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The 3rd IRCCS - The 2nd Reaction Infography Joint International
Symposium: “Reaction Imaging Meets Materials Science”

Nagoya University
Noyori Materials Science Laboratory
January 31 - February 1, 2020

January 31 (Friday)

9:30-9:45 Opening Remarks
Yoshihito Watanabe (Nagoya Univ.)
Mizuki Tada (Nagoya Univ.)

Session |
Chair: Akiyoshi Hishikawa
9:45-10:25 Francgois Légaré (INRS-EMT, Canada)
“Probing the insulator to metal phase transition in VO2 using
high harmonic spectroscopy”

10:25-10:55 Jiro Itatani (Univ. Tokyo)
“Intense infrared and mid-infrared sources for attosecond science:
new opportunities at higher energies and in solids”

10:55-11:25 Hideki Hirori (Kyoto Univ.)
“Extreme nonlinear optical phenomena caused by strongly driving
electronic states in solids”

11:25-12:05 Zhi Heng Loh (Nanyang Tech. Univ., Singapore)
“Ultrafast molecular dynamics of transient ions probed by
femtosecond XUV and soft X-ray radiation”

Lunch @ chez Jiroud

Session i

Chair: Mizuki Tada

13:15-13:45 Shigeki Owada (JASRI / RIKEN)
“Current status of SACLA”

13:45-14:15 Mizuho Fushitani (Nagoya Univ.)
“Mapping electron correlations in nonlinear ionization of Xe 4d
double-core-hole states by multielectron-ion coincidence
spectroscopy”

14:15-14:45 Satoru Takakusagi (Hokkaido Univ.)

“Development of operando PTRF-XAFS technique for elucidating 3D

structure-activity relationship in heterogeneous catalysis”

Break
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Chair: Frangois Légaré
Keynote Lecture
15:05-16:05 Kaoru Yamanouchi (Univ. Tokyo)

“Ultrafast molecular dynamics and ultrahigh resolution spectroscopy

using ultrashort intense laser pulses”
Group Photo
Poster Session

16:30-17:30

Banquet
17:45-19:00 @ Restaurant “Hananoki”

Februrary 1 (Saturday)

Session lll

Chair: Ryotaro Matsuda

9:00-9:30 Iwao Matsuda (Univ. Tokyo)
“X-ray optospintronics at SACLA”

9:30-10:00 Toshiki Sugimoto (IMS)

“Infrared spectroscopy of water-assisted carrier trapping at TiO»
photocatalyst surfaces with distinct morphologies”

10:00-10:30 Kenichi Shimizu (Hokkaido Univ.)
“Machine learning and DFT calculations for catalysis Informatics”

Break

Session IV

Chair: Susumu Saito

10:50-11:20 Takeru Torigoe (Kyushu Univ.)
“Iridium-catalyzed ortho-selective C—H borylation of thioanisole
derivatives using simple bipyridine-type ligand”

11:20-11:50 Masaharu Nakamura (Kyoto Univ.)
“Exploring synthetic opportunities of iron catalysis in sustainable
chemistry”

Lunch



Session V
Chair: Shigehiro Yamaguchi
13:10-13:40 Hideo Nagashima (Kyushu Univ.)
“Activation of H-H and H-Si bonds by transition metal-silicon
linkage”

13:40-14:10 Osami Shoji (Nagoya Univ.)
“Hydroxylation of nonnative substrates catalyzed by cytochrome
P450BMS3 exploiting decoy molecules”

14:10-14:50 Soo Young Park (Seoul National Univ., Republic of Korea)

“Luminescent organic semiconductor”

Closing Remarks
Kunio Awaga (Nagoya Univ.)
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P01 The first potential and polarization dependent BCLA+BI-XAFS studies on the PtAu model catalyst
prepared by APD method

OHUBING [dtX ]

P02 A theoretical study of the factors affecting the CO2 and CO adsorption on Cobalt cluster
O Min Gao, Hirokazu Kobayashi, Atsushi Fukuoka, Jun—ya Hasegawa [dX]

P03 Theoretical Design for efficient intersystem crossing based on exploring minimal energy intersystem
crossing point

O Fuyu Yin, Min Gao, Naoki Nakatani, Akira Nakayama, Jun—ya Hasegawa [dX]

P04 Synthesis and reactions of poly(naphthalene—1,4—diyl) as a precusor of tailor-made graphenes
O Shiyi Song, Ka Son, Tamaki Nakano [ X ]

P05 Synthesis and chirality of hyperbranched polyphenylenes
O Yuting Wang, Zhiyi Song, Tamaki Nakano [ 4t X ]

P06 Unexpected structural defects found in fluorene—based conjugated copolymers synthesized through
Suzuki—Miyaura coupling

O Yuehui Yuan, Zhiyi Song, Tamaki Nakano [dX]

P07 A theoretical and spectroscopic study of In—CHA zeolite for activation of light alkanes
Shunsaku Yasumura, Chong Liu, Takashi Toyao, Zen Maeno, O Ken-ichi Shimizu [ dt K ]

P08 Applivation of Machine Learning to Discover New Heterogeneous Catalysts: A Case Study on
Oxidative Coupling of Methane.

O Motoshi Takao, Takashi Toyao, Zen Maeno, Satoru Takakusagi, Ichigaku Takigawa, Kenichi Shimizu
(X))

P09 Role of Mesoporosity for Low Temperature Ethylene Oxidation over Hydrophobic Pt/Silica
O Shazia Sharmin Satter, Kiyotaka Nakajima, Atsushi Fukuoka [ deK ]

P10 Carbon Catalyzed Hydrolysis of Cellulose to Cello—oligosaccharides in a Semi—flow Reactor
O Pengru Chen, Abhijit Shrotri, Atsushi Fukuoka [ 6K ]

P11 Single Atom Rh Promoted In203 for CO2 Hydrogenation to Methanol
O Shaikh Nazmul Hasan Mohammad Dostagir, Abhijit Shrotri, Atsushi Fukuoka [ dt K ]

P12 Production of hexitols from a real biomass molasses using a sponge Ni catalyst
O Cheng Yang, Hirokazu Kobayashi, Atsushi Fukuoka [ dt K ]

P13 Travelling of carbon atoms in organic molecules.

O Masayoshi Bando, Kiyohiko Nakajima, Zhiyi Song, Tamotsu Takahashi [ X ]
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P14 Cation—distribution—tuned ferrimagnetism and perpendicular magnetic anisotropy in NiCo204 epitaxial
films
O Yufan Shen, Zhenhong Tan, Daisuke Kan, Yuichi Shimakawa [ @K ]

P15 Synthesis of 7T -Conjugated Polymers Containing Benzodithiophene and Benzotriazole Units via
Highly Selective Direct Arylation Polymerization (DArP): Effects of Homocoupling Defects on
Photovoltaic Performance
O Masayuki Wakioka, Naohiro Torii, Fumiyuki Ozawa [ mK]

P16 Artificial curvature inducing peptide triggering cellular endocytic uptake
O Toshihiro Masuda, Shiroh Futaki [ T K ]

P17 Programmable RNA methylation and demethylation using PUF RNA binding proteins
O Miki Imanishi, Kouki Shinoda, Akiyo Suda, Shiroh Futaki [ mK]

P18 Development of a Method for Large Scale Synthesis of H20@C60 Using a Triazine Derivative
O Kazuro Kizaki, Kim Kyusun, Yoshifumi Hashikawa, Takashi, Hirose, Yasujiro Murata [ T KX ]

P19 Development of “Heavy Aryl Anions”
Yoshiyuki Mizuhata, Shiori Fujimori, Shingo Tsuji, Ryuto Sasayama, Norihiro Tokitoh [ IR X ]

P20 DFT study on Iron—catalyzed Enantioselective Carbometalation of Azabicycloalkenes
O Akhiles K. Sharma, Masaharu Nakamura [ T K ]

P21 Organic Hole—-Transporting Material with High—Lying HOMO Energy Level for Tin—-Based Perovskite
Solar Cells
O Minh Anh Truong, Ruito Hashimoto, Tomoya Nakamura, Richard Murdey, Atsushi Wakamiya [ T KX ]

P22 Fabrication of Emissive Perovskite Materials by Ligand Exchange for Light—Emitting Diodes
O Alwani Imanah Rafieh, Ai Shimazaki, Yuko Matsushige, Yasuko Iwasaki, Tomoya Nakamura,

Richard Murdey, Atsushi Wakamiya [ T K ]

P23 Investigation of Ru7+ and Os7+ quantum magnets with scheelite and scheelite—derivative structures
O Sean Injac, Maxim Avdeev, Brendan J. Kennedy, Yuichi Shimakawa [ TR KX ]

P24 Large latent heat by intersite charge transfer transition in A—site ordered perovskites
O Yoshihisa Kosugi, Masato Goto, Takashi Saito, Yuichi Shimakawa [ T X ]

P25 Polarization Switching via Electron Transfer in a Valence Tautomeric Cobalt Complex

O Osamu Sato [ AX]

P26 Electronic Pyroelectricities in Heterometallic Dinucler Complexes
O Shinji Kanegawa [ 71K ]
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P27 Understanding the magnetic change in an Iron(Il) complex without spin transition

OShengqunSu [ K]

P28 Photoabsorption and Photoluminescence Properties of Donor—Acceptor

7t Conjugated Enamines
and Their Additive Effects with B(C6F5)3

O Atsushi Tahara, Daichi Sakata, Ikumi Kitahara, Yoichiro Kuninobu, Hideo Nagashima [ AKX
P29 Structure—property Relationship of Rubber Materials Based on Complex Network Science
O Yoshifumi Amamoto, Ken Kojio, Atsushi Takahara, Yuichi Masubuchi, Takaaki Ohnishi [ 1 X ]
P30 Synthesis of cage—shaped molecules based on 1,8,13-syr—substituted triptycenes
O Takayuki Iwata, Tatsuro Yoshinaga, Yusuke Maehata, Mitsuru Shindo [ LK)
P31 Artificial Neural Networks Applied as Molecular Wave Function Solvers

Yang Peng—Jian, Mahito Sugiyama, Koji Tsuda, O Takeshi Yanai [ & KX ]

P32 Development of A Reduced—Scaling Multireference Perturbation Theory
O Masaaki Saitow, Takeshi Yanai [ & K ]

P33 Magnetic properties of electrochemically delithiated spinel-LiMn204
O Qi Chen, Zhongyue Zhang, Kunio Awaga [ & X ]

P34 Convert covalent organic frameworks to the electrode materials for supercapacitive energy storage
O Dongwan Yan, Yang Wu and Kunio Awaga [ & X ]

P35 Synthesis and Translational activity of Chemically modified mRNA

O Daisuke Kawaguchi, Ayumi Kodama, Yoshihiro Shimizu, Naoko Abe, Fumitaka Hashiya,
Fumiaki Tomoike, Yasuaki Kimura, Hiroshi Abe [ & X ]

P36 Disulfide - unit conjugation enables ultrafast cytosolic internalization of antisense DNA and siRNA

O Saki Kawaguchi, Shu Zhaoma, Azumi Ota, Kousuke Nakamoto, Fumiaki Tomoike, Yasuaki Kimura,
Hiroshi Abe [ % X ]

P37 Boron—Stabilized Red Emissive Radicals

O Masato Ito, Shunsuke Shirai, Naoki Ando, Tomokatsu Kushida, Yongfa Xie,

Hiroki Soutome,
and Shigehiro Yamaguchi [ £ K ]

P38 Photoreaction of Dithienylborane Derivative Bearing Bis(trimethylsilyl)phenyl Group
O Hirofumi Kajita , Naoki Ando , Shigehiro Yamaguchi [ & KX ]

P39 Self-Assembly of Amphiphilic Aromatic Hydrocarbons into Nanosheets via Multiple CH/ 7t
Interactions

O Hiroki Narita, Tsuyoshi Nishikawa, Soichiro Ogi, Yoshikatsu Sato, Shigehiro Yamaguchi [ £ K ]



P40 Methane Oxidation Reaction by u—Nitrido—Bridged Iron Phthalocyanine Dimer Bearing Eight

12—crown—4 Groups
O Junichi Kura, Yasuyuki Yamada, Kentaro Tanaka [ & K ]

P41 Synthesis and physical property of Tb(Ill)-phthalocyanine double—decker complex having planar

chirality
O Hiroaki Nakajima, Chisa Kobayashi, Yasuyuki Yamada, Yoshiaki Syuku, Kunio Awaga,

Kentaro Tanaka [ & K ]

P42 Synthesis of [0-Expanded Porphyrin Derived from Tetra(A~carbazolyl)porphyrin
O Atsuya Matsubuchi, Shin-ichiro Kawano, Kentaro Tanaka [ £ K ]

P43 Pd/TiO2-Photocatalyzed Self-Condensation of Primary Amines To Afford Secondary Amines at

Ambient Temperature
Lyu Ming Wang, Kensuke Kobayashi, Mitsuhiro Arisawa, Susumu Saito, O Hiroshi Naka [ & X ]

P44 Spatiotemporal control of amide radicals under photocatalysis
O Shogo Mori, Takahiro Aoki, Kaliyamoorthy Selvam, Shunichi Fukuzumi, Jieun Jung,
Susumu Saitox [ & X ]

P45 Molecular—frame photoelectron angular distributions (MFPADs) of tunneling electrons from D; in

circularly polarized intense laser fields
O Hikaru Fujise, Minami Takahashi, Daimu lkeya, Takeru Nakamura, Akitaka Matsuda, Mizuho Fushitani,

Akiyoshi Hishikawa [ 4 X ]

P46 Three—dimensional molecular frame momentum distribution of photoelectrons from O, in circularly

polarized intense laser fields
O Daimu lkeya, Hikaru Fujise, Akitaka Matsuda, Mizuho Fushitani, Akiyoshi Hishikawa [ % KX ]

P47 Isotope effects in tunneling ionization of molecular hydrogen in intense circularly polarized laser fields

O Minami Takahashi, Hikaru Fujise, Takeru Nakamura, Akiyoshi Hishikawa [ % K ]

P48 Association reaction of C¢Hi4/N, gas flow system in femtosecond laser filament : laser—field intensity

dependence
O Kentaro Tani, Chiaki Kubo, Kasumi Hashigaya, Akitaka Matsuda, Akiyoshi Hishikawa [ & KX ]

P49 Asymmetric Coulomb explosion of CH, in phase—locked two—color intense laser fields

O Hiroka Hasegawa, Hikaru Fujise, Akitaka Matsuda, Akiyoshi Hishikawa [ £ X ]

P50 Preparation of Oxide—supported Heterobimetallic Catalysts from Transition Metal Complexes
O Aiko Asai, Satoshi Muratsugu, Mizuki Tada [ & X ]

P51 Preparation and catalytic oxidation performance of rutile type IrO2 nanoparticles
O Takatoshi Sudoh, Satoru Ikemoto, Satoshi Muratsugu, Mizuki Tada [ & X ]
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P52  Synthesis of Cubic [Mo3FeS4] Clusters for Biomimetic Activation of N2
O Kenichiro Munakata, Keisuke Uchida, Ryota Hara, Mami Kachi, Mizuki Tada, Tsutomu Takayama,
Yoichi Sakai, Roger E. Cramer, Yasuhiro Ohki [ & KX ]

