et al., Chem. Commun., 2021
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Studies on the association character and structural analysis of
antibody light chain that tetramerizes by domain swapping

(!Div. Mat. Sci., NAIST, *Grad. Sch. Sci., Univ. Hyogo, *Inst. Res. Mgmt., Oita Univ., *Nano-
tech Lab., ISIT) O Takahiro Sakai,! Shohei Yamaguchi,!' Tsuyoshi Mashima,! Naoya
Kobayashi,! Hideaki Ogata,? Emi Hifumi,® Taizo Uda,* Shun Hirota'

Keywords: Antibody light chain; Domain swapping; Oligomerization; Thermodynamic
parameters; Variable region

Catalytic antibody is an : _
. e . T - “‘“9. ,},» 2 4
antibody exhibiting catalytic r X
.. . ‘X4 —>
activity. Its activity has been - &%f AR
reported to  increase by e NJ
catalytic antibody = monomer tetramer

oligomerization. In this research,

Fig. 1. Schematic representation of equilibrium between
monomeric and tetrameric forms of a catalytic antibody
light chain.

we investigated an oligomeric
catalytic antibody light chain #4
variant, #4C214A, in which the
Cys residue that forms a disulfide bond with Cys of the heavy chain is replaced with Ala (Fig.
1). According to size exclusion chromatography (SEC) analysis, #4C214A exists in equilibrium
between monomeric and tetrameric forms. The standard enthalpy change by dissociation of the
tetramer to monomers calculated from the dissociation constants decreased by increasing the
temperature (4-45°C). It indicates that #4C214A forms a tetramer through hydrophobic
interactions. Additionally, the dissociation rate of the #4C214A tetramer was much slower than
those of typical protein complexes, indicating that relatively large structural changes occur
during dissociation of the tetramer.
In order to investigate whether the

variable or constant region contributes to the Domain

oligomerization, we prepared a variant with swapp'"g

a TEV protease recognition site introduced ‘(_
#aVL

between the variable and constant regions of
#4C214A. The purified samples were then
cleaved with a TEV protease. According to
SEC analysis, the variable region of #4,
#4VL,
monomeric and tetrameric forms.

(b)

existed in equilibrium between
Two
#4VL

constructed a tetramer in the crystal structure

domain-swapped  dimers  of

© The Chemical Society of Japan

(Fig. 2). Many hydrophobic residues were
located at the
supporting our hypothesis that hydrophobic
interactions contribute to the tetramerization.

dimer—dimer interface,

Fig. 2. (a) Schematic diagram of #4VL
tetramerization. (b) #4VL tetrameric
structure and hydrophobic residues between
#4VL domain-swapped dimers.
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2-His—-1-Carboxylate Facial Triad #&Z2EFITA5AITEEEZD
B F

(" KBRAKRBEEE, > B RBEA ) OFAARPMEEE ' - FHRAKRE > - ZRHRER ' - b 2
Development of Artificial Metalloenzymes with 2-His-1-carboxylate Facial Triads toward
Stereoselective Michael Addition Reaction

(‘Graduate School of Agriculture, Osaka Metropolitan University, *Graduate School of Life
and Environmental Sciences, Osaka Prefecture University)

ORyusei Matsumoto, Saho Yoshioka, Yoshitsugu Morita, Nobutaka Fujieda

Lately, artificial metalloenzymes have garnered significant interest as emerging hybrid
catalysts endowing chemical catalyst with stereoselectivity in biomolecule. TM1459 from
Thermotoga maritima has high thermal stability and contains a metal binding site consisting of
4-histidine tetrad. By using this protein as metal ligands, we have recently developed the
artificial metalloenzymes. In this study, we attempted to construct enzymes with high
stereoselectivity by mutating four histidines, at this metal binding site, to alanine or metal-
chelating glutamate to build 2-his-1-carboxylate facial triad. We screened thus obtained library
of mutants in the asymmetric Michael addition reaction, and further characterized the several
mutants that showed high stereoselectivity.

Keywords : Artificial Metalloenzymes, Macromolecular Ligands, Stereodivergent reaction
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Fig 1. Model reaction employed in this study

1) (a) Fujieda, N.; Itoh, S. et al., J. Am. Chem. Soc., 2017, 139, 5149. (b) Fujieda, N.; Itoh, S. et al., Angew. Chem.
Int. Ed., 2020, 59, 7717. 2) Matsumoto, R.; Fujieda, N. et al., ChemRxiv, 2022, 10.26434/chemrxiv-2022-5sh4;.
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Catalytic C—H bond amination by engineered hemoproteins
containing iron porphycene as an artificial cofactor

(Graduate School of Engineering, Osaka University) O Yoshiyuki Kagawa, Koji Oohora,
Takashi Hayashi
Keywords: Iron Porphycene; Artificial Metalloenzyme; Hemoprotein; C—H Bond Amination;
Nitrene Transfer

Artificial metalloenzymes afforded by combination of protein scaffolds and metal
complexes have emerged as a promising catalyst to realize new-to-nature reactions. Recently,
hemoprotein-based artificial metalloenzymes for C—H bond amination have been demonstrated
by directed evolution' and substitution of the metal center of heme.? Our group has previously
reported that myoglobins reconstituted with metal complexes of porphycene, a constitutional
isomer of porphyrin, catalyze C—H bond hydroxylation® and olefin cyclopropanation®. In this
work, we investigated the catalytic activity of the hemoprotein reconstituted with
metalloporphycene toward C—H bond aminations (Fig. 1).

First, reconstituted myoglobins with Mn-, Fe- and Co-porphycenes (rMb-MnPc, rMb-FePc,
rMb-CoPc) were prepared. rtMb-FePc outperforms other reconstituted myoglobins and native
myoglobin (nMb) for the intramolecular C-H bond amination of 2,4,6-
triisopropylbenzenesulfonyl azide. Kinetic studies revealed that ke value of tMb-FePc (kcat =
55 s7') was higher than that of nMb (ke = 14 s7!), whereas both K., values were almost the
same. These results indicate that the catalytic activity was improved by the substitution of heme
with iron porphycene in myoglobin. Next, the C—H bond amination by rMb-FePc mutants were
evaluated. The H64A mutant promotes the C-H bond amination of 2,4,6-
triethylbenzenesulfonyl azide with TON of 23 with 27%ee, whereas rMb-FePc and nMb show
lower activities (TON = 7 and 2, respectively) and no enantioselectivity. Further investigation
using other protein scaffolds and the mutants is now in progress.

