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Webiner 1

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO1-1Tam] Award Presentations, Special Lectures
Chair:Takahiko Kojima, Tatsuya Tukuda
9:00 AM - 11:00 AM Webiner 1 (Online Meeting)

[SOT-1am-01] Atom-hybridization method and super-
periodic table: development of synthetic
technique and design theory of quantum
sized materials
OTakamasa Tsukamoto'? (1. Lab. Chem. Life
Sci., Tokyo Tech, 2. PRESTO, JST)

9:00 AM - 9:30 AM

[SO1-Tam-02] Crystal growth of inorganic-organic hybrid
materials on metal hydroxide: epitaxial
growth of porous coordination polymer
OKenji Okada™? (1. Osaka Pref. Uni., 2. JST
PRESTO)

9:30 AM - 10:00 AM

[SOT1-1am-03] Artificial Metalloenzymes Based on
Hemoprotein toward Functional Materials
OKoji Oohora' (1. Osaka Univ.)

10:00 AM - 10:30 AM

[SOT-1am-04] Synthesis of Transition Metal Complex with
o -electron acceptor Ligand and its
Application to Catalysis
oHajime Kameo' (1.Osaka Prefecture

University)

10:30 AM - 11:00 AM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO1-1pm] Award Presentations, Special Lectures
Chair:Masako Kato, Kazushi Kinbara

1:00 PM - 2:50 PM Webiner 1 (Online Meeting)

[SO1-1pm-01] Development of Targeted Molecular Design
Strategies for Stimuli-Responsive Metal
Complexes
©Masaki Yoshida' (1. Hokkaido Univ.)
1:00 PM - 1:30 PM

[SO1-1pm-02] Creation of innovative organic-inorganic
hybrid materials via sol-gel methods
OMasahide Takahashi' (1. Osaka Prefecture
University)
1:30 PM - 2:20 PM
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[SO1-1pm-03] Structure Control and Molecular
Recognition of Vanadium-Oxide Cluster
with an Atomic-sized Concave
OYuji Kikukawa' (1. Kanazawa University)

2:20 PM - 2:50 PM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO02-1pm] Award Presentations, Special Lectures
Chair:Manabu Sugimoto, Tsuyohiko Fujigaya
1:00 PM - 3:20 PM Webiner 2 (Online Meeting)

[SO02-1pm-02] Development of Prediction Method for
Interfacial Free Energy of Fluoropolymers
Using Molecular Simulations
OMasahiro Kitabata' (1. Toray Industries, Inc.)
1:30 PM - 2:00 PM

[S02-1pm-03] Development of Systematic Search Method
for Non-Radiative Decay Pathways toward
Designing Photofunctional Molecules
©Yu Harabuchi?® (1. Hokkaido Univ., 2. WPI-
ICReDD, 3.JST PRESTO)
2:00 PM - 2:30 PM

[S02-1pm-04] Development of Data-Driven Chemistry
OKimito Funatsu'? (1. The University of Tokyo,
2. Nata Institute of Science and Technology)

2:30 PM - 3:20 PM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO02-1vn] Award Presentations, Special Lectures

Chair:Masato Ito, Yoshiyuki Kikuchi
4:10 PM - 5:40 PM Webiner 2 (Online Meeting)

[S02-1vn-01] Understanding and Promoting Chemical
Education through Collaboration between
Izumo Science Center and Elementary and
Junior High Schools.
oShinya Nakayama1’2 (1. Miyagi University of
Education, 2. The Kyushu University Museum)
4:10 PM - 4:40 PM

[S02-1vn-02] Bioorganic Chemistry and Experiments
Promoting High School and University
Students’ Interest toward Science

OSugai Takeshi' (1. Keio University)

4:40 PM - 5:10 PM

[S02-1vn-03] Marie Curie’ s Science Lessons - Its



modernization and dissemination
OMizue Y Kissho' (1. Tokyo University of
Science/Science Studio Marie (SSM))
5:10 PM - 5:40 PM
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Lectures | Award Presentations, Special Lectures

[SO1-1vn] Award Presentations, Special Lectures
Chair:Toshio Naito, Shinsuke Takagi
4:10 PM - 6:30 PM Webiner 1 (Online Meeting)

[SOT1-1vn-01] Atomically precise fabrication of one-
dimensional transition metal chalcogenides
inside nano-test-tubes
Ovusuke Nakanishi1, Naoyuki Kandaz, Zheng Liu3,
Motoki Aizaki, Masataka Nagata, Kazu Suenaga3,
Hisanori Shinohara (1. Tokyo Metrop. Univ., 2.
Nagoya Univ., 3. AIST)

4:10 PM - 4:40 PM

[SOT1-1vn-02] Precise Control of Molecular Arrangements
via Multiple Electrostatic Interactions
Towards Manipulation of their
Photochemical Properties
OYohei Ishida' (1. Faculty of Engineering,
Hokkaido University)

4:40 PM - 5:10 PM

[SO1-1vn-03] Mechanism Elucidation and Molecular
Design of The Functional Materials Based
on Theoretical and Computational
Chemistry
OMiho Hatanaka'? (1. Keio University, 2. Nara
Institute of Science and Technology)

5:10 PM - 5:40 PM

[SO1-1vn-04] Development of In situ X-ray Absorption
Fine Structure(XAFS) Spectroscopy and
Applications to Catalyst Structure Analysis
under Working Conditions

1

OKiyotaka Asakura' (1. Hokkaido University)

5:40 PM - 6:30 PM
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[SO1-2am] Award Presentations, Special Lectures
Chair:Minoru Osada, Takashi Hayashita
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9:00 AM - 11:40 AM Webiner 1 (Online Meeting)

[SOT1-2am-01] Development of Artificial Receptors Based
on Assembly of Metal Complex Units and
Desymmetrization of Molecular
Components
OTakashi Nakamura'? (1. Fac. of Pure and Appl.
Sci., Univ. of Tsukuba, 2. TREMS, Univ. of
Tsukuba)

9:00 AM - 9:30 AM

[SOT1-2am-02] Construction of Kinetically Controlled
Dynamic Host-Guest Systems
OYoko Sakata' (1.Kanazawa University)

9:30 AM - 10:00 AM

[SOT-2am-03] Innovations in Bio-Analytical Chemistry and
Biomedical Engineering by Nanobiodevices
OYoshinobu Baba'? (1. Nagoya University, 2.
QST)

10:00 AM - 10:50 AM

[SO1-2am-04] Solid electrolytes based on inorganic
chemical process and their application to
all-solid-state batteries
OAkitoshi Hayashi' (1. Osaka Prefecture
University)

10:50 AM - 11:40 AM

Sun. Mar 21, 2021
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Lectures | Award Presentations, Special Lectures

[SOT1-3am] Award Presentations, Special Lectures
Chair:Hitoshi Kasai, Takaya Kubo
9:00 AM - 11:20 AM Webiner 1 (Online Meeting)

[SO1-3am-01] Droplet World Hypothesis: The Origins of
Life Approaching with Supramolecular
Chemistry
OMuneyuki Matsuo' (1. Hiroshima Univ.)
9:00 AM - 9:30 AM

[SO1-3am-02] Innovative Fine Emulsification Technology
by Dynamic Interface Control based on
Micro Chemistry, and its Commercialization
OYuka Oonishi1, Takafumi Kinoshita1, Takaaki
Naito1, Shunsuke Takagi1, Akihiko Takahashi'

(1. Kao Corporation)

9:30 AM - 10:00 AM

[SOT1-3am-03] Development of pyrolysis process for



chemical feedstock recovery from hard-to-
recycle waste plastics
OShogo Kumagai' (1. Tohoku Univ.)
10:00 AM - 10:30 AM

[SOT1-3am-04] Study on Metal Halide Perovskite Solar
Cells based on Molecular Design and
Highly Purified Precursor Materials
OAtsushi Wakamiya' (1. Kyoto University)
10:30 AM - 11:20 AM

Award Presentations, Special Lectures | Award Presentations, Special

Lectures | Award Presentations, Special Lectures
[SO02-3am] Award Presentations, Special Lectures

Chair:Takeshi Ohkuma, Mitsuru Kitamura
9:00 AM - 11:20 AM Webiner 2 (Online Meeting)

[S02-3am-01] Synthesis of novel heteronanographenes
and exploration of their functions
OTakayuki Tanaka' (1. Graduate School of
Science, Kyoto University)
9:00 AM - 9:30 AM

[S02-3am-02] Catalytic Vinylene Transfer Reaction for the
Direct Construction of Multi-Ring Systems
oYuji Nishii' (1. Osaka University, Graduate
School of Engineering)
9:30 AM - 10:00 AM

[S02-3am-03] Synthesis and Catalytic Applications of
Multipoint Solid-Supported Phosphine
Ligands
OTomohiro Iwai' (1. Department of Basic
Science, Graduate School of Art and Sciences,
The University of Tokyo)
10:00 AM - 10:30 AM

[S02-3am-04] Creation of Catalytic Functions Based on
Molecular Design of Organic lon Pairs
OTakashi Ooi' (1. Nagoya University)
10:30 AM - 11:20 AM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO02-3pm] Award Presentations, Special Lectures
Chair:Ken Tanaka, Takashi Matsumoto

1:00 PM - 3:20 PM Webiner 2 (Online Meeting)

[S02-3pm-01] Umpolung-Type Functionalization Based
on the Unique Properties of lodine

OKensuke Kiyokawa' (1. Osaka University)
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1:00 PM - 1:30 PM
[S02-3pm-02] Development of Heterogeneous Catalysts
for Continuous-Flow Synthesis of Chiral
Compounds
©Tomohiro Yasukawa' (1.The University of
Tokyo)
1:30 PM - 2:00 PM
[S02-3pm-03] Development of Carbon-bridged
Oligo(phenylenevinylene)s that Reveal
Some Cryogenic Phenomena at Room
Temperature
CHayato Tsuji' (1. Kanagawa Univ.)
2:00 PM - 2:50 PM
[S02-3pm-04] Assemblies of Non-Planar Molecules: The
Structures and Properties
Ovumi Yakiyama1 (1. Graduate School of
Engineering, Osaka University)

2:50PM - 3:20 PM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SOT1-3pm] Award Presentations, Special Lectures
Chair:Masato Ito, lzumi Imai
1:00 PM - 2:30 PM Webiner 1 (Online Meeting)

[SOT1-3pm-01] Contribution to Chemistry Education
through Development of Teaching
Materials for Junior High School Chemistry
Experiments and Application to Teacher
Training
OTakuya Miyauchi1 (1. Tokyo Gakugei
University)
1:00 PM - 1:30 PM

[SO1-3pm-02] Human Resource Development by Holding
Workshops Named “ SCN Miyagi”
OAtsuhito Kubota' (1. Sendai Seiryo Secondary
School)
1:30 PM - 2:00 PM

[SO1-3pm-03] Development of Young Research Leaders
Responsible for the Next Generation
OKeiji Maruoka® (1. Kyoto University)
2:00 PM - 2:30 PM

Award Presentations, Special Lectures | Award Presentations, Special




Lectures | Award Presentations, Special Lectures

[S02-3vn] Award Presentations, Special Lectures
Chair:Toshiki Mutai, Takahiro Tsuchiya
4:10 PM - 6:30 PM Webiner 2 (Online Meeting)

[S02-3vn-01] Construction of Molecular Spaces based on
syn-Substituted Triptycenes
OTakayuki Iwata' (1. IMCE, Kyushu Univ.)
4:10 PM - 4:40 PM

[S02-3vn-02] Development of Porphyrin Sensitizers and
Evaluation of Photovoltaic Performances of
the Dye-Sensitized Solar Cells
OTomohiro Higashino' (1. Department of
Molecular Engineering, Graduate School of
Engineering, Kyoto University)
4:40 PM - 5:10 PM

[S02-3vn-03] Syntheses and Properties of Open-Shell
-Conjugated Molecules
OTakashi KUBO' (1. Osaka University)
5:10 PM - 6:00 PM

[S02-3vn-04] Development of supramolecular bearings
with ultralow friction at curved- interfaces
OTaisuke Matsuno' (1. The Univ. of Tokyo)
6:00 PM - 6:30 PM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO1-3vn] Award Presentations, Special Lectures
Chair:Akihiro Morita, Ken-ichi limura
4:10 PM - 5:30 PM Webiner 1 (Online Meeting)

[SO1-3vn-01] Design of Functional Polymer Vesicles
Based on Thermoresponsive Polymers
OTomoki Nishimura' (1. Kyoto university)
4:10 PM - 4:40 PM

[SO1-3vn-02] Studies of chemical reactions and their
applications in supercritical water
CTadafumi Adschiri’ (1. Tohoku.Univ.)
4:40 PM - 5:30 PM

Mon. Mar 22, 2021

Webiner 1

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SOT-4am] Award Presentations, Special Lectures

Chair:Jun Terao, Yoshihiro Ohta
9:00 AM - 11:40 AM Webiner 1 (Online Meeting)
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[SOT-4am-01] Development of advanced luminescent
sensing materials based on precise
structural control of organic crystals
OSuguru Ito’ (1. Yokohama National Univ.)
9:00 AM - 9:30 AM

[SO1-4am-02] Development of Functional Materials via
Polymer Encapsulation into Metal-Organic
Frameworks
OTakashi Uemura' (1. The Univ. of Tokyo)
9:30 AM - 10:20 AM

[SOT-4am-03] Polymer synthesis based on topology
transformation
ODaisuke Aoki"? (1. Tokyo Tech., 2.JST
PRESTO)

10:20 AM - 10:50 AM

[SOT-4am-04] Pioneering Studies on Organic lonics
Materials Based on lonic Liquids
OMasayoshi Watanabe' (1. Yokohama National
University)

10:50 AM - 11:40 AM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO02-4am] Award Presentations, Special Lectures
Chair:Takahiko Akiyama, Daisuke Miyoshi
9:00 AM - 11:40 AM Webiner 2 (Online Meeting)

[S02-4am-01] Development of Novel Catalytic Reactions
of CO, for the Synthesis of Useful
Chemicals
OLiang Zhang', Zhaomin Hou' (1. RIKEN)
9:00 AM - 9:30 AM

[S02-4am-02] Chemical Photocatalysis: Organic Synthesis
with Visible Light
OBurkhard Koenig' (1. University of
Regensburg)
9:30 AM - 10:20 AM

[S02-4am-03] Development of Transition Metal-Catalyzed
Asymmetric Propargylic Substitution
Reactions
OYoshiaki Nishibayashi1 (1. The University of
Tokyo)
10:20 AM - 11:10 AM

[SO02-4am-04] Rational design of metal-responsive
allosteric DNAzymes

Oyusuke Takezawa' (1. Grad. School of



Science, The Univ. of Tokyo)
11:10 AM - 11:40 AM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO1-4pm] Award Presentations, Special Lectures
Chair:Hiroko Yamada, Takanori Fukushima
1:00 PM - 2:50 PM Webiner 1 (Online Meeting)

[SOT1-4pm-01] Visualization and Functional Development
of Cell-inspired Supramolecular Materials
ORyou Kubota' (1. Kyoto University)
1:00 PM - 1:30 PM

[SOT-4pm-02] On Emerging Energy Storage/Conversion
Functions in Porous m-Conjugated
Frameworks
OKen Sakaushi' (1. National Institute for
Materials Science)
1:30 PM - 2:00 PM

[SOT-4pm-03] 30 Year's of OLED research
OJunji Kido' (1. Yamagata University)

2:00 PM - 2:50 PM

Award Presentations, Special Lectures | Award Presentations, Special
Lectures | Award Presentations, Special Lectures

[SO2-4pm] Award Presentations, Special Lectures
Chair:Michio Murata, Shinobu Itoh
1:00 PM - 3:40 PM Webiner 2 (Online Meeting)

[SO02-4pm-01] Synthetic Epigenome Manipulation with
Chemical Catalyst Systems
OKenzo Yamatsugu' (1. Graduate School of
Pharmaceutical Sciences, The University of
Tokyo)
1:00 PM - 1:30 PM

[S02-4pm-02] Development of synthetic oligoamides with
predictable shapes and application of the
oligomers for manipulating biomolecules
OJumpei Morimoto’ (1. The University of
Tokyo)
1:30 PM - 2:00 PM

[SO02-4pm-03] Molecular Structural and Functional
Studies on Iron-Related Proteins
OYoshitsugu Shiro" (1. University of Hyogo)
2:00 PM - 2:50 PM
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[S02-4pm-04] Research on the efficient enantioselective
total synthesis of useful bioactive polycyclic
compounds
OMasahisa Nakada' (1. Waseda University)
2:50 PM - 3:40 PM
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[SOT-Tam] Award Presentations, Special Lectures
Chair:Takahiko Kojima, Tatsuya Tukuda
Fri. Mar 19, 2021 9:00 AM - 11:00 AM Webiner 1 (Online Meeting)

[SOT1-Tam-01] Atom-hybridization method and super-periodic table: development
of synthetic technique and design theory of quantum sized materials
©Takamasa Tsukamoto'? (1. Lab. Chem. Life Sci., Tokyo Tech, 2. PRESTO, JST)

9:00 AM - 9:30 AM

[SOT1-Tam-02] Crystal growth of inorganic-organic hybrid materials on metal
hydroxide: epitaxial growth of porous coordination polymer
OKenji Okada'? (1. Osaka Pref. Uni., 2. JST PRESTO)

9:30 AM - 10:00 AM

[SO1-1am-03] Artificial Metalloenzymes Based on Hemoprotein toward Functional
Materials
©Koji Oohora’ (1. Osaka Univ.)

10:00 AM - 10:30 AM

[SO1-1Tam-04] Synthesis of Transition Metal Complex with o -electron acceptor
Ligand and its Application to Catalysis
OHajime Kameo' (1.0Osaka Prefecture University)

10:30 AM - 11:00 AM
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7 bLNATY Y BEEBRME | BT YA KWEOS HHH &
BEHEROBR
(RTRACAMNF T - IST S &3 2) OFA FE 2

Atom-hybridization method and super-periodic table: development of synthetic technique and
design theory of quantum sized materials ('Laboratory for Chemistry and Life Science, Tokyo
Institute of Technology, *JST-PRESTO) OTakamasa Tsukamoto'

Although ‘atomic clusters’ known as extremely small nanoparticles with 1 nm particle size
often exhibit exotic properties not found in conventional materials, their precise synthesis and
molecular design have been technically difficult. To overcome these issues, applying both
experimental and theoretical approaches, we have recently developed the new precise synthetic
technique of clusters ‘atom-hybridization method’ and discovered new precise design theory
of clusters ‘super-periodic table and super-degeneracy theory’ successfully.

Keywords : Atomic Cluster; Atom-Hybridization Method; Multimetallic Cluster;, Super-
Periodic Table; Super-Degeneracy

O IEAE ~EAEDJEF- DR DM NDF kiAo [ 7T 2% —WE | 1%, 2y
MERRCT B AT 22 ORI 2 M &2 B B L R IMA BB R (2 W CEE e it
D—DEMEMTOEND, LLERNL, 77 AZ—DOFESRNKNETH DR L5
TEHDPHNETH L ABMEE > TE Y Y0 ORBIIREHoICER L T
R, T, ZOMEOMREZ B L, ER - HERON T OT T a—F b RE 1T
VN T T AR —DFTRE BN e O R R EERR OB R TR L 7=,

(B amREMmDRRE] AREKTIL, BRESTT U RN ~—%2F D721 E
LCTHWDHEIR Y 7 AX—BE 17 Foang 7V v RiE] DIZOoWTREMNT 5, =
DFETIE, WA R HEM =y NEZAET DT N ~—NEBIZ, Rk E 7250
A AR ZEE ST (2RSSR ZHEE LTy 72X —0fE
BEEITY (K1 B, $EERERKGE BRIy ha—L3 25 2 LT, E5% S
ICHE LT BEME R L, ZO8kk ¥ .

FALERICRET 2 L TRHMOZ I 2 o0 S &
Y- ERT 5. BRI, TTEOR o) —= e
SE a2 INS SSOEEL TS
St (LRERY T A —] OOREER PRt

L. SHIcA—&HTFToEEeToEn o TS

gt (68 JsR) Dt 7RI H % 5EGE L7z
(X1 F), ZOXHiz, @By bz L skik
LD EA Uiz [+ OBLFIE | % 5 A
THZET, TNETRAEETHH-TZHH
BAER 7 T A Z —H RO FEBLUT T 72 3
MR D BRFE & 2Rk L 72,

© The Chemical Society of Japan -S01-1am-01 -



SO0T-Tam-01 AZ{b2a B1015SE2 (2021)

Z OTFIEITEBRIHEEE ¢77x& DORBITIGHT 5 2 LR AIRE T, FFE DR L
WZBWTHR 2B IRIBICHR LI 2 BT 57 7 A4 =2 0, ekl L 0 HK
T IRE CEEED L, 58D 7 SORH b B & L2V Ve CIRAN 72 5 CHERE T 2 il ik
FRAL it 7 < A 2 —3 7p EOFERIZE R > T D,

[FHRREHEROBERE] ARETIE. CHhETERTHIZI TAZ—%—DOD
Rk & RATSTERIE T LA RIET L, EBEO S T 27—k (I 1
HHLUTEREZ THT 207227 VIFEEHLETT VI OWTREITT 5,
ZOETNVE, BIOBEBFEEEZHIETAIOLE L XL IIZ, 7T AX—OfE T %%t
i & | M%?é_&fy%%%Twib%iDﬁ&_ﬁﬁﬁ715 DHEHE
iy - mﬁ%T e#é £/, ZOEFMCESNT, BT (E%) AR LR U
(20 T AR — %A - BERTE D TRANISE) ) OBRIEEIC LS LE (K2), =
hﬁ4o@%%%0%ﬁm@r YTOREWE] THhy, KOV AIIEBEEINT-%7 T

2B —H TEROTEHE] ST 5, 20X 91, HIOMREIES T 2 4 — & REIC
B TEDTHEN » LOWET - (E LB &) st 2 i s = &
MWTED, 7 TAZ—DELH LWy kit a s L7,

F7- SFEAEEE T LA ET B 2 & T, B RSN S B IR B 2
T A A =N, EREIFRE B R DM A E 0 BRGHEWE] ) LD 2 L 2 EHIIC R
Lkok?%gmﬁﬁ5%%%“%@%%%%%Mﬁ%®%0%ﬂﬁfkD\:Mi
TIORREBZDZ LIIRAREE SNTWWe, = OBKHEWEIL. %2203
TRKTRD 7 T A8 — T b — 5, $F - BRL T - i%ﬁ@g@ﬁ%;@%m
S MROEELRSTNE )70 ¢ stteos T i T
SEREE S PEIER S . FIC R Z 7L — " Erener
HOERARTE) 2 abtrist, o L [eeladel - [P [ sas0r s
FUCHSR LT, ERRFBROJE 7T &

2 ERLARVREREL-ET (LT L sl
WHEA BT 2, DL I, 7T i{W\\MHHMMMHHY'“T“”éi
2B —DNIEEF & H < H L =
WA A= B BT B Z LT Lﬁ|"|%'l%ﬁH;{£l\f

BELE DML 22 DRI % 8 7 1 Vo, my = =

MEHELGET OfRET 2 L L7, K2 MEME (WEERS 522 —08E)

1) T. Tsukamoto, K. Yamamoto, et al., Nature Commun. 2018, 9, 3873.

