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Development of Helical Polymer-based Chiral Materials Focused on Non-privileged Host
Structure ('Graduate School of Natural Science and Technology, Kanazawa University) O
Daisuke Hirose'

Helical polymers exhibit chiral amplification and chirality inversion properties and have
been applied to chiral materials such as chiral stationary phases (CSPs) and asymmetric
catalysts. They form a one-handed helical structure by molecular recognition with chiral
compounds (helicity induction) and show helix inversion through the non-covalent interaction.
One of the conventional molecular designs for this task is the introduction of privileged host
structures, such as crown ethers, into helical polymers to recognize guests with high association
constants. However, this approach often restricts structural design for material applications.
There are potentials in the approach to control molecular recognition mainly by the guest.

In this presentation, the following two studies related to the development of helical polymer-
based chiral materials focused on non-privileged host structures are presented.

I: Optical resolution by CSP for high-performance liquid chromatography (HPLC) is an
essential technology for the analysis and preparation of chiral compounds. As the chiral
recognition ability of CSPs significantly depends on their molecular structure, it was necessary
to use different CSPs corresponding to the chiral compounds.

Poly(phenylacetylene) (poly-1) bearing an optically active a-methoxyphenylacetic acid-
derived amide group was found to exhibit the helix inversion in response to catalytic amounts
of metal salts even in the solid state'?. Poly-1 was responsive only to metal cations with
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate (BArF) anion, indicating that the choice of an
appropriate anion is required for this molecular recognition. Poly-1-based CSP formed a left-
and right-handed helical structure by the addition of NaBArF and CsBATrF salt, respectively,
and showed racemic state without salt addition. Their chiral recognition ability was different
corresponding to the higher-order structure, and efficiently controlled by metal salt.

II: It was reported that a polyacetylene derivative (poly-2) bearing methoxymethoxy
(OMOM) group at the 2,2' position of dynamic axially chiral biphenyl pendants in the side
chain form a one-handed helical structure in the presence of chiral alcohols and maintains the
induced structure as a memory
even after the removal of the guest.

Conventionally, a large excess
amount of chiral guest was
required in helicity induction.

However, poly-2 formed a one-
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handed helical structure only by 3 mol% of chiral ammonium BArF salt”. In contrast, crown-
ether analog poly-3 did not show helicity induction under the same conditions. In the
presentation, details of poly-2 as a chiral sensor will be presented”.

Keywords : Helical Polymer; Chiral Material; Molecular Recognition
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1) D. Hirose, A. Isobe, E. Quinoa, F. Freire, K. Maeda, J. Am. Chem. Soc. 2019, 141, 8592.
2) M. Fukuda, T. Nishimura, D. Hirose, K. Maeda, Chem. Lett. 2023, 52, 136.
3) M. Fukuda, M. Morikawa, D. Hirose, T. Taniguchi, T. Nishimura, E. Yashima, K. Maeda, Angew.
Chem. Int. Ed. 2023, 62, €202217020.

4) K. Maeda, D. Hirose, N. Okoshi, K. Shimomura, Y. Wada, T. Ikai, S. Kanoh, E. Yashima, J. Am. Chem.
Soc. 2018, 140, 3270.
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Chain-Growth Polymerization of Vinylboronic Acid Derivatives and Development of Polymer
Function (Graduate School of Engineering, Kyoto University)OTsuyoshi Nishikawa

Chain-growth polymerization of olefinic compounds can afford vinyl polymers in
appropriate polymerization condition. The (co)polymerization ability and the appropriate
polymerization system are seriously dependent on the molecular structure of olefinic
compounds, and it often results in the structural limitations of chemical space of accessible
polymers. Although post-polymerization transformation is sometimes useful to avoid the
limitation, the side-chain element attaching to the polymer backbone is basically not
transformable in conventional technique. A monomer bearing replaceable side chain element
on the olefinic moiety would enable novel polymer synthesis through transformation of side-
chain element in the step of polymer reaction. In this study, chain-growth polymerization ability
of vinylboronic acid derivatives was discovered, and the post-polymerization transformation
of boron attaching to backbone of the resulting polymers was conducted for synthesis of
conventionally inaccessible polymers [1-10]. For example, isopropenylboronic acid pinacol
ester (IPBpin), which is commercially available as a substrate of Suzuki-Miyaura coupling
reaction, exhibited high radical polymerization in typical free radical polymerization condition.
The key to high polymerization ability was found to be vacant p-orbital of boron for moderate
stabilization of chain growth radical to suppress degenerative chain transfer. The
polymerization behaviors of vinylbornic compounds were widely tunable by the design of
protecting group on boron, and transformation of boron pendants into oxygen, nitrogen, and
proton through C-B bond cleavage were helpful for synthesis of conventionally inaccessible
polymers such as poly(a-methyl vinyl alcohol), poly(a-methyl vinyl amine), and ethylene-
acrylate copolymers, Lewis-acidic boron on the main chain was found to be useful as not only
transformable side-chain element but also core for development of polymer functions (e.g.,
Stimuli-responsive backbone degradation, and polymer catalysis).

Keywords : Boron; Radical Polymerization; Post-Polymerization Transformation; Tacticity
Control; Monomer Design
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Figure 1. Chain-growth polymerization chemistry of vinylboronic acid derivatives.
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[1] Nishikawa, T.; Ouchi, M. Chem. Lett., 2021, 50, 411. [2] Nishikawa, T.; Ouchi, M. J. Synth. Org.
Chem. Jpn. 2023, 8, 313. [3] Nishikawa, T.; Ouchi, M. Angew. Chem., Int. Ed. 2019, 58, 12435. [4]
Makino, H.; Nishikawa, T.; Ouchi, M. ACS Macro Lett. 2020, 9, 788. [5] Kanazawa, T.; Nishikawa, T.;
Ouchi, M. Polym. J., 2021, 53, 1167. [6] Makino, H.; Nishikawa, T.; Ouchi, M. Chem. Commun. 2021,
57, 7410. [7] Suzuki, H.; Nishikawa, T.; Makino, H.; Ouchi, M. Chem. Sci. 2022, 13, 12703. [8]
Kanazawa, T.; Nishikawa, T.; Ouchi, M. ASC Macro Lett. 2022, 11, 706. [9] Makino, H.; Nishikawa, T.;
Ouchi, M. Chem. Commun. 2022, 58, 11957. [10] Makino, H.; Nishikawa, T.; Ouchi, M.
Macromolecules, 2023, 56, 8776.
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High-Speed Imaging and Quantitative Analysis of Non-equilibrium Stochastic Processes Using
Atomic-Resolution Electron Microscopy (The University of Tokyo, Presidential Endowed
Chair for “Molecular Technology Innovation”) OTakayuki Nakamuro

Electron microscopy has traditionally been considered distant from molecular science. In
this presentation, I will describe our recent research on designing versatile observation fields
for transmission electron microscopy, which enables high-speed imaging and quantitative
analysis of non-equilibrium stochastic processes. This presentation introduces insights into
molecular dynamics, particularly time-resolved insights in crystallization phenomena and
flexible structures, and a glimpse into mechanistic analysis.