/;;? O\\S,,O
* > R
~ A
5%0 COOH COOH ?@ R
~ | C-H Bond Amination

<

Heme Iron Porphycene < Q.0
Hemoprotein . R Reconstltuted R'{):,(NH
Reglacement of Cofacto Hemoprotein R R

Fig. 1. Intramolecular C-H bond amination by reconstituted hemoprotein.
1) F. H. Arnold et al., Nat. Chem. 2017, 9, 629. 2) J. F. Hartwig et al., J. Am. Chem. Soc. 2017, 139, 1750.

3) K. Oohora, T. Hayashi et al., J. Am. Chem. Soc. 2013, 135, 17282. 4) K. Oohora, T. Hayashi et al., J.
Am. Chem. Soc. 2017, 139, 18460.
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Directed Evolution of Myoglobin Reconstituted with an Iron
Corrole Complex: Development of Artificial Peroxidase with
Enhanced Catalytic Activity

(Graduate School of Engineering, Osaka University) OKoki Takeuchi, Shunsuke Kato,
Takashi Hayashi

Keywords: Directed evolution; High-throughput screening; Iron corrole complex;
Myoglobin; Artificial peroxidase

Artificial metalloenzymes (ArMs), where a synthetic metal cofactor is incorporated
into a protein scaffold, have received much attention due to their unique properties. ArMs
hold a great potential to combine attractive features of natural enzymes and transition metal
catalysts. The non-natural catalytic activities of ArMs can be systematically tuned by a
series of genetic engineering techniques, such as directed evolution. Our group has
previously reported an ArM, termed Mb-1, in which myoglobin (Mb) is reconstituted with
an Fe corrole complex 1.! Since the trianionic character of corrole ligand could stabilize
high-valent iron-oxo intermediates, Mb-1 was found to show higher H»O,-dependent
catalytic peroxidase activity toward oxidation of phenolic compounds compared to native
Mb. Based on this promising result, we here set out to perform directed evolution of Mb-1
to further improve its peroxidase activity.
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enabled us to quickly purify the Figure 1. Directed evolution of Mb-1.

protein scaffolds and assemble the

target ArMs efficiently in the 96-well format. Using this HTS platform, we next carried out
the screening of protein library generated via site-saturation mutagenesis for the amino acid
residues located in the active site of Mb. Through three rounds of the library screening, an
L89F/I99L/1107F variant was found to show 14-fold higher initial rate for ABTS oxidation.
Herein, we will present the details of the directed evolution campaign and the kinetic

experiments on the evolved artificial metalloenzyme.

1) T. Hayashi et al., J. Am. Chem. Soc. 2009, 131, 15124. 2) T. Hayashi et al., ChemBioChem, 2021, 22, 679.
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Design and application of functional oligonucleotides encoding the information of intracellular
target metabolite (Graduate School of Science and Engineering, Aoyama Gakuin University)
OYuto Motohashi, Shuhei Moritani, Tatsuya Nishihara, Kazuhito Tanabe

Intracellular metabolite and mRNA are changed according to the disease status. The
conventional metabolite analysis methods such as liquid chromatography-mass spectrometry
(LC-MYS) could analyze multicomponent metabolites. However, it is difficult to analyze other
omics such as transcriptome simultaneously. In this study, we attempted to construct a
molecular system to encode the information of target metabolite into the DNA sequence and
quantify each DNA sequence including cDNA. As a proof of concept, we succeeded in the
quantification of intracellular GSH and mRNA (HO-1) changes under hydrogen peroxide
exposure using qPCR.

Keywords : Functional oligonucleotide;, Metabolites; mRNA
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Figure 1. Schematic illustration to quantify GSH and mRNA using DNA encoding strategy.
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Functional Thin-Layer Chromatography for Tissue Glutathione Imaging (Graduate School of
Science and Engineering, Aoyama Gakuin University) OTatsuya Nishihara, Koki Nishida,
Rika Tsukame, Kazuhito Tanabe

Distribution of glutathione (GSH) in the tissues is an important indicator for disease
assessment. However, imaging MS has limitation to image GSH distribution in the tissue slice
such as time-consuming steps and expensive equipment. To solve these limitations, in this study,
we employed the thin layer chromatography coated with fluorescent labeling agent to image
GSH distribution in the frozen tissue slice. This method enabled simple and rapid imaging of
GSH distribution in several tissues.

Keywords : Metabolite; Molecular probe; TLC

TIVEF A (GSH) 1F, MIFENICEEBIZEEND/ NG FOF A= bEMTH Y |
PUBR LA E L CEHERMEZ R L TWD, Fiz, ZA¥TF s %E 0 TEY
KRBTGS LTS, BT, GSH OFR AL AX L AOEEL, fHx O & B
?“5:9:75§$&%énﬂ\50 Z D=, RN D GSH O mfEiTix, Afikk
HERPIRICB T AN T A D= R AOPRICB N CIERICEE TH S,

bk Al aihééﬁs DT DHARENTNHT=0 . A4 A= 7 MS WA R 72 515
D=L LTETOND, £ A= 7 MS 1%, EWZEMSHERE THAT N FTRET H
=0T, WE, KONTICIZR 2R A2 B3 5 Sﬁi‘%%ﬂﬁé: L/C%éh“‘ bhbd, £,
GSH 72 EORIGMED @WERERE 2/ T 5 EER S FoRBICiE, BilE (v 27
T BT 5,

uﬁ’aﬁkiz ARFZECTIE, 22, o ICHENICE TN D GSH 24 A—
VU RRRICT AT TR oS A BEE L, BRRIICIX, 28041 GSH &&IR
BNCRUGT B a7 v —7 (GLA) 284 L7-tERE({L#EE 7 u~ /' F 7 ¢ — (fTLC)
ZHWD Z L Lz, Figure 1 (2R L72i@Y . BERE/L TLC (Zxh LT, BRASHRRG &
AR LTI, ZORE, MEENICE D GSH & TLCIZBAT Liz®Et 7T e—7 L0
M CHUGAEITT %, GLA & GSH fIIA (GLA-GSH) Ot K& < 23 5720
TLC IZL VT 52 & T On functional TLC HN

j(_)»coon

RGN T % BB RETT e
ﬁmﬁi&ﬁ@%%%\ &?ﬁwghﬁn 3?«#553% ;

\—coon

GLA-GSH EE % D ,:EE. ilf]%é % GLA (High Rf value) GLA-GSH (Low Rf value 0)
MHA A= T EIT, \\\
KB, SRR (TP, . oanson

5 Mk Hu) D GSH A A — —_— ™ "
UL LT, i the o

Figure 1. Schematic illustration to image GSH distribution in the frozen tissue slice
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Development of prodrug nanoparticles with highly selective drug
release in cancer cells