P53 Direct monitoring of gas coordination—adsorption on MOFs with an in situ XAFS system
O Hirotoshi Sakamoto, Akihiro Hori, Hirosuke Matsui, Ryotaro Matsuda, Mizuki Tada [ & X ]

P54 Ligand—promoted PtNi Nanoparticles in Hollow Porous Carbon Spheres as Highly Active
and Stable Oxygen Reduction Reaction Catalysts
O Gabor Samjeské, Xian—Kai Wan, Satoshi Muratsugu, Hirosuke Matsui, Mizuki Tada [ & KX ]

P55 Topological molecular nanocarbons: All-benzene catenane and trefoil knot
O Motonobu Kuwayama, Yuh Hijikata, Masako Fushimi, Taishi Nishihara, Jenny Pirillo,
Junya Shirasaki, Natsumi Kubota, Yasutomo Segawa, Kenichiro Itami [ & KX ]

P56 Synthesis of a zigzag type carbon nanobelt
OKwan Yin Cheung, Yasutomo Segawa, Kenichiro Itami [ & KX ]

P57 Synthesis of cycloiptycenes from carbon nanobelt
O Hiroki Shudo, Motonobu Kuwayama, Yasutomo Segawa, Kenichiro Itami [ £ K ]

P58 Synthesis of negatively curved polyaromatics by octagon—forming annulative coupling
O Satoshi Matsubara, Yoshito Koga, Kei Murakami, Kenichiro Itami [ & KX ]

P59 Switchable sp?/sp*C - H arylation of N-alkylaniline via EDA complex
O Bumpei Maeda, Genki Mori, Yota Sakakibara, Akiko Yagi, Kei Murakami, Kenichiro Itami [ & K ]

P60 Decarboxylative methylamination of aryl halides toward the synthesis of benzylamine derivatives
O Jaehyun Jung, Yota Sakakibara, Kei Murakami, Kenichiro Itami [ & X ]

P61 Synthesis of Various Polycyclic Aromatic Hydrocarbons by Annulative 7T —Extension Reactions
O Keigo Yamada, Wataru Matsuoka, Maciej Krzeszewski, Hideto Ito and Kenichiro Itami [ & X ]

P62 An Efficient Synthesis of Highly Twisted Macrocycles: 4,5-Diphenylphenanthrene as a New
ChiralThree—dimensional Building Block
O Yuanming Li, Akiko Yagi, Kenichiro Itami [ & K ]

P63 Catalytic C — H Arylation of Cubane
O Ryo Okude, Genki Mori, Akiko Yagi, Kenichiro Itami [ £ K ]

P64 Development of a synthetic method for unsubstituted nanocarbon
O Shusei Fujiki, Akiko Yagi, Kenichiro Itami [ & X ]
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P65 Direct C—H borylation of pristine hexabenzocoronene
O Mai Nagase, Kenta Kato, Akiko Yagi, Yasutomo Segawa, Kenichiro Itami [ & KX ]

P66 Stereoselective benzylic hydroxylation catalyzed by cytochrome P450BM3 with decoy molecules
O Kazuto Suzuki, Joshua Kyle Stanfield, Sota Yanagisawa, Hiroshi Sugimoto, Yoshihito Watanabe,

Osami Shoji [ &K )

P67 Sequence—selective recognition of double—stranded DNA by peptide nucleic acid
O Masanari Shibata, Masaki Hibino, Yuichiro Aiba, Osami Shoji [ £ X ]

P68 Aqueous two—phase extraction of semiconducting single—wall carbon nanotubes with

isomaltodextrin and thin—film transistor applications
O Haruka Omachi, Tomohiko Komuro, Kaisei Matsumoto, Minako Nakajima, Hikaru Watanabe,

Jun Hirotani, Yutaka Ohno, and Hisanori Shinohara [ & X ]

P69 Solution—based SWCNT film fabrication on plastic substrate using methoxycarbonylated polyallylamine
O Kaisei Matsumoto, Jun Hirotani, Hisanori Shinohara, Yutaka Ohno, and Haruka Omachi [ £ X ]

P70 Gelation of polysaccharides for semiconducting SWCNT separation
O Yuki Matsunaga and Haruka Omachi [ & K ]

P71 Transfer Hydration of Dinitriles to Diamides
O Asuka Naraoka, Hiroshi Naka [ & K ]

P72 Photocatalytic N-Methylation of Amino Acids with Methanol
Olvven Huang, Yuna Morioka, Susumu Saito, Hiroshi Naka [ % K ]

P73 Synthesis of @& —-Amino Amides by Transfer Hydration of Nitriles
O Tomoyo Tamura, Taimeng Liang, Ryoji Noyori, Hiroshi Naka [ & K ]

P74 Direct alpha—C(sp3) — H arylation of amides by Ni complex/TiO2 cooperative catalysts
O Masaki Nomura, Shogo Mori, Susumu Saito [ & X ]

P75 Electrochemical- and photo—reduction of CO2 using base metal complexes bearing PNNP—-type

tetradentate ligands
O Taku Wakabayashi, Kenji Kamada, Jieun Jung, Susumu Saito [ £ K ]

P76 Ir-catalyzed transformation of bio-renewable even-numbered carboxylic acids into odd-numbered
carbon chain

O Kazuki Teramoto, Shota Yoshioka, Susumu Saito [ & KX ]

P77 Development of Fluoro—phosphoroamidate Prodrug for Nucleotide Analogs
O Zheng Ti, Yuki Yoshida, Hirotaka Murase, Yasuaki Kimura, Hiroshi Abe [ £ K ]
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P78 Nanoporous Metal Complexes with Active Sites for Selective Removal of Anticancer Drag
O Yuki Harada, Shinpei Kusaka, Akihiro Hori, Ryotaro Matsuda [ & K ]

P79 Controlling the Ordered Structure of Metal-Organic Polyhedra Utilizing DNA
O Toshinobu Nakajo, Kosuke Nakamoto, Shinpei Kusaka, Akihiro Hori, Hiroshi Abe,
Ryotaro Matsuda [ £ KX ]

P80 Direct Observation of Adsorption Heats in Nanoporous Metal Complexes with Flexible Structure
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The first potential and polarization dependent BCLA+BI-XAFS 'Qxé " HOKKAIDO

studies on the PtAu model catalyst prepared by APD method AN 4
B. Hu !, B. Bharate %, J. D. Juan 2, K. Dong %, H. Ariga-Miwa 1, S. Takakusagi !, K. Asakura!

1. Institute for Catalysis, Hokkaido University, Hokkaido 001-0021, Japan
2. Department of Chemical Engineering, University of South Carolina, 541 Main St., Columbia, SC 29208, USA

UNIVERSITY

SO®  ttrure for Catalysis

LCAT

6ackground

. The PtAu nanoclusters has demonstrated enhanced stability in acidic oxygen
reduction reaction and has become a hot topic in electrocatalytic research.

*  EXAFS can be used for structural investigation of Pt-Au/C under
electrochemical conditions. However, due to the narrow gap (~350 eV)
between Pt L3 edge and Au L3 edge, it is difficult to obtain EXAFS spectra
on both edges.

*  BI-XAFS ingeniously reduces the inelastic scattering of electrolyte.

. BCLA enables observation of both Pt L3 edge and Au L3 edge EXAFS.

BCLA+BI-XAFS Experiment
(a)

(c)

Il Xy

: "i‘"’"

4

il K-ty
——

-

Fig.1 (a) lllustration of the experimental setup. (b) The real experimental setup. (c) Description of
p-like and s-like polarization measurement (green arrows point polarization direction of X-ray).

Surface Characterization
(a) - (a) (b)

=

Figure.5 XPS spectra of the PtAu/HOPG sample.
(a) Pt 4f spectra and (b) Au 4f spectra.

(b)

1 i)
b 4
|

nd
| scan direction

Figure.4 (b) AFM image and (b) v y v v v
particle-height histogram of the Lo ;‘v ":'E w1y
W

PtAu/HOPG model catalyst Figure.6 Cyclic voltammogralm of PtAu/HOPG in
surface. 0.1 M HCIO, with a scanning rate of 50 mV s1.

. CV gives ~0.6ML of exposed Pt and ex-situ AFM shows cluster size of 1~2 nm,
which suggest the Pt total amount is ~1 ML.

. XPS shows the Pt : Auis 2.5: 1.

XAFS Measurement
(a) (b)
P1L, eage Mulyodgs
0.4V 04w | —
o vk R — e A =
—pian — pie r
v-f""—"-'_—ﬂ_-
@ @
| B ]
ALF ] D0 AL AL 13000 e 100 10 T T e A e
Ermrgy (8¥) Emergy (&)

Fig.2 Polarization-dependent XAFS measurement of (a) Pt L3 edge and (b) Au L3 edge at 0.4 V vs.
RHE.

(a) (b)
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Fig.3 s-like XAFS measurement of (a) Pt L3 edge and (b) Au L3 edge at different electrochemical
potentials vs. RHE.

. We have successfully measured EXAFS at both Pt L3 and Au L3 edges.

. Results show dependence of EXAFS spectra on the polarization angle of X-
ray and the electrochemical potential.

. Dissolution of Pt at 1.0V vs RHE is evidenced by the large drop of edge step.

Anisotropy in local structure

" - - —
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Fig.7 Analysis of Pt L3 edge EXAFS measured at s-like and p-like conditions at 0.4V vs. RHE.
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Fig.8 Analysis of Pt L3 edge EXAFS measured at s-like and p-like conditions at 0.4V vs. RHE.
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Fig.9 Coordination environment of Pt and Au based
on polarization dependent EXAFS.

Fig.10 PtAuPt layered structure proposed..

Conclusions

. The BCLA + BI-XAFS setup enables both Pt L3 and Au L3 edges EXAFS
measurement under electrochemical conditions.

. Based on the polarization dependence of Pt EXAFS oscillation and less polarization
dependence of Au, a “PtAuPt” layered structure was proposed.

kMeanwhile, there is no sign of Au dissolution.
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A theoretical study of the factors affecting the
CO, and CO adsorption on Cobalt cluster

Min Gao, Hirokazu Kobayashi, Atsushi Fukuoka, Jun-ya Hasegawa
Institute for Catalysis, Hokkaido University
hasegawa@cat.hokudai.ac.jp; gaomin@cat.hokudai.ac.jp

Introduction Computational Details

* Catalyst for Partial oxidation of Methane S B R + Computational model and Methods

[
Noble metals W‘q‘ h‘gh activities and high cost ] Experimental Condition: mono-atomically dispersed rhodium (0.005 wt%)
Base metals require high temperature above 800 °C g s Computational Model: Co,,Rh, Co,; for comparison
* Possible reaction mechanism g _I g §
Direct Mechanism = 1
CH, + 0.50, > CO +2H, ! !
Indirect Mechanism
CH, + 20, - CO, +2H,0 |
CH, +H,0 > CO +3H, K 0.0 ki/mol  100.5 kJ/mol 0.0 kJ/mol 105.8 kJ/mol
CH, + CO,> 2C0 +3H, L4 iy .fje‘ff .
mmcewon | covon Coy; Coyy

Figure. Effect of reducuon of catalysts

* Fukuoka & Kobayashi @ICAT[1] on the partial oxidation of methane.

Totally 54/113 geometries are obtained for Co,; Co,,Rh

. . . . . R « Computational procedure
Cobalt catalyst modified with rhodium continuously gives 85~86% methane conversion

and 90~91% CO selectivity with an H,/CO ratio of 2.0 without serious coking at 650 °C. Step 1. Search for all low-lying structures of metal clusters with SC-AFIR

« Unsolved Problems Step 2. Search for geometries of CO/CO, adsorption on metal clusters at different

N . . . - environment conditions.
» The main factor that influence selectivity of CO molecule is still not clear.

CO/CO, on Free Metal clusters Effect of C/H ratio on CO/CO, adsorption

=E. .+E . — . . . .
Ey4e= Ecor3 T Ecox — Erot * Geometries of Co,; Cluster with Dissociated CH.

88 @

3.51eV 343 eV 1.89 eV 249 eV

L ]
a
100 I I |
0
dis CH CH, CH,+H, H,

233 eV 2.14eV 0.92 eV 124 eV
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I
S

g
&

Relative energy in kJ/mol
W
(=3
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* CO/CO, formation on the most stable Co,;-C-4H
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230eV 234eV 1.41eV 1.42eV
The doped Rh atom weakens interaction between Metal cluster and CO,/CO

w
o
]

Effect of C/O ratio on CO/CO, adsorption

Relative energy in kJ/mol
N B
o o
o o
R

=
o
]

v The totally dissociated CH, is energetically favorable on Co, 5 clusters

v' The CO molecule and OH species are more easily formed in the C/H
environment.

Relative energy in kJ/mol

v" The CO, molecule can be formed when C:O is lager than 1:4
500

3000 mCOo=11 . ]
C:0=1:2 H 0
@C:0=14
2300 H OH OH+CO co co,
2000 ) )
v' The doped Rh atom weakens interaction between Metal cluster and CO,/CO
.
1500
1000 %

. [1]Y. You, S. Nagamatsu, K. Asakura, A. Fukuoka, H. Kobayashi. Commun. Chem.

Diss C, C,0, CO 0, co, 2018, 1, 41.



Theoretical Design for Efficient Intersystem Crossing based on

Exploring Minimum Energy Intersystem Crossing Point (MEISCP)

Fuyu Yin!, Min Gao?, K-jiro Watanabe?, Naoki Nakatani?®, Akira Nakayama*, Jun-ya Hasegawa?

IGraduate School of Chemical Sciences and Engineering, Hokkaido University,
2Institute for Catalysis, Hokkaido University,
3Graduate School of Science and Engineering, Tokyo Metropolitan University,
4Graduate School of Engineering, The University of Tokyo

Minimum Energy Intersystem Crossing Point (MEISCP): A point which has the

lowest energy on the seam that formed by intersection of multiple potential energy

surfaces. (see figure to the right)

Problems: Conventional methods using the energy gap of triplet and singlet states

to evaluate the intersystem crossing (ISC) rate. The details of ISC was neglected.

This research: We proposed a straightforward approach improving the ISC by ex-

ploring MEISCP and extracting major reaction coordinates from the MEISCP.

