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Development of computational methods for exploring unknown chemical reactions based on
quantum chemical calculations (‘Faculty of Science, Hokkaido University, *WPI-ICReDD,
Hokkaido University, *MaDIS, NIMS) OSatoshi Maeda'*?

Ab initio prediction of an unknown chemical reaction has been difficult since one needs to
systematically evaluate the paths of various elementary reactions based on quantum chemical
calculations. To overcome this difficulty, we have developed automated reaction path search
methods based on quantum chemical calculations [1]. In particular, the artificial force induced
reaction (AFIR) method [2] has been developed to enable the on-the-fly kinetic simulation
which predicts products and their generation paths while solving the kinetic equations [3], the
quantum chemistry-aided retrosynthetic analysis (QCaRA) which explores possible reactant
candidates through inverse reaction pathway searching from the target product [4], and
mechanism studies in complex systems [5], as illustrated in Figure 1. In this talk, the
development and applications of the AFIR method will be summarized.

Keywords: Chemical reaction discovery, Reaction path, Transition state, Chemical kinetics,
Artificial force induced reaction (AFIR) method
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Figure 1. An overview of the AFIR method: (A) a schematic illustration of how AFIR induce
a chemical transformation, (B) a conceptual diagram of the on-the-fly kinetic simulation which
generates a reaction path network while solving kinetic equations and predicts possible
products and their generation paths, (C) a conceptual diagram of the quantum chemistry-aided
retrosynthetic analysis (QCaRA) which predicts reactant candidates through an inverse
reaction path search from the target product, and (D) an application scope to complex systems.
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1) Systematic exploration of the mechanism of chemical reactions: The global reaction route mapping
(GRRM) strategy by the ADDF and AFIR methods. S. Maeda, K. Ohno, K. Morokuma, Phys. Chem.
Chem. Phys. 2013, 15, 3683-3701.

2) Communication: A systematic method for locating transition structures of A + B — X type
reactions. S. Maeda, K. Morokuma, J. Chem. Phys. 2010, 132, 241102 (4 pages).

3) A reaction path network for Wohler's urea synthesis. Y. Sumiya, S. Maeda, Chem. Lett. 2019, 48,
47-50.

4) Discovery of a synthesis method for a difluoroglycine derivative based on a path generated by
quantum chemical calculations. T. Mita, Y. Harabuchi, S. Maeda, Chem. Sci. 2020, 11, 7569-75717.

5) Exploring paths of chemical transformations in molecular and periodic systems: An approach
utilizing force. S. Maeda, Y. Harabuchi, WIREs Comput. Mol. Sci. 2021, 11, e1538 (23 pages).
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Structure Control of Metal Clusters and Their Application in Energy and Environmental
Catalysts (Department of Chemistry, Tokyo University of Science) Yuichi Negishi

Metal nanoclusters (NCs) are one of the leading targets in the study of nanoscale materials.
I have been continuously studying such metal NCs while changing my own interests and
thereby research topics according to the development of this field and the global situation. In
recent studies, I have worked on the establishment of flexible and precise techniques for
controlling ligand-protected metal NCs and the creation of highly functional energy and
environmental catalysts using them. This presentation summarizes my recent studies on such
metal NCs. Through this presentation, I would like to talk about my motivation for each
previous subject, what type of research I want to perform for each subject in the future, and
how I consider the outlook of the field.
Keywords : Metal Cluster; Precise Synthesis; Structures; Photocatalysts; Fuel Cells
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Targeted Synthesis of Ligand-Protected Gold Superatoms and
Exploration of Their Design Principles

(Graduate School of Science, The University of Tokyo) OShinjiro Takano
Keywords: Ligand-Protected Gold Clusters, Ligand-Protected Gold Superatoms,
Superatoms, Electronic Structures, Geometric Structures

Ligand-protected gold-based clusters [AuM,L.]" (M = Group 8, 9, 10, and 11
elements; L = phosphines, thiolates, alkynyls, and halides) are attractive building units of
nanoscale materials since they exhibit specific properties and can be treated as stable
compounds under ambient conditions. In addition, these clusters having gold-based
superatoms in their core mantles provide us with an ideal opportunity to establish the
structure-properties correlations within the framework of the superatomic concept.'™
Although increasing number of ligand-protected gold superatoms has been obtained by the
conventional synthetic methods based on chemical reduction of the corresponding metal
complexes, there is much room for improvement in terms of targetability and selectivity for
their synthesis, and
controllability for their
properties. To tackle the
problems, we have focused
on two things: (1)
development of an
efficient synthesis method
using pre-formed
superatoms as  starting H

materials; (2) controlling
the electronic structure of
superatoms based on a
simple design principle.
Our ultimate goal is to add
a new dimension to the
periodic table by
considering the superatoms

Na Mg
K /Ca/Sc Ti V Cr Mn Fe
Rb Sr| Y 'Zr Nb Mo Tc Ru

Cs Ba/ La Hf Ta W Re Os g TI Pb Bi Po Al Rn

Fr /Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI| Mc \lLv Ts Og

Atoms

Fig. 1. A new periodic table based on the gold-based
superatoms. Reprinted from Ref. 4 with permission. 2021

as artificial elements at the
nanoscale (Fig. 1).

American Chemical Society.

1. Development of targeted synthesis method of superatoms with atomic precision
Phosphine-protected oblate clusters [MAug(PPhs)s]*" (MAus; M = Au®, Pd, Pt) are the
prototypical example of 6e superatom and these can be easily synthesized in a gram scale.
We have revealed that these superatoms are good starting materials for the
atomically-precise transformation reactions; MAus exhibited a variety of reactions,
including core-growth,’ ordered alloying,®® surface modification,” and dimerization'® by the
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action of hydride (H") as an initiator (Fig. 2). The key of success is the role of hydride; it
behaves like a two-electron
donating dopant and the
resultant  hydride-doped

superatom possesses a high e ) Surface
nucleophilicity ~ towards » /(PPMC” WA pa Py modification

alloying

coinage metal complexes. _H‘ NaBH, I—éydrlde
The most notable reaction g g
3 +2AuC| +16Au*, 18RS~
is the dimerization of two A \
: [HPdZ,Au,(PPh,),CLI
superatoms since the S o 1ch .
targeted synthesis of an Ordered . e my MAU(C=CR) -

anisotropic structure has
been quite difficult so far.
This  novel  synthesis ,
method open a new avenue MAD RGPPSR, e
to synthesize a multimer of
superatoms  with  good
targetability.

/HMAu (8e) \

” —H*, —2Au*
= +8Ag'6RS"

Fig. 2. Atomically-precise transformation reactions of gold
superatoms by hydride doping.