(Mnstitute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku
University, >Nagasaki University) OAki Shibata', Yoshitaka Koseki!, Keita Tanita', Ryuju
Suzuki', Anh Thi Ngoc Dao'?, Hitoshi Kasai'

Keywords: drug delivery system; anticancer agent; tertiary hydroxy group; prodrug;
nanoparticle

In the field of anticancer agent development, prodrug nanoparticles (NPs), which are
composed of only prodrug molecules, have been actively studied to reduce the side effects.
Although the NPs are expected to accumulate in tumor tissues via the enhanced
permeability and retention (EPR) effect,” the conventional prodrug molecules that construct
the NPs would be hydrolyzed by the esterases existing abundantly inside the body before
reaching tumor tissues. To avoid this limitation, we aimed to develop the NPs that are stable
against esterases and can selectively release drugs in cancer cells, in which prodrugs with
sterically hindered esters derived from tertiary hydroxy groups are the component.

From this background, we synthesized the prodrugs (CPT-TML) composed of two
types of trimethyl lock (TML) groups, which has esterase-sensitive acetyl ester or
esterase-insensitive ethyl ether as the protecting group (PG), linked to the tertiary hydroxy
group of the anticancer drug camptothecin (CPT) (Figure 1), and fabricated their NPs with a
particle size within 100 nm using the reprecipitation method.? In the evaluation of release
kinetics in mouse serum at 37°C, CPT-TML-OEt NPs, which has ethyl ether as the PG,
could not release CPT. In contrast, CPT-TML-OAc NPs, which has acetyl ester as the PG,
smoothly released CPT owing to the strong lactone formation tendency of the TML group
(Figure 2). These results revealed that sterically hindered esters derived from tertiary
hydroxy groups have low susceptibility to esterase-catalyzed hydrolysis owing to large
steric hindrance and the trigger for CPT release is the removal of the PG in the TML group.
We are investigating the synthesis of a prodrug that can remove the PG in the TML group in

response to the tumor-specific triggers.
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Figure 1. Molecular design of CPT-TML Figure 2. Release kinetics of CPT-TML-OAc

prodrugs and proposed CPT release mechanism. NPs in mouse serum at 37°C.

1) SK. Golombek et al., Adv. Drug Deliv. Rev. 2018, 130, 17. 2) H. Kasai et al., Jpn. J. Appl. Phys.,
1992, 31, L1132.
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Synthesis of B-lactamase-mediated activation of an SN-38-cephalosporin conjugate and their
anticancer properties ('Institute of Multidisciplinary Research for Advanced Materials, Tohoku

University, >Graduate School of Engineering, Nagasaki University) Kensuke Kiyokawa,! O
Yoshitaka Koseki!, Mitsuki Uehara!, Ryuju Suzuki!, Anh T.N. Dao?, Hitoshi Kasai'

This study aimed to develop a new prodrug to improve the anticancer drug treatment by
reducing side effects caused by the hydrolysis of ester or urethane bonds outside of the target
area. We designed a prodrug of SN-38, an anticancer drug compound, modified with a
cephalosporin (Fig. 1). Cephalosporins are -lactam antibiotics, and drugs are released when
the lactam ring is hydrolyzed by B-lactamase (BlaC). As shown in Fig. 2, SN-38-ceph-OH was
assayed using human breast cancer cells (MCF-7) and found to have increased activity when
treated with BlaC, likely due to the quantity of SN-38 released by the enzymatic reaction of
BlaC within the cells.

Keywords : Aziridine, Iminoiodinane; Metal Free; lodine; Ammonium lodide

AR, BIWEREBEAE B8 LB AN 2R A T Tl Y . 2D —
DNZT BRI v IREFT N, BEFOT 1 KT v VX FICE Y E = AT IVFEERD
L URERIC L 0LFE S D T2 SAFIRLIA CH RS TR R % 07, &
TERFRBORKA & 72 %, & 2 TR TIE, IAKSGIRIZLE R —T VFEAEIZ L - T
PIBARINEREZEANLHH T K7y I A
TEhERBTDHZEEEMNE Lz, iR E L
T SN-38 ZE7 /MbLEWNTER L B & L
TET77rARY 2R L, 87 7 2 AR
UEB-TF7 X% L RPUEMETHY  B-T 7 ¥
LBRD B-j& 4 <—+ (BlaC) |Z & 0 MK fiE - PETI——r /
SNDERIET Do AL TR, SOBRCIE gy a5 705 s
KBRS ZFMA LT SN-38 &t sd
Wtz ER L. 71 K7 v 745+ SN-38-ceph- w0} 1 ., —e—5SN-38

OH Z &% L7z (Fig.1), & NELS AR (MCF- = 80 ¢ SN-3&-

7) 12 BlaC %ML, #5317, SN-38-ceph-OH £ e

E70IE SN38 B L, MR L L SO o
8 20 with BlaC

7= & = %, BlaC OURMICEE S i1 23 Hesd ' o 0.0 uns
Enre (Fig2), ZOFERIE, 71 K v 7R :
DX AFIIBNIZ BT BlaC (2 X 0 st b &
FrlICRRTAEELZLND, Fig.2 e 8 5 47 ) i 12 o R

o

o
o
=y
-

100
Concentration [UM]

© The Chemical Society of Japan -E1662-1vn-04 -



E1662-1vn-05 The 103rd CSJ Annual Meeting

Viscosity-Responsiveness and Melanosomal Visualization in
Living Cells using Water-Soluble Fluorescent Probe

(Tokyo Institute of Technology, *University of Tsukuba) OJunya Adachi!, Haruka Oda',
Toshiaki Fukushima', Hiroka Sugai®, Kohei Sato!, Hiroshi Kimura', Kazushi Kinbara'
Keywords: Fluorescent probe, Viscosity responsiveness, Melanosome, Living cell imaging,
Anthracene

The intracellular microviscosity of living cells has attracted significant interest due to its
influence on various biologically relevant processes. To visualize the viscosity in living
cells, several types of viscosity-responsive fluorescent probes have been developed.
However, such probes currently in use still have limitations in certain situations, and there
are continuing needs for further investigations on the elaborate functions of the probes.

At the last annual meeting, we have reported fundamental properties of AN-PEGS8
(Figure 1a), which has been developed based on 9,10-bis(V,N-dialkylamino)anthracene! as
a probe applicable to living cell systems.? Namely, AN-PEG8 showed viscosity-responsive
emission in aqueous environments and allowed for lysosome-targeting visualization in
HeLa cells.