Scheme of H, Binding Reaction on Metallocene (e.g. Molybdocene) [1]

g
° d(Mn-I%S.ﬁQ
= S

Precursor
/ Cp-M-Cp=178.0°

d(Metal-H) reduced
P —
Cp-M-Cp angle reduced

1

Qrom=22 b
MEISCP
/ Cp-M-Cp=161.2

MEISCP

%»H) =170
Chemisorption
/ Cp-M-Cp=153.4
d(Metal-H)
further reduced S
_—
Cp-M-Cp angle 0
further reduced

Important reaction coordinates:(1) d(Metal-H), (2) Cp-Metal-Cp angle

Energy decomposition analysis of H, binding reaction on molybdocene (left) and contribution of cach reaction co-

ordinate to AE*"(right)

BB
5-T gap (acabma

(78.0%)

Cp-Metal-Cp has the major contribution reducing S-T gap

Proposed structure and energy profiles of Molybdocene: original complex(a), ansa-complex(b)

(a)
AE =12.1 keal/mol
305

Relative Potential Energy (kcal/mol)

MoCps + Hy n M
(solated)  (Precursor)  (MEISCP)

Proposed structure and energy profiles of T

Sha
(Chemisorption)

(b)

Relative Potential Energy (kcal/mol)

50

AE = 2.74 kcal/mol

ansa-MoCps +

Cha Mas St
Hillsolated)  (Precursor)  (MEISCP)  (Chemisorption)

s @ AE = 11.2 keal/mol

Relative Potential Energy (kcal/mol)

&

o

aan =i

Relative Potential Energy (keal/mol)

inal plex(b)

@ AE = 3.54 keal/mol

e
<
e

N 4. » -
25 iz . e
g 382 ., -,
i Zepweopeiniz 50 Lepwcpmns cpwcpmas 02
7 Ci M. Snz 74 'y n: M, S
(lsolated)  (Precursor)  (MEISCP) (Chemisorption) Hi(lsolated)  (Precursor)  (MEISCP)  (Chemisorption)
Proposed ansa-comp have 1ly reduced the energy barrier reaching MEISCP

Conclusions

ion of-

Energy decomposition analysis (left).

gy intersys-

(Frontiers of quantum chemistry. Springer Singapore; 2018.)

H: Binding Reacti Metalltocene Triplet Quenching of Carotenoids

Computational Details

DFT calculations performed by Gaussian 09,

E.01
Metallocene: M06L/def2-TZVP

Effective core potential for transition metals:

ECP28MWB for Mo, ECP60OMWB for W
Carotenoids: BP86/6-311g(d)

Algorithm optimizing MEISCP: coded
based on a method optimizing conical inter-

sections (Todd J. Martinez, J. Phys. Chem. B,
tem-crossing point (MEISCP) in a spin-state changing reacliomzoos 112, 405-413)

Scheme of triplet quenching of carotenoids.(*Car’ — ! Car + Heat) [2]

In the congugating system, when Spin state changes, the bond
length changes alternately.
(Single bond —> shorter, double bond — longer, named BLA)

Triplet

Crossing point

0 20 40 B0 B0 100 120 140 160 180
Rotation around Central C15-C15' bond

Important reaction coordinates:(1) Dihedral angle of C14-C15-C15’-C14;, (2) BLA

Relative Potential Energy (kealfmol)

Dibedrslangle  d(CI5.C15)  MEISCP
sted thened

T cober ety

Contribution of each reaction coordinate to AES(right)

Others
(21.4%

d(C15-C15))
(6.8%)

Dihedral angle
(71.8%)

Dihedral angle of C14-C15-C15’-C14’ has the major contribution reducing S-T gap

Modifying the dihedral angle by adding substituents

Hydrogen atoms adjacent to C15-C15' are replaced by:

-CH,,-C,H,, n-C;H,, -NH,, -OCH,, -F, etc.

Conformation of CH, substituted carotenoid.

“w"  Optimized Triplet (left)

. I ®.9~  Dihedral angle of
i w4 cucisciscls
. }Q{ . became 30.0° (was 0°)
vd,
Optimized MEISCP(right)

Dihedral angle of
C14-C15-C15-C14

became 58.6° (was 58.4°

Substituents do not have significant effect on MEISCP.

Energy profile of carotenoids with replaced H atoms.
6 — s

nCit a0
2

"

(.5, MEISCP)

CH, substituted carotenoids gave the lowest energy barrier.

Change in dihedral angle for different substituents.

- e

Dihedral angle /(degree)

" s

cas wowy nm ocEsF

The dihedral in triplet state was twisted by substituents.

A general approach of molecular design was proposed for efficient intersystem crossing. The approach can be summarized as follows:

Exploring MEISCP — Specifying a major reaction coordinate —> Design based on the reaction coordinate

References

[1] Watznabe KJ, Nakatani N, Nakayama A, Higashi M, Hasegawa JY,, Inorg. Chem., 2016, 55 (16), 8082-8090.
[2] Arulmozhiraja S, Nakatani N, Nakayama A, Hasegawa JY., Phys. Chem. Chem. Phys., 2015, 17, 23468-23480.
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Synthesis and Reactions of poly(naphthalene-1,4-diyl) as a
Precursor of Tailor-made Graphenes

- Zhiyi Song, Ka Son, Tamaki Nakano*

Institute for Catalysis (ICAT) and Graduate School of Chemical Sciences and Engineering,
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E-mail: tamaki.nakano@cat.hokudai.ac.jp

Graphene

Graphene
Infinite in-plane structure,
zero-gap semiconductor
(uncontrollable)

Graphene segments
Confined in-plane structure,
Non-zero-gap semiconductor

(Controlled by Width (W) and Length (L))

Oxidative Structural Modification

X

CC
90
es)

X

DDQ. MeSOzH
—_—

0.2 M in CH,Cl,
MeOH-insol. 85% OO

oxidation product
THF-insol. >99%
THF-sol. <1%, M,: 1600

0 [ an w0
poly(naphthalene-1,4-diyl)
MeOH-insol.
THF-sol. M,;: 1000

Figure: UV spect;;ez'f';::;"ly(naphthalene 1,4-
dlyl)(THF-soI 1cm, 0.0012 M, all) (A) and its
] (THF-sol. part only) (B).

Reported works:

Substrate-controlled growth limits the length while these methods lack versatility

O Q O Br
x | iy tone_ Qg GO0 e _ O‘O‘O
O Q Q.O OOO 200 °C then 400 °C OOO

K. Mullen, et al. J. Am. Chem. Soc., 2008, 130, 4216. J. M. Cai, et al. Nature, 2010, 466, 470.

Our Strategies w
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.z I N —

4ee ee)

m

4o e
Control over Width and Length “yt” Z

ZIn

3

(A0

C
O

Raman Spectra

1593.G band
1568, G band

Faman SHit (co”)

Figure: Lasa Raman spectra of poly(naphthalene-1,4-diyl) (A); its oxidized products (whole
solid) (B) and Graphite (C) (A, = 532 nm).

This Work
X
MgBr @.
4, _ Nitacac, CO Meso,u N L
rKumada coupling) CH,CI, QO

' (X=Bror H)

@'@

Insight into Oxidative Reaction

SEE

MeOH-insol: 92%

5
MeSO;H @
ohoh

cov. > 99%

unidentified: ~ 8%

Polymerization of 1,4-Dibromonaphthalene

Br Br

CO 00 = T
THF
Br MgBr m
Run?  Temp. Time [Ni/[M] Conv. [%] MeOH-sol. MeOH-insol ©
(e ® Yield [%)] Yield [%)] M°
1 rt 1 0.01 88 54 43 970
2 rt 3 0.01 96 49 52 970
3 rt 6 0.01 96 34 65 930
4 rt 12 0.01 97 28 71 1020
5 rt 24 0.01 98 25 61 970
6 rt 24 0.02 96 33 58 950
7 rt 24 0.005 93 35 52 960
8 50 12 0.01 96 33 65 1010
9  reflux 3 0.01 95 21 7 1040

2 [Monomer]y = 0.2 M in THF. “Determined by SEC (vs standard polystyrene). °THF soluable

Soluble polymer with average molar mass of ca. 1000 was obtained.

Insight into Oxidative Reaction

o ¥
X 0
1 equiv B(OH),

OO 0.1 equiv Pd(PPhg), DDQ
K,COy OO MeSO;H

—_—
OO THF/H,0, reflux for1d CH,Cl,

isolated yield: 36%

L0

Raman shft (cm ")

Figure: UV spectrum of the oxidized
product (THF-sol., 1cm, 0.00018 M, all).

Figure: Lasa Raman spectrum of
oxidized product (A, = 532 nm).

e
Summary

1) Oxidation of poly(naphthalene-1,4-diyl) leads to an ordered
GNR structure.

2) Intra-chain oxidation may not occur at chain terminal.

3) Inter-chain coupling may compete with intra-chain oxidation.




Synthesis and chirality of hyperbranched polyphenylenes
Yuting Wang,! Zhiyi Song,* and Tamaki Nakano®2*

institute for Catalysis (ICAT) and Graduate School of Chemical Sciences and Engineering, Hokkaido University, N 21, W 10, Kita-ku,
Sapporo 001-0021, Japan; ?Integrated Research Consortium on Chemical Sciences (IRCC

E-mail: tamaki.nakano@cat.hokudai.ac.jp

Abstract: Main-chain conjugated polymers are an important class of materials that exhibit various photo electronic functions based on
their long electronic conduction. Polyphenylene (poly(benzene-1,4-diyl)) is one of the simplest conjugated polymers consisting of
benzene units directly connected to each other, and properties of polyphenylenes have been tuned mainly introducing side-chain alkyl
groups. In this work, we introduce new polyphenylene derivatives having regular chain branching leading to hyperbranched, three-
dimensional framework and studied their structures and basic properties as well as chirality induction using chiral external molecules

and circularly polarized light (CPL).

Polymer Synthesis

Table 1. Synthesis of poly(benzene-1,3,5-triyl-alt-benzene-1,4-diyl)

[poly(BT-alt-BD)] in dimethoxyethane at 80°C using Pd(PPh,), for 24 h*

FePEn 1600,
v, 2an

o )Of“‘uu .
On

.

Mi M2
Poly(BT-ait-8D)
Conv.® MeOH-insoluble product
Run i[:";z[e’\gﬂ (%) THF-insol. THF-sol.
M, Yield (%) Yield (%) M,°  MJM,°

1 1n 20 0 47 430 150
2 1.501 >99 0 45 240 204
3 21 >99 51 21 580  1.88
4 31 >99 44 4 980  1.76
5 41 >99 92 15 860 1.47

M, = 0.1 mmol, [M,] =0.05 M, [Pd(PPhs),] = 0.005 M (10 mol% with respect to

“Determined by H NMR analysis of reaction mixture.
“Determined by SEC using polystyrene standard.

Table 2. Synthesis of poly(benzene-1,3,5-triyl-alt-biphenyl-4,4’-diyl)
[poly(BT-alt-BPD)] in dimethoxyethane at 80°C using Pd(PPh;), for 24 h?

al B
- ol
dn
M. M.

1

PAFPT. K03
OME 26

2

Table 3. Synthesis of poly(benzene-1,3,5-triyl-alt-1,1":4",1"-terphenyl-4,4”-diyl)
[poly(BT-alt-TD)] in dimethoxyethane at 80°C using Pd(PPh;), for 24 h?

Poly(@T-at8PD) ™, ™,
Conv.? MeOH-insoluble product
M JM
Run I[" F]e[edzl (%) THF-insol. THF-sol. POWET-a1tTD)
M. Yield (%) Yield (% ° °
2 ield (%) Yield (%) M,© MMy Conv.® MeOH-insoluble product
1 0 91 0 98 460 172 MM (%) 3 »
2 1.5/ >99 4 a7 520  1.86 RUN o Feed THF-insol. THF-sol.
3 21 >99 >99 9 710 1.66 M, Yield (%) Yield (%) M,  MM,°
; t 4 o ¢ o 1 " >99 35 >99 580 371
: 2 1501 >99 12 >99 720 1.88
aM, = 0.1 mmol, [M,] =0.05 M, [Pd(PPh;),] = 0.005 M (10 mol% with respect to 3 21 85 34 >99 660 232
M . ) 4 3/ >99 23 >99 660 222
etermined by 'H NMR analysis of reaction mixture. 5 41 >99 >99 >99 700 2.66

“Determined by SEC using

Properties of THF-insoluble Polymers

Surface morphology

Surface area and porosity

M, = 04 mmol (runs 1,24,5)
[Pd(PPh),] = 0.005 M (10 rol% with respect to M,)
SDetermined by H

1 mmol (run 3), [M,] =005 M,

MR analysis of reaction mixture.

“Determined by SEC using polystyrene standard.

Absorbance and fluorescence spectra

Table 4. BET analysis of poly(BT-alt-BD) and poly(BT-alt-BPD)

ig. 1. SEM image of poly(BT-a/t-BPD) 4N

Total pore
Polymer MMzl Surfacearea g g
in feed (m%g) (cclg)
2n 46 0.0109
Poly(BT-alt-BD) 31 269 0.0423
4N 1.0 0.0378
2n 64.3 0.0532
Poly(BT-alt-BPD) 3n 316 0.0547
224 0.0526

in Table 2). [3 kv, Pt coating]

Properties of THF-soluble polymers

Absorbance and fluorescence spectra in THF solution

NMR spectra

A. poly(BT-alt-BD)

B. poly(BT-alt-BPD)

A.poly(BT-alt-BD)  B. poly(BT-alt-BPD)
0. 1

C. poly(BT-alt-TD)

= Run3in Table 1
b.Run 3 n Table 1

a.Run3inTable 2

1ol Run3inTabies

BRHISS fund nTile
02 ¢ RunsinTale 3
< 209 2
01 05
P o
o0 300 400 500 6o 60 300 400 B0 600 05 300 %00 505 6o0
‘Wavelengtn (nm) Wavelength (nm} Wavelength (nm}
TR T T TRATT
5 Run 4 inToble 2 Run3inTabe s

Arbit. Unit

b, Run 41n Table 1
c Run's in Table 1

Run Sin Table 2.

Fig. 2. UV (top) and fluorescence spectra
of THF-insoluble poly(BT-alt-BD)s (A),
poly(BT-alt-BPD)s (B), and poly(BT-alt-
TD)s (C) made under different conditions:
[suspension in paraffin, r.t; &, for

Abit. Unit

300 400 500 600 700 800

Wavelength (nmj

C. poly(BT-alt-TD)

Poly(BT-a/t-BD)

Poly(BT-alt-BPD)

Wauetergt (o)

5

waongt (o)

)
Weaslongt (em)

Poly(BI-ait-1D)

a8 ® 75 7 3¢

Fig. 3. 'H NMR spectra of THF-soluble poly(BT-alt-
BD) (run 4 in Table 1) (a), poly(BT-a/t-BPD) (run 3 in
Table 2) (b), and poly(BT-a/t-TD) (run 3 in Table 3)
[400 MHz, CDCl,, r.t.].

Chirality Induction

D a0 S B 0 w0
ram——

Fig. 4. UV (top) and fluorescence (bottom) spectra in THF solution of THF-

soluble poly(BT-alt-BD) (run 4 in Table 1) (A), poly(BT-a/t-BPD) (run 3 in Table 2)

(B), and poly(BT-a/t-TD) (C) (run 3 in Table 3) [ r.t.; A, for fluorescence 270 nm].