2) T. Tsukamoto, K. Yamamoto, et al., J. Am. Chem. Soc. 2020, 142, 19078.

3) T. Tsukamoto, K. Yamamoto, et al., Angew. Chem. Int. Ed. 2020, 59, 23051.

4) T. Tsukamoto*, N. Haruta*, K. Yamamoto, et al., Nature Commun. 2019, 10, 3727.

5) N. Haruta*, T. Tsukamoto*, K. Yamamoto, et al., Nature Commun. 2018, 9, 3758.
*cofirst author
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Crystal growth of inorganic-organic hybrid materials on metal
hydroxide: epitaxial growth of porous coordination polymer

(*Graduate School of Engineering, Osaka Prefecture University, >JST PRESTO) OKenji
Okada'?

Keywords: Metal organic framework; Porous Coordination Polymer; Metal hydroxide;
Epitaxial growth; Oriented film

Framework compounds such as porous coordination polymers (PCP), also called
metal-organic frameworks (MOF), and covalent organic frameworks (COF) are
characterized by their micro pores which offer a huge accessible surface for applications in
gas storage, catalyst and others. A key aspect of PCP chemistry is that their modular
construction, from organic links and metal nodes, allows for control of pore chemistry,
structure metrics and network topology. Additional functionalities for electronics, photonics,
themal and magnetics applications can be attained vis a host-guest approach by an
accommodation of functional guests (molecules, ions, or nano objects) into the pores. Due
to these chemical and physical designability, in these days, PCP have attracted more
attentions in advanced applications, such as smart membranes, sensors, transistors, and
microelectronic devices. An important step towards fully realizing the potential of PCPs in
advanced technologies is the development of fabrication methods that allow for controlling
orientation of PCP crystals on the cm-scale and depositing the crystals on the desired
locations of substrates (patterns). A number of fabrication methods have been developed for
the deposition of PCP films and patterns. ' However, the growth of PCP crystals that are
oriented along all crystallographic axes had not been explicitly demonstrated. The
development of the fabrication method for controlling orientation and the location of PCPs
remained a significant challenge for realizing PCP-based device applications.

Since 2014, we have been (a) /i (b) .

Heteroepitaxially grown
Aligned Cu,(BDC),
PCP crystals

developing a new method for souonuin

ligand (H,BDC)

controlling orientation and
the location of PCP by using
ceramics (metal hydroxide)
as a metal ion precursor for
the PCP synthesis. Metal
hydroxides are crystalline
nanomaterials and have the
following unique features: 1)
lower lattice enthalpy than
oxides, 2) regularly ordered

hydroxyl ~ groups on' the he (a and c) oriented Cu(OH); nanobelts and (b and d) oriented
surface. Because of their low ¢, (BD(), synthesized via heteroepitaxial growth on Cu(OH)s.
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lattice enthalpy, metal hydroxides readily react with the organic ligands, allowing them to
be converted to PCP under mild conditions (room temperature and no hazardous solvent).
Therefore, pre-deposited Cu(OH), films and their patterns on any substrate (e.g., plastic,
metal, or glass) could be converted to uniform Cu-based PCP coatings and its patterns and
3D objects for electrochemical and solid catalysts.”> Furthermore, we found that Cu-based
PCP can grow on Cu(OH), surface through a heteroepitaxial approach. The regularly
ordered hydroxyl groups on the metal hydroxide contributed to align the organic linkers on
the surface, affording heteroepitaxial growth of PCPs. By this heteroepitaxial approach, we
succeeded in the fabrication of Cux(BDC), (BDC: 1,4-benzenedicarboxylate) films with
both out-of-plane and in-plane orientations on cm-scale substrates (Fig. 1).° The oriented
PCP films could afford an alignment of guest fluorescent molecules over a large area.
Multilayered oriented PCP films including metal particles exhibited polarization-dependent
plasmon absorption.” It was also found that the direction and the location of regularly
ordered 1D nanochannels of Cu-based pillar-layered PCPs (Cux(Linker),DABCO) could be
controlled by optimizing the crystal growth process; 1D nanochannels align either
perpendicular or parallel to substrates (Fig. 2).> Due to the fundamental interest and
widespread technological importance of controlling the alignment of functional molecules
and polymers in a particular direction, these orientation-controllable PCP films and patterns
will open up the possibility of realizing the potential of PCPs in advanced technologies
including electronic, L OABCOerstalite
optical, and thermal e @ = &~
devices. Furthermore, ' =
the regularly ordered
hydroxyl groups on
the metal hydroxides
are  expected to
provide new potential
platform as a scaffold

for the orientation of 500 pum " 500 ym

Fig. 2. (a) 1D nanochannel structures of Cux(Linker),DABCO.
SEM images of the PCP films synthesized under (b) the dissolution
and precipitation favoured and (c) epitaxial growth condition. (d-f)

organic molecules and
organic crystals such
as COF over large
areas.

Refences: 1) D. Zacher,
O. Shekhah, et al.,
Chem. Soc. Rev. 2009, 38, 1418. 2) K. Okada, Y. Tokudome, et al., Adv. Funct. Mater. 2014, 24, 1969.
3) T. Toyao, K. Liang, et al., Inorg. Chem. Front. 2015, 2, 434. 4) K. Okada, S. Sawai, et al.,
CrystEngComm 2017, 19, 4194. 5) K. Ikigaki, K. Okada, et al., J. Sol-Gel Sci. Tech. 2019, 89, 128.
6) P. Falcaro, K. Okada, et al., Nature Mater. 2017, 16, 342. 7) K. Ikigaki, K. Okada, et al., Angew.
Chem., Int. Ed. 2019, 58, 6886. 8) K. Okada, M. Nakanishi, et al., Chem. Sci. 2020, 11, 8005.

Optical microscope images of oriented PCP patterns. The white
arrows indicate crossed-polarizer orientation in (¢) and (f).
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Artificial Metalloenzymes Based on Hemoprotein toward Functional
Materials

(Graduate School of Engineering, Osaka University) OKoji Oohora
Keywords: Myoglobin, Heme, Porphycene, Enzyme Model, Light Harvesting System

Hemoprotein containing heme, an iron porphyrin, as a cofactor is a promising scaffold
toward artificial metalloenzymes and functional materials due to the unique characteristics
derived from the synergetic combination of the metal cofactor and protein matrix. In this
context, our group has demonstrated artificial metalloenzymes constructed by insertion of an
artificial metal cofactor into the heme-binding site of a simple hemoprotein as well as light
harvesting systems formed by assembly of photosensitizer-containing hemoprotein.

In nature, metalloenzymes are responsible for the difficult chemical conversions with high
efficiency and selectivity. However, most of these metalloenzymes have strong limitation of
the reactions only toward native substrates. Recently, creations of artificial metalloenzymes
have been reported by mutations and cofactor replacement of hemoproteins. Our group has
especially focused on myoglobin (Mb), a small oxygen-binding hemoprotein, and prepared
reconstituted Mb by replacement of heme with an artificial cofactor (Fig. 1a). ' We found that
Mb reconstituted with Mn porphycene, a constitutional isomer of porphyrin, catalyzes H>O,-
dependent C—H bond hydroxylation.’ The reconstituted protein, tMb(MnPc), shows turnover
number of 13 for ethylbenzene hydroxylation, whereas native Mb does not yield any product.
Interestingly, no overoxidation was observed, indicating that the heme-binding site of Mb has
suitable size and hydrophobicity to generate this selectivity. The characteristic point of
rMb(MnPc) is the formation of an active Mn(V)oxo intermediate as a detectable species, which

(@) : ¢ COOH } COOH COOH
| ] m - m N @ m |
PN @ COOH COOH
: coo | COOH COOH !

Fe porphyrin Mn porphycene Fe porphycene Co tetradehydrocorrin____Ni tetradehydrocorrin __:

P % /Proteuj\ matrix Hr:r?qe Artificiafcffactor Substrate - C-H bond hydroxylation

2, — s _A d S 3 + Olefin cyclopropanation

& = | — < « Methyl group transfer
Artificial U Product |. Methane generation

metalloenzyme

.

Hemoprotein

®) Thermolresponsive
Protein matrix Photosensitizer - hv Q‘O ymer oot
A . ‘ o> P elf-
¥ _ N\ SN assembly

/_laQ ?1' 'QH“.\\Q

Hexameric hemoprotein Heme Light harvesting system

Huge light
harvesting system

Figure 1. Schematic representation for construction of (a) artificial metalloenzymes and (b)

light harvesting systems.
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supports that the long lifetime of the intermediate is essential for the catalysis.* Furthermore,
reconstituted Mb with Fe porphycene serves as an efficient artificial metalloenzyme catalyzing
olefin cyclopropanation.’ The enhancement of catalytic activity relative to native Mb is caused
by the 500-fold accelerated formation of the intermediate species. In addition to artificial
metalloenzymes, the same method is useful to prepare functional models of native enzymes.
Tetradehydrocorrin (TDHC), a corrin derivative, stabilizes the low-valent metal species in the
metal complex and reconstituted Mbs with Co and Ni TDHC provide the models of cobalamin-
dependent methyl transferase and methylcoenzyme M reductase, respectively.>'
Hemoprotein has been utilized for a building block of supramolecular assemblies.'' " In
these efforts, hemoprotein assembly is inspired as a useful scaffold to form an array of
porphyrinoid-based photosensitizers toward light harvesting system, an important unit for
efficient photosynthesis. To achieve a facile and versatile system, we employ hexameric
tyrosine-coordinated heme protein (HTHP) as a protein matrix (Fig. 1b). HTHP is homo
hexamer and each subunit contains a heme cofactor. Our group found that HTHP reconstituted
with Zn porphyrin or Zn chlorin es (rHTHP) serves as a light harvesting system which is
confirmed by enhancement of fluorescence quenching efficiency relative to rtHTHP partially
lacking the photosensitizers.'*'> Further assemblies of HTHP have been demonstrated by
modification with functional molecules to induce the interprotein interactions.'!” The rHTHP
modified with poly(N-isopropylacrylamide) via maleimide-cysteine coupling forms spherical
micellar-type assembly which contains approximately five hundred photosensitizer molecules.
Thus, our group has demonstrated artificial metalloenzymes and light harvesting systems
by engineering of hemoproteins with artificial metal complexes. A series of our systems will
contribute to the creation of new-types of biocatalysts and energy production/utilization.

1) K. Oohora, A. Onoda, T. Hayashi, Acc. Chem. Res. 2019, 52, 945. 2) K. Oohora, T. Hayashi, Dalton
Trans. 2021, in press. 3) K. Oohora, Y. Kihira, E. Mizohata, T. Inoue, T. Hayashi, J. Am. Chem. Soc.
2013, 7/35,17282.4) K. Oohora, H. Meichin, H. Sugimoto, Y. Shiro, T. Hayashi, J. Am. Chem. Soc.2017,
139,18460.5) K. Oohora, H. Meichin, L. Zhao, M. W. Wolf. A. Nakayama, J.-Y. Hasegawa, N. Lehnert,
T. Hayashi, J. Am. Chem. Soc. 2017, 139, 17265. 6) T. Hayashi, Y. Morita, E. Mizohata, K. Oohora, J.
Ohbayashi, T. Inoue, Y. Hisaeda, Chem. Commun. 2014, 50, 12560.7) Y. Morita, K. Oohora, A. Sawada,
K. Doitomi, J. Ohbayashi, T. Kamachi, K. Yoshizawa, Y. Hisaeda, T. Hayashi, Dalton Trans. 2016, 45,
3277.8) Y. Morita, K. Oohora, A. Sawada, T. Kamachi, K. Yoshizawa, T. Hayashi, Inorg. Chem. 2017,
56, 1950. 9) K. Oohora, Y. Miyazaki, T. Hayashi, Angew. Chem. Int. Ed. 2019, 58, 13813. 10) Y.
Miyazaki, K. Oohora, T. Hayashi, J. Organomet. Chem. 2019, 901, 120945. 11) K. Oohora, T. Hayashi,
Curr. Opin. Chem. Biol. 2014, 19, 154. 12) K. Oohora, A. Onoda, T. Hayashi, Chem. Commun. 2012,
48, 11714. 13) K. Oohora, N. Fujimaki, R. Kajihara, H. Watanabe, T. Uchihashi, T. Hayashi, J. Am.
Chem. Soc. 2018, 140, 10145. 14) K. Oohora, T. Mashima, K. Ohkubo, S. Fukuzumi, T. Hayashi, Chem.
Commun. 2015,51,11138. 15) T. Mashima, K. Oohora, T. Hayashi, Phys. Chem. Chem. Phys. 2018, 20,
3200. 16) S. Hirayama, K. Oohora, T. Uchihashi, T. Hayashi, J. Am. Chem. Soc. 2020, 142,1822.17) K.
Oohora, S. Hirayama, T. Uchiahashi, T. Hayashi, Chem. Lett. 2020, 49, 186.
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Synthesis of Transition Metal Complex bearing o-electron acceptor (Z-type) Ligand and its
Application to Catalysis (Graduate School of Science, Osaka Prefecture University) OHajime
Kameo

Over last decade, the multi-dentate ligands bearing Lewis acid moiety have attracted
attention. One of these notable features is the ability serving as o-electron acceptor (Z-type)
ligand for transition metals.) This new class of ligand allows access to unique electronic
structures and reactivities for transition metal complexes. Accordingly, novel types of metal—
ligand cooperation have been authenticated, leading to the catalytic applications. Typically, o~
electron acceptor ability is employed for enhancing the electrophilicity of a transition metal,
and the cooperative activation of o-bond over M—Z interaction has been also shown possible.
We herein report new catalytic system designs based on metal-Z-type ligand cooperation,
which are applicable to the catalyses.

The first approach features the nucleophile insertion into M—Z interaction generating
anionic catalyst, in which the transition metal is electronically enriched and facilitates the bond
activation via oxidative addition (Figure 1).? Actually, the hydride ligand into the palladium-
borane interaction generated anionic Pd(0) species and enables the palladium-catalyzed
coupling via anionic pathway, which includes different reaction sequences from those of the
typical coupling reaction.

In the second approach, the electronic states of Z-type ligand are focused. It is well-known
that electrophilic activation via M«L interaction is one of common approaches for alkynes
and alkenes transformation (Figure 2a). On one hand, substrates serving as Z-type ligand are
nucleophilically activated via the M—Z interaction (Figure 2b),” and therefore we envisioned
that this electron flow enables a new type of the bond activation via the synergistic action with
an external Lewis acid. As a result, the fluoro-silane activation was found to be achieved via
the Ni/Pd—Si—-F—L.A. interaction, enabling the first coupling reaction of fluoro silanes.

Keywords : o-Acceptor Ligand, Borane; Metal-Ligand Cooperation, Fluoro-Silane Activation
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Figure 3

1) (a) A. Amgoune, D. Bourissou, Chem. Commun., 2011, 47, 859-871. (b) H. Kameo, H. Nakazawa,
Chem. Asian. J., 2013, 8, 1720-1734

2) H. Kameo, J. Yamamoto, A. Asada, H. Nakazawa, H. Matsuzaka, D. Bourissou, Angew. Chem. Int.
Ed., 2019, 131, 18959-18963.

3) H. Kameo, H. Yamamoto, K. Tkeda, T. Isasa, S. Sakaki, H. Matsuzaka, D. Bourissou, J. Am. Chem.
Soc., 2020, 142, 14039-14044.
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Development of Targeted Molecular Design Strategies for Stimuli-Responsive Metal
Complexes (Faculty of Science, Hokkaido University) (OMasaki Yoshida

Stimuli-responsive materials that can control properties and functions by external stimuli
such as vapor exposure and mechanical stimuli are attracting attention in a wide range of fields
such as sensors and devices. On the other hand, such stimulus-responsiveness was highly
dependent on serendipity from being exhibited by changes in weak intermolecular interactions.
In this work, I have focused on the design and control of such weak intermolecular interactions
and succeeded in the establishment of the molecular design of metal complexes that respond to
various stimuli. The details will be discussed.

Keywords : Stimuli-responsive materials;, Luminescence; Intermolecular interactions, Pt(Il)
complex; Phase transition
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1) (a) M. Yoshida, M. Kato, Coord. Chem. Rev. 2018, 355, 101; (b) M. Yoshida, M. Kato, Coord. Chem.
Rev. 2020, 408, 213194.

2) (a) T. Ogawa, M. Yoshida, H. Ohara, A. Kobayashi, M. Kato, Chem. Commun. 2015, 51, 13377; (b)
T. Ogawa, W. M. C. Sameera, D. Saito, M. Yoshida, A. Kobayashi, M. Kato, Inorg. Chem. 2018, 57,
14086; (c) C. Wakasugi, M. Yoshida, W. M. C. Sameera, Y. Shigeta, A. Kobayashi, M. Kato, Chem. Eur.
J. 2020, 26, 5449; (d) #RA « FH - /K - INEE, SEERLT2E 70 [FIFTRZS, 2020, 3PB-08.

3) (a) M. Yoshida, N. Yashiro, H. Shitama, A. Kobayashi, M. Kato, Chem. Eur. J. 2016, 22, 491; (b) D.
Saito, T. Ogawa, M. Yoshida, J. Takayama, S. Hiura, A. Murayama, A. Kobayashi, M. Kato, Angew.
Chem. Int. Ed. 2020, 59, 18723; (¢c) M. Kimura, M. Yoshida, S. Fujii, A. Miura, K. Ueno, Y. Shigeta, A.
Kobayashi, M. Kato, Chem. Commun. 2020, 56, 12989; (d) $%% « ZH « /K « K, S5 L2
70 [BIFFERZS, 2020, 2PF-06.

4) P. Kar, M. Yoshida, Y. Shigeta, A. Usui, A. Kobayashi, T. Minamidate, N. Matsunaga, M. Kato, Angew.
Chem. Int. Ed. 2017, 56, 2345.
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Creation of Innovative Organic-Inorganic Hybrid Materials via Sol-Gel Methods (Graduate
School of Engineering, Osaka Prefecture University) Masahide Takahashi

Organic-inorganic hybrid materials with a variety of chemical composition and nano/macro
structures can be achieved via solution processing, ex. sol-gel methods, because we can control
condensation/polymerization, hybridization, crystallization and growth, phase separation and
others within the solution. We have been preparing the hybrid materials with unique
microstructures and functionalities by introducing the molecular engineering concept in
combination with a fundamental knowledge of the inorganic chemistry: “novel organic-
inorganic hybrid materials via molecular approach”, “functional organic/inorganic interfaces”,
and “new functionalities coupled with micro/macro structures”. Several of our latest
achievements will be introduced at the lecture.

Keywords : Organic-inorganic hybrid, sol-gel, responsive materials, nano materials
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Key publications: (1) Chem. Sci., 11, 8005-8012 (2020). (2) Angew. Chem. Int’l Ed., 58,
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Nature Mater., 16, 342-348 (2017). (5) ACS Nano, 10, 5550-5559 (2016). (6) Adv. Mater.
Interfaces, 3(12), 1500802. (2016) (7) Chem. Mater., 27 (5), 1885-1891 (2015) (8) Adw.
Funct. Mater., 24(19), 2801-2809 (2014). (9) Adv. Funct. Mater., 24(14), 1969-1977,
(2014). (10) J. Mater. Chem A, 2, 58-61(2013). (11) Adv. Mater., 22, 3303-3306 (2010).
(12) Adv. Func. Mater., 19(16), 2569-2576 (2009). (13) Adv. Mater., 19(24), 4343-4346
(2007) . (14) Chem. Mater. 18 (8), 2075-2080 (2006).
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Structure Control and Molecular Recognition of Vanadium-Oxide Cluster with an Atomic-

sized Concave (! Institute of Science and Engineering, Kanazawa University) O Yuji
Kikukawa'

A half-spherical polyoxometalate [V1203,]*" (V12) was formed by twelve VOs square
pyramids. It can stabilize an anion or molecule with an electron-rich group as a guest at the
center of V12. By the removal of the guest moiety, one of the VOs square pyramids is flipped,
and the flipped VOs unit is retrieved by re-inserting the guest. A bromine molecule can be
inserted into V12 and the inserted bromine molecule is polarized due to the unique electrostatic
interaction and showed a peak at 185 cm™ in the IR spectrum. The reaction of bromine-
including V12 and toluene yielded bromination of toluene at the ring, showing the
electrophilicity of the inserted bromine molecules. The polarized bromine in V12 shows
selective bromination reactivity for pentane.

Keywords : Polyoxometalates, Molecular Container, Host-guest, Polarization, Bromination
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1) a) Y. Inoue et al. Dalton Trans. 2016, 45, 7563; b) S. Kuwajima et al. ACS Omega 2017, 2, 268; c) S.
Kuwajima et al. Chem.-Asian J. 2017, 12, 1909; d) S. Kuwajima et al. Acta Crystallogr. 2018, C74,
1295; e) Y. Kikukawa et al. Molecules 2020, 25, 5670. 2) Y. Kikukawa et al, Dalton Trans. 2019, 48,
7138. 3) Y. Kikukawa et al. Angew. Chem. Int. Ed. 2018, 57, 16051. 4) Y. Kikukawa et al. Angew. Chem.
Int. Ed. 2020, 59, 14399.