Subsequently, we aimed to observe the staining behavior of water-soluble AN-PEGS,
that reflects its viscosity-responsiveness in living cells. As a result, we found that the
emission intensity of AN-PEGS varied in response to the changes in the osmotic pressure of
the cell culture medium, which is considered to alter lysosomal viscosity® (Figure 1b).
Additionally, this probe can visualize melanosome, the densest organelle in melanoma cell.*
These results seemed due to the viscosity-responsive properties of AN-PEGS8, which may
help in the design of functional fluorescent probes for biological applications.
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Figure 1. (a) Molecular structure of AN-PEGS8. (b) Changes in emission intensity of
AN-PEGS caused by osmotic pressure of culture medium.

(1) Morokuma, K.; Konishi, G.-i. ef al. J. Am. Chem. Soc. 2016, 138, 8194-8206. (2) Adachi, J.;
Fukushima, T.; Kinbara, K. et al. ChemRxiv 2022, preprint. DOI: 10.26434/chemrxiv-2022-p8jg4 (3)
Li, P. et al Proc. Natl Acad. Sci. US.A. 2020, 117, 29155-29165. (4) Ahmad, 1. et al
Photodiagnosis Photodyn. Ther. 2021, 33, 102096.
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Structure-property relationships of NIR-emissive
phospha-rhodamine dyes and utilization in cell imaging

(‘Graduate School of Science, Nagoya University, *Institute of Transformative
Bio-Molecules (IThM), Nagoya University) O Yoshiki Tanaka,'Masayasu Taki,” Shigehiro
Yamaguchi'?

Keywords: Near infrared (NIR) fluorescent probe, HaloTag ligand, Structure-property
relationship, Live-cell imaging, STED microscopy

Protein-tag system has been a widely used technique to label target proteins with
organic fluorescent dyes. Although various labeling reagents are available, the development
of near-infrared (NIR) fluorescent ligands with membrane permeability, high chemical
stability, and photostability are still demanded. In this study, we have developed a series of
HaloTag ligands that consists of NIR-emissive phospha-rhodamine dyes and systematically
investigated the structure-property relationships in terms of intramolecular spirocyclization
equilibrium, fluorescent wavelength, and cell membrane permeability. Introduction of a
five-membered thiophene ring with a
carboxy group results in the formation of
spirocyclic lactams, which makes the dye
permeable to the cell membrane (Figure
1). With reducing the number of alkyl

R!

1:R'=NEt,, X=0"

groups on the terminal amino groups, the i e d

absorption and emission spectra were R =NE, x=£N_('S?;’c!‘)\
hypsochromically shifted, and a larger Figure 1 Chemical structures and spirocyclic
equilibrium constant for the  equilibrium of dyes conjugated with a HaloTag ligand.

intramolecular  spirocyclization  was (b)
obtained. All of compounds 1~3 were
successfully employed to stain target
organelles in cells expressing HaloTag

fusion protein. Moreover, compound 2

p TR ;.
ol Wi

was applicable for STED imaging

b 14
equipped with a 775 nm depletion laser Figure 2 (a) Confocal and (b) STED image of live
(Figure 2), allowing us to perform COS7 B-Tul-Halo-expressing cell stained with
two-color STED imaging in far-red to compound 2. Scale bar, 2 pm.

NIR region in the presence of a SiR dye with minimal crosstalk. Compound 4 bearing a
sulfonamide group on the thiophene ring was also synthesized, in which the ring-closed
form was stabilized, and membrane permeability was dramatically improved, resulting in
significant decrease in labelling time. It enabled to stain live cells under physiological

conditions. As a result, tracking the dynamics of organelles for a long period was achieved.
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Design, synthesis, and chiroptical properties of figure-eight shaped
macrocycles composed of bispyrrolidinoindoline alkaloidal scaffold

(!Graduate School of Science, The University of Tokyo, *Graduate School of Science, Tokyo
University of Science, *Graduate School of Chemical Sciences and Engineering, Hokkaido
University, *Graduate School of Engineering, Tokyo University of Agriculture and Technology,
SFaculty of Engineering, Hokkaido University)

O Tasuku Honda,! Daiji Ogata,> Makoto Tsurui,> Takahiro Muraoka,* Yuichi Kitagawa,
Yasuchika Hasegawa,® Junpei Yuasa,? Hiroki Oguri'

Keywords: Indole alkaloids; Bispyrrolidinoindoline; Macrocyclic oligomer; Circularly
Polarized Luminescence; Aggregation-induced Emission

The figure-eight shaped macrocycles bearing D,-symmetry have been attracting attention
as the privileged scaffold for displaying strong circularly polarized luminescence (CPL).! Most
of the reported studies employ chiral C,-symmetric aromatic scaffolds, such as helicene,
binaphthyl, para-cyclophane, to induce chirality of the n-conjugated macrocycles.? In contrast
to these synthetic investigations that require optical resolutions to provide enantiopure
macrocycles, we are exploring an alternative approach utilizing chiral C>-symmetric alkaloid
scaffold, bispyrrolidinoindoline (BPI),>* for rapid asymmetric synthesis of the figure-eight
shaped macrocycles bearing m-conjugated systems.

In this study, we designed and synthesized figure-eight shaped macrocycles based on the
BPI unit bearing terminal acetylenes 1, and the chiral C>-symmetric scaffold 1 can be readily
synthesized from L-tryptophane on gram scale.* Modular assembly of 1 with various diiodo
aromatic compounds allowed rapid synthesis of macrocycles 2-8 up to 33% yield. Notably,
figure-eight shaped macrocycle 2 exhibited good CPL properties (@5 = 0.71, gium = 8.6x107).
Relationships between structure and chiroptical properties of macrocycles will be reported.
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1) Kubo, H.; Shimizu, D.; Hirose, T.; Matsuda, K. Org. Lett. 2020, 22, 9276; 2) Hasegawa, M.; Nojima, Y.; Mazaki,
Y. ChemPhotoChem 2021, 5, 1; 3) Wada, M.; Murata, T.; Oikawa, H.; Oguri, H. Org. Biomol. Chem. 2014, 12, 298;
4) Taniguchi, T.; Tsubouchi, A.; Imai, Y.; Yuasa, J.; Oguri, H. J. Org. Chem. 2018, 83, 15284.
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[K301-Tpm-01] Extrapolation performance Improvement by quantum chemical

calculations for machine learning-based predictions of flow-
synthesized binary copolymers.