2. Exploration of the design principles of gold superatoms

The physicochemical properties of gold superatoms can be modulated by the size,
composition, and surface protecting motifs.* This is mainly because of the change in
electronic structure of the superatomic core; the absolute energy and the energy gap of
superatomic orbitals are changed by the above factors. In order to establish a simple guiding
principle to control the electronic structure, we have examined the primitive and deformed
jellium model to understand the properties of superatoms. In the jellium model, heterometal
dopant provides different formal charge from gold. This causes a change in attractive
potential of the valence electrons, giving an energy shift in superatomic orbitals. We have
systematically synthesized a variety of doped superatoms™'™" and the model can
qualitatively explain the tendency. This means that the properties of superatoms can be
intentionally designed by the simple guiding principles.

1) H. Hakkinen, Chem. Soc. Rev. 2008, 37, 1847. 2) H. Hirai S. Ito, S. Takano, K. Koyasu, T.
Tsukuda, Chem. Sci. 2020, 11, 12233. 3) T. Omoda, S. Takano, T. Tsukuda, Small 2021, 17,2001439.
4) S. Takano, T. Tsukuda, J. Am. Chem. Soc. 2021, 143, 1683. 5) S. Takano, H. Hirai, S. Muramatsu,
T. Tsukuda, J. Am. Chem. Soc. 2018, 140, 8380. 6) S. Takano, H. Hirai, S. Muramatsu, T. Tsukuda, J.
Am. Chem. Soc. 2018, 140, 12314. 7) H. Hirai, S. Takano, T. Tsukuda, ACS Omega 2019, 4, 7070. 8)
S. Takano, T. Tsukuda, Chem. Lett. 2021, 50, 1419. 9) S. Takano, S. Ito, T. Tsukuda, J. Am. Chem.
Soc. 2019, 141, 15994. 10) E. Ito, S. Takano, T. Nakamura, T. Tsukuda, Angew. Chem., Int. Ed. 2021,
60, 645. 11) H. Hirai, S. Takano, T. Nakamura, T. Tsukuda, /norg. Chem. 2020, 59, 17889. 12) M.
Suyama, S. Takano, T. Tsukuda, J. Phys. Chem. C 2020, 124, 23923. 13) S. Takano, H. Hirai, T.
Nakashima, T. Iwasa, T. Taketsugu, T. Tsukuda, J. Am. Chem. Soc. 2021, 143, 10560.
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Research on Polymer Reactions Based on Dynamic Covalent Chemistry (Department of
Chemical Science and Engineering, Tokyo Institute of Technology) OHideyuki Otsuka

By precisely controlling the polymer reactions, the structure of the polymers and their related
properties and functions can be changed after polymerization. In this research, the concept of
"dynamic covalent chemistry" based on exchangeable covalent bonds was introduced to
polymer reactions to demonstrate the desired transformation of polymer structures and the
development of innovative synthetic methods for polymers that are difficult to synthesize
directly. Furthermore, self-healing and remolding of cross-linked polymers and
mechanochemical reactions of various polymers have been achieved based on dynamic
covalent chemistry.

Keywords : Polymer Reactions;, Dynamic Covalent Chemistry;,  Self-healing;
Mechanochemistry; Mechanochromism
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Figure 1. Examples of dynamic covalent linkages used in the present research on polymer reactions

based on dynamic covalent chemistry. The cleavable bonds are labelled in red.
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Development of Polymers and Molecular Assemblies with Two-Dimensional Structures
(‘Graduate School of Engineering, Osaka University, >JST PRESTO) Fumitaka Ishiwari'

Most of reported conventional organic polymers and supramolecular polymers are one-
dimensional entities. In this context, polymers with two-dimensional structural are expected to
exhibit unprecedented properties and functions. Recently, we have developed the (1) 2D
molecular assembly by tripodal triptycene motifs and (2) new ladder polymers with 2D
conformational flexibility. In this paper, the details of synthesis and properties of these two
polymeric materials with 2D structure will be described.

Keywords : 2D Material; Self-Assembly; Ladder Polymer
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Fig.1. Self-assembly property of tripodal triptycenes.
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Fig.2. Structures and properties of DACO-containing ladder polymers.
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Development of High-performance, Highly Stable and Solution-processable Organic
Semiconductors for Organic CMOS Integrated Circuits (‘Material Innovation Research Center
(MIRC) and Department of Advanced Materials Science, Graduate School of Frontier Sciences,
The Univ. of Tokyo, *CREST, JST) OToshihiro Okamoto,'?

The development of practical organic semiconductors (OSCs) for OFETs paves the way to
next-generation organic-based electronics. Toward this goal, OSCs should meet the following
requirements: 1) high carrier mobility, 2) high chemical stability, 3) appropriate solubility in
organic solvents for solution processes, and 4) thermal durability for device usage environment.
Our group has demonstrated a unique and innovative molecular design strategy for p-type and
n-type OSCs. For p-type OSCs, conceptually new bent-shaped m-cores introduce effective
intermolecular orbital overlaps between the prominent sulfur atoms and suppression of
molecular vibrations by their shape, leading high carrier mobility. Furthermore, suppressing
intermolecular vibrations should also contribute to the thermal stability of the aggregated form
and high thermal durability of the device. For n-type OSCs, newly developed nitrogen-
containing perylene diimides, BQQDIs, realize effective intermolecular interactions via multi-
site hydrogen bond and resulting high performance such as high mobility and high thermal
durability. Thus, high performance p-type and n-type OSCs could realize high-end organic
electronics such as CMOS logic circuits.

Keywords : Organic Semiconductors; High Carrier Mobility; Single Crystalline Thin-Film;
Solution-Process, Band Transporting Materials
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Development and Industrialization of PBT/PC Co-Continuous High-Performance Nano-Alloy
via Spinodal Decomposition ('Toray Industries, Inc.) O Sadayuki Kobayashi,! Hideki
Matsumoto,' Hideo Matsuoka, ' Sadanori Kumazawa,' Shinichiro Ochiai'

We have developed the new polymer alloy technology which involves a special additive and
two-phase morphology at the nanometer level. We created the new material by mixing
polycarbonate (PC), which has superb impact resitance, with polybutylene terephthalate (PBT),
which offers high resistance to chemicals like gasoline. PBT/PC blend in the melt-extruded
under highly shere rate were shown a high level of connectivity between both phases and
spacing of the phases at the nanometer level. It is possible to make the high-performance alloy
with outstanding high-speed puncture impact strength, chemical resistance, flowability, and
heat resistance. We consider that those characteristics derive from nano ordered co-continuous
structure. We started to market high-performance alloy for use in automobile parts, electrical
and electronic components and other injection molding applications.

Keywords : Spinodal Decomposition; Co-Continuous Structure; Nano Ordered; Melt-flow
Induced Miscibility; High Shere Rates Melt-extruder
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1) Structure Development via Reaction-Induced Phase Separation in Polymer Mixtures: Analysis of
Early- and Late-Stage Demixing and Computer Simulations at Non-Isoquench Depths. S. Kobayashi, K.
Nomura and T. Ougizawa, J. Macro. Sci. Part B: Physics. 2016, 55(3), 229.