© The Chemical Society of Japan -S01-1pm-03 -



The Chemical Society of Japan The 101st CSJ Annual Meeting

Award Presentations, Special Lectures | Award Presentations, Special Lectures | Award Presentations, Special Lectures

[SO2-Tpm] Award Presentations, Special Lectures
Chair:Manabu Sugimoto, Tsuyohiko Fujigaya
Fri. Mar 19, 2021 1:00 PM - 3:20 PM Webiner 2 (Online Meeting)

[SO02-1pm-02] Development of Prediction Method for Interfacial Free Energy of
Fluoropolymers Using Molecular Simulations
©Masahiro Kitabata' (1. Toray Industries, Inc.)
1:30 PM - 2:00 PM

[S02-1pm-03] Development of Systematic Search Method for Non-Radiative Decay
Pathways toward Designing Photofunctional Molecules
©Yu Harabuchi"** (1. Hokkaido Univ., 2. WPI-ICReDD, 3. JST PRESTO)
2:00 PM - 2:30 PM

[SO02-1pm-04] Development of Data-Driven Chemistry
OKimito Funatsu'? (1. The University of Tokyo, 2. Nata Institute of Science and
Technology)
2:30 PM - 3:20 PM

©The Chemical Society of Japan



S02-1pm-02 BA(L24 H101E5S54 (2021)

DFUIAL—LarvERAWNV-IYERIYT—OF@mERAIRIL
F—F R DBF

R Odbxm Hesk !

Development of Prediction Method for Interfacial Free Energy of Fluoropolymers Using
Molecular Simulations

(Toray Industries, Inc.) OMasahiro Kitabata'

Adsorption is a leading factor in determining the separation performance of polymer
membranes. The contact angle, which sensitively reflects the surface condition, is generally
used to evaluate adsorption. However, it is not easy to clarify the correlation between the
macroscopic contact angle and the membrane design concept based on the molecular surface
structure. In this study, we developed a quantitative contact angle and interfacial free energy
prediction method using molecular simulations that take into account the complexity of real
polymer surfaces and the difference in the droplet sizes in the experiment and the simulation.
The effect of the surface structure at the molecular level of fluoropolymers on the macroscopic
physical properties is clarified using the prediction method.

Polyvinylidene fluoride (PVDF), which is used as a water treatment membrane, was chosen
as a model material to verify the effectiveness of the proposed method. The contact angles of
the macro droplets of N-methyl-2-pyrrolidone (NMP)/water mixtures on the PVDF film with
varying NMP concentrations from 0 to 100 wt% were estimated using this prediction method.
The computed values exhibited an exceedingly high correlation coefficient (R = 0.99) with the
experimental values.

Keywords : Interfacial Free Energy, Contact Angle, Molecular Simulation, Molecular
Dynamics, Fluoropolymer
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Fig. (a) Computational results of the contact angle corrected for the droplet size difference
and the surface crystallinity. (b) Correlation between the estimated contact angles of the
crystalline/amorphous mixed surface and the experiments.
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1) M. Kitabata, T. Taddese, S. Okazaki, Langmuir 2018, 34, 12214-12223.
2) M. Kitabata, T. Taddese, S. Okazaki, Langmuir 2020, 36, 3633-3644.
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Development of Systematic Search Method for Non-Radiative
Decay Pathways toward Designing Photofunctional Molecules

(‘Faculty of Science, Hokkaido University, *WPI-ICReDD, Hokkaido University,
3JST-PRESTO) OYu Harabuchi'*?

Keywords: Conical Intersection; Seam of Crossing; Photofunctional Molecules; Automated
Reaction Path Search; TDDFT

Photo-functions, e.g. emission, photo-switching, and photosensitization, have been
widely studied with the aim of their applications, and new photofunctional molecules are
being developed. For more efficient design, theoretical calculation methods are needed to
provide a comprehensive understanding of molecular photoresponse based on the quantum
chemical calculations.

Photoresponse of molecules can be understood by four processes, i.e. internal
conversion, intersystem crossing, fluorescence, and phosphorescence, as shown in Figure 1.
In the mechanistic analysis of photoreactions based on quantum chemical calculations, it is
important to obtain the conical intersection (CI) and seam of crossing (SX) regions because
non-radiative decays efficiently occur via CI and SX regions. The minimum energy CI and
SX (MECI and MESX) geometries, which are the energetically most feasible points in the
potential crossing regions, are normally optimized as the representative geometries of them.
Especially, in studies of molecular fluorescence, it is necessary to determine the
energetically most favorable internal conversion path by systematically searching for the
MECI geometries and reaction paths to reach them. However, MECI geometries are
normally far from the stable geometries of molecules in the ground state and the estimation
of them is not trivial.

a2
MESX
>
@ TS Th L
w % T - N
. 1 = |nternal
Fluorescence . :
. .+ conversion
Intersystem % Phosphorescence »*
crossing « S
0 Coordinates

Figure 1. Schematic potential energy curves of photoreactions.

In this study, systematic and efficient search methods for MECI and MESX geometries
were developed by combining the automated reaction path search methods,'? MECI/MESX
optimization methods,'? and time dependent density functional theory. At the beginning of
study, a search method was developed for molecules including 10 atoms®* and was extended
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to search for molecules containing more than 30 atoms.’ Further, by using the density
functional tight binding method, the MECI search for molecules containing more than 60
atoms became possible even with a small PC cluster.® These methods enable us to
systematically search for non-radiative decay pathways of molecules based on explorations
of MECI and MESX geometries.

The present methods were applied to various type of photofunctional molecules, and
the importance of a non-radiative decay path search was demonstrated. As an example,
internal conversion paths of poly aromatic hydrocarbons (PAH) were examined based on
the S1,So-MECI search, and the difference in the experimental fluorescence quantum yields
of PAH was explained from the viewpoint of barrier height along internal conversion paths.’
It was also shown that the discussion based on such barrier height can be applied to
relatively large molecules through a study of macrocyclic aromatic molecules.® Furthermore,
the methods were applied to discuss the difference of the intersystem crossing quantum
yields of heteroaromatic compounds.

Explorations of non-radiative decay pathways were also effective in the mechanistic
analysis of ultrafast decay processes of molecules.” Ultrafast decay mechanisms of
molecules were discussed based on the comparison between the results of obtained
non-radiative decay pathways and time-resolved spectroscopic experiments. The present
methods were applicable to photoreactions of metal complexes where both singlet and
triplet states are related.'” Recently, rate constants of the reverse intersystem crossing
process were predicted based on MESX geometry optimization,'' and it was shown that the
predicted rate constant can be used for designing molecules. The search methods for the
non-radiative decay pathways and their applications will be discussed in the presentation.

1) S. Maeda, T. Taketsugu, K. Ohno, and K. Morokuma, J. Am. Chem. Soc. 2015, 137, 3433. 2) S.
Maeda, Y. Harabuchi, M. Takagi, T. Taketsugu, K. Morokuma, Chem. Rec. 2016, 16, 2232. 3) M. J.
Bearpark, M.A. Robb, H.B. Schlegel, Chem. Phys. Lett. 1994, 223, 269. 4) Y. Harabuchi, S. Maeda,
T. Taketsugu, N. Minezawa, and K. Morokuma, J. Chem. Theory Comput. 2013, 9, 4116. 5) a) S.
Maeda, Y. Harabuchi, T. Taketsugu, and K. Morokuma, J. Phys. Chem. A 2014, 118, 12050. b) Y.
Harabuchi, T. Taketsugu, and S. Maeda, Chem. Phys. Lett. 2017, 674, 141. c) Y. Harabuchi, M.
Hatanaka, S. Maeda, Chem. Phys. Lett. X 2019, 2, 100007. 6) K. Ikemoto, T. Tokuhira, A. Uetani, Y.
Harabuchi, S. Sato, S. Maeda, H. Isobe, J. Org. Chem. 2020, 85, 150. 7) Y. Harabuchi, T. Taketsugu,
and S. Maeda, Phys. Chem. Chem. Phys. 2015, 17, 22561. a) Y. Harabuchi, T. Taketsugu, S. Maeda,
Chem. Lett. 2016, 45, 940. 8) Y. Harabuchi, K. Saita and S. Maeda, Photochem. Photobiol. Sci. 2018,
17,315.9) Y. Yamakita, N. Yokoyama, X. Bing, N. Shiokawa, Y. Harabuchi, S. Maeda, T. Kobayashi,
Phys. Chem. Chem. Phys. 2019, 21, 5344. 10) a) Y. Harabuchi, J. Eng, E. Gindensperger, T.
Taketsugu, S. Maeda, and C. Daniel, J. Chem. Theo. Comp. 2016, 12, 2335. b) K. Saita, Y. Harabuchi,
T. Taketsugu, O. Ishitani, and S. Maeda, Phys. Chem. Chem. Phys. 2016, 18, 17557. ¢) M. Fumanal,
Y. Harabuchi, E. Gindensperger, S. Maeda, C. Daniel, J. Comput. Chem. 2018, 40, 72. 11) N. Aizawa,
Y. Harabuchi, S. Maeda, Y. -J. Pu, Nat. Comm. 2020, 11, 3909.
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Development of Data-Driven Chemistry (Graduate School of Engineering, The University of
Tokyo, Nara Institute of Science and Technology) Kimito Funatsu

Chemoinformatics has been applied to various kind of area of chemistry, molecular design,
materials design, organic synthesis design, structure elucidation and process control. In this
lecture, | will present overview of these applications.

Keywords . Data-Driven Chemistry, Chemoinformatics, Prosess Informatics, Materials
Informatics
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Understanding and Promoting Chemical Education through Collaboration between Izumo
Science Center and Elementary and Junior High Schools (Miyagi University of Education)
OShinya Nakayama

I have been working on chemistry education in collaboration with the Izumo Science Center
and elementary and junior high schools as a specialist who specializes in chemistry. For
example, in school education, I have been developing learning programs in the particle field
centered on chemistry. In addition, many achievements have come to be disseminated as
requested lectures at research presentations and workshops at science museums nationwide.
From these achievements such as human resource development and educational dissemination,
this award lecture will introduce the actual science classes (learning programs) experienced at
the Izumo Science Center.

Keywords : Science Center, Science Museum,; Chemistry Education; Science Education
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Bioorganic Chemistry and Experiments Promoting High School and University Students’
Interest toward Science (Faculty of Pharmacy, Keio University) OTakeshi Sugai

To promote the high school and university junior students’ interest toward bioorganic
chemistry and experiments, this presenter devoted himself to 1) elaboration of familiar figures
and schemes in beginner's books; 2) tutors in organic experiments for the candidates of
“International Chemistry Olympiad”; 3) development of experimental course in the
combination of organic chemistry, medicinal chemistry and applied microbiology; 4) education
of organic stereochemistry by means of traditional molecular models as visual tools.
Keywords : Chemical Education, Experimental Course, Molecular Models
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Marie Curie’s Science Lessons — Its modernization and dissemination (Tokyo University of
Science, Science Studio Marie) OMizue Y Kissho

Marie Curie discovered two radioactive elements (Ra and Po) and received two Nobel
prizes. Today, Marie Curie is a role model for women in science. As a matter of fact, it was
little known that Marie Curie was also an extraordinary and great teacher of science. Marie
Curie’s experimental lessons (1907 — 1908) for children were published in 2003 under the
title “Marie Curie’s lost science lessons”. Mizue Y KISSHO studied and analyzed Marie
Curie’s original science educational method. She elucidated and developed it further for an
updated children’s science education. She contributed to the science education in primary and
secondary schools by the introduction to Marie Curie’s science lessons in papers and lectures.
Mare Curie’s experimental classes, and the biography of Marie Curie in KAMISHIBAI
performances was disseminated in Japan and overseas.

Keywords . Marie Curie; Marie Curie's Science Lessons; Science Education; Nobel prizes;
Women in Science
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[SOT-Tvn] Award Presentations, Special Lectures
Chair:Toshio Naito, Shinsuke Takagi
Fri. Mar 19, 2021 4:10 PM - 6:30 PM Webiner 1 (Online Meeting)

[SO1-1vn-01] Atomically precise fabrication of one-dimensional transition metal
chalcogenides inside nano-test-tubes
Ovusuke Nakanishi', Naoyuki Kanda?, Zheng Liu®, Motoki Aizaki, Masataka Nagata, Kazu
Suenaga3, Hisanori Shinohara (1. Tokyo Metrop. Univ., 2. Nagoya Univ., 3. AIST)
4:10 PM - 4:40 PM

[SO1-1vn-02] Precise Control of Molecular Arrangements via Multiple Electrostatic
Interactions Towards Manipulation of their Photochemical Properties
OYohei Ishida' (1. Faculty of Engineering, Hokkaido University)
4:40 PM - 5:10 PM

[SO1-1vn-03] Mechanism Elucidation and Molecular Design of The Functional
Materials Based on Theoretical and Computational Chemistry
Miho Hatanaka'? (1. Keio University, 2. Nara Institute of Science and Technology)
5:10 PM - 5:40 PM

[SO1-1vn-04] Development of In situ X-ray Absorption Fine Structure(XAFS)
Spectroscopy and Applications to Catalyst Structure Analysis under
Working Conditions
OKiyotaka Asakura' (1. Hokkaido University)
5:40 PM - 6:30 PM
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Atomically precise fabrication of one-dimensional transition metal chalcogenides inside nano-
test-tubes (' Department of Physics, Tokyo Metropolitan University, *Department of Chemistry,
Nagoya University, *National Institute of Advanced Industrial Science and Technology)
OYusuke Nakanishi,' Naoyuki Kanda,” Zheng Liu,> Motoki Aizaki, Masataka Nagata, Kazu
Suenaga,’ and Hisanori Shinohara?

Since the discovery of fullerene Ceo in 1985, nanocarbon materials have played a crucial
role in materials science. Over the past decade, significant efforts have been directed towards
exploring ‘post-nanocarbons’ materials. Two-dimensional (2D) layers of transition metal
chalcogenides (TMCs) have been widely recognized as ‘beyond graphene’ due to their versatile
chemistry and physics. On the other hand, their 1D counterparts could exhibit the unique
electronic properties, significantly distinct from the 2D layers as well as 1D nanocarnons.'
However, exploring their potentials has been hampered by their limited availability. Although
these materials have been prepared by using chemical and lithographic methods,” the reliable
production of well-defined 1D TMCs remains a significant challenge.

Here we report atomically precise fabrication of 1D TMCs within carbon/boron-nitride
nanotubes (CNTs/BNNTs). Chemical reactions confined inside the host NTs promote and
stabilize the bottom-up growth of 1D TMCs, allowing their facile handling and characterization.
We found that choosing suitable precursors and diameters of the host NTs gives access to a
variety of 1D TMCs including nanoribbons, nanotubes, and nanowires. Atomic-level
transmission electron microscopy enabled us to observe dynamic torsions of MoTe and WTe
nanowires inside CNTs, absent in the bulk (Fig 1a).’> Also, we have investigated electronic
properties of MoS; nanoribbons and nanotubes within insulating BNNTs (Fig 1b). Our findings

suggest that these 1D TMCs could provide new building blocks for future nanoelectronics.

Keywords : Nanotubes, Transition metal chalcogenides, Nano spaces, Template Synthesis,

Atomic-resolution Transmission Electron Microscopy
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transmission electron micrograph of single-walled MoS: nanotubes inside multi-walled BNNTs.

1) a) G. Seifert et al. Phys. Rev. Lett. 1999, 85, 146.b) Y. Li et al. J. Am. Chem. Soc. 2008, 130, 16739.
c) . Popov et al. Nano Lett. 2008, 8, 4093. 2) a) J. Kibsgaard et al. Nano Lett. 2008, 8, 3928. b) X. Liu
et al. Nat. Commun. 2013, 4, 1776. c) P. Chithaiah et al. ACS Nano 2020, 14, 3004 3) a) M. Nagata et
al. Nano Lett. 2019, 19, 4845. b) N. Kanda et al. Nanoscale 2020, 12, 17185.
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Precise Control of Molecular Arrangements via Multiple
Electrostatic Interactions Towards Manipulation of Their
Photochemical Properties

(Faculty of Engineering, Hokkaido University) OYohei Ishida
Keywords: Photochemical Reactions, Artificial Photosynthesis, Clay Mineral Nanosheets,
Molecular Arrangements, Emission Enhancement

Multivalent interaction is the key in many biological systems. One of the most
important (photo-)chemical reactions, photosynthesis, is constructed by regularly aligned
molecules by multivalent interactions between proteins and dyes. A grand challenge of
modern chemistry therefore includes the construction of supramolecular assemblies and
control of their functions for mimicking nature and beyond. While most of synthetic
systems depend on covalent, coordination and hydrogen bonds, my approach focuses on
multiple electrostatic interactions. Clay mineral nanosheets have atomically flat surfaces
with anionic charges, and multi-cationic molecules can form stable complexes by multiple
electrostatic interactions. | here show three main achievements from my recent works on
manipulation of precise molecular arrangements and photochemical properties.

[Manipulation of photochemical properties of molecules and new emission enhancement
phenomenon]”

When some molecules strongly adsorb on nanosheets, molecular structures change
compared to that in a solution owing to the atomically flat surface. The strong multiple
electrostatic interaction between molecules and nanosheets enables the suppression of
non-radiative deactivation pathways by a restriction of molecular motions and vibrations,
resulting in strong emission enhancement. This new mechanism was universally applicable
for wide variety of molecular structures, and named a “Surface-Fixation Induced Emission”.

[Efficient photochemical reactions and artificial photosynthesis model] ?

Since host—guest electrostatic interaction is the key of structural formation,
photochemical reactions between two or more kinds of molecules are easily designable. By
controlling the distances, densities, and distributions of molecules, 100% quantum
efficiency of excited energy transfer reaction was realized on inorganic surfaces for the first
time while it has been hard in most of systems reported so far. Multiple electrostatic
interactions enable to suppress unfavorable phenomena such as aggregation, segregation,
and fluorescence quenching of molecules, that strongly decrease -efficiencies of
photochemical processes. These findings allowed to design multi-step systems such as
artificial light harvesting system utilizing all visible-light, combined with subsequent
electron transfer reaction for mimicking photosynthetic complexes. This strategy was

© The Chemical Society of Japan -S01-1vn-02 -



S01-1vn-02 The 101st CSJ Annual Meeting

further expanded for cationic organic cavitands capsulating neutral aromatic molecules, and
noble metal nanoparticles/clusters.

[Molecular-scale understanding of multiple electrostatic interaction]”

To aim the molecular-scale understanding of multiple electrostatic interaction, I
recently conducted a scanning transmission electron microscopy (STEM). 3D-tomogram of
cationized fluorescent nanoparticles on anionic nanosheet surfaces allowed a first direct
localization of stable 3D coordinates of individual nanoparticles on both surface-sides of
nanosheet. Also, I have recently succeeded in the first atomic-scale imaging of free-standing
monolayer clay nanosheets and its molecular complexes by aberration-corrected STEM
technique. I am now further promoting this technique for the direct imaging of molecular
and supramolecular structures for understanding their unique functions under multiple
electrostatic interactions.

Key references

1) J. Photochem. Photobiol. A 2017, 339, 67 (Review); J. Phys. Chem. C 2014, 118, 20466;
J. Phys. Chem. C 2012, 116, 7879.

2) Pure Appl. Chem. 20185, 1, 3 (Personal Account); Angew. Chem. Int. Ed. 2019, 58, 13411;
Acc. Chem. Res. 2017, 50, 2986; J. Phys. Chem. C, 2014, 118, 10198; J. Phys. Chem. C
2013, 117,9154; J. Phys. Chem. A2012, 116, 12065; JACS 2011, 133, 14280.

3) Phys. Chem. Chem. Phys. 2020, 22, 25095; J. Phys. Chem. Lett. 2020, 11, 3357; J. Phys.
Chem. C 2017, 121, 28395.
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Mechanism Elucidation and Molecular Design of The Functional Materials Based on
Theoretical and Computational Chemistry ('Faculty of Science and Technology, Keio
University, “Nara Institute of Science and Technology) OMiho Hatanaka'*

Theoretical chemistry has contributed to understanding the mechanism of various scientific
phenomena and designing new materials. However, there are many systems and properties that
cannot be computed based on the ab initio calculations. One of these systems is the rare earth
material. To overcome this problem, I proposed new theoretical strategies, the energy shift
method and the transition state sampling using the global reaction route mapping. Based on
these methodologies, I have achieved mechanism understanding and molecular design for
various catalysts and luminescence materials.

Keywords : Excited States, Transition States, Density Functional Theory
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Z DIGHE X RRIAVBHIEE (XAFS) IEDRF & At ENRI1E
E A2

(AL KRR OHIATE &

Development of in situ X-ray Absorption Fine Structure (XAFS) and Applications to Catalyst
Surface Analysis under Working Conditions

(Institute for Catalysis, Hokkaido university) Kiyotaka Asakura

X-ray Synchrotron radiation (SR) started about 40 years ago, which had made
a revolution in XAFS (X-ray absorption fine structure) spectroscopy.
Together with the development of SR and computer technologies, XAFS made a
great progress. In situ dynamic XAFS has revealed the structures of
catalysts under reaction conditions and has shed new light on catalysis which
was regarded as black box. I would like to discuss its future from the
hystorical point of view.

Keywords : X-ray absorption fine structure; Catalysis, Surface science; Synchrotron radiationl
Time resolved.
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Development of Artificial Receptors Based on Assembly of Metal
Complex Units and Desymmetrization of Molecular Components

(‘Faculty of Pure and Applied Sciences, University of Tsukuba, *Tsukuba Research Center for
Energy Materials Science (TREMS), University of Tsukuba) O Takashi Nakamura'?
Keywords: Supramolecular Chemistry; Molecular Recognition; Metal Complexes;
Desymmetrization; Macrocycles

Natural receptor proteins can bind substrates selectively at the pocket surrounded by multiple
amino acid residues. Relatively weak intermolecular interactions, such as hydrogen bonds, are
synergistically exerted during the recognition events. Meanwhile, it was difficult for synthetic
receptors to achieve precise molecular binding by arranging various interaction moieties in an
unsymmetrical manner. In this presentation, novel macrocyclic receptors developed based on
two concepts, that is, (1) assembly of metal coordination sites (Fig. 1a), and (2)
desymmetrization of homooligomers (Fig. 1b), are reported.