C)Shogo Takasuka1, Shunto Oikawa1, Takayoshi Yoshimuraz, Sho Ito1, Yosuke Harashima'
, Tomoaki Takayama1, Shigehito Asano3, Akira Kurosawa3, Tetsunori Sugawara3, Miho
Hatanaka?, Tomoyuki Miyao', Takamitsu Matsubara', Yuya Ohnishi®, Hiroharu Ajiro1,
Mikiya Fujii1 (1. Nara Institute of Science and Technology, 2. Keio University, 3. JSR
Corporation)
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[K301-1Tpm-02] Synthesis of heat-resistant polymer particles by dispersion

polymerization and RAFT precipitation polymerization of styrene
with maleimide derivatives

©Shun Yamazaki1, Daisuke Aoki1, Tatsuo Taniguchi1, Takashi Karatsu1, Takeshi Wakiyaz,
Koki Okura® (1. Chiba university, 2. Sekisui Chemical Company)

1:40 PM - 2:00 PM

[K301-1pm-03] Monomer Sorting and Parallel Polymerization in Bichannel MOFs

OKeat Beamsley1, Nobuhiko Hosono1, Takashi Uemura' (1. Grad. Sch. of Eng., The
Univ. of Tokyo)
2:00 PM - 2:20 PM

[K301-1pm-04] Synthesis of double-stranded polymers via controlled crosslinking

in coordination nanospaces

©“Masahiro Abe1, Tomohito Moriz, Yuki Kametanig, Takashi Uemura® (1. Graduate
School of Frontier Sciences, The University of Tokyo, 2. School of Engineering, The
University of Tokyo, 3. Graduate School of Engineering, The University of Tokyo)
2:20 PM - 2:40 PM

[K301-1pm-05] Highly efficient polymerization behavior using molecular flow field

induced by scanning wave photopolymerization

CTakuto Ishiyama1, Hirona Nakamura1, Miho Aizawa1'2, Kyohei Hisano1, Shoichi Kubo1,
Atsushi Shishido' (1. Tokyo Institute of Technology, 2. PRESTO, JST)
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[K301-1Tpm-06] Development of Alternating Copolymerization by Ring-Opening

Metathesis Polymerization of Fluoroalkenes

OKaoru Tashiro', Midori Akiyama1, Kimiaki Kashiwagiz, Takashi Okazoe'? (1. The Univ.
of Tokyo, 2. AGC Inc.)

3:00 PM - 3:20 PM

[K301-1pm-07] Screw-Sense Induction to Poly(quinoxaline-2,3-diyl) Bearing Achiral

Amino Groups by Addition of Chiral Acids in Water

“Tomonori Yamawaki1, Ren Hirano1, Takeshi Yamamoto1, Michinori Suginome1 (1.
Kyoto university)

3:20 PM - 3:40 PM
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Extrapolation performance improvement by quantum chemical calculations for machine
learning-based predictions of flow-synthesized binary copolymers (‘Nara Institute of Science
and Technology, *Keio University, *JSR Corporation) OShogo Takasuka', Shunto Oikawa',
Takayoshi Yoshimura?, Sho Ito', Yosuke Harashima', Tomoaki Takayamal, Shigehito Asano’,
Akira Kurosawa®, Tetsunori Sugawara’, Miho Hatanaka’, Tomoyuki Miyao', Takamitsu
Matsubara', Yuya Ohnishi®, Hiroharu Ajiro', Mikiya Fujii'

The properties of polymers are highly dependent on the combination and composition ratio
of the monomers used to prepare them; however, the large number of available monomers
makes an exhaustive investigation of all the possible combinations difficult. In this study, a
machine learning model was constructed using experimental data of copolymers radical
polymerized by flow reactor, and the prediction performance of monomer conversion and
monomer composition ratio in polymers was verified. High prediction accuracy was achieved
even in the molecular extrapolation region by including not only the process conditions but
also the quantum chemical calculation values as explanatory variables. In particular, we found
that molecular orbital energy and orbital energy gap are important factors for improving
accuracy.

Keywords : Machine Learning, Materials Informatics, Polymer Science, Flow Synthesis,
Quantum Chemical
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Synthesis of heat-resistant polymer particles by dispersion polymerization and RAFT
precipitation polymerization of styrene with maleimide derivatives ('Graduate School of
Engineering, Chiba University, *Sekisui Chemical) O Shun Yamazaki ', Daisuke Aoki ',
Tatsuo Taniguchi ', Takashi Karatsu !, Koki Okura %, Takeshi Wakiya *

Polymer particles with large specific surface area are one of the most important industrial
dispersion materials. However, most of polymer particles have poor heat resistance and
mechanical strength, which still limit their application in automotive and electronic products.
In this study, heat-resistant polymer particles were synthesized by conventional dispersion
polymerization and reversible addition fragmentation chain transfer (RAFT) precipitation
polymerization (RAFTPP) of styrene with N-phenylmaleimide (N-PMI). Monodisperse
spherical solid particles were obtained by dispersion polymerization and RAFTPP in methyl
ethyl ketone/methanol mixture. Elemental analysis revealed that the composition ratio of St to
N-PMI in the copolymer is 1:1. Thermogravimetric analysis results showed that the 5 % weight
loss temperature increased by about 30°C compared to that of PSt particles, indicating
improved heat resistance. Furthermore, surface modification was also demonstrated by surface-
initiated RAFT polymerization using the RAFT residues exposed on the surface of particles
prepared by RAFTPP.

Keywords : Heat-resistant polymer particles, dispersion polymerization; RAF'T polymerization,
RAFT precipitation polymerization; N-phenylmaleimide
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Monomer Sorting and Parallel Polymerization in Bichannel MOFs

OKeat Beamsley,' Nobuhiko Hosono,' Takashi Uemura' (‘Graduate School of Engineering,
The University of Tokyo)

Keywords: Metal-Organic Frameworks; Inclusion Polymerization; Nanopores; Assembly
Structures

Organic polymers have, up to this point, been largely left out of the conversation in
favor of rigid inorganic species when it comes to engineering materials at the
sub-nanometer scale. This is because their entangled and disordered nature in the bulk phase
has traditionally limited the scale of nanostructural features they can retain, with the noted
exception of assemblies on surfaces. In light of this, our group has found success in
developing templated polymerization methods whereby the nanopores of metal-organic
frameworks (MOFs) are used as reaction vessels for polymerization. The properties of these
nanopores are reflected by the polymers made inside them, enacting rational design at the
sub-nanoscale such as two-dimensional pores producing polymer nanosheets of
unimolecular thickness' and one-dimensional pores bearing immobilized monomers
controlling the compositional sequence of individual monomer units in copolymers.>

In this work, we used a type of MOF bearing two distinct one-dimensional pores (a
“Bichannel MOF”’) and were able to further evolve our method by achieving self-sorting of
two different monomers into two respective pore types, where they could be separately
polymerized in adjacent pores (“parallel polymerization”) (Figure 1). The MOF focused on
here, [Cu(5-methylisophthalate)],, has hydrophilic and hydrophobic pores arranged in
alternating fashion, and thus sorts vinyl monomers based on their polarity. Polymers which
would normally undergo phase separation in the bulk state are therefore formed intercalated
with each other on a single-chain level by way of the sub-nanometer alternation pattern of
channels in the MOF crystal.