© The Chemical Society of Japan -B101-1am-04 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

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

[B101-1pm] Award Presentations, Special Lectures
Chair: Kumi Yoshida, Kenichi Goto
Wed. Mar 23, 2022 1:00 PM - 2:30 PM B101 (Online Meeting)

[B101-1Tpm-01] Improvement of Safety on Academic Activities of Universities and
Institutes by Collaboration — Prevention of Chemical Hazards during
Research and Education
OShizuaki Murata' (1. Nagoya University)
1:00 PM - 1:30 PM

[B101-1pm-02] Development of Experimental Materials and Promotion of Inquiry-
Based Study of Science.
OMasatada Matsuoka' (1. Fukuoka Univ.)
1:30 PM - 2:00 PM

©The Chemical Society of Japan



B101-1pm-01 BAf2 H102E8FEL (2022)

REFBNIC L S IEZRBOFHME L LEEDOR L
(K A% F G

Innovation in Sustainability and Safety of Chemical Experiments through Inter-university
Collaboration  (Nagoya University) Shizuaki Murata

The speaker attended to improve sustainability and safety of educations and researches using
chemical substances at universities based on the characteristic risk growing mechanism that
was made clear by analyses of accident reports. The improvement consisted of sharing
innovative activities on health and safety managements as well as environmental protection
with various universities in local and global scales.

Keywords: Accident; Chemical Risk; Occupational Health; Safety Education; Safety
Management
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LR RERBAM DRFE & BRI REREBFMLL
(ERAE) Ofaf e

Development of Experimental Materials and Promotion of Inquiry-Based Study of Science
(Faculty of Science, Fukuoka University)
(OMasatada Matsuoka

I have been continuously working on the development of teaching materials for chemistry
experiments for junior high school and high school classes. I think it is important for the
teaching materials to be safer than the conventional ones and to have features to increase
students' interest and concern. In addition, as the chairman of the organizing committee for the
research presentation of science club activities, I support students who are interested in science.
In this lecture, I will introduce some examples from my achievements in developing these
teaching materials and supporting students' research activities.

Keywords : Experimental Material; Inquiry-Based Study; Science Club Activities
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[B201-1pm] Award Presentations, Special Lectures
Chair: Atsushi Shimoyama, Yasuhiro Kajihara

Wed. Mar 23, 2022 1:00 PM - 3:10 PM B201 (Online Meeting)

[B201-1pm-01] Radical-based cyclizations during natural product biosynthesis
ORichiro Ushimaru' (1. Grad. Sch. Pharm. Sci., The Univ. of Tokyo)
1:00 PM - 1:30 PM

[B201-1pm-02] Synthetic study of sugar-containing compounds on the basis of
orthogonal transformation reactions
OKazutada lkeuchi' (1. Faculty of Science, Hokkaido University)
1:30 PM - 2:00 PM

[B201-1pm-03] Development of small-molecule ligands to regulate proteins based
on thermodynamics and kinetics
OSatoru NAGATOISHI" (1. The Univ. of Tokyo, IMSUT)
2:10 PM - 2:40 PM

[B201-1pm-04] Development of oligonucleotide-based mimetics of growth factors
and their application as chemical tools.
ORyosuke Ueki' (1. The University of Tokyo)
2:40 PM - 3:10 PM
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RAVESHKICE DT OHILRILBERDORE & A IERNT
(ROABESE ) O 2 !

Enzymatic radical-mediated cyclization reactions in natural product biosynthesis (' Graduate
School of Pharmaceutical Sciences, The University of Tokyo) ORichiro Ushimaru'

Most medicinal natural products contain cyclic structures that are essential for their
bioactivities. However, how structurally unusual cycles are formed during natural biosynthesis
has not been fully examined. To better understand the cyclization mechanisms in nature, we
recently investigated several biosynthetic pathways of complex secondary metabolites such as
albomycins, belactosins, hormaomycins, and scopolamine. It is demonstrated that the key
cyclization steps during the biosynthesis are catalyzed by enzymes via radical mechanisms.
Keywords : Natural product biosynthesis, Cyclization; Enzyme mechanism
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1) Ushimaru and Liu, J. Am. Chem. Soc. 2019, 141, 2211.
2) Ushimaru et al., Angew. Chem., Int. Ed. 2020, 59, 3558.
3) Ushimaru et al., J. Am. Chem. Soc. 2018, 140, 7433.

4) Ushimaru et al., J. Am. Chem. Soc. 2019,141, 1062.

5) Shimo et al., J. Am. Chem. Soc. 2021, 143, 18413.
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ALYVIFTVEBRRGEABLE LE-BEHLEVOSHMRE
(EKBEs ) Oty Fuks !

Synthetic study of sugar-containing compounds on the basis of orthogonal transformation
reactions (' Faculty of Science, Hokkaido University) OKazutada Ikeuchi'

Bioactive natural products often contain sugar moieties. To synthesize such natural
products, the development of efficient methods for converting a specific functional group into
another function group among multiple hydroxy or its similar groups is required. Bearing this
concept, namely, the development of orthogonal transformation reaction in my mind, I studied
1) the synthesis of ellagitannins, e.g., mallotusinin, with sugars and phenols, 2) the versatility
of the p-methylbenzyl (MBn) group as an alcohol protecting group, and 3) the development of
a novel glycosylation reaction triggered by the cationic Au (I) catalyzed activation of the
propargyl group introduced to the O-2 position of glucose. The details of these studies will be
described in my presentation.

Keywords : orthogonal transformation, ellagitannin, p-methylbenzyl group, glycosylation
reaction
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1) (a) Eur. J. Org. Chem. 2020, 2077-2085. (b) Chem. Eur. J., 2020, 26, 16408—16421. (c) Chem.

Commun., 2020, 56, 3991-3994. (d) Org. Lett., 2020, 22, 6729-6733. 2) (a) Org. Lett., 2019, 21,
6638-6642. (b) Chem. Lett., 2020, 49, 1034-1037. 3) Synlett, 2021, 32, 817-821.
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BRNZEFIVEERZERE L-EREZHIET SEDF AV
NOJEE

CRRERMF ' - EFREEN Y ORMA B2

Development of small-molecule ligands to regulate proteins based on thermodynamics and
kinetics ('The Institute of Medical Science, The University of Tokyo, *National Institute of
Biomedical Innovation) OSatoru Nagatoishi '*

The design of small-molecule compounds that can specifically regulate the function of target
proteins still holds great promise in the development of life sciences and medical applications.
Thermodynamic and kinetic analyses are effective analytical methods that can describe specific
physicochemical features of the interactions of biological macromolecules. I hypothesized that
we could utilize these physicochemical methods to obtain small-molecule compounds with
novel control mechanisms by selecting the quality of the binding. To test this hypothesis, I
attempted to search for and identify small-molecule ligands that can precisely regulate the
function of target proteins by physicochemical analysis. As a result, we succeeded in obtaining
promising small-molecule ligands that inhibit the function of the target protein in cells and a
mouse model, even though the compounds do not have high binding activity.