Chirality induction to THF-insoluble poly

A. poly(BT-alt-BD) B. poly(BT-alt-BPD)

i H
5 5
8 8

o
"

os
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N Savaergn

E ©

8§ b. rorpinene
:
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o o
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S0 4w S0 a0
Vianelength (o) Wavslength (nm)
Fig. 6. CD-UV (top) and g.,-UV spectra of THF-insoluble poly(BT-
alt-BD) (run 4 in Table 1) (A) and poly(BT-a/t-BPD) (run 3 in Table 2)
(B) suspended in a-pinene enantiomers [(3 mgin 2 mL (pinene)].
The samples were heated at 100 °C for 20 h .
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Fig. 5. UV (top) and fluorescence (bottom) spectra in film of THF-soluble poly(BT-
alt-BD) (run 4 in Table 1) (A), poly(BT-alt-BPD) (run 3 in Table 2) (B), and poly(BT-alt-

Chirality induction to THF-soluble polymers using CPL

A. poly(BT-alt-BD)

B. poly(BT-alt-BPD)

C. poly(BT-alt-TD)
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Fig. 7. CD-UV (top) spectra (top) observed on L-CPL irradiation and g¢;-vs.-
irradiation energy plots (bottom) for cast film samples of THF-soluble poly(BT-
alt-BD) (run 4 in Table 1) (A), poly(BT-a/t-BPD) (run 3 in Table 2) (B), and
poly(BT-alt-TD) (C) (run 3 in Table 3)

TD) (C) (run 3 in Table 3 [film samples coated on a quartz plate, r.t., &, for
fluorescence 270 nm].

Conclusions: The Suzuki-Miyaura coupling
polymeriztaions of relevant monomers led to
THF-insoluble and —soluble polymers which
are expected to possess hyperbranced
structures.  Surface morphology, surface
areas and pore volume of the insoluble
materials as well as photo physical properties
of the soluble and insoluble materials were
disclosed. In addition, chirality was
successfully introduced to insoluble polymers
using a-pinene as an additive and to soluble
polymers in film form using circularly
polarized light (CPL).
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Unexpected Structural Defects Found in Fluorene-based
Conjugated Copolymer through Suzuki-Miyaura Coupling

Yuehui Yuan,! Zhiyi Song,! and Tamaki Nakano®2*

1nstitute for Catalysis (ICAT) and Graduate School of Chemical Sciences and Engineering, Hokkaido University, N 21, W 10, Kita-ku,
Sapporo 001-0021, Japan; ?Integrated Research Consortium on Chemical Sciences (IRCCS);

E-mail: tamaki.nakano@cat.hokudai.ac.jp

Abstract: In order to expanded the scope of polymer ligand for catalysis,* a polymer ligand consisting of alternating 9,9-dioctylfluorene-
2,7-diyl and 1,10-phenanthroline-3,8-diyl units (poly(DOF-alt-Phen))? as well as a polymer consisting of alternating 9,9-dioctylfluorene-
2,7-diyl and benzene-1,4-diyl (poly(DOF-alt-Bz))*> were synthesized through the Suzuki-Miyaura coupling method. The reaction was
conducted in a toluene-ethanol mixture in the presence of Pd(PPh,), and K,CO; at a temperature in the range of 60-120 °C; the
conditions used in this work are consistent with standard methods of the coupling.* We found that poly(DOF-alt-Phen)s obtained at 80
°C or a higher temperature contained structural defects.

Polymer Synthesis

Table 1. Synthesis of poly(DOF-alt-Bz) using Pd(PPh;),?

Table 2. Synthesis of poly(DOF-alt-Phen) using Pd(PPh;),?

CaH” Cebhe o Gz Cottys
B . PA(PPh3)/KoCO5 HO\B ' . / \ PA{PPhy),/K,COy
aoact OB
2,7-Dibromo-9,9- dmctylﬂunrene 1.4 Pneny\dmumnm acid Dioctyl 2.7+ 4 3.8-Dibromo-1.10-phenanthrol
"y o Poly(DOF-alt-Bz) 9,9-Dioctylfiuore en:ﬂ g ~diboronic aci 8-Dibromo- M;p enanthroline Poly(DOF-ait:Phen)
b Catalyst . ¢ CHCly-insold CHCly-sol 4 b Catalyst N _insol.¢ =
Entry [M,] Loading Tsump Tzrr?a Solvent Co"nv. Enty Mol Loadng 1eump Tlrr:le Solvent (,omc/, THF-insol. THF-sol.
(G %) (0 %) Yield (%) Yield (%) M, MM, ) (%) °C) (h) (%' Yield (%) Yield (%) M, MM,
1 0067 3 130 6 Xylene >89 1 4 1160 1.05 1 ooar 1 w4 ME* [E) @ 1Tl 159
2 0067 3 130 12 Xylene  >99 8 63 1210 108 2 0.067 10 80 24 Toluene/Ethanol!  >99 7 28 1210 239
3 0067 3 130 24 Xyk >99 29 39 1240 1.09
yiens 3 0067 10 120 24 ToluenefEthanoll  >99 25 % 1050 248
4 0067 10 80 24 DME®  >99 8 7 4860 3.66
. 4 0067 10 30 24 Toluene/Ethanol! 58 0 10 2070 160
5 0167 10 8 24 DME® 99 9 68 3670 330 :
5 0w W M @ D =D 5 o ——T 5 0,067 10 60 24 Toluene/Ethanol!  >99 25 67 3000 185
WY 5 3| T [ L]
7 075 70 24 THF 79 23000  2.90 ——_—ia 4 L HE il 9700 180

M. 0.0957 g (0.2 mmol), M 0.0676 g (0.2 mmol), solvent 3 mL. "[M,] denotes conentration of reactants. Determined by NMR analysis of

M; 0.5484 g (1 mmol) (entries 1.2 and 3), solvent 15 mL; 0.0957 g (0.2 mmol) (entry 4), 0.2743 g (0.5 mmo)) (entries reaction mixture. %In entry 6, the solvent was methanol. ®DME stands for dimethoxyethane. 'Volunme ratio” ToluenefEthanol = 2/1.

5, 6), solvent 3 mL; M, 0.1658 g (1 mmol) {entries 1, 2 and 3), solvent 15 mL; 0.0332 g (0.2 mmol) {entry 4), 0.082%

SLiterature
g (0.5 mmol) (entries 5. 6). solvent 3 mL. P[M,] denotes conentration of reactants. “Determined by NMR analysis of iterature 4.
reaction mixture. %In entries 4, 5 and 6, the solvent was THF instead of CHCls. In entry 7, the solvent was methanol. cHaly s
EDME stands for dimethoxyethane. 'Literature 3, T 2l T
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Fig. 1. 400 MHz *H NMR spectrum of poly(DOF-alt-Bz)
(entry 1in Table 1). [CDCly, rt]

Fig. 4. IR spectrum of poly(DOF-alt-Phen) from entry 1

Fig. 3. 400 MHz 'H NMR  spectrum of poly(DOF-alt-Phen) (entry 1 and
(a) and entry 5 (b) in Table 2. [KBr, rt]

Fig. 2. IR spectrum of poly(DOF-alt-Bz) (entry 5 in
s )
it entry 5 in Table 2). [CDCly, rt]
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Fig. 7. UV spectra of
poly(DOF-alt-Phen)  from

Fig. 5. UV spectrum of
poly(DOF-alt-B2) (entry 5 in

Fig. 6. Fluorescence spectrum
of poly(DOF-alt-Bz) (entry 5 in

Fig. 8. Fluorescence spectra of
poly(DOF-alt-Phen) from entry

Fig. 9. TGA of poly(DOF-alt-  Fig. 10. DSC profile of
B2) (entry 5 in Table 1). poly(DOF-alt-Bz) (entry 5 in

Fig. 11. TGA of poly(DOF-alt-
B2) (entry 5 in Table 2). [rate

Fig. 12. DSC profiles of
poly(DOF-alt-Phen)  from

Table 1). [THF, rt, 10-mm celll.  Table 1). [THF, rt, 10-mm cell, [rate : 10 °C/min]. Table 1). [2nd heating scan entry 1 (a) and entry 5 (b) 1(a)and entry 5 (b) in Table 2. 10 °C/min] entry 1 (a) and entry 5 (b) in
D = 350 ). at a rate of 10 °C/min. in Table 2. [THF, rt, 10-mm [THF, rt, 10-mm cell, &, = 350 Table 2. [2nd heating scan at
Intensity of the profile has cell]. nm]. a rate of 10 °C/min.
been normalized to a Intensity of all profiles has
sample amount of 10.0 mg.] been normalized to a
I . sample amount of 10.0 mg.]
CaHa o, Toluenefethano(H;0
= 7 80°C 2
. W W=/ n )
|ousnme§namv 20 Poly(DOF-aft-Phen) CiHirCaHir Toluene/ethana!?H;O
o e a0°c Y ™ o =~ 80°C 2
la® 7 cHol, e o -7
DBrPhen a. With Pd(PPhy); (AT
CHC, TMS cl
a. With Pd(PPhg), 2 ok ™S
S e, Conclusions:

b. Wihout Pd(PPhs)|

Poly(DOF-alt-Phen)s prepared at 80°C
or a higher temperature appeared to
have defective chemical structures
while the structure of poly(DOF-alt-Bz)
was good under all conditions we
examined. The defects may be based
on H,0 addition to aromatic systems.

b. Wihout PA{PPhg);

i

c. Pristine DBrPher:

LU |

L 1 1 1
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NMR spectra of reaction mixtures of poly(DOF-alt-Phen) with H,0 NMR spectra of reaction mixtures of DBrPhen with H,0
with Pd(PPh,), (a) and without Pd(PPh,), (b) and that of pristine with Pd(PPh,), (a) and without Pd(PPh,), (b) and that
poly(DOF-alt-Phen) (c). [400MHz, r.t, CDCI,] of pristine DBrPhen (c). [400MHz, rt, CDCly]

J P

c. Pristine poly(DOF-alt-Phen)
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L L I I I I
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> H

8 {ppm}

NMR spectra of Poly(DOF-alt-Phen) of entry 2 in
ble 1(a), products after same reaction without
PdtPPh ) (b). [ADUMHZ t, CDCly]

1) A. Kimura, H. Hayama, J.-y. Hasegawa, H. Nageh, Y. Wang, N. Naga, M. Nishida and T. Nakano, Polym. Chem., 2017, 8, 7406-7415.

2) T. Yasuda and T. Yamamoto, Macromolecules, 2003, 36, 7513-7519.

3) Bondarey, D., Zednik, J. , Vohlidal, J., Podhajecka, K. and Sedlacek, J., J. Polym. Sci. A Polym. Chem., 2009, 47, 4532-4546.

4) (a) N. Miyaura and A. Suzuki, Chem. Rev., 1995, 95, 2457-2483; (b) A. Suzuki, Angew. Chem. Int. Ed., 2011, 50, 6722-6737; (c) N. Miyaura, K. Yamada and A. Suzuki, Tetrahedron Lett., 1979, 20, 3437-3440.



A theoretical and spectroscopic study of In-CHA zeolite for activation of light alkanes

Shunsaku Yasumura, Chong Liu, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu
Institute for Catalysis, Hokkaido university, N-21, W-10, Sapporo 001-0021, Japan

. L 5 X o . Our recent work: CH, activation by In-oxo cluster in zeolites

Introductlon » Ga-hydride in zeolite » Surface hydride on indium oxides

) ™ e . *Unique hydrogenation catalysi In K-edge XAFS analysis implied the

Isolated surface hydrides - VG2t P oS 1n,05 supported on ZrO, for PCCP formation of In-hydrides rather than bare In

e measurement. selective hydrogenation of CO, to MeOH cation via reductive solid-state ion exchange.
-Ubiquitous as - Strtching mode was 3. Pérez-Ramirez ot al. ACIE, 2016, 65, 62616265
intermediates in ‘ 4 theoretically supported. Semihydrogenation of acetylene on In,05 C
catalytc reactions 3 - o 1. Pérez Ramirez of o, ACIE, 2017, 6, 10755-10760 This work
= 7 =Characterization of In-hydrides v Comprehensive characterization of
-Difficulty in s \ ; H, activation by frustrated Lewis pairs on In,0, In-hydrides in CHA zeolites based on
ga;i;m?;cz(mére( etal,  structure analysis "'.,_ = = = =, G.A. Ozin et al, ACIE, 2019, 58, 9501-9505 - spectroscopic and theoretical studies
116,8463-8505 of solid surfaces - Characterization and catalysis of surface 2 Y L ; icati
\an Santen o . Shun: imura an v Catalytic application of CHA-supported
& et . o002 In-hydrides have attracted much attention. B o Tamts gty ™ ™™ In-hydrides for C,H, dehydrogenation
Highlighted in Front Cover
Synthesis & Characterization
Synthesis In situ FT-IR  v(in-H) In situ XANES FT-EXAFS
CHA zeolite + In(NOj)y+ nH,0 1720 "o T — In;0s(x 05)
+ enH.O | v~ 1| a = In20: 23! ;]
zeolite N(NO3),+ nH, In-CHA(H,) 10_1 0 251 7::%0%,6,_“\ ::z'gﬁ/H-CHA(x 0.5)
1. impregpatn 7 \ vG-0) — b  —hEMEsY
2. Calcination (773 K) = =l 2170 o 1l 4
? | Vacuum at 473 K ? ' =
Ho AN LSO E
@ @ 1 after CoHy . ES
n g g | at473K € s
CyH, at 473 K 8 : s @
Yellow powder £ 274 2 ' z e
3 T 8 | incHAD,) 05l £
In,04/CHA < | In-CHAD;) : 2
H2, 773 K E 27920 X?;i(!gmr?yg;g,‘ 27950
Reductive solid-state . . . . ) E, . . 9 | | L L L L L |
ion-exchange 2000 1900 1800 1700 1600 3000 2500 2000 1500 27900 27950 28000 28050 o 12 3 45
Wavenumber [cm'] X-ray energy [eV] Interatomic distance [A]
m White powder - Stretching mode of In-H bond was observed. +Absorption edge shifted toward lower -Scattering peak was hardly
In-CHA +C-D bond was formed via reaction of In-D with C,H,. energy than In foil after H, treatment. observed after H, treatment.
n-
Vibrational analysis TS calculation for feasibility of [InH,]*
NH; adsorption (FT-IR) T @ +H, elimination from [InH,]* +[InH,]* formation form [InHJ2*
b e 8 () vy ¥ (]
o6l -69 » o 1 -, ] *

LT =09 : . g - Nae T nes Law\ L o
B § j ; boag ! 1 o gt
a2 | nona <oab In/AI = 0.4 w‘- . ~y  ar.arr TOY - P
5 E £ N AF s b ~ i
g H s z W, z welrzewr
8 ) 202 Snai=0.2 Ik, Z [inH* 22 HH H, H H H
NECNANT I N > LN I

