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New Development of Coordination Asymmetry Based on Precise Control of Metal
Centered Chirality
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This study has aimed to establish design and synthetic methods for
asymmetric coordination spheres in metal complexes, to establish asymmetric induction methods, to
stabilize the configuration of chiral centers, and to pioneer asymmetric catalytic reactions and
chiral materials. The following research results were obtained and published in international
journals.

{1) Asymmetric induction and stabilization of tetrahedral chiral zinc complexes with unsymmetric
achiral tridentate ligands, (2) porous supramolecular metal complexes by self-assembly of helical
macrocyclic metal complexes: asymmetric molecule adsorption and construction of chiral environment
fiel?, and (3) asymmetric induction of enzyme-like metal centers using chiral DNA molecules as
templates

In particular, the result of (1) is the first example in the world of asymmetric induction and
configuration stabilization of a Werner-type substitution-active chiral-at-metal complex.



X
G(A0)
(1)
1)
)
[2
€) DNA

N,O,RSC

[3

M*ABCD
B#EM Chiral-at-Metal

(1

M*(A-B-C)D
x5 )LAREE



2 HoL
rac-[anLz]

la

L
Ph / \
a) Phﬁw i
HO H
ZnEt, (S)-dpp

HoL
2
rac-[ZnyLy]
NCBu

‘Pr

Zn [
MesN— \ NTf BuCN

(Szn)-ZnL(NC'BU)] (Sz0)-[ZnL((S)-dpp)]
72% from HoL, > 99% ee (Szn:Rzn = 561:1)

(9)-0,0-diphenyl-2-pyrrolidinemethanol (= (S)-dpp)

® (Szn)-[ZnL((S-dpp)] Sn:Rm=51:1 S
la (9-dpp
[ZnL((9-dpp)] 'BUCN (9-dpp  'BUCN
la 99% ee (Szn)-[ZNL(NC'BU)]
X 1b
(e) NMR
99% ee
70 °C 1 99% ee
chiral-at-metal
Lewis oxa-Diels-Alder (14 Danishefsky
1 2 2mol% (R-3  98%
87%ee 2 X
a)

1) (Szn) [ZnL(NC’Bu)]

OMe 0 (2 mol%)
SN L. @
U
OTMS

1 2
8% yleld
87% ee

2 (Sz)-[ZnL (NCBU)]



99% ee
Diels-Alder
Werner Chiral-at-Metal
2020 Nature Communications

[1] K. Endo, Y. Liu, H. Ube, K. Nagata, M. Shionoya, Nat. Commun. 2020, 11, 6263.

[2] (a) S. Tashiro, T. Umeki, R. Kubota, M. Shionoya, Faraday Discuss. 2021, 225, 197-209. (b) S. Tashiro,
K. Nakata, R. Hayashi, M. Shionoya, Small 2021, 17, 2005803. (c) S. Tashiro, M. Shionoya, Acc. Chem.
Res. 2020, 53, 632-643. (d) H. Yonezawa, S. Tashiro, T. Shiraogawa, M. Ehara, R. Shimada, T. Ozawa, M.
Shionoya, J. Am. Chem. Soc. 2018, 140, 16610-16614.

[3] (8 Y. Takezawa, S. Sakakibara, M. Shionoya, Chem. Eur. J. 2021, 67, 16626-16633. (b) Y. Takezawa,
M. Shionoya, Front. Chem. 2020, 7, 925. (c) Y. Takezawa, T. Nakama, M. Shionoya, J. Am. Chem. Soc.
2019, 141, 19342-19350. (d) Y. Takezawa, J. Miiller, M. Shionoya, Chem. Lett. 2017, 46, 622-633. (€) Y.
Takezawa, S. Yoneda, J.-L. H. A. Duprey, T. Nakama, M. Shionoya, Chem. Sci. 2016, 7, 3006-3010.