Keywords : Small molecule screening, Thermodynamics, Kinetics, Drug discovery; Protein
regulation
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1) A. Senoo, et al., Commun. Biol. 2021, 4, 1041.

2) C. Yoshimura, et al., J. Med. Chem. 2021, 64, 2669-2677.

3) K. Yoshida, et al., Biochemistry 2019, 58, 504-508.

4) S. Nagatoishi, et al., Yakugaku Zasshi 2018, 138, 1033-1041.
5) S. Tashiro, et al., ACS Chem. Biol. 2018, 13, 2783-2793.

6) A. Senoo, et al., Chem. Commun. 2018, 54, 5350-5353.

7) K. Nakano, et al., Sci. Rep. 2015, 5, 15337.
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HEBRETE DNA ICE DK BHERERF I AT A9 RADORFEETS I HILY
— LI A

CRRBEL) fEA sudr
Development of oligonucleotide-based mimetics of growth factors and their application as
chemical tools (Graduate School of Engineering, The University of Tokyo) Ryosuke Ueki

Among the many biomolecules, protein is perceived as a central player in the living system
that features various functional and structural features. Therefore, designing functional
surrogates for bioactive proteins is an important challenge in the field of chemistry. In this
presentation, the development and application of growth factor mimetics based on DNA
aptamers, which are functional nucleic acids with target molecule recognition ability, will be
discussed.

Keywords :  Aptamers, Receptors, Agonists, Regenerative medicines
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1. M. Akiyama, R. Ueki*, M. Yanagawa, M. Abe, M. Hiroshima, Y. Sako, S. Sando*Angew. Chem. Int.
Ed., 2021, 60, 22745.

2. A. Eguchi, A. Ueki, J. Hoshiyama, K. Kuwata, Y. Chikaoka, T. Kawamura, S. Nagatoishi, K.
Tsumoto, R. Ueki*, S. Sando* JACS Au, 2021, 1, 578.

3. R. Ueki*, S. Hayashi, M. Tsunoda, M. Akiyama, H. Liu, T. Ueno, Y. Urano, S. Sando* Chem.
Commun., 2021, 57, 5969.

4. R. Ueki*, S. Uchida, N. Kanda, N. Yamada, A. Ueki, M. Akiyama, K. Toh, H. Cabral, S. Sando*
Sci. Adv., 2020, 6, caay2801.

5. R.Ueki*, S. Atsuta, A. Ueki, J. Hoshiyama, J. Li, Y. Hayashi, S. Sando* Chem. Commun., 2019, 55,
2672.

6. R. Ueki*, S.Atsuta, A. Ueki, S. Sando* J. Am. Chem. Soc., 2017, 139, 6554.

R. Ueki, A. Ueki, N. Kanda, S. Sando* Angew. Chem. Int. Ed., 2016, 55, 579.

8. R.Ueki, S. Sando* Chem. Commun., 2014, 13131.
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[B101-1vn-01] Development of External Stimuli-responsive Dynamic Molecular
Materials with Optical and Mechanical Functions
OYuna Kim' (1. Hokkaido University)
4:10 PM - 4:40 PM

[B101-1vn-02] Boron-Based Monomer Design for Overcoming the Synthetic
Limitations in Chain-Growth Polymerization
OTsuyoshi Nishikawa' (1. Grad. Sch. Eng., Kyoto Univ.)
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[B101-1vn-03] Development of m-Electron Molecular Architectures Based on a
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OAtsuro TAKAI" (1. National Institute for Materials Science (NIMS))
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[B101-1vn-04] Chemical Studies on the Structure and Function of Cancer- and
Immunity-related Proteins
ORui Kamada' (1. Hokkaido University)
5:50 PM - 6:20 PM
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OHiroshi Inaba' (1. Tottori University)
6:20 PM - 6:50 PM
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Development of External Stimuli-responsive Dynamic Molecular
Materials with Optical and Mechanical Functions

(RIES, Hokkaido University) OYuna Kim
Keywords:  Chromic = Molecules, Dynamic = Molecular = Materials,  External
Stimuli-responsive

The development of chromic molecular systems whose optical properties change in
response to external stimuli such as light, heat, electricity, and pressure has been a core
issue in the field of information transmission and display, as well as in the construction of
molecular systems that imitate the structure and function of living organisms. While
research has been conducted on the creation of light-driven artificial molecular motors and
multiple response-multiple output systems, major challenges are still ahead regarding
control over dynamic and autonomous functions. In this presentation, the focus is on the
dynamic functional molecular systems as well as their triggering processes. Responsive
behavior will be illustrated based on a new chromic molecular system with a highly
functional response system or additional functions by appropriate molecular design. The
flexible controllability of their optical and dynamic functions will be introduced such as
chiral molecular switches with photoresponsive mechanical functions, molecules that can
activate photopolymerizability by mechanical stimulation, and multi-functional
electrochromic molecules.
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Boron-Based Monomer Design for Overcoming the Synthetic Limitations in Chain-Growth
Polymerization (Graduate School of Engineering, Kyoto University) OTsuyoshi Nishikawa

Vinyl polymers are typically synthesized through chain-growth polymerization of
corresponding vinyl compounds. The side chain structure critically affects the polymerization
ability, and it limits the accessible polymers in conventional polymer synthesis. This
presentation deals with the boron-based approach for overcoming such synthetic limitation.
Alkenyl boronates exhibited high radical (co)polymerization ability, affording the vinyl
polymer bearing boron attaching to main chain. The C-B bond cleaving side-chain replacement
in post polymerization transformation gave the conventionally inaccessible polymers such as
poly(a-methyl vinyl alcohol)s and poly(vinyl alcohol-co-styrene)s. Furthermore, lewis acidity
on polymer main chain effectively activated the neighboring monomer unit, resulting in the
development of polymer catalyst based on the cooperation of side chains. These results suggest
that utilization of boron can open a new avenue in chain-growth polymerization chemistry.
Keywords : Boron; Radical polymerization, Controlled Polymerization, Polymer Reaction
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1) Nishikawa, T.; Ouchi, M. Chem. Lett. 2021, 50, 411.

2) Nishikawa, T.; Ouchi, M. Angew. Chem. Int. Ed. 2019, 58, 12435.

3) Makino, H.; Nishikawa, T.; Ouchi, M. ACS Macro Lett. 2020, 9, 788.
4) Kanazawa, T.; Nishikawa, T.; Ouchi, M. Polym. J. 2021, 53, 1167.