Keywords : Transmission Electron Microscopy, Atomic-resolution, Real-Time Observation;
Synthetic Organic Chemistry, Single-molecule
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' K. Harano, T. Nakamuro, E. Nakamura, Microscopy in press. > T. Nakamuro, M. Sakakibara, H. Nada,
K. Harano, J. Am. Chem. Soc. 2021, 143, 1763. 3> M. Sakakibara, H. Nada, T. Nakamuro, E. Nakamura,

ACS Cent. Sci. 2022, 8, 1704. * T. Nakamuro, K. Kamei, K. Sun, J. W. Bode, K. Harano, E. Nakamura,
J. Am. Chem. Soc. 2022, 144, 13612.
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In-situ analysis of biomolecular and intracellular phenomena using molecular spectroscopic
techniques (Graduate School of Pharmaceutical Sciences, Tohoku University) O Takakazu
Nakabayashi

Our research aims to open up life sciences from the standpoint of physical chemistry by
combining molecular spectroscopic methods with life sciences. [ will introduce here the results
using Raman imaging. Raman imaging enables direct measurement of the vibrational spectrum
of molecules in a cell, providing information on intracellular molecules in a label-free manner.
We have conducted research on biomolecules and cells using Raman imaging, with a focus on
label-free observation. In particular, we have investigated water imaging using the O-H
stretching band of water, as water molecules are the ultimate intracellular molecules that cannot
be labeled with fluorescent molecules. Three topics on Raman imaging of water are presented:
(1) quantification of water density in a cell, (2) intracellular temperature measurements, and
(3) quantification of liquid-liquid phase separation (LLPS).

Keywords : Raman Imaging; Liquid-Liquid Phase Separation; Intracellular Water; Protein
Aggregation, Intracellular Temperature
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1) M. Takeuchi, et al., J. Phys. Chem. Lett. 2017, 8, 5241. 2) D. Shibata, et al., Chem. Phys. Lett. 2021,
779,138843. 3) T. Sugimura, et al., Angew. Chem. Int. Ed. 2020, 59, 7755. 4) K. Murakami, et al., Chem.
Sci. 2021, 12, 7411. 5) K. Yokosawa, et al., J. Phys. Chem. Lett. 2022, 13, 5692. 6) K. Yokosawa, et al.,
Chem. Phys. Lett. 2023, 826, 140634. 7) R. Shibuya, et al., bioRxiv 10.1101/2023.05.15.540722.
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HARBEZEAR Mincle ') > FIBEEMELORHEIZER LE=FER
Bk & #ERERZBH

(BERELT) ALl

Synthesis and biofunctions of glycolipid derivatives focusing on the recognition of lipid
moieties of the innate immune receptor Mincle ligands (Faculty of Science and Technology,
Keio University) OTakanori Matsumaru

Macrophage inducible C-type lectin (Mincle), a pattern recognition innate immune receptor,
senses a variety of microbial complex lipids and metabolites to modulate the innate immune
system. In this study, glycolipid ligands were synthesized and evaluated to clarify the structure—
Mincle-mediated signaling activity relationships. The fluorescent molecular probes were also
synthesized and utilized for the live-cell imaging study to analyze the biofunctions of Mincle.
Keywords : Innate immunity, C-type lectin receptor, Mincle, Glycolipid, Live-cell imaging
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1) Ishikawa, E.; Ishikawa, T.; Morita, Y. S.; Toyonaga, K.; Yamada, H.; Takeuchi, O.; Kinoshita, T.; Akira,
S.; Yoshikai, Y.; Yamasaki, S. J. Exp. Med. 2009, 206, 2879.

2) Matsumaru, T. Trends Glycosci. Glycotechnol. 2022, 34, ES5-ES9.

3) Feinberg, H.; Jegouzo, S. A. F.; Rowntree, T. J. W.; Guan, Y.; Brash, M.A_; Talor, M. E.; Weis, W. L;
Drickamer, K. J. Biol. Chem. 2013, 40, 28457.

4) Matsumaru, T.; Sakuratani, K.; Yanaka, S.; Kato, K.; Yamasaki, S.; Fujimoto, Y. Eur. J. Org. Chem.
2022, 20, €202200109.

5) Matsumaru, T.; Sueyoshi, K.; Okubo, K.; Fujii, S.; Sakuratani, K.; Saito, R.; Ueki, K.; Yamasaki, S.;
Fujimoto, Y. Bioorg. Med. Chem. 2022, 75, 117045.

6) Yamaguchi, T.; Asanuma, M.; Nakanishi, S.; Saito, Y.; Okazaki, M.; Dodo, K.; Sodeoka, M. Chem. Sci.
2014, 5, 1021.
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BHRERIEFEZER & LEXRAYIER

(FLREEE R FIR) OXRAF 38
Natural Product Chemistry Based on Synthetic Organic Chemistry (' University of Tsukuba)
(OTakayuki Ohyoshi'

Natural products are interesting compounds with diverse biological activities due to their
three-dimensional chemical space. Intrigued by their structures and biological activities, total
synthesis and structure-activity relationship studies have been conducted on a wide range of
bioactive natural products, including polyketides (macrolides and polyphenols), alkaloids and
terpenoids (terpenes, steroids, and meroterpenoids). This talk will focus on the synthesis of the
fused ring natural products nemorosonol and aplysiasecosterols. Nemorosonol (1), a
meroterpenoid, with a tricyclic [4.3.1.0*7]decane skeleton shows antimicrobial activity. On the
other hand, Aplysiasecosterol A (2), 9,11-secosteroid, with an unusual tricyclic y-diketone
skeleton. Both have unique carbon skeletons and are challenging synthetic targets. The total
synthesis of 1 was achieved using a tandem Michael addition-intramolecular aldol reaction as
a key reaction, and 2 using radical cyclization and Suzuki-Miyaura coupling as key reactions.
Keywords : Nemorosonol; Aplysiasecosterol A, Total Synthesis
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tricyclo[4.3.1.0%7]decane skeleton tricyclic y-diketone skeleton

1) K. Mitsugi, T. Takabayashi, T. Ohyoshi, H. Kigoshi Org. Lett. 2022, 24, 4635.
2) T. Ohyoshi, H. lizumi, S. Hosono, H. Tano, H. Kigoshi Org. Lett. 2023, 25, 4725.
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Development of ellagitannin synthesis (7Tokyo University of Agriculture) Shinnosuke Wakamori

Ellagitannins are hydrolyzable tannins, a division of polyphenols, in dicotyledonous plants
such as Rosaceae, which mainly show antioxidant activity as a biological activity.' While
previous studies have reported the isolation of more than 1,000 natural products and various
biological activities such as antitumor, antiviral, and antibacterial activities, practical
approaches have limited the certification of ellagitannins' three-dimensional structure and
chemical properties. Our study has initially pioneered a method for the basic structure
construction, which has enabled the chemical synthesis of ellagitannins.**

In this study, we advanced organic synthetic methods for ellagitannins. The study developed
2nd generation methods, such as the construction of the biaryl structure, hexahydroxydiphenoyl
(HHDP) group, using a dinuclear p-oxocopper(Il) complex.*’ With the expanded substrate
range and improved reactivity, the developed method achieved the chemical synthesis of
natural ellagitannins, which was impossible with the 1st generation method.>® Furthermore,
the method also elucidated the biosynthetic pathway and structural diversity of ellagitannins.’
In this meeting, we will present the details of the study.