A + 2+ -
2 Frequenc! InH. InH O 0, O, o_ 0_ 0 o_ o _ 0. o
) ) ) ) 8 o»'g?‘ H-CHA‘ ) ) q y (InH:] (InH] \s( \AI/ \Si/ \Si/ \A( \Si/ s \AI/ \s|/ \AI/ \ v \AI/ \s\/ \AI/ N\
1800 1700 1600 1500 1400 1300 0 0.2 0.4 0.6 Single 1Al site | 1735.6 =
Wavenumber [cmi'] In/Al ratio [-] = = o ) ) )
- One H* was exchanged with one In-hydride species. Paired 2AI site| 17212 | 1793.0 [InH,]* Z is the most plausible In-hydride species.
C,H, dehydrogenation o TS calculation for C,H, dehydrogenation on [InH,]*
Kinetic study .2 ° :
High durability of In-CHA -Concerted mechanism
- p(H,) dependency - M/Al dependency -
00
[x107 1 (<10 15
L] [ =
_ B INCHA O~ 8 ;
E sl [y - Z i 5 T
i % S
i <
2 2os o
0.5~ Reaction order £
In-CHA: -0.04
Ga-CHA: -0.34 3 Ga-CHA 200
In-CHA
0.65 0.1 (; 052 0‘4 UtB 0‘8 1 w
Q Pp(H) -] MIAI ratio [-]
—— In-CHA showed zero-order Reaction rate linearly
Temperature:700°C, Catalyst:0.1 g, kinetics with respect to p(H,).  increased with In/Al ratio.
Flow: 10% C,Hg/He (Total flow: 10 mL/min) -
In-CHA maintained high selectivity. + Apparent activation energy: £, = 235 kJ/mol X .
-Stepwise alkyl mechanism
™
i i L ".j g A T L | L v . .
Reaction mechanism C,Hg dehydrogenation by In-CHA occurs -‘1 _‘t.‘.'_ lq-’ %I‘. "l" é’&f]‘_ -dz ' ol ;.’ﬂ . j"'-‘% -
cf. Proposed mechanism on [GaH]** in Ga-zeolites 3 ﬂ 6 = - % A "!* o
A.T. Bell et al, J. Am. Chem. Soc. 2019, 141, 1614-1627 v on [InH]* rather than [InH]** s ':..- & w gy "- % - -8 "‘}':. ¥ e “ —1'}"’
. . - - s _ -
v via concerted mechanism L £ - -idf“ T Z Pz
1) H, does not inhibit the reaction.
2) Reaction rate increased beyond In/Al = 0.5.
3) [InH,]* is stable in the presence of H,.
4) Calculated E, for concerted mechanism is
in agreement with the experimental value.
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Application of Machine Learning to Discover New Heterogeneous Catalyst
A Case Study on Oxidative Coupling of Methane

Motoshi Takao,? Takashi Toyao,2 Zen Maeno,? Satoru Takakusagi,? Ichigaku Takigawa,© Kenichi Shimizu®

alnstitute for Catalysis, Hokkaido university, N-21, W-10, Sapporo 001-0021, Japan
b Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, 615-8520, Kyoto, Japan
¢ Institute for Chemical Reaction Design and Discovery (WPI-ICReDD), Hokkaido University,N-21, W-10, Sapporo 001-0021, Japan

This study
4 ML prediction of experimental data on
oxidative coupling of methane (OCM)

4 ML prediction of adsorption energies

Introduction

Our previous studies 3
4 ML prediction of the d-band center A v

‘>

4 Oxidation Coupling of Methane(OCM)
CH, + 0, = C,H,, C,Hg , CO,, H,0

This catalytic process can concert methane to ethylene and
ethane “directly”.

e

Ly &

L3
4
L2

In this study, we propose a new ML model based on published data for catalyst
design and discovery and it was applied to oxidative coupling of methane. Our new
ML method considers elemental features as input representations instead of
inputting catalyst compositions directly. This model would be useful for small
datasets and datasets having limited catalyst composition overlap, and possibly find
catalyst compositions not yet tested.

B ol
N

@ Dataset of OCM reaction

This dataset was collected from published data
It reflected the trend and history of the study of OCM reaction.
Therefore, there is a large bias of the number of the study of

1. Takigawa, K. Shimizu, K. Tsuda, S. Takakusagi, RSC Advances,
elements.

2016, 6, 52587 Highlighted in Chemistry World

T Toyao, K. Suzuki, . Kikuchi, S, Takakusagi, K. Shimizy, | Takigawa,
‘The Journal of Physical Chemistry C, 2018, 122, 8315-8326
K. Suzuki, T. Toyao, Z. Maeno, S. Takakusagi, K. Shimizu, |. Takigawa, ChemCatChern, in press

Machine-learning analysis

# Machine learning methods

4 LASSO regression (L1-penalized)(Lasso): Linear model
# Supporting Vector regression (SVR) : Kernel model

# Kernel Ridge regression (KRR): Kernel model

4 Random forest regression (RFR): Tree-ensemble model
@ Extra trees regression (ETR): Tree-ensemble model

# XGBoost regression (XGB): Tree-ensemble model

4 The proposed machine learning approach

] S
| Y |
AMSE = Vlz_f*v_

[ML model lasso | SVR | KRR | RFR_| ETR | XGB
IConventional Method

[Training Error [%] | 5.77 3.96 | 5.22 | 1.59 | 0.87 2.22
[Test Error [%] 5.84 5.67 5.39 3.84 3.84 3.78
[Test R2 0.219 0.252 0.332 0.662 0.661 0.672
[Proposed Method

[Training Error [%] | 5.66 1.16 | 3.57 | 1.57 | 0.87 1.67
[Test Error [%] 5.74 5.18 5.88 3.80 3.70 3.68
Test R2 0.243 0.382 0.206 0.668 0.686 0.690
Proposed Method 2

[Training Error [%] 5.88 3.74 3.84 1.59 0.89) 1.26
[Test Error [%] 5.94 5.21 5.97 3.84 3.74 3.69
[Test R2 0.191 0.376 0.186 0.661 0.679 0.689

Comparison of prediction accuracy (RMSE 10-fold cross-validation) for C, yield (%). Three representation
patterns ition only, ition, and the proposed) were tested with six ML methods.

(A) RFR (B)ETR (C)XG8 |

|

Convartional method Proposed methad Proscasd mathed 2 < ¢ - e ‘
! » .
@ Feature Importance ol R > 3
: - o] e ;
[I— - 2
- - ® A : xe,
- ot 4 ) 3 N
—— A ; i ool 4 o
. . 2]
» o L] — L]
L o s 0 " » » v L L] s 0 " » » A A o k) o " » » » -
7 Chearves Vi () Charved Vet (%) Chvsarved viod )

Comparison of 90%/10% training-test error plots for three representation patterns for catalyst performance (C,
yield) for OCM. (A) Random Forest Regression (B) Extra Tree Regression (C) XGBoost Regression. Training
data (blue), test data (red).
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(A) All the OCM dataset
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Pros and Cons of ML

There often exists a hidden trend behind many cases and ML can uncover
it, and can also transfer it to as-yet-unidentified cases.

Pros of ML

« can characterize a target value of a system by those of other systems.

« first-principle free, and can be applied to complicated targets which
would be usually too difficult to precisely model.

« usually very quick, and good for large-scale screening or exploration.

Cons of ML

« highly depends on the quality and amount of the data we use for
training, i.e. "garbage in, garbage out" "can't predict anything not in the
data"

« The descriptors need to cover the wide spectrum of the target
properties as much as possible, and this is not trivial at all in many cases.
« "first-principle free" also means we can have misleading results at some
risk.

a8 ad

Top 20 contributing descriptors for predicting C, yield from OCM based on the best RFR models.
(A) OCM dataset and (B) the dataset of Mn/ Na,WOQ, / SiO, catalyst

@ Partial Dependence Plot for Mn/Na,WO,/SiO, type catalysts

(A)

Partial dependence plot on Mn/Na,WO,/SiO, catalyst against (A) temperature and Pgy, / Pg, (B) Na,WO, ratio and Mn ratio
and (C) Expected Improvement against Na,WO, ratio and Mn ratio at T = 1173 K and P3/Pg, = 4

# Catalysts discovery

References

Top 20 promising candidate catalysts for OCM,
worth testing next, as suggested by the entire
OCM dataset using the proposed method.
Similar  catalysts are clustered, and

« Takigawa, K. Shimizu, K. Tsuda, S. i, Machine-I g p
d-band center for metals and bimetals, RSC Advances, 2016@ 5258

« T. Toyao, K. Suzuki, S. Kikuchi, S. Takakusagi, K. Shimizu, |. Takigawa, Toward

of the
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representative catalysts with the greatest El in
each group are shown.

Effective Utilization of Methane: Machine Learni

Prediction tﬁdsorptlon Energies

3
"
u

£

Element composition e & B8 4R W i T R
(oxygen s not shown) Expected Improvement (El) score

on Metal Alloys, The Journal of Physical Chem t

22,
« K. Suzuki, T. Toyao, S. Takakusagi, K. ShImIZ %W‘s and
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Role of Mesoporosity for Low Temperature Ethylene Oxidation over
Hydrophobic Pt/Silica

"4 Shazia Sharmin Satter, Kiyotaka Nakajima, Atsushi Fukuoka Th AT
VOsEARe Institute for Catalysis, Hokkaido University ele
Introduction

U Ethylene is a natural ripening hormone released by fruits and vegetables in trace amounts at low temperature.
UOur finding revealed efficient conversion of ethylene to carbon dioxide at 0°C over PtYMCM-41 catalyst [1].
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OBJECTIVE

Clarify the effect of hydrophobic mesoporous silica in
effective removal of H,O vapor, resulting in increased
activity during ethylene oxidation

~ [1]A. Fukuoka et al., Angew. Chem. Int. Ed. 52, 6265-6268, (2013).

[2] Satter, S. S., Fukuoka, A. ACS Sustainable Chem. Eng. 2018, 6, 11480.
[3] Satter, S. S., Fukuoka, A. Chem. Lett. 2018, 47, 1000.

Catalyst Preparation and Activity

SBA-15 or Aerosil
(calc. temp.) + H,O

+
Pt(NH;),(NO,),

Normally, SBA-15 is calcined at 560 °C.

Pt/SBA-15
Pt/SBA-15(800)

Impregnation
H, reduction

Pt/A380
Pt/A380(800)

1.8 Wt% Pt/support material

Calcination Conv. Yield

Temp. (°C) (%) (%)
Pt/A380 -ﬁ' - 30 11
Pt/A380(800) 800 35 17
Pt/SBA-15 @ i 560 30 16
Pt/SBA-15(800) 800 45 28

Flow Reactor System

0, -(in—%
He —pfo—{n

Mass Flow
Controllrs

Pretreat all samples at
150 °C for 2 hours
under He flow.

Bypass Line
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In-Situ FTIR for Identification of Pt Sites

Dehydrated Sample

He « H.O L)
1045

He (balance) + €O
(100 ppoa) + W00
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PUSBA-15(800) PU/A3B0(800) v ’ .}Q-./ ; e ’} D oltamd
~ . o : -~
3 2090 ¢! = (| 2083 v vy OH) ) | e Z ST
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CO: 100 ppm, He: balance, Temperature = 28 °C

CO: 100 ppm; He: Balance; H,O content: 0.94%, Temperature: 28 °C

Operando Study During CZHi Oxidation

- PUA3IBO(B00) pro e PYSBA-15(800)
i H@ ‘ A o woe
Zu vapor gm
3 o ¥
= =
g oo«ls 4 T
® e =
003
Sao § -
E 002
20
o 001 a2
04 v
¥ 2 4« 5 8 W 7w o
Time (h)

1.8 wt% Pt/SBA-15(800) and Pt/A380(800); SV: 15000 mL h' g'; C,H,: 50ppm;
0, 20%; N,: 5%, He: Balance; Temperature: 28 °C, Water content: 0.95%

Pt/SBA-15(800) shows faster recovery of the activity in presence of water.

29Si NMR Spectroscopy

for ethylene

oxidation which

SBET . ..

Jm? gt Q content (%) Catalytic activity

Conv Yield

QZ Q3 Q4 (% ) (%)
Pt/SBA-15 867 32 222 747 30 16
Pt/SBA-15(800) 572 0.0 15.1 84.9 45 28
Pt/A380 392 7.7 285 638 30 11
Pt/A380(800) 313 00 265 735 35 17

Conclusion

The bare Pt site of Pt/SBA-15(800) is active 0.0,

shows “"
successful recovery of the catalytic activity
even in presence of water vapor.
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Kinetics of 3-1,4 glycosidic bond hydrolysis in cello-oligosaccharides
over carbon catalysts

B8 Vostituse b Catalysin
.
Pengru Chen,"2 Abhijit Shrotri," Atsushi Fukuoka' :
TInstitute for catalysis, 2Graduate School of Chemical Sciences and Engineering, Hokkaido University &8s
email: chenpr@cat.hokudai.ac.jp
| . ) —
ntroduction .
Methods Hydrolysis
o e s e I
T, comsess meu:nm furnus "’"3“}“'."- F{-’L’&““ﬁt‘:' - Catalyst ,_ﬁ:iqu;:- it
e\ P. Chen et al., ChemSusChem 2019, 12, 2576. _wﬂ" Io"w 5 h o
ig "ﬁ""”;s"r,.:;r" : ;WJ i A, H,0, 0.5 MPa He Shicens

Cello-oligosaccharides are valuable

14 chemicals in healthcare and agriculture unii-%‘a*ff.-‘-o "'&f.‘éxfa’-}-g;“uﬁ.vww s .i

12 " industry. They are produced by partial 0 e f A G B

o hydrolysis of cellulose. The distribution "'5:-«-.;63&-.? Y’;\ i L.Q_ _--.,(“""" o
S 42088 o0 of their DP after hydrolysis suggests a !
2 8eo decrease in rate of B-1,4 glycosidic Standard cello-ohgosacchande
Z 61| 53 &0 bond hydrolysis as reaction progresses. Catalysts: Carbon catalyst (AC-Air), H-Beta, Amberlyst 70, H,SO,
E 4 33 Obiective i . .

jective in this work: .
2 1{4 Investigate the change in rate of Adsorption
0.1 . f .
oy I A I | hydrolysis for cello-oligosaccharides . . Stirring 30min
T2 5 4 5 6 7 6 b 101112 13 over various catalysts Cello-oligosaccharides 0.5mg 9 HPLC analysis
DP of cello-oligosaccharides (1 pmol) Catalyst RT 0.5mLH,0
Results |
- . B ACAc 8- Amberyst 70— HHBela \
Determining hydrolysis rate ¥ I,50, @ AC-ArGTIK —4 No catalyst
10
s ol id » Carbon catalyst showed an increase
il ao»:,:gaamc = e R °z.:{mc:.:,m e . Yt Showe _
gt e l -~ e in rate of hydrolysis with the increase
—— o o - of DP of cello-oligosaccharides.
wive S8 g Sonsy o
ok

» This increasing trend was unique to

Rate equation: carbon catalyst, and other solid

d[mig"ssi”’“”de] = ky[Oligosaccharide] catalysts showed no increasing trend.
[Oligosaccharide] = [Oligosaccharide],e™*xt 3 3 3 b 6
DP of cello-oligosaccharides
The adsorption of cello-oligosaccharides over carbon The activation energy for cello-oligosaccharide hydrolysis
T Arrhenius equation: Ink = — Llima
T M -§ - ) RT
A - ) c_ 1 1 s T i
g Langmuir equation: — = — C + % o0 o i \\_\- o2 Substrate E, (k mol) A
| Q  Quax aas@max % -
— & e e ~— | G2 100 1.74 x 1012
- g0 i | 3 98 171 x 101
= | B - o .
1 1 -
k(h) Langmuir constants 1 & x“"w“‘ G4 87 2.16 x 10"
~
: Substrate ) 1 G5 77 1.10 x 1010
1 & B AC-Air Qrax (MGG Kogs (M) .
Cirmit E R e —————————————
— G2 0.38 84 2429 23 23 240 284 248
P G3 0.57 192 |5 6500 VT ORI
o
G4 215 213 & 15667 . . .
I3 » Activation energy decreased with
G5 2.66 256 4° 97500 ) ) )
oy increase in chain length of cello-
~
== oligosaccharides.