&>

Coordination site
A conventional image
of homooligomers -+ symmetric

Concept:
Assembly of
coordination sites

Concept:
Desymmetrized macrocycles
with equivalent repeating units

A conventional
macrocyclic complex

Figure 1. Approaches for macrocyclic receptors with precise molecular recognition.
(a) Assembly of metal coordination sites. (b) Desymmetrization of homooligomers.

1. Hexapap''!: Receptors that capture molecules via multipoint coordination (Fig. 2a)

A macrocyclic ligand with six pap moieties (N,O tridentate chelate), hexapap, was
designed and synthesized. Its hexanuclear zinc complex inwardly arranges multiple labile
coordination sites for external molecules. The zinc complex captured two dicarboxylic acid
molecules of a specific length in its cavity, and formed a unique wavy-stacked dimeric complex.
The saddle-shaped deformation and dimerization realize the desymmetrization, and there are
three different Zn-pap units in the dimeric complex. Utilizing this structural feature, the
regulation of the guest-binding modes at specific metal coordination sites among the many
present has been achieved utilizing acid/base as an external stimuli.

2. Bpytrisalen'?: Spatial arrangement of different coordination sites (Fig. 2b)

A triangular macrocyclic ligand possessing three units each of the bpy (N, bidentate
chelate) and salen (N,O; tetradentate chelate), bpytrisalen, has been synthesized. The
coordination sites of metals at the bpy are directed inward, while the ones at the salen are
vertically pointing out of the macrocyclic plane. Selective anion binding onto the heteronuclear
complex has been achieved utilizing the difference in coordination. Furthermore, the
orthogonality in coordination has been utilized for the construction of double-decker complex.
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3. Saloph-belt"!: Belt-shaped macrocycles generated from a bis-armed bifunctional
monomer (Fig. 2¢)

A bis-armed bifunctional monomer bearing two salicylaldehyde units and one o-
phenylenediamine unit has been designed. Oligomerization of the monomer resulted in the belt-
shaped macrocyclic tetramer of saloph (N>O; tetradentate chelate). Its zinc complex exhibited
a remarkable selectivity regarding the encapsulation of fullerenes (Ka(C0)/Ka(Cso) > 100). The
molecular recognition to distinguish the small difference in size has been realized utilizing the
rigid belt-shaped scaffold.

4. Amide-cyclodextrin': Multipoint hydrogen bond utilizing desymmetrized structure
(Fig. 2d)

Cyclodextrin derivatives with amide groups directly attached to each pyranose ring were
synthesized. The amide cyclodextrins show unique anion recognition properties by multipoint
hydrogen bond. Especially, an amide-cyclodextrin derivative possessing seven bipyridyl (bpy)
groups forms mononuclear complexes whose specific three bpy groups are linked in the fac-A
configuration, and chiral recognition of amino acid anions has been achieved utilizing the
distinctive amide groups arranged on the unsymmetrically fixed scaffold.

4 (a) Hexapap!'! N\ b) Bpytrisaleni2l )

7\ \
=N
N@
Xm /n
m
\

(c) Saloph-belti! (d) Amlde-cyclodextrlnl4l

' OR\NH
Ol o

K(5%1
N I\

Figure 2. Macrocycles with unique molecular recognition properties developed based on
the assembly of metal complex units and the desymmetrization of homooligomers.
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Construction of Kinetically Controlled Dynamic Host-Guest
Systems

('Graduate School of Natural Science and Technology, Kanazawa University, *WPI-Nano
Life Science Institute, Kanazawa University) OYoko Sakata,'”

Keywords: Supramolecular Chemistry, Metal Coordination, Kinetic Control, Host-Guest
Chemistry, Self-Assembly

The recent advances in supramolecular chemistry, which deals with noncovalent
interactions between molecules, have allowed numerous studies of molecular recognition
behaviors and self-assembly processes. While they are generally thermodynamically
controlled events, kinetic control of such processes is essential for the development of new
supramolecular functional systems. In this study, we created new responsive systems whose
functions can be kinetically controlled'*’ and synthesized a new class of kinetically-stable
self-assembled metal complexes.”

1. Development of Kinetically Controlled On-Demand Molecular Recognition System

The control of kinetic parameters such as guest inclusion/exchange rate is important
for the development of new host-guest system in which a desired function is driven by guest
recognition. However, the strategies for the precise control of these kinetic processes have
rarely been reported. Here we succeeded in on-demand acceleration of guest exchange rates
of a cationic cobalt(Ill) dinuclear macrocyclic metallohost by the replacement of the
counteranions. The newly synthesized cationic cobalt(Ill) macrocyclic metallohost,
[LCo,(CH3NH,)4](OTf), encapsulated alkali metal, alkaline-earth metal, and lanthanide
openings. The guest inclusion rates o 6
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2. Unveiling the Molecular Recognition Mechanism of Multinuclear Metallohosts
Molecular recognition processes coupled to conformational changes in biomolecules
are generally classified into two types of mechanisms, “induced fit” and “conformational
selection”. Even for artificial host-guest system, host-guest binding sometimes triggers the
subsequent chemical reactions of the host framework. Although it is sometimes difficult to
differentiate the mechanisms from the alternative one in which the guest binding occurs
after the reaction, it is important to distinguish the two mechanisms when we develop new
molecules based on time-dependent functions. Here we investigate the molecular
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recognition mechanism of a new macrocyclic dinuclear cobalt(Ill) metallohost,
[LCoy(pip)s](OTH),, (pip = piperidine), which can take up a guest cation (Na’, K', and Rb")
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3. Construction of Kinetically Stable Metallonanobelt Prepared by

Template-Directed Self-Assembly Process

Shape-persistent belt-shaped macrocyclic compounds, which have no rotatable single
bond, have attracted much interest due to their unique structural and electronic features.
However, there are only a limited number of such macrocyclic complexes. Here we
constructed new sufficiently inert shape-persistent molecular belt, prepared by reversible
metal-assisted self-assembly processes. The shape-persistent belt-shaped metallomacrocycle,
metallonanobelt, was synthesized by the self-assembly of a triptycene-based rigid bent
ligand L and square planar Pd*". Particularly, the pentamer metallonanobelt was selectively
formed by the complexation of L with Pd*" in the presence of pillar[6]arene derivative P6
having triethylene glycol chains as a template. The guest free pentamer was also
successfully isolated and it was found to be remarkably stable towards size-conversion in

solution. We also O <
succeeded in the . ‘ Pd2+
n 0 O NH,
e —_—

functionalization of T
>
metallonanobelt using Self-assembly
. . . Rigid Metallonanobelt
quinoxaline formation. bent ligand v Shape-persistent
Template v Kinetically-stable in solution
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Innovations in Bio-Analytical Chemistry and Biomedical
Engineering by Nanobiodevices

(‘Institute for Nano-Life-Systems, Institutes of Innovation for Future Society, Nagoya
University, “Institute of Quantum Life Science, National Institutes for Quantum and
Radiological Science and Technology(OST)) O Yoshinobu Baba'*

Keywords: Nanobiodevices; Bio-Analytical Chemistry; Biomedical Engineering

The development of biomolecular analytical technology for omics research is highly
required to realize a healthy and long-lived society and additionally we need to develop the
analytical technologies for cells, bacteria, viruses, exosomes, organs, small animals, and
humans.

We succeeded in developing nanostructures of about 1 nm to several tens of nm that
can be applied to bio-analytical chemistry. In particular, we constructed a new nanostructure
that can experimentally achieve the nonequilibrium transfer and entropy barrier transfer of
biomolecules in nanostructures, which was theoretically predicted to be essential for ultrahigh
speed biomolecule analysis. By using these nanostructures, the fastest DNA analysis was
achieved in 1 to 100 milliseconds and millions to 10 million times faster than before.
Furthermore, we developed three-dimensional nanowires for ultrafast separation of not only
DNA but also RNA and protein molecules.

We have developed nanobiodevices that can analyze cells, bacteria, viruses,
exosomes, and bioaerosols as well. With the development of micro- and nanopores, millisecond
level analysis for a single virus, bacterium, and cell was realized by measuring the pA level
ultrasmall current when a single virus, bacterium, and cell passes through the micro- and
nanopores. Furthermore, we developed separation technologies for cancer cells, bacteria,
viruses and exosomes from body fluids (blood, urine, saliva, etc.) with ultra-high efficiency by
precisely controlling and constructing the nanowire structure.

We succeeded in developing a nanowire structure that can interact with exosome
surface membranes with high efficiency in order to realize early-stage diagnosis of diseases.
About several hundred million to one billion nanowires were fabricated on a small chip and
adsorbed 10 to 100 exosomes on each nanowire. With this nanowire device, 99% or more of 1
billion to 100 billion exosomes present in 1 mL of body fluid such as urine can be isolated, and
all about 2,500 types of human miRNA contained in exosomes can be detected with high
sensitivity. In addition, clinical studies conducted large-scale analysis of urinary exosome
miRNA in hundreds of healthy individuals and patients with cancer and lifestyle-related
diseases. Big data analysis by machine learning resulted in minimally invasive early-stage
diagnosis of 6 types of cancer, diabetes, dementia, and arrhythmia.

We have developed a microfluidic bridge circuit that can measure extremely small
currents to identify pathogens and drug-resistant bacteria by micro- and nanopores. This
circuit efficiently reduced background noise to about 1/10,000 of the conventional level and
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realized all detection with the same device, from viruses of about 100 nm to bacteria cells of
about 10 um. Furthermore, we machine-learned clinical strains owned by Nagoya University
School of Medicine as teacher data, and demonstrated that pathogens can be identified with an
accuracy of 90% or more. By applying an electric field to the micro- and nanopores, the cell
wall of the bacterium is punctured, and the ions inside the bacterium are released into the pores,
resulting in changes in the measured current values. We have demonstrated that even drug-
resistant bacteria, which were extremely difficult to identify in the past, can be identified with
high accuracy.

We have developed a new nanoparticle synthesis technology for quantum dots and
quantum sensors, which have high cell safety for iPS cells and other types of cells, in order to
realize iPS cell regenerative medicine. These nanoparticles have extremely high light
transmission in the living body, since they emit fluorescence in the near-infrared light region.
We have also developed a new method for introducing these nanoparticles into cells with high
efficiency and safety. With these quantum dots and quantum sensors, we have succeeded in
labeling stem cells with high efficiency and in real-time in vivo imaging of single cells in live
animal organs using a multi-photon microscope. Furthermore, we were the first in the world to
succeed in imaging the regenerative ability of stem cells using a quantum sensor.

In addition to in vivo imaging of human iPS cells, we realized in vivo imaging of iPS
cell differentiated cells, such as nerve cells for Parkinson's disease treatment, pituitary
hormone-producing cells, corneal endothelial/corneal epithelial cells for ophthalmic treatment,
knee joint chondrocytes, and lung cells for bioengineered lung. This technology is accelerating
the practical application of regenerative medicine by succeeding in developing an in vivo safety
evaluation technology for iPS cell differentiated cells, which is indispensable for obtaining
approval for regenerative medicine.

In collaboration with NIH and Nagoya University School of Medicine, we have
developed a fusion technology of quantum materials and photoimmunotherapy in order to
improve the effect of cancer photoimmunotherapy.  This technique was applied to
photoimmunotherapy for small cell lung cancer and malignant pleural mesothelioma.

DT. Yasui, et al., ACS Nano, 2013, 7, 3029-3035. 2) T. Yasui, et al., Nano Lett., 2015, 15,
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e1701133. 6) Y. Ogihara, et al., Scientific Reports, 2017, 7, 40047. 7) Q. Wu, et al.,
Scientific Reports, 2017, 7,43877. 8) H. Yasaki, et al., ACS Sensors, 2018, 3, 574-579. 9) T.
Yasui, et al., ACS Nano, 2019, 13, 2262-2273. 10) C. Wang, et al., Nano Lett., 2019, 19,
2443-2449. 11) M.F. Serag, et al., ACS Nano, 2019, 13, 8155-8168. 12) Y. Isobe, et al.,
EBioMedicine(Published by THE LANCET), 2020, 52, 102632. 13) H. Yukawa, et al.,
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Solid electrolytes based on inorganic chemical process and their application to all-solid-state
batteries (Graduate School of Engineering, Osaka Prefecture University) O Akitoshi Hayashi

The development of an all-solid-state battery is eagerly desired for the realization of a
carbon-free society. Formation of solid-solid interfaces in all-solid-state batteries and synthesis
of solid electrolytes with both high Li* or Na* conductivity and good formability are important.
By using various inorganic chemical processes including solid-phase, gas-phase, and liquid-
phase ones, sulfide, oxide, and nitride solid electrolytes suitable for all-solid-state batteries
have been synthesized. In particular, the sulfide Na 33Sbo ssWo.12S4 electrolyte exhibits a high
Na* conductivity of 3.2 x 1072 S cm™! at room temperature. In addition, sulfide electrolytes are
prepared via a liquid-phase process and their precursor solutions are useful for close contact
with active material particles. All-solid-state Na/S cells with the Na3;SbS, electrolyte shows an
almost full reversible capacity at 25°C. The Li3BN; nitride and the LizBO3-Li,SO4-Li,CO3
oxide electrolytes, which have the same excellent formability as sulfide electrolytes, are
mechanochemically prepared. All-solid-state cells with amorphous LiCo0O,-Li,SO4 positive
electrodes with good formability and mixed conductivity show better capacity retention.
Keywords : Solid Electrolyte; All-Solid-State Battery, Inorganic Chemical Process; Glass
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1) A. Hayashi et al., Front. Energy Res. 2016, 4, 25; 2) A. Hayashi et al., Nat. Commun. 2019, 10, 5266;
3) S. Yubuchi et al.,, J. Mater. Chem. A 2020, 8, 1947; 4) T. Ando et al., Electrochem. Commun. 2020,
116, 106741; 5) M. Shigeno et al., Solid State Ionics 2019, 339, 114985; 6) K. Nagao et al., J. Power
Sources 2019, 424, 215; 7) K. Nagao et al, Adv. Mater. Interfaces 2019, 6, 1802016.
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Droplet World Hypothesis: Approaching the Origins of Life via Supramolecular Chemistry
('Graduate School of Engineering, Hiroshima University) OMuneyuki Matsuo'
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Figure 1. Proliferating peptide-based droplet.

In the research field on the origins of life, the chemical evolution scenario, in which primitive
organic chemicals were spontaneously converted into polymers and then to proliferating
molecular aggregates to form primitive cells, was proposed by Oparin approximately a century
ago". However, the emergence of a proliferating system from primitive monomers has not been
demonstrated. We report the construction of a proliferating peptide droplet using a novel amino
acid thioester as a monomer and achieving spontaneous generation of peptides and self-
assembly of the generated polymer under the same conditions (Fig. 1). The formation of
proliferating coacervate droplets via physical autocatalysis suggests a novel hypothesis, the
“Droplet World” (Fig. 2).

Amino acids (AAs), including cysteine, and hydrophobic thiols (R-SH) were generated
inside a geyser at high temperature, high pressure, and strong acidity/strong alkalinity,
resulting in an organic soup. The soup that was released from the geyser formed a water pool
on an iron-containing ground, where Fe** was reduced to Fe** to produce thioester monomers.
The thioester monomers spontaneously polymerized and transformed into peptide droplets via
phase separation. Fe*" exposed to the UV light could be oxidized back to Fe*" ? after water
evaporation. The droplets recursively grew and divided due to the intermittent release of the
organic soup from the geyser and the shear force caused by its flow.

Keywords: Droplet World, coacervate, thioester, self-reproduction, physical autocatalysis
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1) Oparin, A. L. The origin of life. (Proiskhozhdenie
Zhizni, lzd. Moskovskiy Rabochiy, 1924). 2) Barge, L.

M. Nat. Commun. 9, 5170 (2018). 3) Matsuo, M. et al. Soup ejection
Sci. Rep. 9, 6916 (2019). 4) Matsuo, M. ef al. Shear
Micromachines 11, 606 (2020). Figure 2. Droplet World hypothesis.
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Innovative Fine Emulsification Technology by Dynamic Interface Control based on Micro
Chemistry, and its Commercialization (Kao Corporation) o Yuka Oonishi, Takafumi Kinoshita,
Takaaki Naito, Shunsuke Takagi, Akihiko Takahashi

Recently, in the field of cosmetics, fine emulsion is required to improve the function of
products. However, conventional emulsification methods have problems, for example low
productivity and the need for a large amount of surfactants. In order to solve these problems,
we focused on the phenomenon that the interfacial tension is extremely reduced for a little
millisecond order immediately after oil-water contact by adding a small amount of a specific
water-soluble surfactant in the oil phase. In this study, by using a micro-chemical process, it
was possible to apply shear to the interface of the short-life low interfacial tension state. When
we tried emulsification using this technology, it was confirmed that fine emulsion could be
made with condition of less input energy and a smaller amount of surfactant compared to the
conventional technology (homomixer).

Applying this technology to emulsification of moisturizing ingredient for cosmetics
"ceramide functional ingredient" that are difficult to stabilize, it was realized that "with a small
amount of surfactant, an effective amount of ceramide functional ingredient are stably blended
into low-viscosity formulations". Also, we established an industrial manufacturing process
which enables both rapid mixing of a little millisecond order and high productivity of ton/h
scale, and we achieved commercial production of the above formulations.

Keywords : micro-chemical process, emulsion, mixing
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Development of Pyrolysis Process for Chemical Feedstock Recovery from Hard-to-Recycle
Waste Plastics ('Graduate School of Environmental Studies, Tohoku University) O Shogo
Kumagai'

The global waste plastic generation is steadily growing, which has driven substantial and
rapid growth in worlds’ plastics recycling capacity to meet the needs for sustainable plastics
use. Therefore, immediate and substantial promotion of research and development of
technologies for plastic waste recycling is in high demand. In this presentation, global trends
of plastic waste and recycling will be introduced. Then, the author’s research regarding
development of pyrolysis processes for hard-to-recycle waste plastics will be explained.
Specifically, simultaneous recovery of benzene-rich oil and metals from metal-poly(ethylene
terephthalate) composite, phenol recovery from polycarbonate, and simultaneous syngas
recovery and removal of hydrogen cyanide from polyurethane wastes, will be selected as
examples. Also, the author has developed in-sifu analytical techniques of pyrolysis products
during pyrolysis, which will be introduced in the presentation. The author believes that
feedstock recycling via pyrolysis technologies is of considerable importance to enable
substantial enhancement in the world’s recycling capacity.

Keywords : Plastics; Feedstock Recycling; Pyrolysis; analytical pyrolysis; Pyrolysis-gas
chromatography
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1) Simultaneous recovery of benzene-rich oil and metals by steam pyrolysis of metal-poly(ethylene
terephthalate) composite waste, S. Kumagai et al., Environ. Sci. Technol., 2014, 48, 3430.

2) Tandem p-reactor-GC/MS for online monitoring of aromatic hydrocarbon production via CaO-
catalysed PET pyrolysis, S. Kumagai et al., React. Chem. Eng., 2017, 2, 776.

3) Selective phenol recovery via simultaneous hydrogenation/dealkylation of isopropyl- and
isopropenyl-phenols employing an H2 generator combined with tandem micro-reactor GC/MS, S.
Kumagai et al., Sci. Rep., 2018, 8, 13994,

4) Simultaneous recovery of H2-rich syngas and removal of HCN during pyrolytic recycling of
polyurethane by Ni/Mg/Al catalysts, Chem. Eng. J., 2019, 361, 408.
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Study of Metal Halide Perovskite Solar Cells based on Molecular Design and Highly Purified
Precursor Materials

(‘nstitute for Chemical Research, Kyoto University) O Atsushi Wakamiya'

A Metal halide ABX3 perovskites are highly attractive as promising light harvesting
materials in next generation photovoltaics, which can be fabricated by solution methods at low
temperature. We have devoted many efforts toward the development of efficient perovskite
solar cells based on our highly purified precursor materials and molecular design concept. In
this presentation, our studies on tin halide perovskite solar cells as well as lead halide
perovskites will be introduced.

Keywords : Perovskite; Solar Cells; Molecular Design; Precursor Materials;, Printing
Technology
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Synthesis of Novel Heteronanographenes and Exploration of Their Functions (Graduate
School of Science, Kyoto University) OTakayuki Tanaka

Nanographenes are fragments of graphene with well-defined structures. Bottom-up chemical
synthesis of nanographenes has been extensively studied in order to unravel the structure-
property relationships. In addition, development of various synthetic methods has enabled to
create novel nanographene analogs, so called heteronanographenes, which contain heteroatoms
and/or n-membered rings other than benzene in the core, thereby exploiting structural and
electronic perturbations. We have recently reported tetraaza[8§]circulene 2 by the fold-in type
oxidative fusion reaction of ortho-phenylene bridged cyclic tetrapyrrole 1. Unlike usual large
sized n-conjugated molecules that are less soluble in common organic solvents, this molecule
is quite soluble in THF and acetone with the aid of hydrogen bonding interaction between the
outer pointing NH and the solvent. By utilizing the design principle and synthetic strategy, we
have further developed diazadithia[8]circulene 4, aza[9]helicene 8, and thiadoublehelicene 10.
The details of their syntheses, structures, and properties as well as characteristic functionality
will be presented.