Keywords : Organic Synthesis; Natural Products; Ellagitannins; Oxidative Coupling; C-
Glycosylation
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S. Quideau, Chemistry and biology of ellagitannins: an underestimated class of bioactive plant
polyphenols, World Scientific, Singapore, 2009.

H. Yamada, K. Nagao, K. Dokei, Y. Kasai, N. Michihata, Total synthesis of (-)-corilagin. J. Am.
Chem. Soc. 2008, 130, 7566—7567.

T. Hirokane, Y. Hirata, T. Ishimoto, K. Nishii, H. Yamada, A unified strategy for the synthesis of
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H. Konishi, T. Hirokane, H. Hashimoto, K. Ikeuchi, S. Matsumoto, S. Wakamori, H. Yamada,
Synthesis of diaryl ether components of ellagitannins using ortho-quinone with consonant
mesomeric effects. Chem. Commun. 2020, 56, 3991-3994.

S. Matsumoto, S. Wakamori, K. Nishii, T. Tanaka, H. Yamada, Total synthesis of phyllanemblinin
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Dynamic Analysis of Reaction Mechanisms in Proteins (Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University, Tohoku University, RIKEN SPring-8
Center) OEriko Nango'?

The starting point of my research is natural product chemistry. Many natural organic
compounds have complex structures with high biological activity. Such complex skeletons are
achieved by biosynthetic enzymes possessed by microorganisms. | have been fascinated by the
sophistication of their reaction control in terms of stereoselectivity and regioselectivity.
Although proposed reaction mechanisms of such enzymatic reactions have been depicted with
arrows in organic chemistry, it is very difficult to see the reactions in enzymes. In fact, it is
impossible to capture the moment of reaction using conventional techniques, including X-ray
crystallography, cryo-electron microscopy, and NMR, since these methods can only measure
states after equilibration. In addition, proteins change their conformation when performing their
functions. I have been interested in the dynamic structures of proteins and chemical reactions
in proteins.

As a first approach, I worked on the dynamic analysis of secondary metabolite
biosynthetic enzymes using organic chemical methods. Next, I focused on developing new
protein structural determination techniques using X-ray free electron laser (XFEL) with ultra-
brilliance, ultra-short pulse duration, and high spatial coherence. Diffraction by XFELs can be
completed before the onset of radiation damages, allowing us to "see" molecules before they
are destroyed. XFELs also enable the visualization of extremely fast movements of molecules,
such as chemical reactions, with atomic resolution. In serial femtosecond crystallography
(SFX) using XFEL, tons of microcrystals are ejected from an injector and continuously
transported to the X-ray irradiation area. However, experimental devices were not available
then, and many issues were to be resolved, such as reducing sample consumption.

In collaboration with many researchers, including beamline scientists at SACLA, I worked
on developing time-resolved SFX experimental devices to visualize dynamic structures and
reactions, in addition to building basic techniques and setups for SFX. We performed time-
resolved experiments of bacteriorhodopsin, a light-driven proton pump, and could determine
13 intermediate structures from milliseconds to nanoseconds after light illumination with a
spatial resolution of 2.1 A. We also succeeded in the determination of the dynamic structures
of microbial rhodopsin, including a light-driven chloride pump and bovine visual rhodopsin.
In this talk, I will present the details of my research from the past to the present.

Keywords : Antibiotics, Enzyme, X-ray crystallography, X-ray free electron lasers
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Fabrication of Functional Materials Based on Precise Interface Design between Inorganic
Materials and Organic Molecules (Graduate School of Engineering, Osaka Metropolitan
University) OKenji Okada

Metal hydroxides are composed of a layered structure and have a large number of hydroxyl
groups on their surface with a long-range periodicity. Although a control of orientation and
aggregation of the metal hydroxides are important for designing functionalities, their nm/macro
structures are hardly controlled because the surface hydroxyl groups are highly reactive and
interacted each other via hydrogen bonding. Here, serval achievements of our research are
reviewed; (1) Vertically-aligned titanate nanotubes (TNTs) for interfacial applications, (2)
Hieratically-porous monolith constituted of TNTs for cation exchange and photo catalyst, (3)
Oriented metal hydroxide nanomaterials for the growth of functional materials.

Keywords : Metal hydroxide; Metal Organic Frameworks, Interface; Surface modification;
Oriented Growth

F)Fa—TRF vy RITRFEESND 1 RTT / MEHT, K& et R MEIC X
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NG, BB TR
KEEFEDOTEMEDR E <L BEES
B A M O HIE & D WS F —
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25 IR S HADBH & T ’,7&; = E>i

Commun., 2012, 48, 6130.
15ci. Technol., 2013, 65, 36.
/5ci. Technol., 2016, 79, 389,
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_ orientation and aggregation of one-dimensional metal
1A GHE 1 . .
DHIENC & 2 BEREAI 247 - hydroxide nanomaterials allowed to generate new

TGRSOV THRET D, functionalities.
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Chem. Mater, 2015, 27, 1885.
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[FEA BT Z BT ) F 2 — 7 (INDDIER & B RE M A im DAl |

TNT 1%, — I HE MR LT & o 2 58 LMK ISR CARBVLERS 5 = & T
bivd, UL, EREECOREICLY ., BrkESAREE ST, 22T,
AR ChH D LT & EIRER I CORY— AR EZFHET 5 2 & ¢, ERICEEIC
Bl L7z TNT O FIEZ S L72[1], Bt em Cav s R 2R+ Z &
T, BEAKMEEZ R LR B JROAE M2 R IS MK R O A W E LT
WA[12], & 512, ZOWENMEIL TNT OFEHIREIC LV HIEcE, Ar 2k
T EERNELIE2], £o, BUSEMARY ~— L EALT 52 LT IREICK
L FHETENAEOHIEZ ATRE & L IR ABLIC X D IR A rTRE 72 B D /ERL % AT fE
& L7213,

(BEE 2 A S BT DT 2Rt ) F o2 —T VI RO
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DR E RNE LT2Z[4], 20 pm A &7 — /L OFFLITWEIE# D BiF 7232 & LU CHEA
T B0, HF5172 TNT 7SV 7 (RISEN T A A 2 g Rtk o il ae 2 7r9
ZE RS LTZ[4,5],

(&R Kk B4 iy & Uiz B AEHEEARMOR) O B2 &2 ¥ LAk E |

& BB L TN B U 7 R KB FE 2 T 5, Bl - BREE 2 il L 74
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[6,7]°, T B X % ¥ Lk EIC X D RCH MOF jfiE 2 it FUC JeBRi CHEILLZ[8], =
DT T —FIZ X > THLALHELA MOF BB W TIL, B FA— M2 —1
D FEMR 421 T MOF f5das—8RICELm, D F V| AE-TEEONA 7V v R 6705
MOF OHRIE 72583 L TOXMOF @ 2 7 o il b —FEICHLE L TWA[9], Z D MOF
ORAB 2 BB LML ZRAT 25 2 & T mNGICE TR EF « 6 - 2
PR A 7R RS RENE MOF I 2 23 L TV 5[10-13], 20 & 9 Ic& e Kkieibi %
BEREMEHRE DO RSG E LTHW D H LA EZ RN LT 5,