39 39 5 7

X.-L. Pei, P. Zhao, H. Ube, Z. Lei, K. Nagata, M. Ehara, M. Shionoya 144

Asymmetric Twisting of C-Centered Octahedral Gold(l) Clusters by Chiral N-Heterocyclic Carbene 2022

Ligation

Journal of the American Chemical Society 2156-2163
DOl

10.1021/jacs.1c10450

Y. Takezawa, S. Sakakibara, M. Shionoya 67

Bipyridine-Modified DNA Three-Way Junctions with Amide Linkers: Metal-Dependent Structure 2021

Induction and Self-Sorting

Chemistry European Journal

16626-16633

DOl
10.1002/chem. 202102977

S. Tashiro, W. He, R. Hayashi, Y. Lin, M. Shionoya 8

Site-selective Binding of Terpenoids within a Confined Space of Metal-Macrocycle Framework: 2021

Substrate-specific Promotion or Inhibition of Cyclization Reactions

Organic Chemistry Frontier 4071-4077
DOl

10.1039/D1Q000750E

S. Tashiro, K. Nakata, R. Hayashi, M. Shionoya 17

Multipoint Hydrogen Bonding-based Molecular Recognition of Amino Acids and Peptide Derivatives 2021

in a Porous Metal-Macrocycle Framework: Residue-Specificity, Diastereoselectivity, and
Conformational Control

Small

2005803-2005803

DOl
10.1002/sml1.202005803




K. Omoto, S. Tashiro, M. Shionoya

143

Phase-Dependent Reactivity and Host-Guest Behaviors of a Metallo-Macrocycle in Liquid and 2021

Solid-State Photosensitized Oxygenation Reactions

Journal of the American Chemical Society 5406-5412
DOl

10.1021/jacs.0c13338

Z. Lei, X.-L. Pei, H. Ube, M. Shionoya 94

Reconstituting the C-Centered Hexagold(l) Clusters with N-Heterocyclic Carbene Ligands 2021

Bulletin of the Chemical Society of Japan 1324-1330
DOl

10.1246/bcsj 20210060

K. Nishiyama, K. Mori, Y. Takezawa, M. Shionoya 57

Metal-responsive Reversible Binding of Triplex-forming Oligonucleotides with 5-Hydroxyuracil 2021

Nucleobases

Chemical Communications 2487-2490
DOl

10.1039/D1CC005536G

H. Yonezawa, T. Shiraogawa, M. Han, S. Tashiro, M. Ehara, M. Shionoya 16

Mechanistic Studies on Photoinduced Catalytic Olefin Migration Reactions at the Pd(1l) Centers 2021

of a Porous Crystal, Metal-Macrocycle Framework

Chemistry Asian Journal 202-206

DOl
10.1002/asia. 202001306




S. Tashiro, T. Umeki, R. Kubota, M. Shionoya 225

Face-Selective Adsorption of a Prochiral Compound on the Chiral Pore-Surface of Metal- 2021

Macrocycle Framework (MMF) Directed towards Stereoselective Reactions

Faraday Discussion 197-209
DOl

10.1039/D0OFD00019A

. Nakama, Y. Takezawa, M. Shionoya 57

Site-Specific Polymerase Incorporation of Consecutive Ligand-Containing Nucleotides for 2021

Multiple Metal-Mediated Base Pairing

Chemical Communications 1392-1395
DOl

10.1039/D0CCO7771B

K. Ariga, M. Shionoya 94

Nanoarchitectonics for Coordination Asymmetry and Related Chemistry 2021

Bulletin of the Chemical Society of Japan 839-859
DOl

10.1246/bcsj .20200362

Y. Takezawa, A. Suzuki, M. Nakaya, K. Nishiyama, M. Shionoya 142

Metal-Dependent DNA Base Pairing of 5-Carboxyuracil with Itself and All Four Canonical 2020

Nucleobases

Journal of the American Chemical Society

21640-21644

DOl
10.1021/jacs.0c11437




K. Endo Y. Liu, H. Ube, K. Nagata, M. Shionoya

11

Asymmetric Construction of Tetrahedral Chiral Zinc with High Configurational Stability and 2020