» This reduction is caused by distortion of

cello-oligosaccharides within the

» Stronger affinity for adsorption of larger oligosaccharides on carbon. micropore surface of carbon after

> Stronger adsorption contributes to the increase in rate of hydrolysis rate.  adsorption.

D
Conclusions |

» Larger cello-oligosaccharides underwent hydrolysis at a much faster rate in the presence of a carbon catalyst.
» Adsorption of cello-oligosaccharides over carbon catalysts are responsible for the unique change in rate of hydrolysis.
» A decrease in activation energy was observed with an increase in size of cello-oligosaccharide.

\> We propose that adsorption of cello-oligosaccharide over carbon causes structural distortion, which lowers the activation energy.
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‘. Single Atom Rh Promoted In,0, for CO, Hydrogenation to Methanol

| N ’ B8 i Catalyws
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Background
CO, + 3H, ——— > CH;0H + H,0
= Industrial catalyst, Cu-ZnO/Al,O; requires high pressure and CO
rich feedstock and experiences rapid deactivation.
= In,0; solves the issues of selectivity and stability.
= In,0O; can convert pure CO, to methanol.
= In,0O5 shows low space time yield (STY) due to low conversion.

Working Hypothesis and Objective

= Idea: Doping of single atom transition metals into In,0O, is expected
to improve catalytic activity of In,O, with low metal utilization.

= Objective: utilization of transition metal-indium mixed oxide to
achieve high methanol productivity.

Catalyst preparation Reaction set-up
Rh(NO3); Safety valve
Citric acid T Reactor
MFC
Stirring Drying Calcination - H seTeo
| ] D>
130°C & “Sooec  RhingOs 0 - Vent
Gel [ <
Heater
Pretreatment of catalysts: Activation under 0.5 MPa Ar at 300 °C for 1 h. Back pvessureregulator
Reaction condition: M-In,O; , temp. = 270-315 °C, total pressure = 5 MPa, H,/CO, = 4,
Space velocity = 30000-90000 mL h-'g,,,", Total flow rate = 100 mL min-'. et Condenser
Results
O Metal screening: O Optimal metal loading: O Catalyst stability:
HConv M S(CH;OH) HS(CO) &STY » Selectivity = STY
100 0.6 0.6 100 1.2
—_ %0 ) = 0.52 %0 . ..
ii 80 n.’sz 0s s 050 0.48 047 w0 ‘: ::_: (] anan, = ! __: 1 -
% .,,? ;.EOA g ™ o ’ 0.8 U’Dg
2 - ol 033 2" x
% -%n -:gma.; % 50 06 "i’n
& =
g ~ y . 3w s
g z [
H «» n 20 @
g 0.1 0.2
o 10
0 0 0
0, Pd Rh Co Ni Ru Pt cu 0 0.64 13 2 27 s 0 5 10 15 20 25 30 35 40 45 50 55

Rh promoted In,0; shows the highest STY.

Condition: 5 mol% M-In,0; (200 mg), 270 °C, 5 MPa,

Rh amount (mol %)

Time on stream (h)

= Condition: 1.3 mol% Rh-In,05, 300 °C, 5 Mpa,

SV =30000 mL h'g.

= Condition: 270 °C, 5 MPa, SV = 30000 mL h-'g-.

SV = 60000 mL h! gy

* 1.3 mol% Rh-In,0; shows one of the highest STYs compared to reported catalysts.
= This catalyst maintains high stability while retaining its catalytic activity.

[

Intensity (a.u.)

~AJ ‘-“».'».'»_- LA W

Intensity (a.u.)

0 20 W0 0 5 s
2 theta (degree)
= No Peaks of Rh were appeal
= Shifting of peak position
mixed oxide formation.

P T T T T T T T T
% 80 9 0 100 200 300 400 500 600 700 800 900
Temperature (°C)
red. = H,- TPR suggests that under reaction
suggests condition Rh is present as Rh? species.

Characterization
O XRD: Q H,-TPR: 0 Rh 3d XPS:
Q Fresh catalyst: 0 used catalyst:
=0, —n,0,
| T s Rh-In 0, Rh (i) 3 Rn () * In used catalyst, Rh is reduced to 0
3d oxidation state.
5z

Intensty(2.0)
ntonsiy (a.1)

=Rh (lll) present in the used
catalysts are due to re-oxidation of
Rh (0) or subsurface Rh (lll)
species.

Q STEW:;;Z‘i;sis of use catalystmsl

= No Rh nanoparticles or
subnanometer  clusters  were
detected.

= Rh atoms are evenly distributed in
the In,05 matrix.

mConv MS(CH,OH) +STY

Active site

QO Comparison between different preparation methods and supports:

= Selectivity ®STY

Conversion and selctivity (%)

02

Rh-In,0, Rh-ZnO
= Rh on inactive ZnO produces CO as major product suggesting -O-Rh-O-In-O- as the main active
species in Rh-In,0, for the enhanced methanol synthesis.

Role of Rh

Rh increases oxygen vacancy in In,O; matrix
thus increases number of CO, adsorbed.
Rh helps in the dissociation of H, thus increases

Conclusion

= Rh which is mainly known for RWGS
and CO, methanation has been

shown

to actively participate

in

methanol formation reaction from
CO,.

= Single atom Rh promoted In,0; made
using sol-gel method shows one of
the highest STYs.

= Rh plays a vital role in enhancing
catalytic activity by dissociating more
H, and incorporating more oxygen
vacancies in the In,0; matrix.

the rate of the reaction.

Generation  of one
oxygen vacancy under
reaction condition

Fresh
catalyst
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fﬂ - Production of hexitols from a real biomass molasses using a ‘5' " e
Y sponge Ni catalyst i
s . . . aee
HOKKAIDO Cheng Yang, Hirokazu Kobayashi, Atsushi Fukuoka
{:::} ‘ biomass Biomass is an abundant natural « To produce sugar alcohols using cane molassest;H .
resource for energy supply and Sucrose
chemical production. In this study, Glucose " g

PhOtOSyntheSIS we use molasses as a precursor

to sugar alcohols.

-
Chemicals

Fructose

Mol Sugar alcohols
+ The reaction mechanism of hydrolytic hydrogenation is shown as folloons:OH
OH

Milling, Sucrose
squeeze, )
Sugarcane Molasses

« The annual production of molasses is about 50 million tons. It is a food biomass
derivative produced in the manufacturing of sucrose.

OH

o H
HO- OH i
Ho 0 OH HO- OH H
Ho. H )

][N omon H0 Glucose H, Sorbitol

H OH, .

o H,SO, L o Raney Ni

Sucrose A

OH
H

« Material: Cane molasses

Non-sugar organics:
N-compounds,
S-compounds,

Inorganic salts:
NaCl,
CaCOs,,

‘JCOSG
0%

6%

< Purification
Diluted molasses

_ Pretreatment with MK10
(stirring for 1 h at R.T.)

Treated molasses
solution m

» Adsorbent Montmorillonite K10 (MK10) was employed to remove the S-
compounds.

G
Al
Wararn actshe

T

Montmorillonite K10 owens, . stal g
(MK10) o

< Results

= Sorbitol = Mannitol = Glucose & Fructose & Sucrose = Others —After Before
100
80 25 sk
Q :
£60
96%]
E 40
© 3% L A A,
0 "
Molasses Pure sugar 20 25 3.0
mixture Energy /keV

« Compared to the reaction with pure sugars, that with molasses gives a lower
yield of sugar alcohols.

« The suppression of sugar alcohol formation indicates the presence of inhibitors,
which may be N- or S-compounds such as proteins.

« Adsorption of S-compounds on Raney Ni surface is detected after the reaction
using molasses.

Fructose Mannitol
« Reaction
Diluted molasses 40 g
Raney Ni 280 mg
H,SO, to be pH 3
Teflon-lined Hydrolytic hydrogenation,
high-pressure reactor — p(Hy) 5 MPa,
(MMJ-100) T=140°C
Centrifugation
Decantation

Product solution, analyzed by HPLC

< Effect of N- and S-compounds on the reaction
o o

+ As N- and S-compounds are supposed to be
the main inhibitors, L-cysteine and L-aspartic
H acid are employed as model inhibitors.
L-Aspartic acid

o,
OH

"OH
L-Cysteine

= Sorbitol
100

80
60
40
20

Mannitol = Glucose = Fructose = Sucrose = Others

Yield /%C

0
Additive
- S-compounds are confirmed to be the main inhibitor, and the mechanism of
inhibition is supposed to be the chemisorption on Ni surface.

None L-Cysteine L-Aspartic acid

+ Effect of S-compounds removal -Sngg Mannitol = Glucose  Fructose & Sucrose - Others % Effect of pH on sugar alcohol production
© As S-compoun_ds s !'emoved, the o 80 Ni + 2H* > Ni®* + H, = Sorbitol Mannitol = Glucose

sugar alcohol yield given by MK10- & 60 1000 17 EFuctose = Sucrose Others

treated molasses is promoted from % 40 £ ..

33% to 53% at 4 h. > 20 2 )

0 2100 4 o F 0.7
Molasses MK10-treated § g
molasses 2
Scontent/%  0.0091% 0.0069% Z 4 | 10g(NZYM) =070-0.50pH | oo\
« Kinetic analysis of molasses hydrolytic hydrogenation 2 3 4 5 6
By-roducts By-products pH 4h,pH3 16 h, pH 4
« Increase in pH from 3 to 4 significantly decreased Ni leaching.
kglooan’ (ALLET

# ks
- Clicosa s " Sertitd Gliase g+ Sebinl
h . -

F i &
Sucose At /f\/n e Sucrose = *:f 10k
&
Mo_las_ses Fructose - Do po HMarnol MK10-treated Fructcse 7 e Manaital
%s"é"”;, 5 ks {o.ns It molasses, ko (00401
°C, pH 3, 140 °C, pH 3,
Raney Ni By-products Raney Ni By-products

* The rate-determining step, hydrogenation of monomeric sugars, is significantly
promoted after pretreatment.

+ The reaction at pH 4 gave 84% yield of sugar alcohols is achieved at 16 h.

» Abiomass waste, molasses, was used for the feedstock to produce sugar
alcohols by hydrolytic hydrogenation using Raney Ni catalyst.

» The reaction using non-treated molasses shows low yield of sugar alcohols,
due to the presence of inhibitors which are mainly S-compounds.

» Adsorbent MK-10 selectively removes the poisonous compounds for the
heterogeneous Ni catalyst. Sugar alcohols are obtained in 84% yield at 140 °C,
pH 4, 16 h after the MK10-pretreatment.



Travelling of Carbon Atoms in Organic Molecules
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Previous Research

o : 3C-labeled carbon atoms R = alkyl group

R
8 eq TiCly R
T| J. Am. Chem. Soc. 2007, 129, 11678.
% THF 0°C,1h R
R

cl
5, 95%(R=Pr)

=NPh

R
A~ ‘
~ .
T |
ﬁ R THF, 60°C,24h R THF 60°C,6h
R

R

R
R
6, 61%(R=Pr)

J. Am. Chem. Soc. 2008, 130, 15236.

R
2O
~
T
ﬁ g THF. 50°C,24h
R

7, 90%(R=Et)

Organometallics. 2016, 35, 1092.

This Study

We proposed two hypotheses for the travelling of carbon atoms in organic molecules.

1. When compounds with different carbon positions are in equilibrium, carbons move to
the position of the most thermodynamically stable compound among them.

2. When one of the compounds is removed from the equilibrium by an irreversible path,
carbons move to the position of the removed compound.

To verify the hypothesis 1, we examined whether we could make the carbons move to the farthest
position by designing complex 8 as the most stable compound among 2, 3, 4 and 8.

2
starting position Target

To verify the hypothesis 2, we examined whether we could make the carbons come back to the starting
position from 8 by removing complex 2 irreversibly from the equilibrium between 2, 3, 4 and 8.

i
—

R YR i
TMS  Abstraction
1 ANPH

most stable?

Results and Discussion
Preparation for Starting Material 1

1.5 eq. M\
0.3 eq. dibromoethane

=TMs
& o =ws X K
L/
a O —————— T
% cl THF, rt, 18 h %

9-%¢c

1a-”C‘ (53%)

1) 2 eq. "BuLi

/CI THF -78°C,1h
b) 7 Ti
% cl 2)2eq T™S: Me %

o THF, 40°C,24 h

1b, 46%(23%)
NMR yields.
Isolated yields were given in parenthesis.

X-ray structure of 1b

Travelling of Carbons to the Farthest Position in

Complex 8

T™S

A
a) Ti —_—
@7 = toluene, 80 °C, 24 h

™S

1a

1b 8b, 58%
NMR yields.

X-ray structure of 8a

Coming Back to the Starting Position of Carbons

2 eq. PhN=NPh
a)
p-xylene-djq, 115°C, 72 h

6a-13C, 85%(74%)

2eq PhN=NPh Me
oluono-dy 100°C, 121 -dg, 100 °C, 12 h Me

6b, 90%(64%)
NMR yields.
Isolated yields were given in parenthesis.

X-ray structure of 6b

Different Viewpoints on the Reactions

Travelling of the Two Carbons

Rz
by the effect of R \@ Merry go-

Travelling of Carbons

Coming Back of Carbons

R
) \ by the effect of a reactant / s
starting = = 2 farthest

2 1.5
position e Tis . position R, :Sivlgroup
RENNR NNR R2: Alkyl group
= 0: ®C-labeled carbon atoms

g Ry

When the molecular structures are drawn by fixing the three carbons of the five-membered ring,
the two carbons move with the rotation of the six-membered ring like a merry-go-round.

Travelling of the Three Carbons

Travelling 4

R' Coming Back of Carbons

8
R? R?
— R?
2
R : 13C-1abeled carbon atoms
4

‘When the molecular structures are drawn by fixing the six-membered ring,
the three carbons move around the six-membered ring.