5) Makino, H.; Nishikawa, T.; Ouchi, M. Chem. Commun. 2021, 57, 7410.
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FLOEMED) VI RIGICE DT BFRM B OB ELEEERR
(W'E - METZERERE T iReb 7 v —7) Omdt =
Development of ri-Electron Molecular Architectures Based on a Novel Catalyst-Free

Click Reaction
(Molecular Design and Function Group, NIMS) O Atsuro Takai

n-Conjugated compounds are one of the most significant functional materials in organic
electronic and optical devices. However, the development of n-electronic molecular materials
often involves enormous difficulties in the multistep syntheses and purification processes to
remove byproducts, impurities, and metal catalysts. In light of these remaining difficulties, we
have recently been focusing on a catalyst-free quantitative reaction, the so called click reaction,
of ethynyl or vinyl groups appended to electron-accepting n-conjugated molecules with various
amines (Fig.1). In this presentation, I will show facile and atom-economical methods to prepare
unique m-electronic molecular materials, such as near-IR absorption/emission dyes and
inorganic substrates functionalized with n-systems, based on the novel click reaction.!'!

Keywords: n-Electron Molecular Architectures; Catalyst-Free Click Reaction; Electron
Donor-Acceptor, Hydroamination; Molecular Assemblies
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[1] A. Takai*, M. Takeuchi*, Bull. Chem. Soc. Jpn. 2018, 91, 44. (Selected Papers)

[2] M. Tan, R. Chrostowski, H. Sanematsu, M. Takeuchi*, A. Takai*, Asian J. Org. Chem. 2021, 10, 918.
[3] H. Sanematsu, Y. Matsushita, M. Takeuchi*, A. Takai*, Chem.—Eur. J. 2021, 27, 934. (Hot Paper)
[4] K. Nakano, H. Sanematsu, Y. Kaji, A. Takai*, K. Tajima*, Chem.—Eur. J. 2020, 26, 15931.
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Chemical Studies on the Structure and Function of Cancer- and Immunity-related Proteins
(Department of Chemistry, Faculty of Science, Hokkaido University) ORui Kamada

Cells respond to various stimuli via the quantitative and qualitative regulation of proteins
involved in signaling pathways and the regulation of the balance among regulatory proteins.
Dysfunction of the regulatory mechanisms of the signaling pathway leads to a variety of severe
diseases such as cancer and immune disorders. In this study, we report the regulatory
mechanisms of structure and function of cancer- and immunology-related proteins, including
tumor suppressor protein p53 and p53-inducible Ser/Thr phosphatase PPM1D.

Keywords :Inhibitor, Tumor Suppressor Protein, Epigenetics, Cell Differentiation, Phosphatase
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1) R. Kamada, T. Nomura, C.W. Anderson, K. Sakaguchi, J. Biol. Chem. 2011, 286, 252-258. 2)
R. Kamada, W. Yoshino, T. Nomura, Y. Chuman, T. Imagawa, T. Suzuki, K. Sakaguchi, Bioorg.
Med. Chem. Lett. 2010, 20, 4412-4415. 3) R. Kamada, W. Yang, Y. Zhang, M.C. Patel, Y. Yang,
R. Ouda, A. Dey, Y. Wakabayashi, K. Sakaguchi, T. Fujita, T. Tamura, J. Zhu, K. Ozato, Proc. Natl.
Acad. Sci. U.S.A. 2018, 115, E9162-E9171. 4) Y. Kozakai, R. Kamada, J. Furuta, Y. Kiyota, Y.
Chuman, K. Sakaguchi, Sci. Rep. 2016, 6, 31993. 5) R. Kamada, F. Tano, F. Kudoh, N. Kimura,
Y. Chuman, A. Osawa, K. Namba, K. Tanino, K. Sakaguchi, PLoS One 2016, 11, e0160625. 6) R.
Kamada, F. Kudoh, F. Yoshimura, K. Tanino, K. Sakaguchi, J. Biochem. 2017, 162, 303-308. 7)
R. Kamada, N. Kimura, F. Yoshimura, K. Tanino, K. Sakaguchi, PLoS One 2019, 14, €0212682
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Development of Dynamic Bionanostructures Based on Peptides

(Graduate School of Engineering, Tottori University) OHiroshi Inaba
Keywords: Microtubules; Tau-derived Peptide; Encapsulation; Peptide Nanofiber;
Propulsion

Peptides are useful building blocks for the development of nanostructures that mimic,
control, and transcend naturally occurring biological supramolecules because of the target
recognition and self-assembly capability by rational design.' We developed and controlled
the dynamic functions of bionanostructures based on peptide chemistry. Firstly, a peptide
that binds to the inner surface of microtubules was constructed to encapsulate
nanostructures into microtubules. Secondly, propulsion systems driven by light-induced
peptide nanofiber growth were developed.

1. Modulation of microtubules by molecular encapsulation using a Tau-derived peptide
Microtubules are hollow @

cytoskeletons (15 nm inner TP: CGGGKKHVPGGGSVQIVYKPVDL
diameter) composed of tubulin

proteins. By combining with
motor proteins, microtubules
are utilized as components of % 28 i
Binding to the inner surface

dynamic materials such as O .
C Tau protein

active matters. Although the

. .. (b) Proteins Magnetic nanoparticles Cyclic peptides
functionalization of the “outer”

N7
surface of microtubules has %
been established, the “inner” ‘

Magnetic
alignment

Structural -

space has not been focused and :” reinforcement r{;o"

there was no method to . . .
Fig. 1. (a) Tau-derived peptide (TP). (b) Encapsulation of

nanomaterials inside microtubules by using TP

introduce  molecules inside
microtubules. We developed a
Tau-derived peptide (TP) from a Tau protein as a binding motif to the inner surface of
microtubules (Fig. 1a).> By using TP, various nanostructures were introduced inside
microtubules to modulate their structures and functions (Fig. 1b).> We found that GFP can
be encapsulated to microtubules by linking TPs and that the GFP-encapsulated microtubules
showed increased length, rigidity, stability, and velocity.* Also, we succeeded in
constructing “magnetic microtubules” that aligned in response to weak magnetic fields with
increased velocity by the formation of magnetic CoPt nanoparticles inside microtubules
using TP.” In addition, TP-based cyclic peptides were shown to stabilize the microtubule
structures by stronger binding to microtubules than TP.® We also discovered that TP binds to
microtubules in living cells.” Through these researches, we developed new design
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guidelines for modulation of microtubules from their inside by using TP. In the future, we
expect the development of microtubule-based materials such as nanodevices and molecular
robots, as well as cell manipulation by controlling intracellular microtubules.