Catalytic Activity

Nature Communications 6263-6263
DOl

10.1038/s41467-020-20074-7

S. Tashiro, S. Shimizu, M. Kuritani, M. Shionoya 49

Protonation-induced Self-assembly of Bis-phenanthroline Macrocycles into Nanofibers Arrayed 2020

with Tetrachloroaurate, Hexachloroplatinate or Phosphomolybdate lons

Dalton Transaction

13948-13953

DOl
10.1039/D0DT03287E

Y. Takezawa, L. Hu, T. Nakama, M. Shionoya

59

Sharp Switching of DNAzyme Activity through the Formation of a Cu(ll)-mediated Carboxyimidazole
Base Pair

2020

Angewandte Chemie International Edition

21488-21492

DOl
10.1002/anie. 202009579

T. Nakama, Y. Takezawa, D. Sasaki, M. Shionoya

142

Allosteric Regulation of DNAzyme Activities through Intrastrand Transformation Induced by
Cu(ll)-Mediated Artificial Base Paring

2020

Journal of the American Chemical Society

10153-10162

DOl
10.1021/jacs.0c03129




K. Endo, H. Ube, M. Shionoya

142

Multi-Stimuli Responsive Interconversion between Bowl- and Capsule-Shaped Self-Assembled 2020
Zinc(11) Complexes
Journal of the American Chemical Society 407-416
DOl
10.1021./jacs.9b11099
Y. Takezawa, M. Shionoya 7
Supramolecular DNA Three-way Junction Motifs with a Bridging Metal Center 2020
Frontiers in Chemistry 925
DOl
10.3389/fchem.2019.00925
F. lizuka, H. Ube, H. Sato, T. Nakamura, M. Shionoya 49
Self-assembled Porphyrin-based Cage Complexes, M11L6 (M = zZnll, Cdll), with Inner Coordination 2020
Sites in Their Crystal Structure
Chemistry Letters 323-326
DOl
10.1246/cl.190943
S. Tashiro, M. Shionoya 53
Novel Porous Crystals with Macrocycle-Based Well-Defined Molecular Recognition Sites 2020
Accounts of Chemical Research 632-643

Dol
10.1021/acs.accounts.9b00566




S. Tashiro, S. Mitsui, D. W. Burke, R. Kubota, N. Matsushita, M. Shionoya 22

Core-Shell Metal-Macrocycle Framework (MMF): Spatially Selective Dye Inclusion through Core-to- 2020

Shell Anisotropic Transport along Crystalline 1D-Channels Connected by Epitaxial Growth

CrystEngComm 1306-1369
DOl

10.1039/D0CE00120A

Z. Lei, K. Nagata, H. Ube, M. Shionoya 917

Ligand Effects on the Photophysical Properties of N,N' -Diisopropylbenzimidazolydene-Protected 2020

C-Centered Hexagold(l) Clusters

Journal of Organometallic Chemistry 121271
DOl

10.1016/j -organchem.2020.121271

Y. Takezawa, T. Nakama, M. Shionoya 141

Enzymatic Synthesis of Cu(ll)-responsive Deoxyribozymes through Polymerase Incorporation of 2019

Artificial Ligand-type Nucleotides

Journal of the American Chemical Society

19342-19350

DOl
10.1021./jacs-9b08955

H. Ube, K. Endo, H. Sato, M. Shionoya

141

Synthesis of Hetero-multinuclear Metal Complexes by Site-Selective Redox Switching and
Transmetalation on a Homo-multinuclear Complex

2019

Journal of the American Chemical Society

10384-10389

DOl
10.1021/jacs-9b04123




K. Omoto, S. Tashiro, M. Shionoya

10

Molecular Recognition of Planar and Non-Planar Aromatic Hydrocarbons through Multipoint Ag-Tt 2019

Bonding in a Dinuclear Metallo-Macrocycle

Chemical Science 7172-7176
DOl

10.1039/C9SC02619C

H. Ube, Q. Zhang, M. Shionoya 37

A Carbon-Centered Hexagold(l) Cluster Supported by N-Heterocyclic Carbene Ligands 2018

Organometallics 2007-2009
DOl

10.1021/acs.organomet.8b00291

S. Tashiro, T. Umeki, R. Kubota, M. Shionoya 9

Rational Synthesis of Benzimidazole[3]arenes by Cull-Catalyzed Post-Macrocyclization 2018