Keywords : Heteronanographene, Fold-in Synthesis; Helicene; Fluorescence, Stable Radical
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1) a) M. Stepien, E. Gonka, M. Zyta, N. Sprutta, Chem. Rev. 2017, 117, 3479. b) T. Hensel, N. N.
Andersen, M. Plesner, M. Pittelkow, Synlett 2016, 27, 498. ¢) Y. Miyake, H. Shinokubo, Chem. Commun.
2020, 56, 15605. 2) F. Chen, Y. S. Hong, S. Shimizu, D. Kim, T. Tanaka, A. Osuka, Angew. Chem. Int.
Ed. 2015, 54, 10639. 3) a) Y. Matsuo, T. Tanaka, A. Osuka, Chem. Eur. J. 2020, 26, 8144. b) Y. Matsuo,
T. Tanaka, A. Osuka, Chem. Lett. 2020, 49, 959. 4) F. Chen, T. Tanaka, Y. Hong, T. Mori, D. Kim, A.
Osuka, Angew. Chem. Int. Ed. 2017, 56, 14688.
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Catalytic Vinylene Transfer Reaction for the Direct Construction of
Multi-Ring Systems

(Graduate School of Engineering, Osaka University) OYuji Nishii
Keywords: C-H Activation, Rhodium, Acetylene, Vinylene Carbonate

Transition-metal-catalyzed C—H activation and subsequent oxidative annulation with
alkynes or their equivalents have emerged as promising synthetic tools for the assembly of
heterocycles.! This method allows us to construct various fused-ring systems with simple
manipulations; however, most of these reactions are only applicable to internal alkynes.
This limitation significantly takes from the practical value of the annulative coupling
reaction because a non-substituted vinylene fragment cannot be installed via the catalysis. '
Moreover, a stoichiometric amount of external oxidant is usually required to ensure the
catalytic turnover, leading to the formation of undesired byproducts (Scheme 1).

H M(l1l) R—-R R
—_— M(lT) > + M)
H M=Co,RhIr O=C,N, 0, Setc. R notactive

1. Simple starting materials 1. Limited for internal alkynes: R #H
2. High step-efficiency 2. Stoichiometric oxidant: M(l) to M(IlI)

Scheme 1. Schematic Representation of the Catalytic Oxidative Annulation

To address this issue, we envisioned using vinylene carbonate as an oxidizing acetylene
surrogate.” Vinylene carbonate is a bench-stable reagent with bulk production as an
electrolyte and for polymer chemistry. Upon liberation of the [COs;]* anion (formal
two-electron reduction), vinylene carbonate might act as a two-electron internal oxidant
under proper reaction conditions to establish a redox-neutral reaction system (Scheme 2).
Overall, only H,COs (or H,O + CO») would form as a byproduct.

M Me
H Iy Cp*Rh(lll) catalyst H 0 el
+ OO > + L Me
H >=< no oxidant H HO™ "OH me RhX;
H H Cp*Rh(lIl)
Recycle Rh(l) to Rh(lll) X €O, Formation 1. Redox-neutral system
= 2e oxidation = 2e reduction 2. H,CO; as sole byproduct

Scheme 2. A Working Hypothesis for the Catalytic Vinylene Transfer Reaction

With this picture in mind, we investigated the annulative coupling using vinylene
carbonate as a coupling partner and, to our delight, a standard Cp*Rh(III) catalyst produced
favorable outcomes. Various nonsubstituted vinylene-fused N-heteroaromatic compounds
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involving isoquinolones, indoles, benzimidazoles, isoquinolines, and benzothiazines were
directly synthesized through the C—H/N-H oxidative cyclization.*® Afterward, C-H/C-H
annulation with imidazole derivatives® as well as C—H/O—H annulation with benzoic
acids®® were found to be feasible (Scheme 3).

1. Isoquinolinone synthesis 2. Indole synthesis 3. Isoquinoline synthesis
[e] R
R cat. Cp Rh cat. Cp Rh cat. Cp*Rh L
—_—
N
vmylene ©: vmylene @[) vinylene 2
H carbonate carbonate carbonate
11 examples up to 90% yield 10 examples up to 81% yield 5 examples up to 65% yield
4. Imidazole-based polyaromatics 5. Isocoumarin synthesis
A cpERh M i
cat. Cp Rh cat. p Eto,c Me
7NN co7a 0" o
NgEw vmylene vmylene th, =/
carbonate carbonate vinylene
23 examples up to 90% yield 24 examples up to 65% yield cPERh('") carbonate

Scheme 3. Examples of the Oxidative Annulation with Vinylene Carbonate

In order to gain insight into the mechanism of this vinylene transfer protocol, we
conducted a computational study. A concerted Sx2-type reaction was thus proposed to
support the redox-neutral system (Scheme 4).>* The detailed discussion on the mechanism
and some synthetic applications would be introduced in this presentation.

+
OH o,
cpE T -0 _Me cp@ 04\ cp
o 0--Rh~ @
%‘ﬁ“ o AG 34.0 kealimol d%” Y 2 AGH21.3 keal/mol
H =0 < -
OJ{TEC?: Rh shift g‘ ’& p-oxygen %H o\<
H

H
0\< Sy2-type elimination

Scheme 4. DFT Calculation for the Proposed Reaction Mechanism
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Synthesis and Catalytic Applications of Multipoint Solid-Supported Phosphine Ligands
(Department of Basic Science, Graduate School of Art and Sciences, The University of Tokyo)
(OTomohiro Iwai

The immobilization of molecular metal catalysts on solid supports is expected as a method
for improving the efficiency of synthesis process. However, in many cases, their catalytic
activities were decreased compared to the homogeneous counterparts due to unfavorable
interactions between solid supports and active sites. The author has developed multipoint solid-
supported phosphine ligands, which were effective for producing coordinatively unsaturated
metal species based on active site isolation on solid supports. These solid-supported phosphines
showed high ligand performance in several transition-metal catalysis.

Keywords : Phosphine ligands; Transition-metal catalysts; Heterogeneous catalysts;
Polystyrene; Silica gel
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Creation of Catalytic Functions Based on Molecular Design of Organic lon Pairs
(Institute of Transformative Bio-Molecules and Graduate School of Engineering, Nagoya
University) OTakashi Ooi

Anions and cations are among the most fundamental reactive species and are widely used to
form new bonds for synthesizing the desired organic molecules. Therefore, “organic ion-pair
catalysis” that allows the direct control of the reactive ionic intermediate by the pairing organic
ion through electrostatic interaction becomes important. However, the chemistry of exploiting
organic ion pairs as molecular catalysts has been very limited. To address this intrinsic problem,
we have designed and synthesized structurally well-defined and readily modifiable organic
cations and anions for use as molecular catalysts capable of directly and precisely controlling
counterions and ion radicals, leading to the development of synthetically relevant
stereoselective carbon-carbon and carbon-heteroatom bond-forming reactions. In this lecture,
I would like to present the details of this research stream.

Keywords : Organic lon Pairs; Electrostatic Interactions; Hydrogen Bonds;, Asymmetric
Catalysis, Stereoselective Bond Formations

DR OEEERA Th Y | AMABLFICEED A RLET, BEOLIKRbEWV L
NIVDOIRBIE T FREBED D WD THEABERDMREEELEA DL Z LN TE 5, Thi
—ODFEE B I L TH T O =R outE & BNEN BEICERTEL LN )
LD EZABRKEN, BADOGTEMANLTHET, 724 RO TFF 035K D
AR RENFETH D | FEATERIC KRR, T=F 0%, KL L TRE- T
KRETFHEIS L, FTefit i o< %, Mo T, AV F A L OA A I AAE
FICE T, BUSHET =4 o a2 2D EEDOIETHIBEITE 5 TH#EA A4 o 5l &
LCHFAESER T VB AR AR =T A E W o 72X T VENRA =7 LM
OETERI 2 ATREMEDEH S, Ly LEBRITIE, b 20 il & 3 2 /L5213 R
BTz, ZOFRTHE AL, EERHMETH D o BN LT WA T4 U8

kit - AL TE R REK), 612, ARITHENEG L2 —a v ok

LS TR DWW TWE D F 4 &7 =4 MO IEEE & 7 mnEk 72 A1 4
U EIRO EHIET 5 - DIKFREAEEI Lz TR W IHI B HFERY A,
MES DA AUkt EVWOMEEFEATHZ LT, B¥A A Xt a2y il LT
FIRT 272008 L s %ﬁrbf%to_M%%ﬂ&Lf fig « YRR Ok
il X HITIEF T VENL - & L COMREZ 5 X H L, 2R ARRINM R R — kFE
B D WTIRFE —~T BB TR D% % %ﬁbfwél4ﬁ_ KSEHE A ik 5350
NLZFFOX T NIRRT T A 2 DSOS DIERARRE D RS 72 il 2 i | 5 OB R ME A [F]
RIS CExpZ EAFEIEL CTE T,

© The Chemical Society of Japan - S02-3am-04 -



S02-3am-04 AZ{b2a B101E5SE2 (2021)

— 5T, AT =4 2 WUNCERE L, ROCEICE D T4 U0 D OFE A TERK
EE%%’J&U?% EWVWITTa—FRNEZLNDN, ZONFOMRTRIIREBIER EICH

Bo ZHUL, —fRICHD TEVRETHEEET D0 T A P RER A A & KOG
L7 <, ﬁﬂiiﬁt}: LTHWOND X T V7RO I | Z OREMED 2 ITRIE L
TLEYIZLICERT I EEZOND, ZOMBEICHRIEE 5 2 57201 Fkx 1%, KiZ
j}%:%?ittb\ﬂ?7/1/7 T OT A v LREAIE A D TE -, TOWMET, o1
B O G 72 (LB IR BB BTN 2 2 T2 IR X I T =40, ek 7
WIe B F A NER R Z SR LGS Z E 2O MM LTV D T, ARFEH T
29 LI=BAHEA A2 D4y kTS < B RE O A HIIZ DT ﬂ'i@lﬂ? J%F'aﬁé:
B OMEREZ BN T 5,

C Ar
N K
R? ,P Ar'
Ar? H
1_ ‘Nr:NJ\LAr?’
R'-N“&
e e _ . NRs
art H HY Aminophosphonium 0
A © Ar?
Br
1,2,3-Triazoliums Ammonium belames
Asymmetric
1 . y
OO Ar lon-Pair Catalysis
(&)

< O Ar
o) M@N'D R ”
o pra e NO
oWl ot g
ArT Ph SO, = N‘B‘o
QN O /,
Ph'"-e &/ ) R OO HAr

Ion-paired chiral ligands N—=P—N R O Ar
R O/ :’EN"" “'Ph Borates
0,S. Ph
Phosphates

1) K. Ohmatsu, N. Imagawa, T. Ooi, Nature Chem. 2014, 6, 47.

2) N.Imagawa, Y. Nagato, K. Ohmatsu, T. Ooi, Bull. Chem. Soc. Jpn. 2016, 89, 649.

3) K. Ohmatsu, Y. Ando, T. Nakashima, T. Ooi, Chem 2016, I, 802.

4) D. Uraguchi, K. Yoshioka, T. Ooi, Nature Commun. 2017, 8, 14793.

5) D. Uraguchi, H. Sasaki, Y. Kimura, T. Ito, T. Ooi, J. Am. Chem. Soc. 2018, 140, 2718.

6) D. Uraguchi, F. Ueoka, N. Tanaka, T. Kizu, W. Takahashi, T. Ooi, Angew. Chem., Int. Ed. 2020, 59,
11456.

7) D. Uraguchi, Y. Kimura, F. Ueoka, T. Ooi, J. Am. Chem. Soc. 2020, 142, 19462.

© The Chemical Society of Japan - S02-3am-04 -



The Chemical Society of Japan The 101st CSJ Annual Meeting

Award Presentations, Special Lectures | Award Presentations, Special Lectures | Award Presentations, Special Lectures

[SO02-3pm] Award Presentations, Special Lectures
Chair:Ken Tanaka, Takashi Matsumoto
Sun. Mar 21, 2021 1:00 PM - 3:20 PM Webiner 2 (Online Meeting)

[SO02-3pm-01] Umpolung-Type Functionalization Based on the Unique Properties of
lodine
OKensuke Kiyokawa' (1. Osaka University)
1:00 PM - 1:30 PM

[S02-3pm-02] Development of Heterogeneous Catalysts for Continuous-Flow
Synthesis of Chiral Compounds
OTomohiro Yasukawa' (1. The University of Tokyo)
1:30 PM - 2:00 PM

[SO02-3pm-03] Development of Carbon-bridged Oligo(phenylenevinylene)s that
Reveal Some Cryogenic Phenomena at Room Temperature
9Hayato Tsuji' (1. Kanagawa Univ.)
2:00 PM - 2:50 PM

[SO02-3pm-04] Assemblies of Non-Planar Molecules: The Structures and Properties
OYumi Yakiyama1 (1. Graduate School of Engineering, Osaka University)
2:50 PM - 3:20 PM

©The Chemical Society of Japan



S02-3pm-01 BALES E101ESES (2021)

AVROFMEERY SBMEREEREEA
Bk T) O s

Umpolung-Type Functionalization Based on the Unique Properties of lodine (Graduate School
of Engineering, Osaka University) OKensuke Kiyokawa

The simple and efficient methods for the synthesis of various functionalized organic
compounds that have been difficult to access by existing methods were developed by
umpolung-type functionalization based on the unique properties of iodine reagents as an
oxidant.

Keywords : Amination; lodine; Oxidation;, Umpolung
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1) For a review, see: K. Kiyokawa, S. Minakata, Synlett 2020, 37, 845-855.
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Development of Heterogeneous Catalysts for
Continuous-Flow Synthesis of Chiral Compounds

(GSC Social Cooperation Lab., The Univ. of Tokyo; School of Science, The Univ. of
Tokyo) OTomohiro YASUKAWA

Keywords: Heterogeneous catalyst, Metal nanoparticle catalyst, Asymmetric
reaction, Flow reaction, Nitrogen-doped carbon

Development of heterogeneous catalysts for asymmetric synthesis has lagged far
behind that of homogeneous catalysts. One reason is that the advantages of
heterogeneous catalysts, such as ease of separation and reusability, have not been
valued compared to the high catalytic turnover of homogeneous catalysts. However,
in recent years, toward the realization of a sustainable society, heterogeneous
catalysts that can be used for continuous synthesis by the flow methods have been
attracting attention. To accomplish such systems, the development of heterogeneous
catalysts that can effectively produce useful chiral molecules and have a long lifetime
is necessary. In this talk, the latest methodology to achieve efficient asymmetric
synthesis by flow methods using heterogeneous catalysts will be discussed.

(1) Immobilized Ir complex catalysts for asymmetric hydrogenation in flow

Flow hydrogenation using heterogeneous catalysts is expected to show superior
reactivity to conventional batch hydrogenation because of efficient mixing of the three
phases (solid, liquid and gas).” We developed heterogeneous iridium complex
catalysts from polystyrene-immobilized chiral diamine ligands. Asymmetric
hydrogenation of aromatic imines and reductive asymmetric amination of aliphatic
ketones proceeded smoothly in the presence of these catalysts and chiral phosphoric
acid co-catalyst (CPA).2 When the catalyst system was applied to the flow method,
continuous operation for more than 30-50 hours was possible and high activity could
be maintained at lower hydrogen pressures than that in a batch method.

"Pr. 'Pr -
PMP = p-methoxyphenyl \©i p /Ir\
] N/\©\
4 _PMP
N (o) HN

\)CJ)\ . <] ’
PMP pmp.
MeO pressure

(2) Chiral Rh nanoparticle (NP) catalyzed asymmetric arylation reactions

Chiral ligands modified metal NP catalysts have a great potential to construct
robust heterogeneous catalysts for asymmetric synthesis because NPs are easily
immobilized with high stability. However, their applications to asymmetric C—C bond
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forming reactions were very limited.®

Rh/Ag bimetallic NP catalysts immobilized on polystyrene-based polymers and
activated carbon as composite supports were developed. Asymmetric arylation of
various electron-deficient double bonds using arylboronic acids proceeded in high
yields with high enantioselectivity in the presence of these catalysts and chiral diene
ligands.® The catalysts could be reused without metal leaching and loss of activity.
Furthermore, Rh/Ag NP catalysts supported on chiral diene ligand-immobilized
polymers were developed. They enabled the simultaneous recovery of both the metal
and the ligand and could be applied to flow reactions.®

polymer sup{ort Ar

0 S EWG
A R x
RSy -EWG + ArB(OH), H
(ketones, esters, ketoesters, amides,
aldehydes, nitroolefins, imines)

high yield & ee
broad scope
applicable to flow

nanoparticles

(3) Nitrogen-doped carbon incarcerated Rh NP catalyzed asymmetric insertion of
carbenoids to amines

To expand scope of metal NP catalysis, nitrogen-doped carbon as a support that
can activate metals by a strong coordination was focused on. We developed
nitrogen-doped carbon incarcerated metal NP catalysts (NCI-M) prepared by
pyrolysis of metal NPs encapsulated by poly-4-vinylpyridine. They showed high
activity for several oxidation reactions that hardly proceeded without dopants.®

Encouraged by these results, nitrogen-doped carbon supported Rh NPs were
developed and applied for the asymmetric insertion of amines into diazo esters in the
presence of chiral phosphoric acid as a co-catalyst. The reaction proceeded only in
the presence of nitrogen dopant and showed high yields and enantioselectivities
without metal leaching. The catalytic system was also applicable to a flow reaction,
and succeeded in maintaining high activity and selectivity for more than 65 h.

N RhClz-3H,0 i - >
“ NaBH, __kefichen black_ | N, R \j

| P EtOH, rt :R)J\COOMe nitrogen-doped carbon un-FC
N AcOEt pyrolysis X incarcerated Rh NP
NCI-Rh ;

+
microencapsulation 800 °C . PG-NH, chiral phosphoric acid R ~cooMe
2h, Ar . (Batch & Flow)

1) H. Miyamura, A. Suzuki, T. Yasukawa, S. Kobayashi, J. Am. Chem. Soc. 2018, 140, 11325. 2) T.
Yasukawa, R. Masuda, S. Kobayashi, Nature Catal. 2019, 2, 1088. 3) T. Yasukawa, H. Miyamura, S.
Kobayashi, Chem. Soc. Rev. 2014, 43, 1450. 4) (a) T. Yasukawa, A. Suzuki, H. Miyamura, K.
Nishino, S. Kobayashi, J. Am. Chem. Soc. 2015, 137, 6616; (b) T. Yasukawa, H. Miyamura, S.
Kobayashi, Acc. Chem. Res. 2020, 53, 2950. 5) H. Min, H. Miyamura, T. Yasukawa, S. Kobayashi,
Chem. Sci. 2019, 10, 7619. 6) (a) T. Yasukawa, X. Yang, S. Kobayashi, Org. Lett. 2018, 20, 5172;
(b) T. Yasukawa, S. Kobayashi, Bull. Chem. Soc. Jpn. 2019, 92, 1980.
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Development of Carbon-bridged Oligo(phenylenevinylene)s that Reveals Cryogenic
Phenomena at Room Temperature (Department of Chemistry, Faculty of Science, Kanagawa
University) OHayato Tsuji

Organic functional materials receive increasing attention from the technology and materials
science communities. Oligo(phenylenevinylene)s have been among the most widely used
materials in optoelectronic applications. However, structural flexibility deriving from the
rotation along C-C single bonds results in low functionality and stability. In order to achieve
high functionality and stability, we have prepared rigid planar entity, carbon-bridged
oligo(phenylenevinylene)s (COPV), where all double bonds are constrained into coplanar. Due
to the rigid molecular structure that is also ideal to extend m-conjugation, COPVs show some
unique properties which have been unprecedented or unobservable at room temperature. First,
COPVs showed photoluminescence quantum yields of unity in room-temperature solutions and
found their utility in organic solid state laser. Second, applications to molecular wire revealed
the emergence of inelastic and resonant tunneling phenomena at room temperature. Details will
be described in the presentation.

Keywords - Phenylenevinylene; Conformation Control; Photophysical Properties; Organic
Laser; Molecular Wire
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1) (a) H. Tsuji, H. A. Fogarty, M. Ehara, R. Fukuda, D. Casher, K. Tamao, H. Nakatsuji, J. Michl
Chem. Eur. J. 2014, 20, 9431. (b) Fukazawa, H. Tsuji, K. Tamao J. Am. Chem. Soc. 2006, 128,
6800.

2) H. Tsuji, E. Nakamura Acc. Chem. Res. 2019, 52, 2939.

3) X.Zhu, H. Tsuji, J. T. Loépez Navarrete, J. Casado, E. Nakamura J. Am. Chem. Soc. 2012, 134,
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5) J.Sukegawa, C. Schubert, X. Zhu, H. Tsuji, D. M. Guldi, E. Nakamura Nature Chem. 2014, 6,
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Assemblies of Non-Planar Molecules: The Structures and Properties ('Graduate School of
Engineering, Osaka University, 2ICS-OTRI) OYumi Yakiyama'-?

Structural flexibility in the functional molecular assemblies is quite important in mitigating
structural damage during the emergence of physical functions and improving the systems’
stability. In this project, we aimed to prepare new “soft” crystalline systems that can respond
to outer stimuli. For this purpose, we introduced structural softness into the intrinsically “hard”
crystals by utilizing (1) curved molecules that exhibit dynamic behavior and (2) non-planar X-
shaped molecules that construct weak intermolecular interactions in the crystalline state. In this
presentation, formation of confined curved-n space using sumanene as a first step for the
realization of dynamic porous network, and the properties of pure-organic molecular crystalline
host based on indanedione dimer, which gives interconvertible crystals by trapping/releasing
guest molecules will be discussed together with our recent achievements.

Keywords : Molecular assemblies; X-ray Crystal Structure Analysis; Stimulus Responsiveness;
Structure Transformation
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Figure 1. Schematic models of the formation of the two
networks with spherical confined spaces.
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Figure 2. Reversible guest releasing/trapping system
composed of three-dimensional X-shape dimer 4PID.
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[1] @) H. Toda, Y. Yakiyama, Y. Shoji, F. Ishiwari, T. Fukushima, H. Sakurai, Chem. Lett. 2017, 46,
1368.b) Y. Yakiyama, T. Hasegawa, H. Sakurai, J. Am. Chem. Soc. 2019, 141, 18099.