References

[1] K. Okada et al., Chem. Commun., 48, 6130-6132 (2012). [2] Y. Tokudome, K. Okada et al., J. Mater.
Chem. 4, 2, 58-61 (2013). [3] K. Okada et al., RSC Adv., 10, 28032-28036 (2020). [4] K. Okada et al.,
Chem. Mater., 27, 1885-1891 (2015). [5] K. Okada et al., J. Ceram. Soc. Jpn., 2019, 127, 761. [6] K.
Okada et al., Adv. Funct. Mater., 24, 1969-1977 (2014). [7] K. Okada et al., CrystEngComm, 19, 4194-
4200 (2017). [8] P. Falcaro, K. Okada et al., Nature Mater., 16, 342-348 (2017). [9] B. Baumgartner, R.
Mashita, A. Fukatsu, K. Okada et al., Angew. Chem. Int. Ed., 61,¢202201725 (2022). [10] K. Ikigaki, K.
Okada et al., Angew. Chem. Int. Ed., 58, 6886-6890 (2019). [11] K. Okada et al., Chem. Sci., 11, 8005-
8012 (2020). [12] K. Okada et al., Nanoscale Adv., 5, 1795-1801 (2023). [13] K. Okada et al., J. Mater.
Chem. 4,9, 19613-19618 (2021).

© The Chemical Society of Japan -B1325-1pm-01 -



B1325-1pm-02 BALSS HE104BFES (2024)

ETFREOBAHEZBIELI-ZAMES FEADORFE
(HABET) OFFR L

Development of Porous Molecular Conductors toward Flexible Control of Their Electronic
States (Graduate School of Engineering, Nagoya University) OHiroaki Iguchi

The control of electronic states in solids is essential for exploring their new electronic
functions. In the case of molecular crystals, achieving the same molecular arrangement
regardless of composition is the first step toward controlling electronic states. Introduction of
nanopores, which can accommodate various counterions, can be reasonable approach to
achieve it. Herein, we discuss the structure, electronic properties, and electronic state control
of the porous molecular conductors (PMC), which have both porous framework based on
coordination bonds and conductive n-stacked columns of naphthalenediimide (NDI) cores.

The first PMC, [Cd(NDI-py)(OH2)4](NO3)13:0.1-nDMA (PMC-1), was synthesized by the
electrochemical reduction of the solution containing Cd(NOs3), and N,N’-di(4-
pyridyl)naphthalenediimide (NDI-py). PMC-1 consists of linear coordination polymers
stacked at the NDI core site with an orientation in 60° increments (Figure a). The room-
temperature electrical conductivity of the pellet sample was increased from (1.5-7.6)x107¢ S
cm ! to (1.2-3.7)x1072 S cm™! by the desorption of solvent molecules in the nanopores. The
structure of PMC-1 was greatly changed to a two-dimensional stacking structure by the
desolvation, which may be the reason for the increase in conductivity.

We also synthesized PMC-hexagon as the first electronically conductive metallocycle. The
hexagonal metallocycle units assembled into densely packed ABCABC... sequence to
construct one-dimensional helical n-stacked columns and pore channels (Figure b), which were
maintained under the liberation of HO molecules in the pores.

The control of n-stacked distance was achieved by changing metal ion and halide component
of PMCs with three-dimensional framework. The amount of countercations in the pore of
PMC-2 was also controlled by the ionic radii of the cation. These methods correspond to ion
substitution/deficiency in inorganic crystals.

Keywords :  Molecular Conductor; Porous Coordination Polymers (MOFs); Molecular
desorption/adsorption; Chemical Doping, Naphthalenediimide (NDI)
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KB DIL CANOs), ZEME N >®RA A PR E L, JRW 35 & mVWiE
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RNT A ROFEWZ LY NDI =27 o o RO HIEIC kS Lz, £72. PMC-1
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Creation of Conductive Nanoporous Materials ('Graduate School of Engineering, Nagoya
University, *University of Queensland) O Yusuke Yamauchi':2

To date, we have pioneered the selection of inorganic species capable of exhibiting
conductivity, the thoughtful design of amphiphilic templating molecules, and the control of the
cooperative self-assembly. As a result, we have sequentially achieved the synthesis of
unconventional porous materials with high conductivity, exploring new properties arising from
their electrical and electronic characteristics.

Keywords: Porous materials, Carbon, Metals, Alloys, Chalcogenides
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Tailored synthesis and electronic applications of inorganic 2D materials
(‘IMaSS, Nagoya University) OMinoru Osada'

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite
lateral lengths, have been emerging as important new materials because of their intriguing
physical and chemical properties distinct from those of their bulk counterparts. In particular,
the development of graphene has opened new possibilities of isolating and exploring the
fascinating properties of 2D nanosheets of other layered compounds. Inorganic 2D nanosheets
are one of important targets in this regard due to their diversity in chemical compositions,
structures and functionalities beyond graphene. Here, we present recent progress made in the
synthesis, assembly and properties of inorganic 2D nanosheets, highlighting emerging
functionalities in electronic applications.

Keywords : 2D nanosheets, Tailored synthesis; Controlled assembly; Electronic applications
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Synthesis of novel n-conjugated materials enabled by coordination nanospaces ('Graduate
School of Engineering, The University of Tokyo, 2JST-PRESTO) O Takashi Kitao'*

n-conjugated materials have been of great interest for their potential applications in the next-
generation nanodevices because of intriguing physical properties. Chemists have thus devoted
much effort to the synthesis of n-conjugated materials. However, due to strong intermolecular
T-T interactions, m-conjugated materials are generally insoluble, which is an obstacle to the
synthesis of new materials. Here, we develop a feasible method to overcome the solubility
problem using metal-organic frameworks (MOFs) as a nanoporous template. This approach
provided a route to not only novel m-conjugated materials otherwise inaccessible by
conventional methods but also functional nanohybrids with enhanced functions.
Keywords : Conjugated polymers; Nanographenes, Graphene nanoribbons; Metal-organic
frameworks
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1) T. Kitao, X. Zhang, T. Uemura, Polym. Chem. 2022, 13, 5003. 2) T. Kitao, M. W. A. MacLean,
K. Nakata, T. Uemura, et al. J. Am. Chem. Soc. 2020, 142, 5509. 3) X. Zhang, T. Kitao, T.
Uemura, et al. Chem. Sci. 2020, 11, 10844. 4) X. Zhang, T. Kitao, T. Uemura, et al. ACS Macro
Lett. 2023, 12,415. 5) T. Kitao, T. Miura, T. Uemura, et al. Nat. Synth. 2023, 2, 848. 6) T. Kitao,
Y. Nagasaka, T. Uemura, et al. J. Am. Chem. Soc. 2019, 141, 19565. 7) S. Lo, T. Kitao, T.
Uemura, ef al. Angew. Chem. Int. Ed. 2021, 60, 17947. 8) S. Wang, T. Kitao, T. Uemura, C.
Serre, et al. Nat. Commun. 2018, 9, 3635.
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Development of Photoexcited Species Utilizing the Characteristics of Elements and Their
Application to Organic Photoreactions
(Tokyo Institute of Technology) O Yuki Nagashima