Transformation

Chemical Science 7614-7619
DOl

10.1039/C8SC03086C

H. Yonezawa, S. Tashiro, T. Shiraogawa, M. Ehara, R. Shimada, T. Ozawa, M. Shionoya 140

Preferential Photoreaction in a Porous Crystal, Metal-Macrocycle Framework: Pdll-Mediated 2018

Olefin Migration over [2+2] Cycloaddition

Journal of the American Chemical Society

16610-16614

DOl
10.1021/jacs.8b08534




H. Ube, Y. Yasuda, H. Sato, M. Shionoya

Metal-centred Azaphosphatriptycene Gear with a Photo- and Thermally Driven Mechanical Switching
Function based on Coordination Isomerism

2017

Nature Communications

14296-14296

Dol
10.1038/ncomms14296

Y. Takezawa, J. Mueller, M. Shionoya 46

Artificial DNA Base Pairing Mediated by Diverse Metal lons 2017

Chemistry Letters 622-633
DOl

10.1246/cl.160985

S. Tashiro, M. Chiba, M. Shionoya 12

Arrangement of Proteinogenic a -Amino Acids on a Cyclic Peptide comprising Alternate Biphenyl- 2017

Cored { -Amino Acids

Chemistry Asian Journal 1087-1094
DOl

10.1002/asia.201700203

L.-J. Chen, H.-B. Yang, M. Shionoya 46

Chiral Metallosupramolecular Architectures 2017

Chemical Society Reviews 2555-2576

DOl
10.1039/c7¢cs00173h




M. Shimada, Y. Yamanoi, T. Ohto, S. Pham, R. Yamada, H. Tada, K. Omoto, S. Tashiro, M. 139
Shionoya, M. Hattori, K. Jimura, S. Hayashi, H. Koike, M. Iwamura, K. Nozaki, H. Nishihara
Multi-functional Octamethyltetrasila[2.2]cyclophanes: Conformational Variations, Circularly 2017

Polarized Luminescence, and Organic Electroluminescence

Journal of the American Chemical Society

11214-11221

DOl
10.1021/jacs.7b05671

H. Ube, R. Yamada, J. Ishida, H. Sato, M. Shiro, M. Shionoya

139

A Circularly Arranged Sextupled Triptycene Gear Molecule

2017

Journal of the American Chemical Society

16470-16473

DOl
10.1021/jacs.7b09439

Kotaro Nishiyama; Yusuke Takezawa; Mitsuhiko Shionoya 452

pH-Dependence of the Thermal Stability of Metallo-DNA Duplexes Containing Ligand-Type 5- 2016

Hydroxyuracil Nucleobases

Inorg. Chim. Acta 176 - 180,
DOl

10.1016/j .ica.2016.04.040

Hitoshi Ube, Yoshihiro Yasuda, Hiroyasu Sato, Mitsuhiko Shionoya 8

Metal-centred azaphosphatriptycene gear with a photo- and thermally driven mechanical switching 2017

function based on coordination isomerism

Nat. Commun. 14296
DOl

10.1038/ncomms14296




Shohei Tashiro, Masayuki Chiba, Mitsuhiko Shionoya

Arrangement of Proteinogenic a -Amino Acids on a Cyclic Peptide comprising Alternate Biphenyl- 2017
Cored { -Amino Acids

Chem. Asian. J.

DOl
10.1002/asia.201700203

Yusuke Takezawa, Jens Mueller, Mitsuhiko Shionoya 46

Artificial DNA Base Pairing Mediated by Diverse Metal lons 2017

Chem. Lett. 622 - 633
DOI

10.1246/cl.160985

Li-Jun Chen, Hai-Bo Yang, Mitsuhiko Shionoya

Chiral Metallosupramolecular Architectures 2017

Chem. Soc. Rev.