Summary

‘We proposed the hypotheses that carbon atoms travelled in organic molecules through equilibrium
between the molecules. To verify the hypotheses experimentally, we examined whether we could
make the two carbons move to the farthest position and come back to the starting position by use of
the hypotheses. As a result, we found that the two carbons moved to the farthest position with the
rotation of the six-membered ring by the effect of TMS substituents and came back to the starting
position by the effect of azobenzene. All of the products were isolated and fully characterized. These
results strongly supported the proposed hypotheses. There is another viewpoint on the reaction. When
the six-membered ring is fixed and the movement of the three carbons of the five-membered ring is
focused, those three carbons moved around the six-membered ring. This dual aspects are important
for the concept of “Traveling of Carbon Atoms in Organic Molecules: Merry-Go-Round Reaction”.
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Cation-Distribution-Tuned Perpendicular Magnetic Anisotropy in NiCo,0,
J Epitaxial Films

ifan Shen', Daisuke Kan', Zhenhong Tan!, uke Wakabayashi Yuichi Shimakawa!
1 Kyoto Univ. IC

2 Tohoku Univ. Dep of Physics

Institute for Chemical Research

Introduction Film Deposition and Characterization

* NiCo,0, (NCO), which has the inverse spinel structure, displays various properties.

b Ferrimagnetism with Our Study

perpendicular anisotropy!!! S
Out-of-plane (1. We tuned cation distribution in NCO.

Pulse laser deposition:
« Substrate: MgALO, (001) (8.083 A)
¢ Target :NiO+Co,0; (Ni:Co=1:2)
+ Growth conditions: Laser Energy density: 1.2 J/cm?
Substrate Temp. : 350 °C
Oxygen pressure P,: 0.03 Torr

2.Cation distribution in NCO films was
determined by synchrotron X-ray diffraction

technique. 0.05 Torr
T ’ | 3.We revealed the impacts of cation distribution + Film Thickness: ~30 nm 0.1 ) Tﬂl'r
[17X. Chen, et al. Adv Mater 2018, 1805260. on ferrimagnetism and perpendicular anisotropy. 0.15 Torr Rotating Target
Characterization:
Tunable Conduction [/ Co(NiCo)O. Ty Co . . )
— _on o N0, / N * Laboratory source and synchrotron x-ray diffraction for structure analysis of grown films.

v

l O, Ni/Co * Superconducting quantum interference device (SQUID) magnetometry for magnetic
properties.

Tk
[2]Y. Bitla, et al. Sci. Rep. 2015, 5.15201

* Van der Pauw pattern for electrical conductivity, four-terminal configuration Hall bar for
transverse (Hall) conductivity.

Results and Discussion

(Structure Analysis h
Y Epitaxy / Cation Distribution —(Co, Ni,)y; (Cop NiyJo Oy 7t m~
022) reflection originating only from T, cations NCO films
4 T [ Gzrtcion arignaing oy fom Tysaions ———~ {4y —
Ty = 015 ey Wiy = 015 oy L a1
( BL-4C Photon Factory) E - ! - [ 49
= Lab-source x-ray £ om £ 1000 4 - P
; i E Y
: :-ml: = 000 i L 2 4 3
i 3 " " r 4 1
i ‘l.' s g 1w L1 il‘ : I 1 :
1 \ Enegy ikeV) Enorgy eV J osl " saaaal
i P, = 0.15 Torr Film Lo S i !
(222) reflection originating only from Oy, cations ‘
¥ / a T = R e e \ o= ¢ I
< - - = 1% Tam F W = L1 Tam = .
§° o 02k -
$ $ £ E--+4-540
Lindud i‘nm i‘hm- - .‘('1“-_ (BE
(00L) Profiles RSM around (408) MAO i 3 o F E
reflection b [ . e
5 [ L1 (1] L " W
\ sergy (keV') Esere theV | / e Tl

« All films were grown epitaxially on the substrate. Out-of-plane Py (Tam)
lattice constant is about 8.19 A for all samples (8.128 A for « Reproducing the incident x-ray energy dependence of the NCO * Higher P, introduces more Ni
bulk). (022) and (222) reflection intensity allows for determining the to the Oy, site.

* All NCO films are in fully compressive strained state Niand Co distribution. ( BL-4C Photon Factory) + The chmn dm.nbmm“ (.:an.bc
along as in-plane directi X . . N controlled by simply adjusting
along as mn-plane direction. . Thc cation composmo‘n of th§ film ‘gmwn‘undcr Py, =0.15 Torr the Py, during the growth.

\ / \ is determined to be (Coy¢;Nij ;3)(Coy ggNi; 4,)O,
. J/
- o o « e o o .
Magnetization \ (Resistivity—\ ( Perpendicular Anisotropy —
@1 — M-H — M-T i : .
~ F 2 L dep.of :
! | puT - L
g A R
- - ——m
L ] -
<.k
ok ek -
1 1 1 i 1 " Lo [
L o . 3 & i an n
Ha T et
« All NCO films display above-room- K
temperature  ferrimagnetism  with R — = * NCO films with yg,y; close to stoichiometric
per?endltfula.r magnetic anisotropy. — value display the enhanced perpendicular
* Catlon I_)lstrlbutlon lmp.acts jexchan.ge - x ; anisotropy, highlighting the importance cation
®  Ni comp. dep. ‘“‘defgc"?t“ between cations in Ty site > ,;, N distribution brings to the perpendicular anisotropy.
£M and O site. A
o = ° 7 * Both the transition temperature and - "
. ation s . Hi ; H,: Anisotropy Fie
(] L) o l"nflg‘ntll/illl(\n s‘lirong]y depend on the Higher yoy, ni (_hlgher _PO_Z)_ leads MAEk: Magnetic anisotropy energy
\‘ Youss Ni comp in Oy, site (Yopni)- ) to lower electrical resistivity MAE = M, H,/2 Eq.1 /
N s -

NiCo,0, thin film has been grown epitaxially on MgAl,O, with thickness around 30 nm. We quantitatively evaluated cation distribution in NCO epitaxial films and elucidated how
it impacts magnetization as well as perpendicular anisotropy:

* The Ni concentration in O;-site (y,.y;) can be tuned by simply adjusting the oxygen partial pressure P, during the growth of films. Higher P, will introduce more Ni to O, site.

« Films whose cation distribution close to the stoichiometric value show the transition temperature higher than 400K and the enhanced perpendicular magnetic anisotropy.




Effects of Homocoupling Defects on Photovoltaic Performance

Masayuki Wakioka, Naohiro Torii, and Fumiyuki Ozawa
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1. Introduction: n-Conjugated Polymers
Synthetic Routes

Br Br + H-@D-H

Effects of Homocoupling Defects

Conversion to
organometallic
‘.., monomers

2. Previous Work

of r-C d Polymers C ining BDT and BTz Units

— 'Y
Pd cat. (X'LXB,’I) Br-ED-5r + M-ED-M

-Mx
(M = SnMeg)

PCE* =7.5%
hd

PCE*=4.5%
Janssen et al., J. Am. Chem. Soc. 2014, 136, 11128.

PCE* =5.2%
hd
PCE*=1.8%
Sommer et al., Adv. Energy. Mater. 2016, 6, 1601232,

Direct Arylation
Polymerization
(DArP)

Migita-Stille Coupling
Polymerization

m-Conjugated Polymers
RO A @ Ar g€ Ar [XD—(ar)-

¥ DArP realizes shortcut routes
with reduced waste

*Power conversion efficiency
in bulk-heterojunction organic solar cells (BHJ OSCs)

Review on DArP: Leclerc er al., Chem. Rev. 2016, 116, 14225,
3. This Work and Summary
Effects of Homocoupling Defects on Photovoltaic Performance

+ Preparation of poly(BDT-alf-BTz) with known amounts of
BDT-BDT and BTz-BTz homocoupling defects via DArP

+ BDT-BDT defects si the 0SC
whereas BT=-BTz defects little affect the performance.

+ Poly(BDT-alt-BTz) prepared by Migita-Stille cross-coupling
polymerization contains a large amount of BTz-BTz defects.
However, the polymer shows the OSC performance comparable to
Poly(BDT-alt-BTz) with well controlled structure (P1),
because the deterioration due to BTz-BTz defects is small.

Pd,(dba); (1 mol%)
L1 (4 mol%)
+BuCO,H (1 eq)
C5,CO, (3 eq)
toluene, 100 °C, 48 h
—HBr L
91% yield
M, = 22,800 (PDI

BDT-Br (0.80)
- sz(ﬂni), a Imol%)
BT=H (1.00) {4 mof%
+ 1+BuCO,H (1 eq)
Cs,CO; (3 eq)
BTz-Br (0.20)  toluene, 100 °C, 96 h
—HBr 94% yield
M, = 18,400 (PDI = 3.6)
BTz-BTz homo = 18.5%

'H NMR (800 MHz, 0-C¢D ,Cl,, 150 °C)

Main Chain Structures
[BDT-BTz cross] A' - AS
[BDT-BDT homo] B' - B*
[BT=z-BTz homo] C',C*

Terminal Structures
[BDT-Brend] a' - a¢
[BDT-Hend] b -b*
[BTzHend] ¢ -¢
[BT=Mo end] d'—d®

(R = 2-hexyldecyl)

Pdy(dba); (1 mol%)
L1 (4 mol%)
TMEDA (10 mol%)
+BUCO,H (1 eq)
Cs,CO; (3 eq)
toluene, 100 °C, 48 h
—HBr

SiPry P ) e S
[ MeN NMe,
Review for Li-based catalyst: I

Asian J. Org. Chem. 2018, 7, 1206

SiPry 87% yield
M, =31,500 (PDI = 4.1)
homo <0.1%

of) Zhang, Li et al., Nat. Commun. 2016, 7, 13651
98% yield

poly(BDT-af¢BTz) (P1%) M, = 32,100 (PDI = 2.2)
homo = 14.5%

Pd(PPhg), (3.5 mol%)
toluene, reflux, 24 h
— SnMe;Br
+ Poly(BDT-al-BTz) prepared by Migita-Stille polymerization: excellent p-type semiconductor in BHJ OPV

BDT-SnMe, BTz-Br

absorbance (normalized)
photoelectron yield"™ (a.u)

0ol v 0 '
300 400 500 600 700 800 40 45
wavelength (nm)

6.0

5. X 0 65
photon energy (eV)

BDT-BDT
homo (%)

polymer M, [PDI] n.:;;.(:; e (A Em(ev)  Eow (ev)

P 31,500 [4.1] . <01 538, 582 K -5.30

P2 22,800 [3.9] . <0.1 536, 574 X -5.38 ‘;fgﬂ%’
P3 18,400 [3.6] . 185 542,583 k -5.26
P1* 32,100 [22] } 134

2UV-vis (thin films). PE,%% = 1240/Aypee. Photoemission yield spectra (PYS).

541,584 K -5.26

v The UV-vis spectra of four kinds of polymer were almost the same.

Glass /ITO

current density (mA cm)

Glass/ITO/ZnO/BHJ layer/MoO,/Al

\
02 04 08 BHJ Layer: polymer + ITIC (1/1)

voltage (V)

20 .
02 o

polymer M, [PDI] ::::&'; ;‘;‘&‘) Jsc (MA cm-2)s Voe (V)7 PCE (%)*

31,500 [4.1] <01 <01 15.6(1)[15.7]  0.909(1) [0.913]  0.66(2) [0.693]  9.5(1) [9.9]

22,800 [3.9] 19.3 125(2) [12.9]  0.973(2) [0.976]  0.62(2) [0.637]  7.5(3) [8.0]

18,400 [3.6] <04 16.1(2) [16.3]  0.903(2) [0.905] 0.66(1) [0.678]  9.7(2) [10.0]

P1* 32,100 [22) 14 15.2(2) [155]  0.909(1) [0.910]  0.683(5) [0.693] 9.4(1) [9.8]

“The values are average values obtained over 6 devices. The values in brackets are for the cell with the highest PCE.
v P1, P3, P1*: almost identical optical properties and comparable d,, (see below)
— comparable photovoltaic parameters (Js, Vo, FF, PCE)
v P2: deeper E"OMO and larger d, (see below)
— higher Vo but lower Js; and FF

face-on orientation

- mstack
. ! o Y : E § § § td,,
g Pamic 3 : -

(RMS = 0.80 nm)
. v P1, P3, P1*: comparable d,,,
v P2:largerd,,
(due to steric hindrance of
BDT-BDT units,

)
v Almost no difference (RMS ~ 1 nm) — lower Jso & FF

The GIXD experiments were performed on beamline BL19B2 of SPring-8 with the approval of
the Japan Synchrotron Radiation Research Institute (JASRI) (Proposal 2018A1584). We are

grateful to Prof. I. Osaka and Dr. M. Saito (Hiroshima Univ.) for BHJ OPV measurement and
Prof. A. Wakamiya (ICR, Kyoto Univ.) for analytical GPC, UV-vis, PYS assistance.
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Artificial curvature inducing peptide triggering cellular endocytic uptake
OToshihiro Masuda, Shiroh Futaki

Institute for Chemical Research, Kyoto University, Kyoto 611-0011, Japan

INTRODUCTION

) - ——

D Iversen et al., Nat. Cell Biol., 2015
McMahon and Gallop, Nature, 2005

Membrane curvature is no longer seen merely as a passive
feature of membranes, but plays an important in regulating
protein activities.

P

Developing a new tool for regulating membrane curvature
is an important challenge.

Iversen et al., Nat. Cell Biol., 2015

Some amphipathic helices inserted into the bilayer induced
membrane curvature

Endocytosis-related proteins are regulated by membrane curvature.

e,

o = EH.‘— C'p:— Cowt et e U eonrg
I o= & | o
srerren,, JS— e s 1/ X

e aa
n-u\.‘“-’.fﬂ‘u 3

Bassereau et al, J. Phys. D: Appl. Phys., 2018 McMahon and Boucrot, Nat. Rev. Mol. Cell Biol., 2017

o $
urpose

To develop a new peptide tool for regulating endocytosis
by inducing membrane curvature.

STRATEGY

As a new peptide tool candidate, we focused on R6W3, an
artificially designed amphipathic peptide.

amphipathic
peptide

! curvature-sensing
protein

Endocytosis

hypothesis

Amphiphysin; membrane curvature sensing proteins

Archotan | N-EAT

Galic et al., Nat. Cell BAvchatyun | N BAR

It was reported that Amphiphysin recruited to nanocone-induced
plasma membrane curvature.

e

[R6W3 can control endocytic events by inducing membrane curvature.]

Investigate membrane remodeling abilities by observing effects
on Amphiphysin distribution.

RESULTS

*R6W3 effects on Amphiphysin distribution

= . _addR6W3, Microscopy

w observation

4min

~ transfection
Amphiphysin-YFP

Omin

2min 6min

g

R6W3 treatment increased the number of Amp-YFP puncta signals.

*R6WS3 abilities of affecting endocytosis events

_ add R6W3 and Dextran.