[2] a) *Y. Yakiyama, T. Fujinaka, M. Nishimura, R. Seki, H. Sakurai, Chem. Commun. 2020, 56, 9687.
b) A Z o H L TRIEORERZIERITI T D 51 OBUAMBEZ IS < Rl G 224k
Division Topics (A #ftiin 7T « £ 3 V), b5 & T3, 2021, vol.74-1.
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[SOT-3pm] Award Presentations, Special Lectures
Chair:Masato Ito, Izumi Imai

Sun. Mar 21, 2021 1:00 PM - 2:30 PM Webiner 1 (Online Meeting)

[SOT-3pm-01] Contribution to Chemistry Education through Development of
Teaching Materials for Junior High School Chemistry Experiments
and Application to Teacher Training
OTakuya Miyauchi' (1. Tokyo Gakugei University)

1:00 PM - 1:30 PM

[SO1-3pm-02] Human Resource Development by Holding Workshops Named “
SCN Miyagi”

OAtsuhito Kubota' (1. Sendai Seiryo Secondary School)
1:30 PM - 2:00 PM

[SO1-3pm-03] Development of Young Research Leaders Responsible for the Next
Generation
OKeiji Maruoka' (1. Kyoto University)

2:00 PM - 2:30 PM
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Development of Teaching Materials for Junior High School Chemistry Experiments and
Application to Teacher Training
(Tokyo Gakugei University) (OTakuya Miyauchi

Chemistry experiment teaching materials must attract students' interest, maintain safe
operations, and be easy to understand. Thus far, we have continued to develop, practice, and
revise teaching materials for chemistry experiments that are assumed to be conducted in junior
high school classes. Furthermore, to nurture practical leadership in the teacher training field of
chemistry, it is necessary to intentionally provide opportunities to observe and perform
experiments in the classroom, while being aware of the position of the teacher as an instructor.
Therefore, in cooperation with the teachers of the university-affiliated schools, we set up a
course wherein one can observe chemistry experiments performed in junior high and high
schools from the standpoint of an instructor, and put these experiences into practice.
Keywords : Chemical Education, Junior High School, Development of Teaching Materials,
Teacher Training
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Human Resource Development by Holding Workshops Named ~ “SCN Miyagi”
(Sendai Seiryo Secondary School) O Atsuhito KUBOTA

I held the workshop (SCN Miyagi) of the experiment. At SCN Miyagi, we taught each
other about the method of the experiment. We also exchanged our opinions about how to
instruct students’ researches. As a result, the research and leadership skills of the participants
improved. The young teacher who participated in the workshop presented his research at the
national convention, which appeared on The Bulletin of Research published by Japan Society
of Physics and Chemistry Education. Workshop participants also have improved the research
quality of their club students. This can be confirmed as an increase in the number of prizes
won at the national competitions.

Keywords : Workshop , Human resource development , Experiment
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Development of Young Research Leaders Responsible for the Next Generation (Graduate
School of Pharmaceutical Sciences, Kyoto University) Keiji Maruoka

In 2010, the lecturer launched a conceptually new academia-oriented "Otsu Conference"
with the aim of fostering young leader-type researchers who will lead the next generation. The
number of 1st~10th fellows has reached about 160, and more than half are active in academia
as assistant professors, lecturers and associate professors. In 2015, five years later, the company
version of the Otsu Conference, "Noyori Forum Young Researcher Training School" was
established with the aim of developing leader-type corporate researchers who will lead the next
generation. The details on these subjects will be described in this lecture.

Keywords : Young Research Leader; Academia; Otsu Conference; Noyori Forum,; Next
Generation
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[SO02-3vn] Award Presentations, Special Lectures
Chair:Toshiki Mutai, Takahiro Tsuchiya
Sun. Mar 21, 2021 4:10 PM - 6:30 PM Webiner 2 (Online Meeting)

[S02-3vn-01] Construction of Molecular Spaces based on syn-Substituted
Triptycenes
OTakayuki lwata' (1. IMCE, Kyushu Univ.)
4:10 PM - 4:40 PM

[S02-3vn-02] Development of Porphyrin Sensitizers and Evaluation of Photovoltaic
Performances of the Dye-Sensitized Solar Cells
STomohiro Higashino1 (1. Department of Molecular Engineering, Graduate School of
Engineering, Kyoto University)
4:40 PM - 5:10 PM

[S02-3vn-03] Syntheses and Properties of Open-Shell ©-Conjugated Molecules
OTakashi KUBO' (1. Osaka University)
5:10 PM - 6:00 PM

[SO02-3vn-04] Development of supramolecular bearings with ultralow friction at
curved-  interfaces
OTaisuke Matsuno' (1. The Univ. of Tokyo)
6:00 PM - 6:30 PM
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Construction of Molecular Spaces based on syn-Substituted Triptycenes (/nstitute for Materials
Chemistry and Engineering, Kyushu University) OTakayuki Iwata

1,8,9,13-Positions of triptycenes, which are propeller-shaped molecules with fixed three
aromatic rings, are located on the same plane, and functionalization of these positions leads to
construction of “molecular space” surrounded by the substituents. In this research, a
regioselective method for synthesis of syn(1,8,9,13)-substituted triptycenes was developed
using ynolate-aryne triple cycloaddition reaction. Moreover, based on this method, the
molecular spaces were constructed on the triptycenes.
Keywords : triptycene; molecular space; ynolate; aryne
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1) Umezu, S.; Gomes, G. P.; Yoshinaga, T.; Sakae, M.; Matsumoto, K.; Iwata, T.; Alabugin, I.; Shindo,
M. Angew. Chem. Int. Ed. 2017, 56, 1298. 2) Yoshinaga, T.; Fujiwara, T.; Iwata, T.; Shindo, M. Chem.
FEur. J. 2019, 25, 13855.
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Development of Porphyrin Sensitizers and Evaluation of Photovoltaic Performances of the
Dye-Sensitized Solar Cells (Graduate School of Engineering, Kyoto University) OTomohiro
Higashino

Dye-sensitized solar cells (DSSCs) have attracted considerable attention due to their potential
advantages in terms of power conversion efficiency, production cost, design flexibility, and
indoor use. Because the photovoltaic performance of DSSCs strongly depends on sensitizers,
we have designed and synthesized various porphyrin sensitizers and evaluated their structure-
property relationships on the photovoltaic performances of DSSCs. We succeeded in
enhancement of long-term durability with tropolone and hydroxamic acid anchoring groups,
and high power conversion efficiencies with fused porphyrins as well as porphyrin dimers.
Keywords : Porphyrin; Dye-sensitized Solar Cells; Sensitizer; Anchoring Group; Energy
Conversion
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1) T. Higashino, Y. Fujimori, K. Sugiura, Y. Tsuji, S. Ito, H. Imahori, Angew. Chem. Int. Ed. 2015, 54,
9052. 2) T. Higashino, S. Nimura, K. Sugiura, Y. Kurumisawa, Y. Tsuji, H. Imahori, ACS Omega 2017,
2, 6958. 3) T. Higashino, Y. Kurumisawa, N. Cai, Y. Fujimori, Y. Tsuji, S. Nimura, D. M. Packwood, J.
Park, H. Imahori, ChemSusChem 2017, 10, 3347. 4) T. Higashino, H. liyama, Y. Kurumisawa, H.
Imahori, ChemPhysChem 2019, 20, 2689. 5) T. Higashino, K. Sugiura, Y. Tsuji, S. Nimura, S. Ito, H.
Imahori, Chem. Lett. 2016, 45, 1126. 6) T. Higashino, K. Sugiura, Y. Tsuji, S. Nimura, S. Ito, H. Imahori,
Chem. Lett. 2016, 45, 1126. 7) T. Higashino, Y. Kurumisawa, S. Nimura, H. liyama, H. Imahori, Eur. J.
Org. Chem. 2018, 2537. 8) T. Higashino, Y. Kurumisawa, H. liyama, H. Imahori, Chem. Eur. J. 2019,
25, 538.9) Y. Kurumisawa, T. Higashino, S. Nimura, Y. Tsuji, H. liyama, H. Imahori, J. Am. Chem. Soc.
2019, /41, 9910.
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Syntheses and Properties of Open-Shell Tr-Conjugated Molecules

(Graduate School of Science, Osaka University) (OTakashi Kubo
Keywords: Open-shell Electronic Structure; Organic Radical Species; Singlet Biradicals;
Graphene Nanoribbons; Dimerization Mode of Radicals

Organic compounds with an open-shell electronic structure, in which unpaired electrons
remain in the molecule, are called organic radical species, and have attracted much attention
in recent years due to their high reactivity and unique physical and functional properties.
This lecture presents our recent studies on the investigation of the properties of organic
radical species through a structural organic chemistry approach to synthesize molecules
with new frameworks.' In particular, the lecture focuses on (1) elucidation of the electronic
structure of singlet biradicals and exploration of the properties characterized by the unique
electronic structure, (2) molecular interpretation of the strange magnetic state of graphene
nanoribbons, and (3) elucidation of the new aggregation mode of organic radical species.

Studies on singlet biradicals. Singlet biradical compounds, as represented by
p-quinodimethane and o-quinodimethane, are usually reactive species. However, by
delocalizing the unpaired electrons appearing in the resonant structural formula, singlet
biradicals become stable so that we can handle in air without special care. Thanks to its high
stability, a variety of measurements could be performed, and unique properties such as a
small HOMO-LUMO gap, NMR signal broadening, appearance of triplet ESR signals,
thermally activated magnetic properties, and two-electron excitation absorption were
revealed by our recent studies. Later studies on various singlet biradical compounds have
revealed that these phenomena are common properties of singlet biradicals. We also found
that 1 gives a stacked one-dimensional chain with an unusually short interplanar distance of
3.137 A in the crystal. Spectroscopic measurements and quantum chemical calculations
revealed that the electronic structure of the one-dimensional chain of 1 can be described as a
resonant state of intra- and inter-molecular unpaired electron interactions.® Another
remarkable result was obtained with o-quinoidal singlet biradical 2, which rapidly
dimerized in a manner of [4n+4x] cycloaddition in solution state at room temperature in the
dark. On the other hand, 2 also afforded stereoselective [4n+2m] cycloadducts with
fumaronitrile in a room temperature solution in the dark.* These results demonstrate the
dual nature of closed-shell and open-shell electronic structures of singlet biradical species.

Studies on the magnetic state of polycyclic aromatic hydrocarbons. When graphene
is cut into arbitrary shapes, two types of end structures appear: zigzag and armchair edges.
Curiously, it is known that unpaired electrons are localized only at the zigzag edge,
producing a magnetic moment. By synthesizing model compounds with zigzag and
armchair edges, and using X-ray structural analysis, spectroscopic measurements, and
quantum chemical calculations, we have elucidated the origin of the unique magnetic
property. The model compounds 3—5 were prepared by a multi-step synthesis and isolated as
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crystals. X-ray structural analysis showed that the hexagonal rings at the left and right ends
of the molecules tended to be closer to the benzene form (= regular hexagon) as the
compounds became larger. The trend shown by the X-ray crystal structure suggests that the
larger compounds have a larger biradical structural contribution in the ground state. Indeed,
47 and 5° showed thermally activated magnetic behavior, and in the case of 5, about half of
the molecules were found to be in the triplet biradical state at room temperature.

Studies on new aggregation mode of organic radical species. Many radical species
form o-bonds between molecules in solution or solid states, giving rise to closed-shell
dimers (c-dimers). On the other hand, some radical species do not form c-bonds but rather
form an electron pair in the form of overlapping n-planes (n-dimers). Because the electron
pair in m-dimers are not so tightly bound, they are in a special electronic state that combines
the properties of o-dimers and radical monomers. We have prepared triphenyl (6),’
tris(perfluorophenyl) (7), and trimethyl (8) ® derivatives of the phenalenyl radical by
stepwise syntheses and determined crystal structures by single-crystal X-ray analysis. The
analysis showed that 6 forms a m-dimer in a staggered stacking with a very short m—=n
separation distance of 3.017(2) A at 100 K, whereas 7, which has more bulky substituents
than 6, gives a o-dimer with a C—C single bond length of 1.636(7) A at room temperature.
Interestingly, the methyl derivative 8 afforded both o- and m-dimer in the solid state.
Quantum chemical calculations show that the o- and n-dimers of the phenalenyl radicals are
almost equal in energy, and the dimerization mode is dominated by the electronic factors of
the substituents.
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1) T. Kubo, Chem. Lett. 2015, 44, 111-122 (highlight review). 2) T. Kubo, Chem. Rec. 2015,
15,218-232. 3) T. Kubo, A. Shimizu, M. Sakamoto, M. Uruichi, K. Yakushi, M. Nakano, D.
Shiomi, K. Sato, T. Takui, Y. Morita, K. Nakasuji, Angew. Chem. Int. Ed. 2005, 44, 6564—
6568. 4) K. Sahara, M. Abe, H. Zipse, T. Kubo, J. Am. Chem. Soc. 2020, 142, 5408-5418.
5) A. Konishi, Y. Hirao, M. Nakano, A. Shimizu, E. Botek, B. Champagne, D. Shiomi, K.
Sato, T. Takui, K. Matsumoto, H. Kurata, T. Kubo, J. Am. Chem. Soc. 2010, 132, 11021
11023. 6) A. Konishi, Y. Hirao, K. Matsumoto, H. Kurata, R. Kishi, Y. Shigeta, M. Nakano,
K. Tokunaga, K. Kamada, T. Kubo, J. Am. Chem. Soc. 2013, 135, 1430-1437. 7) Z. Mou, K.
Uchida, T. Kubo, M. Kertesz, J. Am. Chem. Soc. 2014, 136, 18009—18022. 8) K. Uchida, Z.
Mou, M. Kertesz, T. Kubo, J. Am. Chem. Soc. 2016, 138, 4665-4672.
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Development of Supramolecular Bearings with Ultralow Friction at
Curved-TT Interfaces

(‘Department of Chemistry, The University of Tokyo) OTaisuke Matsuno'
Keywords: Carbon Nanotubes, Fullerene, Corannulene, Association, Molecular Machines

Dynamic motions of molecules in the solid state hold promise for connecting
molecular behaviors with properties of bulk materials. However, controlling molecular
motions in solid is a challenging task due to the presence of severe friction between
neighboring molecules. We have recently developed a series of unique dynamic
supramolecular complexes called "molecular bearings". Molecular bearings consist of a
finite carbon nanotube molecule, [4]cyclo-2,8-chrysenylene ([4]CC, Figure 1),' and guest
rotors bound in a cylindrical pore. Molecular bearings are characterized by a set of
seemingly contradictory thermodynamic and kinetic properties: a tight binding and weak
restriction that allows free motion of guests in a host molecule.

1. Fullerene rotors: "ball-in-tube" molecular bearings

The first example of the molecular bearing is the "ball-in-tube" bearing
constructed from [4]CC and fullerenes (Ceo, Cro, etc.). [4]CC strongly bind fullerene guests
by van der Waals interactions. Despite the tight binding, encapsulated fullerenes rotate
smoothly. The rotational dynamics of Ceo in solid was analyzed by solid-state '*C NMR
spectroscopy. The analyses of spectral line-shape and spin-lattice relaxation time revealed
the extremely fast rotation of Cg with the frequency of 213 GHz at 335 K. According to the
analysis method called "yx-test", the rotation of Cg in solid was found to be in the
non-Brownian "inertial" regime. This observation shows the uniqueness of the curved-n
interfaces that realize the ultralow friction.?
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n
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"Molecular bearing" Solid-state inertial rotation 00 220 240 679 KSO 300 320 340

Figure 1. Structures of molecular bearings composed of cylindrical hydrocarbon
[4]CC and Ceo rotors. Temperature-dependent rotational correlation time 1 indicates
the solid-state inertial rotation at 330 K.
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The solid-state dynamics can be controlled
by changing the shape of rotors. When the ellipsoidal
Cs rotor is employed, the solid-state motion is
restricted to the single-axis rotation. By the Eyring
analysis of temperature-dependent dynamics, the
restriction is found to be originated from the entropic

barrier of the rotation (Figure 2).?

2. Polycyclic aromatic rotors: 'bowl-in-tube" %‘giﬂ'ﬁgte N\ -4
molecular bearing Observed

The other series of molecular bearing is

4 Simulation
"bowl-in-tube" bearings consist of [4]CC and aromatic ct ¢ (single-axis)
hydrocarbons. The bowl-shaped corannulene (COR) 240 "200 " 160 120 80 40 0
formed the molecular bearing solely by 10 CH-n Chemical shift (oppm)

hydrogen bonds. The single-axis rotation of Figure 2. Molecular bearing
bowl-shaped rotors was revealed by solid-state H  possessing ellipsoidal rotor Cro.
NMR spectroscopy (Figure 3).* When the oval-shaped

pyrene is encapsulated in [4]CC, driven by the same number (10) of CH-n hydrogen bonds,
the guest does not rotate in the solid state.’ This indicates that very minute structural
differences largely affect the solid-state dynamics. These unique dynamic supramolecular
systems provided new design principles of the solid-state molecular machinery with smooth
curved-m interfaces.

Solid-state 2H NMR
[4]CCDcorannulene-d;q

‘M observed

200 100 0 —100 —200

Frequency
simulation
(single-axis)
T T 1
[4]CCDcorannulene disordered 200 100 ~100 -200 [4]CCDpyrene
Solid-state single-axis rotation guests Frequency Static in solid state

Figure 3. Molecular bearings possessing polycyclic aromatic hydrocarbon.

1) S. Hitosugi, W. Nakanishi, T. Yamasaki, H. Isobe, Nat. Commun. 2011, 2, 492. 2) T. Matsuno, Y.
Nakai, S. Sato, Y. Maniwa, H. Isobe, Nat. Commun. 2018, 9, 1907. 3) T. Matsuno, Y. Nakai, Y.
Maniwa, M. Someya, S. Sato, H. Isobe, Chem. Asian J. 2020, 15, 273. 4) T. Matsuno, M. Fujita, K.
Fukunaga, S. Sato, H. Isobe, Nat. Commun. 2018, 9, 3779. 5) T. Matsuno, K. Fukunaga, S. Sato, H.
Isobe, Angew. Chem. Int. Ed. 2019, 58, 12170.
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[SOT1-3vn] Award Presentations, Special Lectures
Chair:Akihiro Morita, Ken-ichi limura

Sun. Mar 21, 2021 4:10 PM - 5:30 PM Webiner 1 (Online Meeting)

[SO1-3vn-01] Design of Functional Polymer Vesicles Based on Thermoresponsive
Polymers

OTomoki Nishimura' (1. Kyoto university)
4:10 PM - 4:40 PM

[SO01-3vn-02] Studies of chemical reactions and their applications in supercritical
water

©Tadafumi Adschiri' (1. Tohoku.Univ.)
4:40 PM - 5:30 PM
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Design of Functional Polymer Vesicles Based on Thermoresponsive Polymers (Department of
Chemistry and Materials, Faculty of Textile Science and Technology, Shinshu Univrsity)
OTomoki Nishimura

Phospholipids, synthetic lipids, and amphiphilic polymers self-assemble into vesicles.
Compared to the vesicles based on low molecular weight lipids, polymeric vesicles have
superior mechanical strength. They also have an inner aqueous phase and can function as
enzymatic reactors when enzymes are encapsulated in the inner aqueous phase. Therefore, they
have been attracted attention for biomaterials such as nano/microreactors, carriers for drug
delivery systems (DDS), and artificial organelle cell models. However, the bilayers of polymer
vesicles are thicker than those of phospholipid liposomes and thus have extremely low
molecular permeability, making it difficult to supply molecules from the external environment.
Besides, it is difficult to control the size of the vesicles. This presentation will introduce our
efforts to develop molecular permeable polymer vesicles and size-tunable vesicles, the
functions of the vesicles, and applications as biomaterials.

Keywords : Polymer vesicles, thermoresponsive polymers; block copolymers; graft
copolymers, self-assembly
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1) Bio-transporting self-assembled nanofactories by polymer vesicles with molecular permeability for
enzyme prodrug cancer therapy. T. Nishimura, Y. Sasaki, K. Akiyoshi, Adv. Mater. 2017, 29, 1702406.
2) Determining the Hydration in the Hydrophobic Layer of Permeable Polymer Vesicles by Neutron
Scattering. T. Nishimura, L. de Campo, H. Iwase, K. Akiyoshi, Macromolecules. 2020, 53, 7546.

3) Biotransporting biocatalytic reactors toward therapeutic nanofactories. T. Nishimura, K. Akiyoshi,
Adv. Sci., 2018,1800801.

4) Substrate-sorting nanoreactors based on permeable peptide polymer vesicles and hybrid liposomes
with synthetic macromolecular channels. T. Nishimura, S. Hirose, Y. Sasaki, K. Akiyoshi, J. Am. Chem.
Soc. 2020, 142, 154.

5) Thermoresponsive polysaccharide graft polymer vesicles with tunable size and structural memory. T.
Nishimura, S. Shishi, Y. Sasaki, K. Akiyoshi, J. Am. Chem. Soc. 2020, 142, 11784.
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Studies of chemical reactions and their applications in supercritical water

PG HEX
(Tadafumi Adschiri)
FALRT: MR &SR SERT (WPI-AIMR)

FAL 30 FELLERT G, HEE, fiH - 2BECHIE ST BER SRR B 2. X
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F7 + ROSH R 2 BB ICHE CE AN T B ANRLETH 5, RO &R & E K G5
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B SKSG Tl v, REOAH D TIXmRE T BRI & S onenns o
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an A RERITERET 2 & BENMEL TRIR 2O SR KB AE T 5, &2 AN
ZOFEWGET /TR TR B O TR < . & OREERFM T G TR TE 7o,
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I have pioneered academic research in the field of supercritical water reactions and its related
technologies for more than 30 years. His research has focused on the fundamentals and
applications of a flow reaction process that has enabled detailed kinetic studies of unusual
reactions in supercritical fluids. The results of his research on supercritical water reactions have
enabled various applications, such as the world's first supercritical chemical recycling
technology and continuous nanoparticle synthesis. My recent research features the creation of
new materials (with new functions) using reactions in supercritical water, in which organic and
inorganic reactions can be conducted simultaneously to create organic/inorganic composite
nanomaterials. The high affinity of organic-modified nanoparticles toward organic solvents or
polymers enables the fabrication of highly concentrated nano-inks or high-performance hybrid
polymers. These nanoparticles have extremely high torsion inside their structure, which leads
to high oxygen-ion mobility even at low temperatures, facilitating the development of a new,
low-temperature steam cracking process for hydrogen production. These results have been
extensively evaluated by the global scientific community. For my significant scientific
accomplishments, | was presented with the Chemical Society of Japan award.
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Development of advanced luminescent sensing materials based on precise structural control of
organic crystals (Faculty of Engineering, YOKOHAMA National University) OSuguru Ito

Mechanochromically luminescent (MCL) materials reversibly change the luminescent
properties in response to mechanical stimuli. They have attracted considerable attention in
recent years because of their potential applications in pressure sensors and security
technologies. Organic crystalline materials typically exhibit bicolor MCL, whereby the
luminescence wavelengths shift in the bathochromic direction upon mechanical stimulation
and return to the original wavelengths by heating or solvent exposure. Herein, I will present
the creation of MCL materials that exhibit various response behaviors, which is based on the
precise control of the structure and phase transitions of organic crystals.