Photoinduced reactions have received much attention as a powerful tool to access kinetically
or thermodynamically prohibited reactions on the ground state. In general, these reactions have
been developed mainly by using electro-negative elements such as C, O, N, halogens as well
as redox-active transition metal elements. In this study, we have developed the highly reactive
and selective photoinduced reactions by utilizing the excited states of electro-positive elements
such as boron (B), silicon (Si), and tin (Sn) as well as a transition metal element such as
rhodium (Rh), which are rarely used in photoinduced reactions. For diboron (B—B) reagents,
we designed the anionic photo-absorbing borate complex to enable a quadruple borylation
reaction of terminal alkynes under ultraviolet irradiation.' For silylborane (Si-B) reagents, we
developed dearomative carbo-silaboration reactions of quinolines by the excitation of silyl-
borate complexes.*> For stannylsilane (Sn—Si) reagents, we revealed that the illumination of
stannyl anions generates the excited triplet stannyl diradicals, enabling defluorostannylation of
fluoroarenes.” For rhodium-based catalysts, we developed C(sp*)-H borylation reactions of
arenes with basic directing groups, and [2+2+2] cycloaddition reactions of diynes and alkynes
under visible light irradiations.**

Keywords : Photoinduced Reaction; Element Chemistry, Development of Reactions, Chemical
Space; Computational Chemistry
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Development of Continuous Flow Technology Enabling Control of Various Reaction Systems
(API R&D Laboratory, Research Division, Shionogi & Co., Ltd.) OMasahiro Hosoya

In application of continuous flow synthesis to manufacturing drug substances, homogeneous
reaction systems are generally preferred to facilitate the process control. However, the approach
toward the homogeneous reaction systems limits the application of continuous flow synthesis
and may deviate from the ideal process because drug substances or intermediates with poor
solubilities frequently have to be handled in the recent pharmaceutical development. The author
tried to establish the technological platform to enable the control of the various reaction systems
under continuous flow conditions, which will truly contribute to the dissemination of
continuous flow technology.

Keywords : Flow Synthesis; Continuous Manufacturing;, Drug Substance; Manufacturing
Process, Various Reaction Systems
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Generation and Control of Radical Cation: Isolation of a Radical
Cation Intermediate and Development of Chiral Iron(II)
Photoredox Catalysts

(Graduate School of Engineering, Nagoya University) OShuhei Ohmura
Keywords: Radical Cation; One-electron Oxidation; Cycloaddition; Iron Catalyst; Chiral
Photoredox Catalyst

Radical cations are open-shell cationic species that are usually generated by one-electron
oxidation of neutral molecules. As their behavior is distinct from that of cations generated
by two-electron processes, considerable effort has been directed toward using radical
cations as alternative cationic intermediates in organic reactions for more than half a
century.1 However, because of their short lifetime, the structural characterization of radical
cations and their application to asymmetric reactions remain challenging.? Here, we
succeeded in the isolation of a radical cation generated by FeCls (Topic I).> Moreover,
highly cationic iron(Ill) salts were found to serve as catalytic initiators for radical cation
[4+2] cycloadditions of a variety of electron-rich alkenes (Topic II).** Recently, we
developed unprecedented chiral iron(II) photoredox catalysts to achieve highly enantio-,
diastereo-, and regioselective radical cation [2+2] cycloaddition as well as highly enantio-
and diastereoselective [4+2] cycloaddition (Topic III).° In this presentation, I also talk about
recent progress in our catalysts with their application to natural product synthesis.
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Development of Highly-functionalized Heterogeneous Metal Catalysts for Green
Organic Synthesis (ESPCI Paris) OTomohiro YASUKAWA

Continuous-flow synthesis using heterogeneous catalysts has attracted attention for
the realization of a sustainable society. Heterogeneous catalysts with high activity,
high selectivity, and long lifetime are necessary to realize efficient flow synthesis.
However, heterogeneous catalysts are difficult to analyze, and their application to
organic synthesis has been limited compared to homogeneous catalysis. In this talk,
the development of polymer-based heterogeneous catalysts and their application to
organic synthesis and flow synthesis will be discussed.

Metal nanoparticles can be easily immobilized on solid supports and are expected
to be highly active, physically stable, and long-lived heterogeneous catalysts. Highly
stereoselective asymmetric synthetic reactions have been achieved with metal
nanoparticle catalysts,” but examples of applicable reactions are limited. The use of a
support strongly coordinated to metal nanoparticles will enable tuning of the electron
density at the active site and suppression of metal leaching and will be applicable to a
wider range of organic syntheses. | have focused on nitrogen-doped carbon as such
a "solid-state ligand". Nitrogen-doped carbon-incarcerated metal nanoparticle
catalysts (NCI catalysts), prepared by encapsulating metal nanoparticles in
polyvinylpyridine and pyrolyzing them were developed and found to be highly active
in various redox reactions and carbon-carbon bond formation reactions (Figure 1).?
No metal leaching was observed in any of the reactions, and the reactions did not
proceed without nitrogen dopants.

Nitrogen-doped carbon-supported catalysts were then applied to a novel
electrochemical organic synthesis using them as electrodes. The electrochemical
allylation of imine with allyl bromide was achieved using single zinc atom catalysts
stabilized by the coordination of multiple nitrogen atoms as the cathode, with a
minimal amount of zinc catalyst and minimal metal leaching (Figure 2).®) The reaction
was also applicable to the flow method and successfully obtained the target product
continuously with minimal metal waste. Electrodes with single zinc atom catalysts
showed higher reactivity than bulk zinc electrodes.

Keywords: Heterogeneous catalyst, Metal nanoparticle catalyst, Asymmetric
reaction, Flow reaction, Nitrogen-doped carbon
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Figure 2. Electrochemical Barbier reactions by using single zinc atom catalysts
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J. Org. Chem. 2020, 85, 7543; Catal. Sci. Technol. 2022, 12, 1043; Chem. Asian J. 2021, 16, 232; J. Org.
Chem. 2021, 86, 15800; J. Org. Chem., 2022, 87, 16157; ACS Catal. 2022, 12, 5887; Angew. Chem., Int.
Ed. 2021, 60, 12786. 3) J. Am. Chem. Soc., 2023, 145, 11939.
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Precise Synthesis of Ligand-Protected Metal Nanoparticles and Nanoclusters for
Photoelectrochemical Applications

(Graduate School of Science, Tokyo University of Science) OTokuhisa Kawawaki

Nanosized metal particles have two major singularities as their size decreases. Metal
nanoparticles with a size of about 100 nm generate a confinement effect beyond the diffraction
limit of light due to localized surface plasmon resonance. I have clarified that the near-field
light of metal nanoparticles can be used to improve the efficiency of photochemical reactions
and the influence of their structural factors (size, shape, distance, etc.) on the activity
enhancement. Furthermore, metal clusters with a size of approximately 1 nm will have an
electronic structure like a molecule based on quantum size effects and will have a crystal
structure that cannot be obtained with bulk metals. I have created novel metal clusters, clarified
their physicochemical properties, and established a method to apply them as highly active
photo- and electrocatalysts. I will present that the understanding of the science of metal
nanomaterials and its applied research of both metal nanoparticles and clusters.