Further, crosslinking through the MOF walls was investigated using divinylated
ligands as part of the MOF structure. The two-polymer assemblies formed are
unprecedented array structures where two types of polymer chain alternate on the molecular

level, and are anticipated as next-generation functional materials.
Me
Exclusive Polymers

\ filling

Y

polymenzahon. @
biMOF

Sorting
Dual Mixed
filling systems

Figure 1. Schematic of the monomer sorting and parallel polymerization in a bichannel MOF.

1) Hosono, N. et al. Nat. Commun. 2020, 11, 3573. 2) Mochizuki, S. et al. Nat. Commun. 2018, 9, 329.
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Synthesis of double-stranded polymers via controlled crosslinking
reaction in coordination nanospaces

(*Graduate School of Frontier Sciences, the University of Tokyo, *School of Engineering,
the University of Tokyo, *Graduate School of Engineering, the University of Tokyo)
(OMasahiro Abe,! Tomohiro Mori,? Yuki Kametani,> Takashi Uemura,’

Keywords: Radical Polymerization; Metal-Organic Frameworks; Crosslinking; Topology;
Post-Polymerization Modification

Double-stranded polymers, including DNA, RNA, and polysaccharides, are commonly
found and play a vital role in biosystems. Inspired by their elegant structures and functions,
several approaches for the preparation of synthetic polymer duplexes have been developed.
However, the previous strategies usually require elaborated monomer designs to achieve
selective crosslinking between two polymer chains. Herein, we report a versatile
methodology to synthesize double-stranded polymers even from common vinyl
monomers.!!! Crosslinking polymerization was conducted within metal-organic frameworks
(MOFs), in which the diameter of nanopores was comparable to the two vinyl polymer
chains (Figure 1). The effective spatial constraint inhibits the unfavorable random
crosslinks among multiple polymers, fabricating polymer duplexes.

@O mv! %9 Crosslinking MOF  QEGINEOe.Seee

. polymerization removal
MOF/Monomer composite Double-stranded polymer

crosslinker
EDMA

. S /4
O - (o ° H
monomer gj (;;) >_<\O °
MMA

Styrene

[In(OH)bdc], (1)
Figure 1. Scheme image for the preparation of double-stranded polymers in nanochannels of 1.

[In(OH)(bdc)], (MIL-681, bdc = 1,4-benzenedicarboxylate, 1) was employed as a host
framework possessing suitable one-dimensional pores to demonstrate our strategy. Vinyl

monomers, such as styrene and methyl methacrylate, were encapsulated in 1 with a
crosslinker and initiator. The crosslinking radical polymerization within the nanochannel
was performed by heating the composite at 120 °C for 24 hours. Soluble crosslinked
polymers were obtained after the decomposition of 1 by chelating agents. The
double-stranded topology endows the polymers with atypical properties, such as lower
intrinsic viscosity and higher glass transition temperature compared to their single-stranded
counterparts.

[1] M. Abe, Y. Kametani, T. Uemura, J. Am. Chem. Soc. accepted. [2] M. Latroche, et al.,
Inorg. Chem. 2008, 47, 11892—-11901.
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Highly Efficient Polymerization Behavior Using Molecular Flow
Field Induced by Scanning Wave Photopolymerization

(‘Laboratory for Chemistry and Life Science, Tokyo Institute of Technology, *PRESTO, JST)
OTakuto Ishiyama,' Hirona Nakamura," Miho Aizawa,'? Kyohei Hisano,' Shoichi Kubo,'
Atsushi Shishido'

Keywords: Photopolymerization; Flow Field; Polymerization Behavior; Molecular Alignment

The existence of macromolecules became widely recognized in the 1930s with the
acceptance of Staudinger's macromolecular theory. Since then, the effects of external forces on
polymers have been actively studied. Mechanical force and flow fields applied to polymers was
considered the main cause of the degradation of polymers. In recent years, the relationship
between polymers and external forces has been reevaluated as a source for the functionalization
of polymers. For example, mechanical force changes the color of mechanophores, and the flow
field accelerates the crystallization of polymers."? Recently we have developed a novel
photopolymerization process with spatiotemporal photoirradiation, termed scanning wave
photopolymerization (SWaP), which induces molecular diffusion and flow during the
polymerization.® This photoinduced flow aligns the polymer main chains and side chains along
the flow direction, allowing the creation of various functional materials. Since polymerization
proceeds in the flow field induced by polymerized molecules themselves, this method has the
potential to cause distinct polymerization behavior. In this study, we investigated the effect of
molecular flow on polymerization reaction and found specific polymerization behaviors.

A photopolymerizable sample

was prepared by mixing an UV light

anisotropic methacrylate monomer Scanning

and a photoinitiator Irgacure 651. => or

The mixture was injected into a 7

glass cell, and irradiated with a Sample injection phif:::ITr?\::;\Sion Statle photopolymerization

scanned UV slit light or static UV~ Figure 1. Schematic illustration of a photopolymerization process.
light throughout the cell (Figure 1). Finally, polymer films were obtained by rapid cooling.
Molecular weight and monomer conversion of the obtained polymers under various exposure
energies were evaluated by size exclusion chromatography. As a result, the exposure energy of
SWaP to reach 95% conversion was ten times lower than that of static polymerization.
Furthermore, SWaP synthesized polymers with larger molecular weights than static
polymerization at the same conversion. These results strongly suggest that molecular flow
induced by SWaP enhances polymerization efficiency dramatically and yields high molecular
weight polymers. Furthermore, we applied SWaP to commodity monomers and investigated
the versatility of this specific polymerization behavior.

1) K. Imato, H. Otsuka, et al., ACS Macro Lett. 2015, 4, 1307. 2) Z. Wang, L. Li, et al., Macromolecules
2016, 49, 1505. 3) K. Hisano, A. Shishido, ef al., Sci. Adv. 2017, 3, e1701610.
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Development of Alternating Copolymerization by Ring-Opening Metathesis Polymerization of

Fluoroalkenes
(‘Graduate School of Engineering, The University of Tokyo, 2AGC Inc.) OKaoru Tashiro,
Midori Akiyama,' Kimiaki Kashiwagi,? Takashi Okazoe'?