2. Development of propulsion systems driven by light-induced peptide nanofiber
growth
Controlling the movement of

(a)
DNA-peptide

K Peptide nanofiber
conjugate A D

micrometer-sized particles by light
has attracted attention in the field

FKFEFKFE

Photocleavage P I n
amino acid ropul S

dAg

of nanoscience. Inspired by
bacteria that use actin filament
formation for their intracellular
movement, we developed (b)

propulsion systems driven by ‘
light-induced peptide nanofiber %mugag ona

three-way|
growth. UV light irradiation to the s‘,epwvidin!l.y‘%ifj“”"
DNA-peptide conjugate  which 17 -

DNA-peptide

consists of a nanofiber-forming e Y
peptide and DNA connected by a T
. . DELAANES
photocleavage amino aCId results DNA microsphere Photocleavage reaction Asymmetric growth
(Nucleosphere) at light-irradiated side of peptide nanofiber

in the release of the peptide and

subsequent formation of Fig. 2. Propulsion of (a) giant liposome and (b) nucleosphere

nanofibers. By introducing the by light-induced peptide nanofiber growth.
DNA-peptide conjugate into one side of phase-separated giant liposomes, UV light
irradiation induced the local formation of nanofibers on the surface to promote the
propulsion of the liposomes (Fig. 2a).® The directional propulsion of DNA microspheres
(nucleospheres) composed of DNA three-way junctions was also achieved. In this system,
the filled structures of nucleospheres were utilized to promote local nanofiber growth on the

light-irradiated side, resulting in the propulsion with negative phototaxis (Fig. 2b).’

1) H. Inaba, K. Matsuura, Chem. Rec., 2019, 19, 843. 2) H. Inaba, T. Yamamoto, A. M. R. Kabir, A.
Kakugo, K. Sada, K. Matsuura, Chem. Eur. J., 2018, 24, 14958. 3) H. Inaba, K. Matsuura, Bull.
Chem. Soc. Jpn., 2021, 94, 2100. 4) H. Inaba, T. Yamamoto, T. Iwasaki, A. M. R. Kabir, A. Kakugo,
K. Sada, K. Matsuura, Chem. Commun., 2019, 55, 9072. 5) H. Inaba, M. Yamada, M. R. Rashid, A.
M. R. Kabir, A. Kakugo, K. Sada, K. Matsuura, Nano Lett., 2020, 20, 5251. 6) H. Inaba, M. Nagata,
K. J. Miyake, A. M. R. Kabir, A. Kakugo, K. Sada, K. Matsuura, Polym. J., 2020, 52, 1143. 7) H.
Inaba, T. Yamamoto, T. Iwasaki, A. M. R. Kabir, A. Kakugo, K. Sada, K. Matsuura, ACS Omega,
2019, 4, 11245. 8) H. Inaba, A. Uemura, K. Morishita, T. Kohiki, A. Shigenaga, A. Otaka, K.
Matsuura, Sci. Rep., 2018, 8, 6243. 9) H. Inaba, K. Hatta, K. Matsuura, ACS Appl. Bio Mater., 2021,
4,5425.
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Elucidation of the Inherent Potential of Heavier Main Group Elements Based on the Creation
of Unexplored Molecules
(Institute for Chemical Research, Kyoto University) ONorihiro Tokitoh

The author has succeeded in synthesizing and isolating novel compounds consisting of
elements in various groups and periods without limiting the elements to be studied.
Systematic studies on their structures and properties resulted in the verification of the
similarities and differences among main group eclements. Further expansion to the
construction of extended m-electron systems, transition metal complexes, and small molecule
activation opening new areas including the development of new reactions will also be
presented.

Keywords : Heavier Main Group Elements; Kinetic Stabilization; Multiple Bonds ; Extended
m-Electron Systems; Small Molecule Activation
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Development of Dynamic Supramolecular Assemblies Composed of Rigid Cylindrical
Molecules (‘Department of Chemistry, The University of Tokyo) OTaisuke Matsuno'

Carbon nanotubes incorporate various guest molecules to form unique supramolecular
complexes possessing intriguing properties. We have focused on rigid and zn-rich cylindrical
structures of carbon nanotubes and designed a series of cylindrical hydrocarbons. This
presentation reports the construction of various supramolecular complexes composed of
cylindrical hydrocarbons and guest molecules. The unique solid-state dynamics of these
supramolecular complexes are enabled by ultralow friction between the curved-n interfaces.
Keywords : Cylindrical molecules;, Molecular bearings, Carbon nanotubes, Fullerenes, Solid-
state dynamics
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TG LTk 2 2080 T2 B IROIEE L 2 OEIRN TOEBIZEENC SOV THET 5.
1. RS F OB » EEEEH LB S+ LZEDOBE

— RIS 20 T D RIR G EFE Y T1E, RS EFRS T2 B8RIEET 5 2
& TRRET - AR L7z, FIfER FIE OB i o L& m IC P E N2 Z=M2E N5 2 &
T, A BT REEET 52 N TE T (Figure 1). £ 1nm OZEfLEZHT D
MERDF[M4]> 7 a7 Uk=Lr (4CO) KO 4y 7uaT7 2 hlb=L v
([4]CAY 1%, 77— L Ce LA 111 BAERELT D . ZOSEIT OB
n L EOMIZE < van der Waals FHEA/EHOARICE A DOTHAHAICHEEOLT, &K
HIRE R EIE L 7o T E[AICCITR UK BB/ R S FaT = L AT 5.
H LTI D CH-n KEE G OEBEZ IR TR Cho7c . £, &
AN FELTT7T7— Ly 28K Co 5t Zinl etk >0, ERDOEZR D MEIR
DT D g ) Fa— T MO T8 E SRk BB R E B ST C.

SN “3
2, 4
-
[4]CC + Cgp [4]CC + corannulene [4]CC + Cypp [4]CF +[3]CdC
"van der Waals"  "CH-m hydrogen bond" "van der Waals" "DWNT complex"

Figure 1. Supramolecular complexes composed of cylindrical hydrocarbon and guest molecules.
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2. [3FRT YT OREZRBERNERDFRR

AR D4y FIEBZE POy & DEEETE LIBTOND0NFHTH Y, Z Dl
PRI TH 5. Fex xARBRS -2 WS 2600, BEIENTO 7 A
Ny OO NREEREZ BT 5 [T V7| Lled Z L &% LTz (Figure
2). #&b%rﬁwﬂ%ﬁmEW%J&me YFEERHBEE] &) — /AL THEF
JET DB EERAMEE 2O L AR LB DOTH D, HilZIFE[4]CC &
Coo DR DREIRA, CooldL 213GHz &\ 9 El[Elfii 2 Rmd- 2 L& R L7z, Zofm
HRl A 7 TREARPIBMEEES) L2 TWnh 7. E5IC, EAH/INUE RS T [3]1CPC
ETHE BN IR B FR_T N TR B & B ERPIEME L 2 EEL L,
WBIElL - DO EHRE R 2SN 1 THZ ICb T 5 2 EmEhizt —JF, [4)CC a7
=2y b THEER TV BISERIT, CH- n KFER G OMRERE- TS5 2
ViKd Z & TR CHEIEERT 20+ _XT7 Vo7 et RHELEY E6IC
TANGROZEACIZ L0 BEE ZHIET 5 Z LI BB LT s 210 TR O 22
W OMNREERME ) ZRAT 5 &V B LOEINEEROZRGFEHEZRE Lt 0 LB X
TW5., SHMBES - BAEMBLONBH TOSLRDBEBICENRDL LHFHEL TS

[4]CC = frame Cso rotator

"Molecular bearing"
Hydrocarbon frame (host) + rotator (guest)
Unique dynamics in solid

[4]CC + Cgo [4]CC + C4o [3]C%C + adamantane [4]CC + corannulene
Solid-state Solid-state Solid-state Solid-state [4]CC + pyrene
inertial rotation uniaxial rotation inertial/terahertz rotation uniaxial rotation "Static" in solid
kiot =213 GHz kot =10 GHz kot = 1.06 THz kot = 90 GHz

Figure 2. Molecular bearings composed of cylindrical hydrocarbon and guest rotators.