DOl
10.1039/C7CS00173H

29 29 21

Mitsuhiko Shionoya

Coordination Asymmetry in Supramolecular Chemistry

Norway-Japan symposium on theoretical and experimental chemistry of complex systems

2022




Mitsuhiko Shionoya

From Self-Assembly to Steric Control: Supramolecular Approaches based on Molecular Design

ISMSC 2021 Virtual Symposium, Award Lecture for International lzatt-Christensen Award 2020

2021

33

2021

13

2020

7 Web

2020




2020

2020

Mitsuhiko Shionoya

Supramolecular Coordination Chemistry: Array, Space, and Motion

1st Meeting of Core-to-Core Program on Coordination Nanosheet

2019

Mitsuhiko Shionoya

Complexity in Coordination-Driven Self-Assembly: Molecular Design and Serendipity

The 30th Anniversary Todai-Unisra Symposium on “ Complexity”

2019

Mitsuhiko Shionoya

Metal-responsive DNAzymes based on Metal-mediated DNA Base Pairing

ICBIC2019 -19th International Conference on Biological Inorganic Chemistry

2019




Mitsuhiko Shionoya

Molecular Design and Serendipity in Coordination-Driven Self-Assembly

QSCC2019

2019

Mitsuhiko Shionoya

Coordination Asymmetry In Supramolecular Chemistry

Complex Systems Made Simple

2019

Mitsuhiko Shionoya

Coordination-Driven Self-Assembly: Design and Serendipity

12th China-Japan Joint Symposium on Metal Cluster Compounds

2019

Mitsuhiko Shionoya

Coordination Asymmetry in Supramolecular Architectures

EPSRC-JSPS Core-to-Core International Workshop on Two-Dimensional Coordination Nanosheets

2019




M. Shionoya

Coordination Asymmetry based on Supramolecular Porous Crystals

International Symposium on Macrocyclic and Supramolecular Chemistry

2018

68

2018

M. Shionoya

Molecular Behavior in Supramolecular Spaces

International Conference on Coordination Chemistry 2018

2018

M. Shionoya

Metal-mediated Supramolecular Array, Space and Motion

1JaDe2018: From Molecules to Materials

2018




M. Shionoya

Rational Design of Metal-based Supermolecules

28

2018

2018

M. Shionoya

Design and Observation of Supramolecular Behaviors with Switching Functions

Gordon Research Conference: Artificial Molecular Switches & Motors

2017

M. Shionoya

Metal-based Supramolecular Array, Space and Motion

ResMoSys 2017

2017




6th Asian Conference on Coordination Chemistry

NANOSPACE-SPECIFIC MOLECULAR BEHAVIORS

M. Shionoya

2017

M. Shionoya

Dynamic Molecular Behaviors in Confined Supramolecular Spaces

JPN-US bilateral meeting

2017

M. Shionoya

Unexpected Molecular Behaviors in Supramolecular Porous Crystals

11th Japan-China Joint Symposium on Metal Cluster Compounds

2017

M. Shionoya

Supramolecular Asymmetry Induction

The 3rd International Symposium on Center of Excellence for Innovative Material Sciences Based on Supramolecules

2017




M. Shionoya

Metal-based Supramolecular Array, Space and Motion

MANA International Symposium 2018 Towards Perceptive Nanomaterials, Devices and Systems

2018

Mitsuhiko Shionoya

Supramolecular Design for Metal Array, Space, and Motion

Chile-Japan Academic Forum 2016: Satellite Meeting at Santiago

2016

Mitsuhiko Shionoya

Metal-based Supramolecular Array, Space and Motion

RSC Macrocyclic and Supramolecular Meeting (MASC-2016)

2016

97

2017




2020
9
( 3 3.4
Yusuke Takezawa, Jens Muller, Mitsuhiko Shionoya 2017
Elsevier 35

Self-Assemblies Based on Metal-Mediated Artificial Nucleobase Pairing

Bioinorganic Chemistry Laboratory
http://www.chem.s.u-tokyo.ac.jp/users/bioinorg/index.html

http://www.asymmetallic.jp

(Umakoshi Keisuke)

(20213481) (17301)




(Matsushita Nobuyuki)

(80219427)

(32686)

(Tashiro Shohei)

(Ube Hitoshi)

(Takezawa Yusuke)

(Lei Zhen)

(Pei Xiao-Li)

QSCC2019

2019

2019

12th China-Japan Joint Symposium

on Metal Cluster Compounds

2019

2019