Ring-opening metathesis polymerization (ROMP) has become one of the most powerful
methods to synthesize diverse functional polymers from cycloalkenes. Norbornene derivatives
(NBEs) are highly strained and therefore commonly used as substrates for not only
homopolymerization but also copolymerization. Alternating copolymerization is distinguished
by the ability to control the sequence of two monomers, a beneficial feature which allows the
polymer bulk properties to be adjusted according to the sequence order. To the best of our
knowledge, completely alternating ROMP of NBEs has not been reported, though other highly-
strained cycloalkenes (cyclobutene,? cyclopropene,? and oxanorbornene®) have been used for
alternating ROMP. In the present study, inspired by the cross metathesis of fluoroalkenes and
enol ethers,” copolymerization of fluorinated NBEs and dihydrofuran was conducted. The
introduction of fluorine atoms at the carbon-carbon double bond prevents homopolymerization
of NBEs, thereby ensuring a completely alternating sequence.

Keywords : Ring-Opening Metathesis Polymerization, Alternating Copolymerization
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1) Song, A.; Parker, K. A.; Sampson, N. S. J. Am. Chem. Soc. 2009, 131, 3444-3445. 2) Elling, B. R.;
Xia, Y. J. Am. Chem. Soc. 2015, 137,9922-9926. 3) Pal, S.; Alizadeh, M.; Kong, P.; Kilbinger, A. F. M.
Chem. Sci. 2021, 12, 6705-6711. 4) Mori, K.; Akiyama, M.; Inada, K.; Imamura, Y.; Ishibashi, Y;
Takahira, Y.; Nozaki, K.; Okazoe, T. J. Am. Chem. Soc. 2021, 143, 20980-20987.
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Screw-Sense Induction to Poly(quinoxaline-2,3-diyl) Bearing Achiral Amino Groups by
Addition of Chiral Acids in Water (Graduate School of Engineering, Kyoto University) O
Tomonori Yamawaki, Ren Hirano, Takeshi Yamamoto, Michinori Suginome

In this work, we synthesized poly(quinoxaline-2,3-diyl)s (PQXs) bearing achiral ammonium
group, and investigated the screw-sense induction by adding chiral acids in water. The screw-
sense induction to PQXs (P1 and P2) having ammonium side chains with different alkyl chain
lengths was achieved by addition of chiral acids (10 mM) such as carboxylic acid 1, hydroxy
acid 2, and sulfonic acid 3 (Fig. 1). Perfect screw-sense induction was observed in aqueous
solution of 2 by increasing the degree of polymerization of P1 and P2.

Keywords : Helical Polymer,; Circularly Dichroism, Helical Chirality; Chirality Detection,
Water-Soluble Polymer
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Fig.1. (a) Structures of P1 and P2. (b) Chiral additives and measured CD intensity (guss (Ae/e) at 370
nm) at 20 °C. Induced screw-sense are shown in parenthesis.

1) Yamawaki, T.; Kuroda, T.; Nagata, Y.; Suginome, M. The 102nd CSJ Annual Meeting, 2022,
C203-1pm-01.
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Reversible control of dispersibility of cubic gold nanoparticles induced by visible light
irradiation ('National Institute of Advanced Industrial Science and Technology (AIST),
2Graduate School of Science and Technology, University of Tsukuba) O Koichiro Saito,'
Keegan McGehee,"? Yasuo Norikane'*

Plasmonic gold and silver nanoparticles change their properties based on the assembled state.
Various applications such as catalytic reaction and photothermal therapy using self-assembled
plasmonic nanoparticles have been reported. Since light is a noninvasive stimulus, many
methods for controlling the self-assembly of plasmonic nanoparticles using light have been
studied.” However, nonspherical particles are rarely targeted, and ultraviolet light is mainly
used. In this study, we succeeded in controlling the dispersibility of porous gold nanocubes
using a novel water-soluble azobenzene derivative, which photoisomerizes under visible light
(Fig. 1a).? Light-induced changes in the average particle size determined by dynamic light
scattering (DLS) suggests that the gold nanocubes were aggregated under blue light irradiation
and redispersed under green light irradiation (Fig. 1b).

Keywords : Metal Nanoparticles; Plasmon Resonance; Self-assembly; Azobenzene;
Photoisomerization
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Figure 1. (a) Schematic illustration of the visible-light-induced reversible self-assembly of
gold nanocubes. (b) Visible-light-induced change of the average size of the assembled gold

nanocubes measured by DLS.
1) T. Bian, Z. Chu, R. Klajn, Adv. Mater. 2020, 32, 1905866. 2) K. Saito, K. McGehee, Y. Norikane, Part.
Part. Syst. Charact. 2022, 39,2200123.
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Somcatlon induced nanocrystallization of a gold cluster enabled by encapsulatlon in micelles
(‘Faculty of Environmental Earth Science, Hokkaido Unzverszty, Graduate School of
Environmental Sczence Hokkaido Unzverszzy) OYuki Saito,' Ayano Suda,”> Maki Sakai,’
Yukatsu Shichibu,'? Katsuaki Konishi'

Sonication-induced crystallization (Sono-crystallization) is a promising method to enhance
photoluminescence (PL) intensities of AIE molecules. However, conventional sono-
crystallization methods have difficulty in controlling the growth of generated crystal seeds, and
especially it is challenging to obtain nanosized molecular crystals. In this work, we present
size-selective sono-crystallization of [Aus(dppp)s(CN)2]** cluster enabled by the encapsulation
of clusters into SDS micelles (Figure 1). Our approach using a surfactant would be applicable
to other molecules rather than gold clusters and is expected to be a powerful method to control
arrangements and physical properties of aggregated molecules.

Keywords : Cluster, Sono-crystallization, Micelle, AIE, Molecular assembly
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Figure 1. STEM images and schematic illustration of the sono-crystallization of Aus clusters

in SDS micelles.
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Fabrication and Unique Characterization of Polymeric Nanofiber Suspension as Novel
Anisotropic Nanomaterials (Graduate School of Engineering, Tokai University, >Micro/Nano
Technology Center, Tokai University) OHayato Yokose,' Naoya Ichihara,' Yosuke Okamura'*?