Kﬁ%ﬁ%ﬁﬁi%ﬁﬁ%k?ﬁ”%fﬁbht%@T#ﬁﬁ%%éiﬁ?%é%
T uf% & LRIBFIEE OB O LV B L B £

1) S. Hitosugi, W. Nakanishi, T. Yamasaki, H. Isobe, Nat. Commun. 2011, 2, 492. 2) T. Matsuno, S.
Kamata, S. Hitosugi, H. Isobe, Chem. Sci. 2013, 4, 3179-3183. 3) T. Matsuno, S. Sato, R. lizuka, H.
Isobe, Chem. Sci. 2015, 6, 909. 4) T. Matsuno, M. Fujita, K. Fukunaga, S. Sato, H. Isobe, Nat. Commun.
2018, 9,3779. 5) T. Matsuno, S. Sato, A. Yokoyama, S. Kamata, H. Isobe, Angew. Chem. Int. Ed. 2016,
55, 15339-15343. 6) T. Matsuno, Y. Ohtomo, M. Someya, H. Isobe, Nat. Commun. 2021, 12, 1575.7) T.
Matsuno, Y. Nakai, S. Sato, Y. Maniwa, H. Isobe, Nat. Commun. 2018, 9, 1907. 8) T. Matsuno, S.
Terasaki, K. Kogashi, R. Katsuno, H. Isobe, Nat. Commun. 2021, 12, 5062. 9) T. Matsuno, Y. Nakai, Y.
Maniwa, M. Someya, S. Sato, H. Isobe, Chem. Asian J. 2020, 15,273-278. 10) T. Matsuno, K. Fukunaga,
S. Sato, H. Isobe, Angew. Chem. Int. Ed. 2019, 58, 12170-12174.
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BE 1 BT RIL A YOS & e

AeRBeE) OfFHE 1t
Control of Structures and Physical Properties of Highly Strained m-Electronic Systems
(Department of Chemistry, Faculty of Science, Hokkaido University) O Yusuke Ishigaki

The carbon—carbon covalent bond is one of the most basic concept in organic chemistry.
Bond length and bond angle among carbon atoms are nearly constant on the basis of the bond
order and hybrid orbitals. On the other hand, highly strained compounds such as sterically
congested and/or curved m-electronic systems have attracted much attention with regard to their
characteristic features. Regarding the C—C single bond, whose standard length is 1.54 A,
several attempts have been made to elongate the C—C single bond to gain new insight into the
chemical bond and understand what happens at the limit of a bond. In addition, while the
standard C=C double bond prefers a planar geometry, overcrowded ethylenes (OCEs) with
bulky substituents can adopt syn-, anti-folded and/or twisted forms due to the steric hindrance
around the central C=C double bond. As a result, many OCEs can exhibit photo- and
thermochromic behavior due to a change in structure upon exposure to external stimuli.

Herein, I focus on highly strained m-electronic systems, where control of structures and
physical properties based on extremely elongated C—C single bonds and highly strained C=C
double bonds was demonstrated. Thus, these strained compounds exhibiting unique response
behavior could be promising candidates for the development of functional materials.
Keywords: Long Bond; Strained Bond; Isomerization; Redox Systems; Highly Strained
Compounds

HEFEGITAEY FOREBEL RS TH Y, ZOIEREB OFERK, YW & 15 7\
HE$ 25 2 & T, BRIALZIECHEENE D T OB N 2 S C& 7=, TodaHE
DOFTH, ZFETRXTOAEHD TN b ORE—IKFE (C-C) MHEICERTDHE, O
BECRTFRELENR 2 TAEL, #EOWE R ONRRHELE I X > THEARICRE > 7l
g, Bl X, Csp—Csp? HfE A DOIEHEREGRIZ 1.54A TH Y, Csp’=Csp? _EREH
JEAPDOFEG AT 120 °TH L 72OV lEE & 5, —77, mEICEATZLEY TIX
RN BN DT 5 Z & T, BHE O TiE b B WERR 7o 1S I OWEEEN F
BLED, LrL, BEMLEWIT BRICRLE TR TN W, BErzb b
NOBBERDTERHTAZEREETHL, TOXOIBREFZOLE, EALELRE
PEOMNEA AR/ F- & LC, WERMIEM A2 AT 2 sp? RFEEHKAZEANLTZnE
REEMET AL, ELTEZ, ZhHDEErBEFREEHTIE, EHICK
> TEB OGN EIFE LED, ZD7%, SNEHREIC K 5 i 2k & 28k & 7]
M35 LT, mifflORWEERERIH 2 K L 72O TRERIZ TR T 5,

1. AR IMEERT REAG C-C HEHES

ZHVE TITAM LI L > T C-C BfSEE O BIK % £ 5 ISE M0 1S 250
HEENTVD OO, HERITFHEA DI LR & Gl L7 REED REED LA E %
HILTEZ, 2R L, FEAREZMEE CIUHESIERETKE LS 87-20mE
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NhHDHEEZ,MELECCHEAZ L LEMOAIHZ B L CTHIEICET LT,

EERIZ, MBS THNaT — 2 o VEIRICE S G L0 2BV T, 1.8A %
M2 DHEFESPFET DI &%, IO TERMICGEH LN, S6i2, =1 LT
AWy ran7d ) o BICEEND cis-ATF o=y FOH
FEENTHEL WD Z 2RI LT, o FHRRPDERILEUSSETT 5 2 & &2 /i
L7me ZAUC KV ELNEZNTAULEY TIE, RO C-C HiEG DK T 5% b IUHHE
LCEY, ET7vBKEAT5F8KTIE, BEREHR- /A OMENFEEE %
BT 52 LICHII LT, DED X IC, LAREOTMMELZ O THRAL, ik
AN IS < FRALRFE O BN 72 538 & [RIRF L2 2Rk L 7212,

2. XBEMCICEDCBIEBEHER A v F YT

C=C _HEfEADOEFRIC & m W E LN EA S - BiRM =T L > (OCE) E T,
B L > TEEOSRBLE DN L EITAFE LSS, 2T XD, SNSRI & 0 i
KO G AT EE 72 2 £ DR H 2O TE 7228, BVERN o E B 72/ A ST
WEETH o7z, Ziuixt L, CERMEZ AT 2BIRM=T L o 2Bz IZikE, Bk
THZ LT, BiBlORWVISEEBOEBICK Lz, T772b6, “fEEORER
antianti (AAYBEK N syn,anti (SAYEZ N ENHBEL, St/ ZUZ X > T~ 2E
BN BMERBIOM BEEBARER Z E A M Lz, 22T, SA K2 AA (KL 0 R
EENRT NI EAFIH LT, SA KOLOBINER LA FEBL LTz, ARERIE, Bk
Ktk Dse7e Ay /A 7 HiliHl &2 96 TEER L7281 TORITH 585,

