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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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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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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
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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
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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.
Chem. Soc. 2020, 142, 22717.
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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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