Keywords : Smart Materials, Solid-state Emission; Multi-color Luminescence; Chromism,
Mechanochromic Luminescence
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References: [1] S. Ito, Chem. Lett. 2021, DOL: 10.1246/c1.200874 (Review). [2] S. Ito, T. Yamada, T. Taguchi,
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21, 53 (Back Cover). [11] M. Ikeya, G. Katada, S. Ito, Chem. Commun. 2019, 55, 12296 (Back Cover).

© The Chemical Society of Japan -S01-4am-01 -



SO0T1-4am-02 AZ{b2a B1015SE2 (2021)

SAMSRBEAOES FREICES < MEEIE
CRKBEHTRR | - SOKBET 2) Ofihf sig 12 -

Development of Functional Materials via Polymer Encapsulation into Metal-Organic
Frameworks (!Graduate School of Frontier Sciences, The University of Tokyo, *Graduate
School of Engineering, The University of Tokyo) OTakashi Uemura'*

Metal-Organic Frameworks (MOFs) composed of metal ions and organic ligands have been
extensively studied. The characteristic features of MOFs are highly regular channel structures
with controllable pore sizes approximating molecular dimensions and designable surface
functionality. Thus, encapsulation of polymers into MOFs provides unprecedented material
platforms to accomplish many nanoscale functions.

Keywords : Metal-Organic Frameworks; Polymer
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Nature Mater. 11, 1081 (2012). (g) Nano Lett. 15, 4019 (2015).

4) (a) Matter 3, 652 (2020). (b) Nature Commun. 9, 3635 (2018). (c) J. Am. Chem. Soc. 142, 3701
(2020).
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Polymer synthesis based on topology transformation (‘Department of Chemical Science and
Engineering, and *JST PRESTO, Tokyo Institute of Technology) ODaisuke Aoki ">

Topology of polymer is one of the most essential factors determining the polymer property.
In this presentation, topology transformation in polymers based on rotaxane chemistry and
dynamic covalent chemistry, is described. In the former part of presentation, the study deals
with the construction and function of dynamic macromolecular systems having mechanically
linked polymer chains which can undertake the topology transformation to induce the structure
and property changes (Fig. A). On the other hand, dynamic covalent chemistry using chemical
equilibrium systems, i.e., those exhibiting a reversible cleavage of covalent bonds in response
to the stimuli, have attracted much attention because of their unique properties. In the latter
part of presentation, the selective synthesis of cyclic monomer with dynamic nature and its
application to polymer synthesis based on topology transformation are described (Fig. B).
Keywords : Rotaxane; Dynamic Covalent Chemistry, Topology;, Cyclic Polymer,
Supramolecular Chemistry

FYFRBROIGR (bR w =) 13, @ FOMERMERICIRE T 5, AT
WA%EH&%#/%ngm%L<i@% ﬁFAmgm%%h%hﬁﬁAb
WD 2L TR TO MR =B HRER L7flix OFSFARICOWTHET 5,

A R E——
O\/Ng/‘\ /_/4 . Linear polymer

:_______g__l:\_(m Star polymer ABC Star polymer

Linear polymer ABC Linear polymer Cyclic polymer
B g i>
é{_s\s,N 2% +S=N
® Dynamic '
- + BiTEMPS covalent bond Radical
Target for Static Dynamic

cyclic molecule }
S
Polymerization l i o i ;

N ~ Cyclic polymer
\ ii
e 4 @ 2

)

BiTEMPS-based polymer CVC"C te; PP e * >
monomer .

Linear polymer

© The Chemical Society of Japan -S01-4am-03 -



SO0T1-4am-04 AZ{b2a B1015SE2 (2021)

1 VBEREEMETIAKA A =0 AMMICET 5 ERMHAR
(BORENTRY SRR ESIiehy) M0k Fi

Pioneering Studies on Organic Ionics Materials Based on lonic Liquids (/nstitute of
Advanced Sciences, Yokohama National University) Masayoshi Watanabe

Ionics has emerged as an important scientific area for realizing the key materials for the
development of advanced electrochemical devices that would support a sustainable society.
This research has been focused on new ion-conducting materials such as ionic liquids and
polymer electrolytes, since conventional aqueous and organic electrolyte solutions have several
disadvantages that prove to be a bottleneck for making a breakthrough in electrochemical
devices. A detailed investigation of the ion dynamics in these materials and at the interfaces
with electrodes has been performed. Consequently, an area of “organic ionics” has been
established and new materialization with distinguished ideas has been realized. The outline of
the research achievements is presented in this lecture.

Keywords : lonic Liquid; Polymer Electrolyte; lon Gel; Organic lonics; Electrochemical
Device

FHt il REtE 2 259 5 EC, 2 XX — 2 RE ARk - i7ik - HETHZ LD
BEMEN 7 0 —XT v 7 EN, ZRE X2 5FMERTH 5 A 4 =27 AD BB
LCW5, WEHRZ A A2 M8 DO SR G) TEMEKIEK CTh 503, ERE
IKEEHR e AN T2 T 73 ZEE DO FREEMRN 2D, =R X —FERERN Lo T
MEZEx TWbD, ZNEFTB LI ONHAREEMRIKR Ch 505, 5N - \RMETH 5
o e BEAMOMEZ R Z TV D, RFIEIE, 4 4 A8 MEEm S A4
BIRE N ST R LWEA =27 AP B L ORETCOAF XA FI v I X%
ﬁﬁb FLWEEIRA B L7TeNE TH S, FRIZ, B OERSTHYE - Bk

ICBITFT=NE R T 5,

1. R I—TFTILRESFFOREEMCEL D44 U EREEE

—fEDORY =—T WRA A NEEEE S ICBWTI A A R—E 2L
T AR (T EF- L, oA A gk & E8EEMN T » 7V 7 LT,
XX UV AT UEOEREA AU BEED EF L OMRIE WA 4 A BB O
BEBE|Z 72D EHEH LTz, T EfIT 2 Hikime LT, E8EMEIV XM FI v 7 R
OB MAIGHFEFn 2 I U 7= EREMRE 2L L 2 m%%ﬁbto@ﬁﬁﬁwgl
[fl— Ty TOA T AZEMEDOH KO BT, S B8 s O B E R 7-H KU
HEMEEZ T2 63 2 2 R LT,

2. AFVBEERELUVAF T ILOEEEYEDAEA

AT RENE D U TR UICERRIA S LTIRE S Ot W) JICER L, A
T AEEE X v U Y AEBER & BERATRICOBET 5720, 2L A SRR NMR %
AL, MIESNAHTF A « 7T =A4 2 0H RS & Nernst-Einstein 200> H 3R F
HENMRER L A A VRERAENLREDENRER L OREE A 4 %

© The Chemical Society of Japan -S01-4am-04 -



SO0T1-4am-04 AZ{b2a B1015SE2 (2021)

(ionicity) & E# L T, Z< OUWHA A ARIKIZ O W TRBEMNCHAE Lz, A 4 i
A F U OEMFEEZRT NTA—=FTHY, T=F L DA AEEMEOW K, T4
VDONA ABMEOR, £l TF AL T =AU BIOMBER OO R, &5
WCHF A HDNET =4 U EEFOT LI VEEOHEKE E LK TTHZ %
R LT, Thbb, £ A RIEKORHET Y —a v & TR O 725 2T
RESNTNWDLZ EZFEHAL, RERA T Meh i,

Flo ARV =T NDH 7V TR L DA A ASEMER R E T T 5720

A F IR &y AR L LTa A A PV BT DR %ﬁot.fji~7w
%%Wﬁkwabt&%®ﬁ%t@wi A F RIERD @y 1% 5 a[ A bEh R
(T DI )BT A NEBNOLT TV 7 LA AUk Th 7=, £ OFEE,
TR VAR VCHCS DA A st &2 JHL LT,
3. HEEEMEA A U RIADRIE & EEiETED AR

7'a N A T RE D IR EM O EMRE IV ES L ERET DL L
BT, 2L FRETE T T S ERALTFRIED B4 7oA A IR Z L L, ALk A1k
NUA I FERWZE S T EREREREFERZ I Lz, T ORE. N,
100 CLLEDIRE COFREZ M FUIEHT TEIE L=, 2, A AV RIKO @A A
VEREEMN 7 —va U EAEA R D rREME A T/ L Ry 7 A O B AL D> O iR
B L7e, 2 OB OILEEREIEE ORREHINZHF] L TR L, ZHUL /DR
Bard s (REEIEED) NEMRIEICT T 5720 Th -7z, AREECRE B~ H
DO AT IR E R R 723 b EHE MRS N FRECTH D Z L EH L
L7, SHIZ.ODHEDT T A4 L) T U LEOLE/RAEMPERTHRIETH Y |
A FREELOME 2R T2 2 RH L, 2D BNIEBR 85 A 42—y s
95 Lif 8RR A A RIS TE D 2 E LT Lin, WBEFA 4 0%
ROAERIT, VA A THD LIl 5, VWA ARETHLT =774 L0
BRI Lo CRE D, TDIH, 7T =F L DA ZEEMERRD TEKL . 2o F
FTA LHFOBREFRFHN LIFOENETH D 4 72135 O L&, WEERIA A4 ik L
RHZEEHELMI Uz, B, HHREEOEEN O TERWEMEZFIH LT, %t
ROWwEME LTRSS Li-S EMA~DREHZ K-> T\ 5
4. BHF - 204 FOAA ViRADTOHREES & #E Hﬂm

AT RER T LD E 705, FlEdH 50T EIRER SRR (UCST)H L
T RRER SRR E R (LCST) DA B 2 oR 3 2 & A U e BRI TR L=, 4 A1
{RH D UCST 3 LU LCST &= 50 4 - A A RGO DO TR TRELSE
PO RO Z L —2 b s = b B S KRR & o TN
KRR L I LTRSS, 2O 7N T U ATIRESIN TS Z ENFINTH D
EABLMNI LT, ZORAIL, BOF TV Faz—H A AU VOREMREEE, &
FEFRIEL Y NV VAR RIBOGE M B AR L & o o RIS B A B OB FEIC T8 R L
TW5, S OITHEIREMERC B SR B OREIZE > TN D,

© The Chemical Society of Japan -S01-4am-04 -



The Chemical Society of Japan The 101st CSJ Annual Meeting

Award Presentations, Special Lectures | Award Presentations, Special Lectures | Award Presentations, Special Lectures

[SO02-4am] Award Presentations, Special Lectures
Chair:Takahiko Akiyama, Daisuke Miyoshi
Mon. Mar 22, 2021 9:00 AM - 11:40 AM Webiner 2 (Online Meeting)

[SO02-4am-01] Development of Novel Catalytic Reactions of CO, for the Synthesis of
Useful Chemicals
OLiang Zhang', Zhaomin Hou' (1. RIKEN)
9:00 AM - 9:30 AM
[S02-4am-02] Chemical Photocatalysis: Organic Synthesis with Visible Light
©Burkhard Koenig' (1. University of Regensburg)
9:30 AM - 10:20 AM
[S02-4am-03] Development of Transition Metal-Catalyzed Asymmetric Propargylic
Substitution Reactions
OYoshiaki Nishibayashi' (1. The University of Tokyo)
10:20 AM - 11:10 AM
[S02-4am-04] Rational design of metal-responsive allosteric DNAzymes
OYusuke Takezawa' (1. Grad. School of Science, The Univ. of Tokyo)
11:10 AM - 11:40 AM

©The Chemical Society of Japan



S02-4am-01 The 101st CSJ Annual Meeting

Development of Novel Catalytic Reactions of CO: for the
Synthesis of Useful Chemicals

(‘Organometallic Chemistry Laboratory, RIKEN CPR, *Advanced Catalysis Group, RIKEN
CSRS) OLiang Zhang'?
Keywords: Boron; Carbene Ligand; Carbon Dioxide; Carboxylation; Copper Catalysis

Carbon dioxide (CO;) has been emerging as an attractive one-carbon source for
chemical synthesis due to its abundance, low cost, non-toxicity, and sustainability. Currently,
only a handful of fine chemicals could be produced from CO; in chemical industry.
Although the recent years have witnessed rapid progress in the conversion of CO; into
carboxylic acids and their derivatives by various catalyst systems, the use of cheap and
well-defined catalysts for achieving efficient and selective CO utilization still represents a
persistent challenge. Moreover, the designing of new catalytic cycles for incorporating of
CO; into valuable compounds with novel molecular structures remains a formidable
opportunity for the applicable transformation of CO,.'?

We have developed a series of original catalytic reactions of CO, with a wide range of
organic substrates by establishing that N-heterocyclic carbene (NHC)-copper(I) complexes
greatly promote the CO, insertion processes.>® A broad variety of value-added products
featuring novel molecular structures which are otherwise difficult to access have been
synthesized through exploration of new CO, activation processes and development of
unique catalytic cycles. The NHC-copper platform enabled isolation and characterization of
a number of key intermediates, together with computational calculations, providing
important insights into the mechanistic details of these catalytic transformation of CO..

N H—C c=c ,
! . CO,R

1) L. Zhang, Z. Li, M. Takimoto, Z. Hou, Chem. Rec. 2020, 20, 494. 2) L. Zhang, Z. Hou, Chem. Sci.
2013, 4, 3395. 3) L. Zhang, J. Cheng, T. Ohishi, Z. Hou, Angew. Chem., Int. Ed. 2010, 49, 8670. 4) L.
Zhang, J. Cheng, Z. Hou, Chem. Commun. 2013, 49, 4782. 5) T. Ohishi, L. Zhang, M. Nishiura, Z.
Hou, Angew. Chem., Int. Ed. 2011, 50, 8114. 6) L. Zhang, J. Cheng, B. Carry, Z. Hou, J. Am. Chem.
Soc. 2012, 134, 14314. 7) C. Qi, Z. Li, J. Cheng, L. Zhang, Z. Hou, unpublished results. 8) B. Carry,
L. Zhang, M. Nishiura, Z. Hou, Angew. Chem., Int. Ed. 2016, 55, 6257. 9) Z. Li, L. Zhang, M.
Nishiura, G. Luo, Y. Luo, Z. Hou, J. Am. Chem. Soc. 2020, 142, 1966.
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Chemical Photocatalysis: Organic Synthesis with Visible Light

(Faculty of Chemistry and Pharmacy, University of Regensburg, D-93040 Regensburg,
Germany) O Burkhard Konig
Keywords: Photocatalysis; Physical-organic Chemistry; Arylation; CO, Ultilization;
Heterogeneous Photocatalysts

Sensitized photochemistry evolved over the last 20 years into an enabling technology for
the synthesis of complex organic molecules due to new mechanistic concepts and advances in
light sources.! The use of visible light and dual catalytic systems allow now challenging
transformations with good selectivity under mild reaction conditions.? Although light is an ideal
reagent for chemistry (cheap, safe, can be used in large excess) it comes with certain
limitations:

1. Compared to chemical bond energies, the energy of a visible light photon is small and
photocatalytic activation of stronger bonds therefore requires special strategies.’

2. Photoinduced electron transfer leads to radical ions or combined with proton transfer to
radicals, but the majority of chemical reactions proceeds via ionic intermediates. How can we
generate reactive anions by light?*

3. Metal complexes and organic dyes are widely used as molecular photocatalysts in synthesis,
but their stability and reuse can be problematic. Organic semiconductors are a valid alternative,
particular for applications at larger scale.’

The lecture discusses approaches from our laboratory to overcome these and other current and
future challenges in chemical photocatalysis.

. L. Marzo, S. K. Pagire, O. Reiser, B. Konig, Angew. Chem. Int. Ed. 2018, 57, 10034.

2. D. Petzold, M. Giedyk, A. Chatterjee, B. Konig, Eur. J. Org. Chem. 2019, 1193.

3. I. Ghosh, T. Ghosh, J. 1. Bardagi, B. Konig, Science 2014, 346, 725. 1. Ghosh, R. S. Shaikh, B.
Konig, Angew. Chem. Int. Ed. 2017, 56, 8544. A. Chatterjee, B. K6nig, Angew. Chem. Int. Ed.
2019, 58, 14289. M. Giedyk, R. Narobe, S. Weil3, D. Touraud, W. Kunz, B. Kénig, Nat. Catal
2020, 3, 40.

4. Q.-Y. Meng, T. E. Schirmer, A. L. Berger, K. Donabauer, B. Konig, J. Am. Chem. Soc. 2019, 141,
11393 — 11397. S. Wang, B.-Y. Cheng, M. SrSen, B. Konig, J. Am. Chem. Soc. 2020, 142,
7524-7531. M. Schmalzbauer, T. D. Svejstrup, F. Fricke P. Brandt, M. J. Johansson, G.
Bergonzini, B. Konig 2020, 6, 2658 - 2672.

5. I. Ghosh, J. Khamrai, A. Savateev, N. Shlapakov, M. Antonietti, B. Konig, Science 2019, 365,
360. J. Khamrai, I. Ghosh, A. Savateev, M. Antonietti, B. Konig, ACS Catalysis 2020, 10, 3526.
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Development of Transition Metal-Catalyzed Asymmetric Propargylic Substitution Reactions
(Graduate School of Engineering, The University of Tokyo)OYoshiaki Nishibayashi

We have developed transition metal-catalyzed propargylic substitution reactions and their
asymmetric versions. It is interesting that a series of reactions proceeded via allenylidene
complexes as key reactive intermediates.  The research history of the development of the
propargylic substitution reactions and the research concept led to the development of the
asymmetric versions will be introduced at the presentation.

Keywords : Allenylidene Complexes; Copper, Propargylic Substitution Reactions, Ruthenium
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1) BEERABEMEZ WA E 7 a SV NALE G OB %, AW, The Chemical Times
2021, 20-25. 2) AR FE 7 1 L RN E LIS O BRSE, M, GG b
2016, 55, 2-13. 3) Transition Metal-Catalyzed Enantioselective Propargylic Substitution Reactions of
Propargylic Alcohol Derivatives with Nucleophiles Y. Nishibayashi, Synthesis 2012, 44, 489-503.
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Rational design of metal-responsive allosteric DNAzymes

(Graduate School of Science, The University of Tokyo) O Yusuke Takezawa
Keywords: DNAzyme; Metal-mediated artificial base pair; Allosteric regulation; Artificial
DNA

Deoxyribozymes (DNAzymes) are catalytically active oligodeoxynucleotides, commonly
obtained by in vitro selection. DNAzymes have been applied to the development of a wide
variety of DNA-based molecular systems such as biosensors, molecular machines, and logic
operators. Allosteric regulation of DNAzyme activity is gaining increasing interest as a
promising strategy for building stimuli-responsive DNA systems. In this study, we
rationally designed and synthesized metal-responsive allosteric DNAzymes by
incorporating artificial metal-mediated base pairs''! consisting of two ligand-type unnatural
nucleobases and a bridging metal ion.

1. Development of Cu"-responsive split DNAzymes

Metal-responsive DNAzymes were first designed by splitting a well-known
RNA-cleaving E5 DNAzyme (Joyce, 1995) in two halves (Fig. 1)} A pair of
hydroxypyridone nucleotides (H) (Shionoya, 2002) forming a stable Cu"-mediated base pair
(H-Cu"-H) were incorporated into its stem region. The RNA-cleaving activity of the
H-modified DNAzyme in the presence of 1 equiv of Cu" ions (kws = 0.16 h™') was
significantly higher than that in the absence of Cu" (0.029 h™'). The enhanced activity was
due to the reconstruction of the catalytically active DNAzyme via the Cu"-mediated
formation of a H-Cu"-H base pair. The DNAzyme activity was found to respond
specifically to Cu" ions (Fig. 1c) and was regulated during the reaction by the addition,
removal, and reduction of Cu". In addition, metal-dependent orthogonal activation of
H-modified and Hg"-responsive -
DNAzymes was demonstrated
based on H-Cu"-H and widely
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the absence of Cu" ions, but was enhanced 12-fold with the addition of Cu". Repeated
switching of the activity was also demonstrated by the alternate addition and removal of
Cu" ions (Fig. 1d).

2. Development of single-stranded Cu'-responsive DNAzymes
Cu'-responsive allosteric
DNAzymes were then constructed

c--G
G--C
. o .. 0!
without splitting the strands. The ™
AC T
. . . A
original RNA-cleaving DNAzyme . &
: : : 3 AGAGATT . %TCGTC
was modified by lncorporatlng a H- Ei'suibabite Shaveye \ 5' TCTCTATAGGAGCAG

H base pair into the stem, and the Fig. 2 Cu'-responsive single-stranded DNAzyme. (a)
loop sequences were changed so that Design. (b) Sequence.

the formation of a H-Cu"-H pair induces the conversion of the catalytically inactive
structure to the active form (Fig. 2). In the presence of Cu" ions, the non-split H-modified
DNAzyme showed 6.8-times higher activity than that in the absence of Cu'". A fluorescence
assay using pyrrolocytosine confirmed that the addition of Cu" induced the intramolecular
structural change as designed. The DNAzyme activity was reversibly switched by adding
and removing Cu" ions under isothermal conditions.

This design strategy can be applied to metal-dependent allosteric regulation of other
DNAzymes. For example, an AND-gate DNAzyme was developed by incorporating a H—
Cu"-H pair into an in-vitro-selected Ag'-responsive DNAzyme (Lu, 2016). Introduction of
multiple H-Cu"-H pairs also afforded a Cu"-responsive DNAzyme."!