Keywords : Metal nanoclusters; Metal clusters; Metal nanoparticles, Electrochemistry;
Photocatalysis

EBRDOYV A XS LTV & 2DV A XS CRRNYMEERT X9 I
5, R am—BE mOLOE InmAZEOLDIL. TNENERET /hi+B
FOER7 7 A — LT, WEb RE< 2D (Fig 1), &)/ kirid, RfE
Fm 77 X g (LSPR) (& - T, KiO BTS2 4 U B2, FE, £
DI ioféf%¥%%@%%tﬂ4%ﬁﬁb;tﬁﬁm%%%ﬁ@ﬁ@%
M BT DM ENEANCE Z b TS, ZVE TOMIEND, AEREBEKE!

BT DI D BRI BN T, F i1 L sk L OIS RE TN H 5 = k%@
D TEBRINCHER L NI, £ 9 LEEBNRmAZT TR, bEbEEmnah®R
ZEFOET Ny MYECKEEML & DICERET 57200, 10 EHRFIEICS
WTHEE L 2, /2. 20X 957 LSPR #FIH Lt gh=R o Eiz >\,
MR SAL S T o 2 KA SE AR OTEER B SR L, 3G L OVE Rk L7k
ALER-FRAE S KX 7 A (Ag-AgS-CdS) ~7 v ki 1-1%, Ag #8723 LSPR (2L - T
AR EBRSRIN L, T T LT CdS BT 5 Z & T, CdS _ETAMNS
IKFEA~DOBITCLUED RN D Z & &R LT,

—FH T, M1 amBEOY A Xt o8BS 7T AL, &1 A XhRICHE
ST, 2LV BROHIRHY A AOKE 7 >~5mm) ST /R EiE, B 5%
[EFHEEZFD, S BT, % 5 LW - eI, AR F AU B 7 K2 R L
B A AR —F TR R 1278\, D10, &R /) 7 FAZ—D% A
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RFEIN CHERUR U B IR CE R, 7o — D DR DEWCL - T, £
Rt - BEEZ A CTX B, X5\, THETIER, BT/ 7 7 A X —DJFT L~b
TOWA XHIETIZT T BFESE F— B2 70 S Ol b 1 L~z ¢
AfReL 2o THY . T /Mo E L LT, 20TV 5,
EHIC, ZOERT ) 7T A=, EmOWERERIEB L OB A XRS5y
TR AARIEICE S VI EE LD @mOBHEE 2 R Z E R Z W, DT,
Jefil e SITRBIT D HEAICH M L L CRIHTE D, 22T, kb RMNAREES
) FGAR—=D—DThHDH T =)V X o FF 57— ME#E AR5 BV T A4 —%
BaLasTisO:s Yfiltt F Iz BhfbiE & U -CHEr L, BN O MBEERFE 25 L < T L7=, <
CTCELNTEMRERE 2 Au-S DU Z VA DIRE TR TS 2 Lick Y,
7 T AL —DREENRNIR 0 DI RIEO £ EEUNL A FRERRETH D | — B EE
TEHTHIECTeT VR F 2 LA L0 b EV R ERN G oNn s 2 2R L
7oV, Elo, WERITFEAATH D —ILRBFAK[L T CTERINTWEPtF /7T R
A= KA FCERT DI EEARRIC LT, TDY T AX —ZBMICHEF L%, <

HO RN T EBRETHZ LT I ns
EINE O A TS 1 SRR € & ®
LTH 0. LB OB L L L N
TOEHALRETND I, wewa — o= = —
AuPd ICTHER SN2 0T T "
)05 RS —BHBITV, 1K — .

TO P KT aAREREE [ 0 i
EWm0HLbRLE Y, Uk [T W

DY RGBT JKT 7 TR | me m e

A —ORHE LUNBERIES  Fig | K94 204 (Au) OE T/ & 5k
M7RGIZ DN THRET B, DX

1) T. Kawawaki, Y. Takahashi, T. Tatsuma, Nanoscale, 2011, 3, 2865-2867.

2) T.Kawawaki, H. Wang, T. Kubo, K. Saito, J. Nakazaki, H. Segawa, T. Tatsuma, ACS Nano, 2015, 9,
4165-4172.

3) T. Kawawaki, T. Nakagawa, M. Sakamoto, T. Teranishi, J. Am. Chem. Soc., 2019, 141, 8402—8406.

4) T.Kawawaki, Y. Kataoka, M. Hirata, Y. Akinaga, R. Takahata, K. Wakamatsu, Y. Fujiki, M. Kataoka,
S. Kikkawa, A. S. Alotabi, S. Hossain, D. J. Osborn, T. Teranishi, G. G. Andersson, G. F. Metha, S.
Yamazoe, Y. Negishi, Angew. Chem. Int. Ed., 2021, 60, 21340-21350.

5) T. Kawawaki, N. Shimizu, K. Funai, Y. Mitomi, S. Hossain, S. Kikkawa, D. J. Osborn, S. Yamazoe,
G. F. Metha, Y. Negishi, Nanoscale, 2021, 13, 14679—14687.

6) B. Kumarf, T. Kawawaki®, N. Shimizu, Y. Imai, D. Suzuki, S. Hossain, L. V. Nair, Y. Negishi,
Nanoscale, 2020, 12, 9969-9979. "Equally contributed.
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Expanding Frontiers of Functional Space Materials Based on Pillar-Shaped Macrocycles
Pillar[n]arenes (! Graduate School of Engineering, Kyoto University) OTomoki Ogoshi'

Supramolecular chemistry, which assembles and organizes molecules using non-covalent
bonds, has been great attention as a method for creating next-generation materials. In this study,
we employed the pillar-shaped cyclic molecules "pillar[z]arenes" as building blocks to develop
supramolecular functional materials with various dimensional spaces using non-covalent bonds
and dynamic covalent bonds. Furthermore, we directly utilized the crystalline space of
pillar[n]arenes for the formation of host—guest complexes, revealing unique host—guest
chemistry, which is not observed in generally-used solution system.

Keywords :  Pillar[n]arenes; Host—guest property;, Regular polygonal structure; Planar
chirality; Space materials

BRa ol - BREZET OO T2 LT 477 ry 7 L LTHRF - BlM%EZ S - T
A BT CTHERBE L, TS X D ISREE RBLIE 2 &0 ) @B TBEs, itttz
HOFMEORAIHEE LTERE SN TS, ZOHFTH Y 7 A ha—AhH A ADZEM
AT LB A My TFIE, FOZEMY A R E LIZF A Ry T 28R EL D A
T2 ENTE, ELRMHEICENTZRIEETH LD, HTHEAREMET LI E L
Ty r7uay s UTASFHENTE 2, AR TIE, HRBERKS T TE 7 —[n]
TL—=2 Y BT o Tay s L, ERFEHEECEMEAERBAIC X VAR
FHERELT 5 2 LT, ka2 Roca A LT REMEZERIM B OB R 21T - 72, S BIT,
T —[n)7 L— UfEmZERE R A b= A MEROEARICIEEERIE L, @i O%IR
R TITRALNWEREDORA M= A MEFEEBR LN E Lz,