Anisotropic particles exhibit unique properties compared to isotropic ones; e.g. the disc-
shaped particles exhibit higher viscosity and enhance aggregation ability than spherical
particles”. Polymeric nanofibers, widely used in the fields such as environment and biomedical
applications, are one of the anisotropic materials with high aspect ratio between narrow
diameter and length of the fibers 2. In this study, we propose a fabrication procedure of
fragmented nanofibers dispersed stably in water, and their application to novel carriers for
turbidimetric immunoassay. Fragmented nanofibers composed of polystyrene (PS) were
fabricated by the electrospinning method and mechanical fragmentation. To improve the
dispersion stability of the fragmented nanofibers and to introduce functional groups, bovine
serum albumin (BSA) was physically adsorbed to the surface of the fragmented nanofibers.
Antibodies were conjugated by chemical cross-linking via amino groups of the BSA on the
fragmented nanofibers. When antigen was added to the dispersion, nanofibers were specifically
aggregated by the antigen-antibody reaction. In fact, nanofiber dispersion was found to
aggregate at a wider range of antigen concentrations compared to microspheres with the same
surface area.

Keywords: Polymeric nanofibers, Anisotropic nanomaterials, Aggregation and dispersion
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1) Zhang H. et al. ACS Appl. Polym. Mater, 2, 3355-3364 (2020).
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Structure—Function Relationship Studies of Hydrophobic Ligands for Stable Colloidal
Nanoparticles (Tokyo University of Agriculture and Technology) O Tatsuya Sudo, Shohei
Yamashita, Hidehiro Kamiya, Yohei Okada

Nanoparticles have specific physicochemical properties that differ from bulk materials and
are attracting attention as functional materials such as electronic components and optical
devices. Since nanoparticles are prone to aggregation, surface modification with ligands is
widely used to enhance the dispersibility of nanoparticles. However, structure-function
relationships of ligands are still controversial. In this study, ligands with slightly different
molecular structures were synthesized based on ligands with oleic acid structures, which are
frequently used as hydrophobic ligands, and their ability to disperse nanoparticles was
evaluated. The results revealed that the presence of a double bond in the center of ligand
molecule enhances the dispersibility of the nanoparticles in hydrophobic solvents.

Keywords : Nanoparticles, Ligands, Dispersibility; Hydrophobic solvents
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1) Yang, Y. et al., Nano Lett. 2016, 16,2127 — 2132, 2) Sudo, T. et al., Chem. Eur. J. 2022, accepted
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Dispersibility Study of Surface-modified TiO, Nanoparticles: Thermodynamics of Dispersion
and Agglomeration in Less-polar Solvents (Tokyo University of Agriculture and Technology)
(OShohei Yamashita, Yukina Ito, Tatsuya Sudo, Hidehiro Kamiya, Yohei Okada

Fundamental understanding of solution properties of ligand-nanoparticle complexes is of
importance for their application. In particular, the relationships between the structure of surface
ligands and the dispersibility of the complexes in less-polar solvents has recently been the
subject of controversy. We have previously reported the effect of chain length" and regio- and
stereochemistries of C=C double bonds? of surface ligands on the dispersibility of hydrophobic
phosphonate-capped TiO, nanoparticles. In this study, we attempted to discuss the dispersibility
of various hydrophobic phosphonate-capped TiO, nanoparticles in less-polar solvents from a
thermodynamic point of view. Examples of stearylphosphonate-capped TiO, nanoparticles are
shown in the figure. Visible light transmittance revealed that the thermo-responsive dispersion-
agglomeration transition varied with ligand structure, solvent, and concentration of
nanoparticles.

Keywords : Nanoparticles;, Phosphonic acid; Dispersibility; Thermo-responsiveness
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1) Yamashita, S.; Sudo, T.; Kamiya, H.; Okada, Y. Chem. Eur. J. 2022, 28, €202201560.
2) Sudo, T.; Yamashita, S.; Koike, N.; Kamiya, H.; Okada, Y. Chem. Eur. J. 2022, accepted.
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Anisotropy Control of 3-Dimentional Nanocrystal Superlattice ('Institute for Chemical
Research, Kyoto University) OMasaki Saruyama,' Toshiharu Teranishi'

We show the formation and structural control of three-dimensional superlattice of Cuy«S
nanocrystals (NCs). During the synthesis of Cu,«S NCs in liquid solution, monodisperse Cu.
S NCs were self-assembled into highly-ordered 3D superlattices through van der Waals
attractive forces. The shape of superlattice depends on the amine ligand concentration in the
synthesis, in which higher amine concentration yielded anisotropic rod-shaped superlattice
while lower concentration gave highly-symmetric fcc-baced superlattice. TEM observation
revealed that the shape of each Cu,«S NC component determines the overall structure of the
superlattice. We conducted the synchrotron-based in-situ small-angle X-ray scattering
measurements to monitor the overall process of the reaction, including the nucleation and
growth of NCs and the formation of superlattices in various amine concentration.

Keywords : Nanoparticles, Self-assembly,; Superlattice; Anisotropy
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Fig. Schematic formation process of Cu,«S nanocrystal superlattices in colloidal synthesis.
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Colloidal synthesis of coherent InP/ZnS core/shell nanocrystals and their optoelectronic
applications ('International Center for Materials Nanoarchitectonics, National Institute for
Materials Science, *Graduate School of Chemical Sciences and Engineering, Hokkaido
University, *Graduate School of Chemical Sciences and Engineering, Chuo University)
OXKazuhiro Nemoto,! Naoto Shirahata'->?

We report that coherent growth of zinc sulfide (ZnS) on a colloidal indium phosphide (InP)
nanocrytal (NC) yields a InP/ZnS core/shell structure with a single lattice constant of 0.563 nm.
Compared to the bulk crystal of zinc-blend InP, the lattice of core NC is compressed by 4.1%. To
the contrary, the lattice of shell expands by 4.1% relative to bulky ZnS crystal throughout the
core/shell NC if the shell is thinner than or equal to 0.81 nm and the diameter of the core QD is
smaller than 2.64 nm. Under these conditions, the coherent NCs showed the superior optical
properties. Furthermore, we fabricated a PD device using coherent InP/ZnS QD as the active layer
and showed superior photoresponse characteristics. The time required for the rise and fall of the
signal waveform was 4 msec and 9 msec, respectively, indicating the fastest response time among
Cd-free QD system PDs reported so far.

Keywords: Indium phosphide; Zinc sulfide; Photodiode,; Photodetector; Nanocrytal
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1 K. Nemoto, J. Watanabe, H.-T. Sun and N. Shirahata, Nanoscale, 2022, 14, 9900-9909.
2 K. Nemoto, J. Watanabe, H. Yamada, H.-T. Sun and N. Shirahata, Nanoscale Adv., DOI: 10.1039/d2na00734g
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