3. Development of metal-responsive DNAzymes using a bifacial 5-hydroxyuracil base
We also developed a metal-responsive DNAzyme using bifacial 5-modified pyrimidine
nucleobases®”! that form both hydrogen-bonded and metal-mediated base pairs. An
RNA-cleaving NaA43 DNAzyme (Liu, 2015) was modified by incorporating 5-hydroxyuracil
(U°M) bases. UM was found to form Gd"'-mediated U°"-Gd"-U®°" base pairs as well as
Watson—Crick-like U°M-A pairs./) The modified DNAzyme was designed so that the
addition of Gd" induces structural conversion via base-pair switching from U®"-A to U%"-
Gd"™-U°". As a result, the catalytic activity of the U°"-modified DNAzyme was increased
14-fold by the addition of Gd" ions, indicating the Gd"'-dependent allosteric regulation.

These studies established that metal-responsive DNAzymes are rationally designed by the
incorporation of artificial metal-mediated base pairs. The design concept presented here
would provide a powerful tool for developing stimuli-responsive DNA molecular systems.

1) Y. Takezawa, J. Miiller, M. Shionoya, Chem. Lett., 2017, 46, 622. 2) Y. Takezawa, T. Nakama, M.
Shionoya, J. Am. Chem. Soc., 2019, 141, 19342. 3) Y. Takezawa, L. Hu, T. Nakama, M. Shionoya, Angew.
Chem., Int. Ed., 2020, 59, 21488. 4) T. Nakama, Y. Takezawa, D. Sasaki, M. Shionoya, J. Am. Chem. Soc.,
2020, 742, 10153. 5) T. Nakama, Y. Takezawa, M. Shionoya, Chem. Commum., 2021, in press, DOI:
10.1039/DOCCO07771B. 6) Y. Takezawa, K. Nishiyama, T. Mashima, M. Katahira, M. Shionoya, Chem.
Eur J., 2015, 21, 14713. 7) Y. Takezawa, A. Suzuki, M. Nakaya, K. Nishiyama, M. Shionoya, J. Am.
Chem. Soc., 2020, 142, 21640.
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Visualization and Functional Development of Cell-inspired
Supramolecular Materials

(Graduate School of Engineering, Kyoto University) ORyou Kubota
Keywords: Hydrogels; Confocal microscopy; Multicomponent Self-assembly; Self-sorting;
Out-of-equilibrium

Cells are supramolecular materials consisting of a wide variety of components such as
proteins, DNA/RNA, and lipids. In living cells, orthogonal biological supramolecules, such
as cytoskeleton and organelle, communicate with each other to exhibit functions. Such
sophisticated biological phenomena, including orthogonal formation of supramolecules by
self-sorting and out-of-equilibrium spatial pattern formation, provide implications to further
functionalize artificial soft materials. However, it is still difficult for synthetic chemists to
imitate most of fascinating biological phenomena. During my research, I have developed
cell-inspired supramolecular materials (porous crystals' ™ and supramolecular hydrogels®'?)
based on multicomponent self-assembly and out-of-equilibrium chemistry by use of
molecular imaging techniques such as single-crystal X-ray analysis and confocal
microscopy'*'*. In this presentation, I will mainly describe my recent achievements about
supramolecular double-network hydrogels and a supramolecular propagating wave.

1. Supramolecular double-network hydrogels formed through self-sorting phenomena

Cytoskeletons, such as actin and microtubule, form orthogonal supramolecular fibers
through self-sorting phenomena, which allows to exhibit their own functions without
interference with each other. Self-sorting phenomena is thus powerful to integrate functions
(stimuli responses) of multiple artificial supramolecular nanofibers consisting of small
organic molecules (hydrogelators). We found that structurally-distinct peptide- and
lipid-type hydrogelators are good candidates for self-sorting and succeeded in in-situ
visualization of their self-sorting supramolecular fibers by confocal laser scanning
microscopy (CLSM).> Furthermore, the resultant supramolecular double network (SDN)
hydrogels exhibited stimuli responses without interference with each other, resulting in
bidirectional control of the gel strength and protein release rate.” Very recently, we also
succeeded in construction of two distinct self-sorting network patterns by
kinetically-controlled seed formation.’

o o
M J: N J: oH
HO\B/©/\D B o X i [}
OH \©
Peptide-type hydrogelator

Dgowﬁb\lgn‘io g Self-sorting
0770

Lipid-type hydrogelator

10 ym

Fig. 1. Super-resolution imaging of self-sorting supramolecular nanofibers.
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2. Protein-responsive protein release from a supramolecular-polymer hydrogel
composite'’

Supramolecular hydrogels is one of promising scaffolds for rational design of stimulus
response, while their mechanical stiffness is not sufficient for practical usage. To overcome
this drawback, we developed a novel composite hydrogel by combining of an
enzyme-responsive supramolecular gel and a physically cross-linked polymer gel. CLSM
imaging clearly visualized the segregated structure of the supramolecular nanofibers and the
polymer network. Moreover, we succeeded to demonstrate the controlled release of the

© The Chemical Society of Japan
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Fig. 2. Controlled protein release from a composite hydrogel.

3. Force generation by a propagating wave of supramolecular nanofibers'

Cells exhibit a variety of sophisticated out-of-equilibrium functions through
spatiotemporal patterns, such as oscillations and propagating waves. However, emergence
of spatiotemporal patterns by artificial supramolecules remains in fancy. To realize a
propagating wave of supramolecular nanofibers, we designed a reaction network for the
formation and decomposition of nanofibers by chemically-orthogonal stimuli (Fig. 3 left).
Real-time CLSM imaging visualized a propagating wave in which the formation and

decomposition of network for st jorwave  Rosl-time g of 8 p wave
supramolecular  fibers Jf) Jf)
are spatiotemporally N w -
coupled (Fig. 3 right). o &Z"J:::, Nswmers
Furthermore, we found T nan:,vf:,";‘;:::;t.on %
that the supramolecular »
wave can generate a ;Q Ko (T oy,
force that pushes the ~r )e.:se(..o
microbeads. TR ouese
Fig. 3. Propagating wave of supramolecular nanofibers.
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On Emerging Energy Storage/Conversion Functions in Porous m-Conjugated Framework
(Center for Green Research on Energy and Environmental Materials, National Institute for
Materials Science) OKen Sakaushi

This Lecture provides a wide spectrum of investigations standing on fundamental science
aiming to design electrochemical energy storage/conversion functions and to understand the
complicated electrode processes emerged by these functions. The themes of this Lecture are:

(1) Designer porous m-conjugated frameworks towards multielectron-transfer-based
energy storage using multi-electronic-states. 'V

(2) Heterojunction-type electrocatalysts based on porous m-conjugated frameworks for
enhanced activity and selectivity control. "

(3) An analytical method to uncover complicated electrochemical energy conversion
reactions. 519
Keywords : Porous m-Conjugated Framework, Energy Storage/Conversion, Multielectron

Transfer Reaction, Electrode Process, Microscopic Reaction Mechanism
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30 Years of Organic LED Research (Graduate School of Organic Materials Science, Yamagata
University) Junji Kido

Research in OLED became active since Tang’s group reported thin-film multilayer-type
OLED in 1987. In 1993, polymer-based white-light-emitting OLEDs were developed for the
first time. Since then, the performance of white OLEDs has been steadily improved. Recently,
high quantum efficiencies (QEs) can be obtained by using phosphorescent emitters such as
iridium complexes. External QE of 25—30% was achieved for blue, green and red OLEDs,
which correspond to the internal QE of nearly 100%. Device lifetime at high luminance levels,
which is required for general lighting, has been significantly improved by using the so-called
multiphoton structure (tandem structure). By combining the above technologies, OLEDs can
be extremely efficient and possess extremely long lifetime, even at high luminance level.
Large-size OLED displays based on such white OLEDs have been commercialized. For
general lighting, Lumiotec Inc. has started small-scale production of white OLED panels in
Yonezawa, and luminaires using their panels have been commercialized. In this talk, 30 years
of OLED research will be discussed.

Keywords : OLED, Organic Semiconductor, White Light, Display;
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Synthetic Epigenome Manipulation with Chemical Catalyst Systems ('Graduate School of
Pharmaceutical Sciences, The University of Tokyo) OKenzo Yamatsugu'

Chemical modifications of histones (i.e., posttranslational modifications: PTMs) play pivotal
roles in epigenetic regulation of gene expression. A chemical method to introduce the
modifications in chromatin or in living cells, thus, holds promise as an epigenetic tool and a
new modality for regulating cellular functions. I would like to present here two chemical
catalyst systems for synthetic histone acetylation. One consists of a chromatin-localizing
nucleophilic catalyst (16DMAP) and a phenyl acetate-type acetyl donor (PAc-gly). This system
enabled high-yield, selective acetylation of histone lysine residues. Application of this system
to Xenopus laevis sperm chromatin revealed that synthetic acetylation of Xenopus chromatin
prevents DNA replication in Xenopus egg extracts. The other is PEG-LANA-DSS, which
consists of thioester-activating nucleophilic catalyst, DSS and metabolically stabilized histone-
binding peptide, PEG-LANA. This system enabled regioselective histone acetylation at
H2BK120 in living cells, and the synthetic acetylation suppressed physiological H2B
ubiquitination. Those results suggest that our chemical catalyst systems for histone acetylation
will be a useful tool to manipulate epigenome for elucidating/regulating epigenetic mechanisms.
Keywords : Epigenome; Histone, Catalyst; Acetylation, Lysine
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Fig. 1 Synthetic hyperacetylation of nucleosomal histones. a) Structures of the catalyst and Ac-
donor. b) Lysine acetylation with and without catalyst. c) Acetylation level-dependent delay of
DNA replication in Xenopus egg extracts.
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Fig. 2 Live-cell epigenome manipulation by synthetic histone acetylation catalyst system.
a) A structure of PEG-LANA-DSS catalyst. b) A structure of NAC-Ac donor. c) Subcellular
localization of PEG-LANA peptide. d) In-cell histone lysine acetylation at H2BK120. e) The

synthetic histone acetylation intervened in physiological H2B ubiquitination.

1) H. Kajino, T. Nagatani, M. Oi, T. Kujirai, H. Kurumizaka, A. Nishiyama, M. Nakanishi, K. Yamatsugu,
S. A. Kawashima, M. kanai, RSC Chem. Biol. 2020, 1, 56.
2) Y. Fujiwara, Y. Yamanashi, A. Fujimura, Y. Sato, T. Kujirai, H. Kurumizaka, H. Kimura, K.

Yamatsugu, S. A. Kawashima, M.

Kanai, Proc. Natl. Acad. Sci. USA 2021, in press.

3) Y. Amamoto, Y. Aoi, N. Nagashima, H. Suto, D. Yoshidome, Y. Arimura, A. Osakabe, D. Kato, H.
Kurumizaka, S. A. Kawashima, K. Yamatsugu, M. Kanai, J. Am. Chem. Soc. 2017, 139, 7568.
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Development of Synthetic Oligoamides with Predictable Shapes
and Application of the Oligomers for Manipulating Biomolecules

(Graduate School of Engineering, The University of Tokyo) O Jumpei Morimoto
Keywords: Oligoamides; N-Substituted Peptides; Peptoids; Protein-Protein Interactions;
Structural Organic Chemistry

Peptides exhibit diverse biological functions by interacting with biological molecules
via their wide surface area. However, they suffer from low membrane permeability, and thus
the application of peptides for protein ligands are currently mostly restricted to extracellular
targets.

Oligo(N-substituted glycines) (oligo-NSGs) exhibit high membrane permeability
derived from their N-substituted amide backbone structure, and thus they are expected to
overcome the limitations of peptides." However, oligo-NSG-based protein ligands often
show low affinities due to their conformational flexibility.

In this presentation, I will talk about our recent efforts on developing conformationally
constrained peptoids that are potentially useful for designing ligands binding to intracellular
proteins. Based on the proposal by Gao and Kodadek in 2013, we assumed that
introduction of methyl groups at backbone o-carbons of oligo-NSG will constrain
conformation of the oligomers. The resulting oligo(/N-substituted alanines) (oligo-NSA) are
expected to be conformationally constrained due to the effects of pseudo-1,3-allylic strains.
Although there were attempts to introduce NSA residues to peptoids,’ there had been no
detailed structural analysis reported for oligo-NSA, and thus conformational rigidity of
oligo-NSA had not been validated.

To facilitate structural analysis of oligo-NSA for validating the expected
conformational rigidity, we first established a solid phase synthetic method of the oligomer.*
In the established synthetic method, oligo-NSA is synthesized via the following three steps:
(i) coupling reaction of Fmoc-Ala-OH; (ii) Fmoc deprotection; and (iii) reductive alkylation
to introduce N-substituents. With this method, oligo-NSA with diverse N-substituents can
be synthesized using commercially available aldehydes.

With the established synthetic method, we conducted detailed conformational analysis
of oligo-NSA.* X-ray crystallographic analysis showed that oligo-NSA forms an extended
shape that is consistent with the conformational restrictions by pseudo-1,3-allylic strains.

Oligo(N-Substituted alanines)

o
.:‘s\n,N\)LN:il

Pseudo-1,3-allylic strains M Constrained conformations [ Predictable shape
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Nuclear magnetic resonance (NMR) studies suggested that oligo-NSA maintain the
extended shape in water. Furthermore, electron paramagnetic resonance (EPR)
measurements together with molecular dynamics (MD) simulations suggested that the
extended shape is stable in solution.

The conformational rigidity of oligo-NSA is expected to be beneficial for designing
protein ligands. To demonstrate the utility of oligo-NSA for protein ligands, we designed
ligands binding to an oncogenic protein MDM2.* MDM2 is known to bind to an a-helical
domain of p53. Three hot spots, i.e. Phel9, Trp23, and Leu26, on the a-helix are known to
dominantly contribute to the binding. Therefore, molecules that display the three hot spots
in a similar manner with p53 are expected to bind to MDM2. The predictable shape of
oligo-NSA enabled rational design of such a molecule. The designed oligo-NSA bound to
MDM?2 and competitively inhibited the interaction of MDM2 and p53 as expected. On the
other hand, a peptoid with the same functional groups but with oligo-NSG backbone did not
bind to MDM2, suggesting that the constrained conformations of oligo-NSA are important
for the designed molecule to bind to MDM2. The results demonstrated the utility of the new
synthetic oligoamides as protein ligands.

To further expand the utility of the conformationally constrained oligoamides as
molecular scaffolds for protein ligands, we are currently exploring building blocks for
conformationally constrained N-substituted oligoamides other than N-substituted alanines.
One of the attractive candidates is N-subsituted B-peptides, which is called B-peptoids. To
realize conformationally constrained B-peptoids, we first established a synthetic method of
B-peptoids with substituents on backbone carbons.’ Utilizing the synthetic method, we have
been designing and synthesizing B-peptoids with constrained conformations.®

Further expansion of the structures of N-substituted oligoamides with predictable
shapes will, in future, facilitate designing protein ligands with high membrane permeability
that will be useful as molecular probes for molecular biology and inhibitors for drug
discovery.

1) a) R. J. Simon, et al., Proc. Natl. Acad. Sci. U.S.A. 1992, 89, 9367. b) S. M. Miller, R. J. Simon, S.
Ng, R. N. Zuckermann, J. M. Kerr, W. H. Moos, Drug Dev. Res. 1995, 35, 20. c¢) P. Yu, B. Liu, T.
Kodadek, Nat. Biotechnol. 2005, 23, 746. d) R. N. Zuckermann, T. Kodadek, Curr. Opin. Mol. Ther.
2009, /1, 299-307. 2) Y. Gao, T. Kodadek, Chem. Biol. 2013, 20, 360. 3) a) K. Pels, T. Kodadek,
ACS Comb. Sci. 2015, 17, 152. b) R. Kaminker, I. Kaminker, W. R. Gutekunst, Y. Luo, S. Lee, J. Niu,
S. Han, C. J. Hawker, Chem. Commun. 2018, 54, 5237. ¢) R. Kaminker, A. Anastasaki, W. R.
Gutekunst, Y. Luo, S. H. Lee, C. J. Hawker, Chem. Commun. 2018, 54, 9631. 4) J. Morimoto, Y.
Fukuda, D. Kuroda, T. Watanabe, F. Yoshida, M. Asada, T. Nakamura, A. Senoo, S. Nagatoishi, K.
Tsumoto, S. Sando J. Am. Chem. Soc. 2019, 141, 14612. 5) J. Morimoto, Y. Fukuda, S. Sando, Org.
Lett. 2017, 19, 5912. 6) J. Morimoto, J. Kim, D. Kuroda, S. Nagatoishi, K. Tsumoto, S. Sando, J. Am.
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Functional Studies of Iron-Related Proteins on Molecular Basis (Graduate School of Life
Science, University of Hyogo) Yoshitsugu Shiro

Iron is an essential element for all of lives. It works as an active site of some enzymes, which
are involved in many physiological reactions such as energy, materials and information
conversion. We have studied on structure and function of several iron-containing proteins and
enzymes in atomic level, and proposed their physiological roles in molecular level. In the
presentation, I focused on our results on denitrifying fungal and bacterial nitric oxide reductases,
iron containing enzymes. In addition, proteins involved in heme acquisition in pathogens such
as heme-importer, heme-exporter, heme-sensor and heme-degradation enzymes have been
characterized.

Keywords : Iron-bound proteins, Iron Dynamics in Biological System, Hemoproteins,
Molecular Structure Analysis, Nitric Oxide
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Research on the Efficient Enantioselective Total Synthesis of
Useful Bioactive Polycyclic Compounds

(Faculty of Science and Engineering, Waseda University) OMasahisa Nakada
Keywords: Total Synthesis; Bioactive Compounds; Polycyclic Compounds; Asymmetric
Catalysis; Cascade Reaction

Many polycyclic compounds are recognized by biomolecules at multiple points to
exhibit bioactivity with excellent selectivity, so they are useful as lead compounds of
medicines and pesticides, and tools for biological science research. If such useful polycyclic
compounds are difficult to obtain from nature or by culture and biotechnology, total
synthesis is the only means of supply. However, in general, the total synthesis of polycyclic
compounds requires multiple steps, and it is often difficult because it requires the
construction of distorted structures as well as contiguous asymmetric centers containing
quaternary asymmetric carbons. If polycyclic compounds can be supplied by
enantioselective total synthesis, it will be possible to carry out biological science research
utilizing them. For that purpose, it is necessary to efficiently perform enantioselective total
synthesis of polycyclic compounds. We have developed catalytic asymmetric reactions and
designed cascade reactions, and utilized them to achieve efficient enantioselective total
synthesis of many useful bioactive polycyclic compounds. The main research achievements
are described below.

Development of catalytic asymmetric reaction with organic chromium reagents based
on new chiral ligands and efficient enantioselective total synthesis of useful bioactive
polycyclic compounds:' We have developed a novel chiral ligand that is effective for
asymmetric catalysis of allylation and metallylation reactions with organic chromium
reagents,” and used the reactions for stereoselective construction of the side chain of
calcitriol lactone, an osteoporosis therapeutic drug candidate, and achieved the first
enantioselective total synthesis of FR901512 and FR901516, hyperlipidemia drug
candidates.> The novel chiral ligand was also effective for asymmetric catalysis of
propargylation® and allenylation reactions® with organic chromium reagents. The catalytic
asymmetric allenylation reaction is the first example. The iron (III) complex of the novel
chiral ligand was also effective for catalytic asymmetric epoxidation of styrene derivatives.®

Development of catalytic asymmetric intramolecular cyclopropanation (CAIMCP) and
efficient enantioselective total synthesis of various useful bioactive polycyclic
compounds:’ By designing the substrate and chiral ligand based on the analysis of the
transition state, we have developed CAIMCP of a-diazo-B-keto sulfone, which provides a
product with high yield and high optical purity.® The developed CAIMCP features a wide
range of applications, and the cyclopropane product is useful in synthetic chemistry.
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Utilizing the developed CAIMCP, enantioselective total syntheses of useful bioactive

7,10

polycyclic compounds such as digitoxigenin,” cyathane diterpenes, platencin and

platensimycin,'' nemoroson,'? and cotylenin A'® have been achieved.

Efficient enantioselective total synthesis of useful bioactive polycyclic compounds by
utilizing biocatalysts: We have found that a large amount of compounds bearing a
quaternary asymmetric carbon with high optical purity could be synthesized by the reaction
using baker’s yeast'* and pig liver esterase. From the prepared chiral compounds, efficient
1,'® cyathane diterpenes,” '

enantioselective total syntheses of bucidarasins,' taxo and

ophiobolin A'” have been achieved.

Efficient enantioselective total synthesis of useful bioactive polycyclic compounds by
designed stereoselective cascade reactions: We have established an unprecedented
stereoselective intramolecular continuous [4 + 2] cycloaddition that constructs a tetracyclic
skeleton to achieve the enantioselective total synthesis of antitumor drug candidate,
FR182877."® The first enantioselective total synthesis of erinacine E, a non-narcotic
analgesic candidate, has been achieved through the construction of its distorted structure by
the designed stereoselective intramolecular aldol reaction/benzoyl group rearrangement
cascade.'” The first enantioselective total synthesis of scabronine A and episcabronine A,
nerve growth factor synthesis promoters, through the construction of its oxa-bridged
structure by designed stereoselective cascade reactions.” In the formal enantioselective total
synthesis of the anticancer drug taxol,'® a continuous asymmetric center on the taxane
skeleton was constructed by a 1,5-hydride shift/acetal formation cascade. It was found that
the 8-membered carbocyclic ring of taxol, which is difficult to construct by cyclization, can
be formed in 96% yield by a palladium-catalyzed reaction. The sugar moiety of anticancer
drug candidate cotylenin A, which has a crosslinked structure containing bisacetal, was
difficult to construct by reversible acetal formation owing to its distorted structure. However,
we have achieved the first enantioselective total synthesis of cotylenin A through the
successful synthesis of the sugar moiety by simultaneously achieving the construction of a
distorted structure and reduction of the number of steps by a designed cascade reaction that
is terminated by the intramolecular epoxide ring-opening reaction.'
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