BEEZRMBORIRR : © 7 —[n]7 L — 0%, B FEICH & 2B 207 [ BR A 12
ATHZENARETH D, BT —n]T7 L—rOtEE s BEICHEREZEATE S
R AR L, —RoeTF =2 — 7 OREEE1T - 7= (Figure 1a), Ji il DI H D& %8
ALV T —[5]7 L—0t, ZREFEMELOSFRIKEREICELY, BET—[5]7 L
—VOE EHEERPWVEDEICLEF 2 —T RS ~—% KT HZ L2 R LT,
AR ZEBLAEFERICEE R D 2 L T, LA TOREERIGEHIH L, B
EIIHREAMNE S T 2a—7 - XY EX L FOGRKICHEP LTz, £ ETHEICh T
Fo T =AU EEANLEE T —n]T V=BT T ey L L, Layer-
by-Layer {EIC L W B ERmICE T —n]7 L—r2EE ST 5 2 L T EKERHICT =
—TREHBEILIZT ) Fa—T OERNAREE 72 o7z, VBT —[6]7 L— X IE AN
OGS+ ThDZ Enb, BT —[6]7 L—rOERIICE D ~FH )1
RTWRILy— N ERDHZ ENTE T (Figure 1b), £ Rty — MIIEERLAREO Y
T—[517 L— v EHAIAT Z L TR A AT Z ERAREE R . 7T — L kR
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D =Wy I WVEGEREET 5 Z L T& 7z (Figure o),
%?Eﬁﬁﬂwﬂm-85—u7v— V=N n$ﬁflin1métbn wY T
EMThDH, EDIZH, C—H EXEZHGT L5 ANy LD TEHETO C—H-
*HEVFH?ZP@K ik/ukﬂ"\’(@ﬁ’f%é“? BTN C—HEEZHLTWD D &i}*
O, BT —[n]7 L— 0%, BRIV A XEETDHIEEAETXTOEKD T« &0 1
%ﬁ@ﬁ@:kﬁ?%é&%ﬁéﬂéo~ﬁ %8 CO C—H- n M EAERA2M#N 7=
kbf% W OB A W22 TlE C—He-- n fHAEVERITIER I8V T2, AN

PR ZLE L, TORRS 2 N %®ﬁ@kﬁ%ﬁi#%uﬁ“&“?ﬁ%#%
0710 AHFFETIE, IEBERID AT X D55 IREEO Y T —n] 7 L—r 2R AT 52 &
TLBHE OWHCR TIE A O N WERN 2T A Ny 1 & OETERR A 3 LT, il 213
v 7 —[n]7 L — RIS A My TR &%@E% RIEEIT -T2, T DRER, ﬂ
BEBROY T —[5]7 L—fEfmid, TOZEHLICHEST 5 EHERILKE, SBEROE T —
[6]7 L — i 1350 « BRAR AR ALK 38 % 38R A I ﬁ@ﬁé\%ﬁ%kﬂﬁwﬁmﬁ%
RTZEERHE LT (Figure 1d), F72. 7 —[n]7 L — sk & ERIKREED & 51
ICRESE S 2 & T mTIcEms TR ATERR Y e ¥ 3 U EE KT 5
ZEWGIoT, FOES T OB AL, xR TEOFND, @Bk %k
PRI A NS
WD AT Z &
R LE, &
HIZE T —[n7
L — 2 O
Bk & 72 BERETE R
RBEZEAT D
LT, AR

’“’\%@H&
&mm_
A ;f,;?‘mf&t;g‘ © aEmL B
ELT 7R LE = m ) . an RAM=/AMEZE -
B & o TR e ﬁ E

EATERT DM
W M 2 YT
I Figure 1. (a) One-dimensional channels, (b) two-dimensional sheets and three-

dimensional vesicle assemblies. (d) Crystalline state host—guest complexation and (¢)
Tx7 Figure state-change materials by complexation.
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1) Review: Ogoshi, T.; Yamagishi, T.; Nakamoto, Y. Chem. Rev. 2016, 116, 1937. Book: Pillararenes,
Ogoshi, T. Ed.; The Royal Society of Chemistry: Cambridge, 2016.

2) Review: Shi, T.-H.; Ohtani, S.; Kato, K.; Fa, S.; Ogoshi, T. Trends Chem. 2023, 5, 537.

3) Review: Fa, S.; Kakuta, T.; Yamagishi, T.; Ogoshi, T. CCS Chem. 2019, 1, 50.

4) Review: Ohtani, S.; Kato, K.; Fa, S.; Ogoshi, T. Coord. Chem. Rev. 2022, 462, 214503.
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Development of Novel Catalysts and Reactions Utilizing Reactive Silicon Compounds
(\Interdisciplinary Research Center for Catalytic Chemistry, National Institute of Advanced
Industrial Science and Technology, *PRESTO, Japan Science and Technology Agency)

OYuki Naganawa

In this study, we explored the development of new catalysts and reactions utilizing three
reactive silicon compounds: hydrosilanes, chlorosilanes, and alkoxysilanes. Firstly, we
addressed the issue of byproducts in the conventional platinum-catalyzed hydrosilylation
reaction involving allyl chloride and trichlorosilane by employing a newly developed rhodium
catalyst. Next, the selective synthesis of methylmonochlorosilanes was achieved through the
palladium-catalyzed cross-coupling of industrially-produced polychlorosilanes with
dimethylaluminum chloride. Finally, we discovered that the direct esterification of phosphoric
acid proceeds efficiently with alkoxysilane. These three strategies enabled us to attain
selectivity and reactivity which have been challenging in synthetic organic chemistry.
Keywords : Silicon, Synthetic organic chemistry, Transition metal catalyst; Selective synthesis,;
Bond activation

(P AF) L TRFE ) LRU MBETETH Nt o7 < B oL/ - Yt
BB 2R d, =& 2iE, RE-—AEHESTDH OO HEIEEMITHFLEL, C—H
AIEMACICEE T D AFE G TR S CE 7= L oo, — IR E s, —
FTC, rA B —IKBREAITEWISEEZ D, SEIEREBGRBEZIEASEL LA
GNTACRIIIN & e Z LRS- BN 5, Z ORUGEZ1E D> U 7o il IS R F 1] &
LT, &zl a4 L7 0 VO Ra v U HERIG "R 65, £ 70 4
AN T Sz 2 ORGIE, BRI RSB — 7 A FBRES 2R3 20 &
WTFELE LT, BETHLAEE Y A FLAYMO TEMNRE L HnbnTnd, Fix
I, 2D XD AR A FALEMEFIR L8 LR & KOS OB 2D TE 72,
O T, Btk kv Ty, suuy gy, TAaxy Tyl W o R
TAFEWERY BT, DUFIZBR R DR Z2 I TR S ETWeE & 20,

1. [EFAYSY] BREEIEAL 74 VOBEDEE FAD Y IIERE P
RO Y . B Fa v U AL IE TEMICEE R BN Th 523, BUTOH4
ikl CITERERLA L7 o o Fa v U BEOE 21kt L CRIBIGE DT 5,
ZIE, A& XA AT U vE R s anay T oot Ra v U ) UUbEIGIE, ¥ 7
YRy Y T RIOIERTERK L I DG A FLEW 1 52 508 BERVEIA
b EEET D, Forld, BB L i U0 ASER 2 DNARIGIZEHB W CIE
WIZEMERE O L 72 Z LA R L7 (K1), 37> 50 ppm/Rh Ofififi 2 2 v
% Z &T, 2500mmol TODEALT UL E N T aa T UL EIERMEIZEAL
FAIET, HIIOLEW 1 % 93%D BB 483 ) THH Z LIk L= Y,
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=1
cl . Pt cat.