3. BAMEIC & HEAR BARRAE &

OCE D% < 1%, ZEMHE L LT folded BtEE % & D23, twisted HfEE % & 555
Bbb b, ERIE, ZBRAEHEE OEFET AR RO LN TV TZDIZH L, ik
Pam EE&EET7 7 —FI2 L0 twisted HEEDORB L ZOHIEN AL EZ, T
NTZFZ=ANT U N TH ) DA FHERERE, AR LT, BETORER, A Fxv
7 = URIZB W T, RIRRIE T C folded Bt E 2 & 5 —F7, FIRLL | T twisted Y
CIVHNDOEENEND Z LR R L, 2k Y, IR mENC X B Rk B
AR OHIEI N FIRE L 720, Ay THREEZEAIC L R 9~ 2 BR L REE O il ) 2 5281 L 721,

FRESMC Y, BE B FRILAEWICER L TR LD, o FHiE 2 SN I
K OHT 2 Z & TRERICARWVINERBERIZHKII L TV A8 2 b1 20T If
HTHRRDTFETH D,
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Studies on Catalytic C—H Functionalization Reactions and Their
Enantiocontrol

(Faculty of Pharmaceutical Sciences and Global Station for Biosurfaces and Drug
Discovery, Hokkaido University) OTatsuhiko Yoshino
Keywords: C—H Activation; Asymmetric Catalysis; Cobalt; Rhodium; Ruthenium

Direct functionalization of inert C—H bonds using transition metal catalysts enables
streamlined syntheses of valuable and complex organic molecules from readily available
feedstocks. In this presentation, I would like to talk about our studies on
Cp*Co(Ill)-catalyzed @ C-H  functionalization reactions, enantioselective =~ C-H
functionalization using Rh(III) or Co(Ill) catalysts hybridized with chiral disulfonates or
chiral carboxylic acids, and the development of chiral paddle-wheel diruthenium catalysts
and their application for C—H amination reactions.

(1) Cp*Co(1II)-catalyzed C—H Functionalization Reactions

Rhodium complexes bearing a pentamethylcyclopentadienyl ligand, Cp*Rh(III), have
been widely used for C—H functionalization reactions since 2007. In 2013, we first reported
that a Cp*Co(Ill) complex also catalyzes directing group-assisted C—H functionalization
reactions.! After this discovery, we and other many
research groups have developed various kinds of C—
H functionalization reactions using Cp*Co(Ill)

catalysts. Notably, Cp*Co(Ill) catalysts often DG DG .
o C e .. .. o . F
exhibit ~ distinctive reactivity and selectivity xf Y
A " \‘:;) L'\c:;)
compared with Cp*Rh(III) catalysts due to the low « readily available cobal catalyst
electronegativity, small ionic radius, and hard nature * unique reactivity and selectivity

of cobalt.?

(2) Enantioselective C—H Functionalization Reactions Using Rh(III) or Co(IIl)
Catalysts Hybridized with Chiral Disulfonates or Chiral Carboxylic Acids.

While Cp*M(III) (M = Co, Rh, Ir) complexes are highly reactive and versatile
catalysts for C—H functionalization reactions, the presence of the auxiliary Cp* ligand
impedes the use of standard chiral bidentate ligands for enantiocontrol of their catalytic
processes. Although the introduction of well-designed chiral Cp* ligands has successfully
realized catalytic enantioselective C—H functionalization reactions, the design, synthesis,
and derivatization of such elaborated chiral Cp* ligands and their metal complexes are
laborious work, and thus could be a major obstacle for further development of
enantioselective C—H functionalization.

In 2018, we reported that the combination of a Cp*Rh(III) catalyst and a chiral anion,
1,1'-binaphthyl-2,2'-disulfonate (BINSate) or 1,1'-spirobiindane-7,7'-disulfonate (SPISate),
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catalyzes enantioselective C—H alkylation of 2-phenylpyridines and 6-arylpurine derivatives
with high selectivity.> The chiral anions might control the enantioselectivity via the
formation of a chiral proton source in situ, although the mechanism is still unclear.

A C—H cleavage step under electrophilic metal catalysis often proceeds via a concerted
metalation-deprotonation (CMD) mechanism assisted by a carboxylate base coordinating to
a metal center, indicating that the introduction of a chiral carboxylic acid is a
straightforward approach to realize selective activation of enantiotopic C—H bonds. Based
on this notion, we developed a variety of new chiral carboxylic acids suitable for
enantioselective C—H bond cleavage of various prochiral substrates.* The combination of
these chiral acids with Rh(III) or Co(Ill) is an efficient catalytic system for enantioselective
C(sp?)-H functionalization as well as C(sp®)-H functionalization.

Me
Me R

Me MI"' Me
L
L
M = Co, Rh

achiral metal catalyst

(3) Chiral Paddle-Wheel Diruthenium Catalysts

Inspired by well-investigated Chiral Rh(l)-Rh(ll) (New Chiral Ru(l)-Ru(lll) Catalysts
. . . R* R
chiral  paddle-wheel  dirhodium Af\ R . [Run((S)-BPTPI)IX
catalysts, we recently developed new Q0 x :> 05 Xyx  [RuA(S)TCPTTL)X
. ) . RA—RA L 17
chiral paddle-wheel diruthenium N AER—
: TR . X9 X x 00 - higher Lewis acidit
catalysts, which exhibit higher Lewis e = 9 'S acldly.
welkinvestigated * « higher stability to oxidant

acidity and higher stability under
oxidizing conditions than dirhodium catalysts probably due to the higher oxidation state of
the dimetal center (Ru(II)-Ru(Ill)).> These ruthenium catalysts were applied to
enantioselective intramolecular C—H amination reactions and other transformations.

1) Yoshino, T. Ikemoto, H.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. 2013, 52, 2207. 2)
Yoshino, T.; Matsunaga, S. Adv. Synth. Catal. 2017, 359, 1245. 3) Satake, S.; Kurihara, T.; Nishikawa,
K.; Mochizuki, T.; Hatano, M.; Ishihara, K.; Yoshino, T.; Matsunaga, S. Nat. Catal. 2018, 1, 585. 4)
Yoshino, T.; Matsunaga, S. ACS Catal. 2021, 11, 6455. 5) Miyazawa, T.; Suzuki, T.; Kumagai, Y.;
Takizawa, K.; Kikuchi, T.; Kato, S.; Onoda, A.; Hayashi, T.; Kamei, Y.; Kamiyama, F.; Anada, M.;
Kojima, M.; Yoshino, T.; Matsunaga S. Nat. Catal. 2020, 3, 851.
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