F Ph, Ph, F N + HSiCly ------ > 1 + other by-products

F P\ PR /P F 2500 mmol
K. _Rh T
F pl P F ClySi_~_Cl |m& (RO);Si _~_ FG
Ph ,
F 2 2 1 H_» silane-coupling agents
Rh catalyst 2 (50 ppm/Rh) FG=0,N, S etc
483 g, 93%

2. [yp0oo352] RYYBASSUVEADOERMABEZARKE '

saa YT L, v a—rE /) v—E LTARARBTFERDH Y, o L b2
R AFEMD—D>ThH D, Texld, BERGRMELH N CZhb/rEY T D
A F—BEE G U, EEENICRE — 7 A BREG~ L BT 2 S OB% ©
D TE T, FlZIX, NI VU LMEOET, R 7auyZ o bififby A F1
TNI=TLDITaRy ) TRINMZE YD BRI ATFVE ) 7Juay T 0%
ORGP R Uiz (K2), ABOGIE, A ERIEE 5 f LA 72 sREZE R
I TSRO EIRME 2 B CX 5, £7-, DFT#HEICK Y | RRIGO#EEMTH D 7
A F—BHFREEOUIM OB X OSRRMEORIFREZH O E Lz Y,

B 2

[Pd(allyl)Cl], (2.5 mol%)
DavePhos (10 mol%) CIZI I\Ille I\IIIe I\IIIe
¢l Me,AICI (3.5 equiv) Me-Si-Cl + Me-Si~Cl +|Me-Si~Cl |+ Me-Si-Me
Cl—Si-ClI >
| M M
el 1,4-dioxane/hexane cl c € €
60 °C, 18 h n.d. 6% vyield 92% yield n.d.

(ZaxiP5Y] Y4 FRIEEMERAND Y VBOEEN I X TILERE 'V
BUE, Te 2 13T e BUSHEr A FBIbEHME L TT v ax vy T VHHICER LKk
DOBRZEICE D FATWD, DRENIRKRO U 2 F 729, T AIEEFEL T
LI, FARBGIRBEHIK 22 & OFEFEMICEEICEEND Y Y BOEIL EFHIZHT 5
BLAEE->TWD, Fxid, 7haxy I 0 2f0nhZ LT, ZNETREEE X
TNV RO ERENT AT LRI NHRANCHET S5 2 L2 A LT,

1) Y. Nakajima, S. Shimada, RSC Adv. 2015, 5, 20603 (review). 2) Y. Naganawa, K. Inomata, K. Sato,
Y. Nakajima, Tetrahedron Lett. 2020, 61, 151513 (review). 3) K. Inomata, Y. Naganawa, Z. A. Wang, K

Sakamoto, K. Matsumoto, K. Sato, Y. Nakajima, Commun. Chem. 2021, 4, 63. 4) K. Inomata, Y.
Naganawa, H. Guo, K. Sato, Y. Nakajima, Tetrahedron Lett. 2019, 60, 151086. 5) Y. Naganawa, A. Fujita,
K. Sakamoto, S. Tanaka, K. Sato, Y. Nakajima, ACS Omega 2023, 8, 5672. 6) Y. Naganawa, H. Kameo,
Y. Nakajima, J. Syn. Org. Chem. Jpn. 2023, 81, 14 (review). 7) Y. Naganawa, K. Sakamoto, Y. Nakajima,
Org. Lett. 2021, 23, 601. 8) Y. Naganawa, Y. Nakajima, S, Sakaki, H. Kameo, Eur. J. Org. Chem. 2022,
€202101477. 9) K. Matsumoto, J. Huang, Y. Naganawa, H. Guo, T. Beppu, K. Sato, S. Shimada, Y.
Nakajima, Org. Lett. 2018, 20, 2481. 10) Y. Naganawa, H. Guo, K. Sakamoto, Y. Nakajima,
ChemCatChem 2019, 11,3756. 11) Y. Naganawa, K. Sakamoto, A. Fujita, K. Morimoto, M. Ratanasak,
J.-y. Hasegawa, M. Yoshida, K. Sato, Y. Nakajima, ChemRxiv DOI: 10.26434/chemrxiv-2023-c5m0q
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Research on Group-13 Element Molecules Possessing a Vacant Orbital and an Electron Pair on
the Same Atom (Graduate School of Engineering, Nagoya University) Makoto Yamashita

We have discovered various new bonds, structures, and reactions by studying carbon-
substituted diborane(4) and aluminum anions. Furthermore, the properties of these molecules
having completely different structures can be understood in a unified manner by attributing
them to the fact that they have a vacant orbital and an electron pair on the same atom and that
overlapping of vacant orbitals generates a low-energy vacant orbital. The lecture will provide
an overview of these studies.

Keywords : Boron, Aluminum, Vacant Orbital, Electron Pair

BARDOAHE AL FIZBWN T, A 7 FEEUSTEM LAY O G RIZITI R E WK
JETHLHN, —ITHOSNDE VR T L ARISHNTEHZ BB NEHR L TV D
e, EERCER S BAEN VBT T CIRIEE A ERISEE RS 20, Fx
IXVART @Ik L TRBEMRIELZEAT D & RFITEHWISEERT Z & &2 L
ELT&E, TNHDVRT @)L, @A T L ERE]ST D 2 & DRVIKHER
—BLIRFB LIS ER T2, TAX S anti-fIIMU TR I AT VA b2
HTE. AYTUT=RDCaN —HHEAUWKSEZREZTZ L, BU P02 firgEil
BWERAMbZEZT 2L, ZHLNE LTS, £7-. TNHDIRT @) DR
FIZEWRIGHER, — 20K YRR OZEHEOEL D IZL > T LUMO BMETFT 5
Z &, BBMEEETRN HOMO ICHY T om0 IbtEE ~9 2 &, IZEKRT 5
ZEEEXIEDTWD, FRIKFESTEDORISTIE [Higo72Z28E ] ICLY H-Ho
FEEOB X TT O L TE D AUXRFEICHET 5,

1. 2RFBRINT 2 (4)D KRG (Ar = o-tolyl)

KENF & DBEERG BRIREE
; _y 1t YH-HIEEHBAEAL
Af\BiB,Ar H, A g H AT Ar\&H —HOBIEBRNLA R B !
Ar/ \Ar Ar” “H” “Ar 3 ’B\T:'B\A \/B—Bﬁf&ﬁh{j_f@"'igiﬁ*&i
Ar A =/ DBIdBronstedi5 & |

— X, MIZFI OB RFBERR Al 7 =4 KBS RN ATRERERE LT L
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DEt TILFERERR IR T A XD C-H fES AL A ETSH S 2 & ik RV
RAEEE SNAr BUD = FbERIREAZ R Z E b E LT, £, Y&BE~D T
VAR B A LD HRPID ALY A E RO A AR, E O AL 23 6 [
FEEOBET RN —HOMO & Al & Y OZEHENE L > 2K R /LF—LUMO & O
MCTOEBEBIZBBAETHLZELHLNE LTS, ~FTT I/ EHR A T =4
IR E DORSIC L VBT YV Al R B 2 ZABBID VR = U EE Y
WKL TT UV REBRIE LCTERT 228 E a7 2 VRO X7 LISk
L C amide ligation Z#2 Z 3 Z L 2 RWZE L7, £/o, TV EBR Al T =4 2R
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