. Incubate (30min) Flowcytometry

O Analysis

No peptide

Relative cellular uptake of
AF594-Dextran10kDa

R6W3 R6W3 R6W3 R6W3
peptide(2.5 uM) (5 uM) (10 uM) (20 M)

[Cell,HeLa cll;Tretment, REWS, Alexa594Dextran10kDa (50 pg/mi) for 30 min]

R6W3 increased the amount of dextran cellular uptake.

*R6WS3 derivatives abilities of affecting endocytosis events.

Name
WT

Sequence

| RRWWRRWRR
Inverse |RRWRRWWRR
R6DW3 |[RRwWwRRWRR

Cel Hota col Treatment, W3
Alexas94-Dextran10kDa (50 a/mi) fo 30 min]

AF594-Dextran10kDa

(20 ),

Relative cellular uptake of

Nopeptide ~ WT

Inverse-R6W3 increased dextran cellular uptake as WT-R6W3.
R6DW3 hardly changed dextran cellular uptake.

Inverse REDW3

*R6WS3 derivatives effects on Amphiphysin distribution

WT Inverse

Inverse-R6W3 increased the number of Amp-YFP puncta signals as WT-R6W3.
R6DW3 hardly affected Amp-YFP distribution.

¥

Importance of amphipathic structure was implied.

No peptide

H

H

2

Number of dots of Amp-YFP per cell
H

05 05 05 o 5mm

g inverse  ReDWS

peptide
[Cel Heta cell Treatment, R6WS and derivtives (20 M) Data were
m three independent experiments.

*Invovement of clathrin-mediated endocytosis (CME)

600

H

‘e

H

Ctr SIRNA
5 CHC SIRNA

AF594-Dextran10kDa
H

Relative cellular uptake of
H

H

2hao et . Nature nanotechnology, 2017 - o

no peptide REW3

cell, Heta cell; (20 M),

CHC knockdown decreased R6W3-mediated dextran cellular uptake.

CONCLUSION

- R6W3 stimulated endocytic events.

« R6W3 increased the number of Amphiphysin-YFP puncta
signals.

» Amphipathic structure in R6W3 sequence was important for
endocytosis induction and membrane remodeling ability.

- CME is involved in R6W3-mediated endocytosis events.




Programmable RNA methylation and demethylation
using PUF RNA binding proteins

Miki Imanishi, Kouki Shinoda, Akiyo Suda, Shiroh Futaki
Institute for Chemical Research, Kyoto University, Kyoto 611-0011, Japan

c°"°§:tm°:t:]h‘fata;geted Pumilio/fem-3 mRNA binding factor (PUF)

METTL3/ m6A Deme‘t,l'rlylase Sequence-specific
AF-Methyl indi i
. &"'ETT“ 1A ;deme;in\;) Methylase RNA binding domain

[0

PR

R, )
3 &
7 K

C_3 DEEQBEIB ; z
« succinate 20G,0, XXXXXXXX w3 SsANA
RRACH co

wcHo FTO Y-AUAUAUGU-S A12A16 Base
R=G/A; —_—
}(1=u/c/A) ALKBH5 - Contains 8 repeat and the N- and C-terminal regions sica A
" NQ U
- Each repeat le nucleotic
Splicing, MRNA stability, etc. 7 R A och epeal ecognizes & single nucleotide SE ¢
..\"?I‘ N Lv'n_ ‘.ﬁ - Targets desired 8-nt sequence SR c

[PDB ID: 3LFM] [PDB: 5il0]
ETO METTL3/METTL14
heterodimer

Differentiation, Tumorigenesis, Circadian clock, etc. ’ PUF has great potential as an RNA binding domain

for RNA regulation tools.

FTO-PUFs showed sequence-specific RNA demethylation activities

Evaluation method of
i [Targeted RNA ion in the presence of HeLa total RNA | m6A RNA methylation and demethylation
RNA[A™] m r@ /\ (Imanishi, et al., Chem. Commun. 53, 12930 (2017))
At - Yoa3r FTO "
Fﬁ\:;JUGuAUAUAUcUAAG sAcAgJL UA-3 RNA[A"] S ‘ MazF endoribonuclease
F‘;AAUUG““A“UCU A”"EACAg]"UA 3 - Part of the toxin-antitoxin system of bacteria / archaea
o RNA[B™] e
PUF binding site (-) Uy H AUAUCUCUUGGGGUUCURUUAG™ACATYUAG- 3" - ACA sequence-specific RNA endonuclease
T 8 TAMRA M. - m6A sensitive !!!
2 .
:i 60 L) Ne-amino group
§ + HeLa cells total RNA
E a0

5FAM- 20 | ‘?’ °
d (CAT) r (GG"*ACA) d (TATGT) O 0 0
-3BHQ1 0 ex. 488 nm; PR
01 025 05 1 em. 500-540 nm
. - (detection of RNAJAT]) S S S s <— Uncleaved
Protein conc. (uM) A zF
Simanshu, et L., Mol. Cell 2, 47 2013) = 4= BN andcnilaasa
Fusion of the PUF domain did not interfere the FTO demethylase activity. & R MazF-cleaved e —
" (demethylated)
Non/De-methylated Methylated RNA
PUF binding site (+) Methylation
OFTO (0.1 uM) ———— W ACAT | g mfACA
#FTO-PUFa (0.1 uM) Deimethylation MazF
Fe0 @ l/ - EVIN l{ cleavage assay
- —-———| e oed m’:e m6A methylated sSRNA
Methylated) & Ye— Ye—meaca— v
o /" Demethylase rea: N ACR=— No cleavage 4—— rraca —
- aFleaved 2 b
| € oemetnyiatee) o ey of oo 0w ) demethylation
2 l amathyiaso Denaturing PAGE or
12345 6 g w00 [T methyation
o RNATA] RNA[»:"‘] é:;su o Bé%;:;ﬁ,gl’.i’m o Undleaved band
FTO-PUFa + 0 s Bl FeHE0,) _ (Methylated fraction) MazF | cleavage
X e 2400 i s
F & K] S
MazF -+ - 4+ + S &S S Z300 Bl —— < MazF-cleaved band
x g 200 B ma comasttor RNA . (Non/De-methylated fraction) FHElT rlﬂe‘asursmem
or gel electrophoresis
-1RNA 5 FAM=AUUGUAUAU™ACAUUUUA-3 8 o orsmn X
+2RNA 5 FAN-AUUGUAUAUAAG™ACAUUUUA-3 100 Nt 4 MazF() MazF()
+6RNA (RNA[A™]) 5 * FAM-AUUGUAUAUAUCUAAGSACAUUUUA-3 " 00 MazF reaction
+ . i 40 m0 s grospnat (47.5)
10RNA s 3 ° Sty
€ & £ |
FTO-PUFa showed significant demethylation activity for RNA with PUFa binding site. Q’\O (\0 oo
se-PUFs showed SR

255 580

o3 =] A
RNAJA] A
| 0 s (4 N
MTD14 His; | MTase domain |/ RG | 5 J¢AUUGUAUAUAUCUAAGACAUUUUA-S
AM MTD3/MTD14d-PUFs methylated the Af-adenosine in a 5'-
410 ’ P i
RRACH-3’ consensus sequence close to the binding site of PUFs.
MTD14d-PUFa stl‘«{ MTase domain M PUFa ‘ RNA[B] - us sequ inding st

Hi { MTase domain “ PUFD ‘ AUA“CUCUUGGGGUUCUAUUAE’ECAUUUAG- 3’ Sequence-specific (de)methylation was demonstrated in vitro even in
- is i "

MTD14d-PUFb ° TAMRA the presence of an excess amount of non-specific RNA fragments
derived from mammalian cells.

FTOPUFs demethylated m6A close to the binding site of the PUF
RNA binding domain.

[ Effects of non-specific RNA on targeted RNA methylation ] [Targeled RNA methylation in the presence of HeLa total RNA ]

Chem. Commun. (in press)
100

o %0 - “
B3 il - FTO
§ &0 60 30
8 S S PUF demethylation
g g g
£ Sa0 S —— XXXXXXXX — ™A —  EEp  — XXXXXXXX — A
2 K k] ns RNA
2 s £
$0 Fo0 - s -
° 2 = PUF
labeled RNA (100w —— RNA[A] T THOOOGK ——MA—— e — owoom —— A
Competitor RNA . — — + methylation
(246 nt 70-0ld excoss)
MTD3 oony 4 R —
MTD14 (100 oty -+ uncut —— MazF (+) K
MTD14d-PUFa oonwy -+ -+
" . Even in the presence of non-specific RNAs,
Addition of non-specific RNAs strongly lowered the methylation ! ! \
level of RNA[A] by MTD3/MTDA4,but not by MTD3/MTD14-PUFa. target-specific RNA methylation was achieved

by MTD14d-PUFs.
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Development of a Method for Large Scale Synthesis of
H,0@C¢, Using a Triazine Derivative

OKazuro Kizaki, Kyusun Kim, Yoshifumi Hashikawa, Takashi Hirose, and Yasujiro Murata

Institute for Chemical Research, Kyoto University

. i C iall ilabl
Introduction I —
Endohedral Cﬂ, + Synthesis of H,0@Cq,

Fullerene Cq,

using triazine derivative? C)_«"EO
N NN

+ Effects of C=N introduction?

Reactivity, Solubility, Opening size

crunamsassd

« High yield of opening
Komatsu, K. etal. Seience 1o 307 Muraw, Y, etal. Science Whitby, R.J. et al. Angen closing reaction
R ey Gt M et e Summa 9

50385043

H,@Cgo He@Ce H,0@Cq CH,@Cso

Murata, Y. Komatsu, K.
etal. Chem. Commun
2010, 46, 4532-4534.

Key of reactivit)
Ve Y y

Molecular Surgery Methods

Wider
Narrower opening

5% overall yield More reactive opening
= Sl o with P 3
’.‘ ' 13% overall yield I
!g") s s Reactivity High
= Solubility Low High
H,0@13mr H,0@Csp
Results and Discussion © DFT calculation (B3LYP-D3/6-31G(d))

Diels-Alder reaction and opening expanding reaction

AG (keal/mol) BAG#=2.1 keal/mol
o Solubility in 19.7 Ts1 T e
“ toluene atr. t. 19.3 — Ts3
NMO, H,0 A 5.0 mg/mL ﬂ 10.6
i ODCBITHE e { \ | 10.6
- 60°C,2h | \
Wb / |
Ceo [ 5 i
1-Chloronaphthalerie / s \
(1CINp), 265 °C. 5 h / . |
/ {
S. M. { i
NMO, H,0 +SM 0.0 { i
e M- | ‘
45°C,2h 1.1 mg/mlL e\ 23 2 -
o g \ v 23 Tl
Komatsu, K. et al. Chem. Eur. J. 2003, 9, 1600-1609. H N‘O“‘i‘*
b g Product-7.8
Previous method NMO = i \ | S 7.9
_ © INT1 -10.1L rege ot T
-10.4 g
[<gzae] - INTs 10T
hv; 0, NMO, H,0
¢ I iakic
® Joip 265 °C 1CINPICCl, e 34 mg/mlL -
aan rt,96h LT
43% 88%
Murata, Y. et al. Science 2011, 333, 613-616.
Formation of 16mr and encalsulation of H,0
1H NMR, APCI-MS 3.864 A 4131A Distance /A N=CPh N=CH
L 2 Be 0-0 3.864, 3.969 4.010
. A=0.105 40,041
ro ) 0. 533 -0 ) ool Narrower opening cC 4070 > 4144 14159
L solvent, temp., » 2=0.074 220015
9000 atm, 24 h
Vield Ring closing reaction
iel
Entry Scale Solvent Temp. (encaps. %)
1 50 mg, 4.6 mM 1CINp 140 °C 56% (36%)  44% (43%) -
2 50 mg, 4.6 mM 1CINp 160 °C 53 % (75%)  47% (53%) - PPh; P(QiPr);
3 50mg, 15mM  1CINp  160°C  35% (39%) 20% (56%) 45% (100%) T [EE BT S0 (4,01 92%)
6 (H20@:
4 50 mg, 15 mM ;;iui’;e 160°C  30% (71%)  33% (72%) 37% (83%)
Pyridazine® 340 mg, 30 mM toluene  120°C  quant. (100%) - - =2 LA T’P"f:o Mulliken charge and C;ﬁg:ﬁr:ggn
or
Yield and encapsulation ratio were estimated by H NMR. H Py N= ;" A ';'
@Murata, Y. et al. Science 2011, 333, 613-616. : N P
1H NMR (CHCl;, 500 MHz) o o) PPEg -0.40)0 o | -0.41
-PhyP=0 \_J332A 3.35A
More electron-accepting and small opening
H,0@: 82%
PPrg PO,
L toluene toluene
g reflux, 17 h reflux, 17 h
"84% 84% (2steps 71%)
Water adduct? ; Whitby, R. J. et al. Chem. Commun. 2014, 50, 13037-13040.
H,0@: 96%
Retro Diels-Alder reaction proceeded
without any dilution by Al,O; and solvents.
400°C, 2h ;
w under vacuum P Mechanism ph
H0@8mr % Py N=\__Ph Py =N\ Ph
g
H,0@: 88% £ >
9 8 7 6 5 &  © a0 a1 Sppm o ™
Dehydration reaction in ODCB (Preliminary data) Py~ Q)P ) @
Remaining R-13mr {72%)
G0

e 4 e
/ A
Oh ( New compounds? on 13mr L Whitby, R. J. et al. Chem. Commun. 2014, 50, 13037-13040
\ . % :
CX>O}  Completely converted = Hé
o, ¥y )

1h,120°C |\ 16mr A0, s .

)N (" HPLC, Buckyprep

o column, Toluene,

1 mL/min, A =326 nm,

i\ 50°C J

Intensity
Intensity

360°C, 1h

M0Cah
e vacuum 5%

°

5 10 5
Retention time / min Retention time / min

29%
Murata, Y. et al. Science 2011, 333, 613-616. Komatsu, K. et al. Science 2008, 307, 238-616.




Development of "Heavy Aryl Anions"

Yoshiyuki Mizuhata,* Shiori Fujimori, Shingo Tsuji, Ryuto Sasayama, Norihiro Tokitoh*
Institute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan
mizu@boc.kuicr.kyoto-u.ac.jp

J. Am. Chem. Soc. 2002, 124, 6914.

A Kinetic stabilization by a bulky aryl group, Tbt, has been recognized to be efficient to
stabilize germabenzene.

B Heavy Aryl Anions
Ga__+8Bu| o | Sa__t8u|
sahsicn
Ger | Anions Anion

Angew. Chem. Int. Ed. Chem. Lett. Chem. Eur. J.
2017, 56, 4588. (VIP) 2018, 47, 708. 2018, 24, 17039. (VIP)

CHiSiMay),
Tbt grou agent -
% Iy Cs, etc. O
-
¥ < X ¢ e, SIHE" Y- CHISHe, ). ™M UR
' ~E_R
) % *‘* 0[‘ U E=Ge,Sn
& . N Th
= €] ermally
’.'»".- k R=H.CMes ’e\ f stable
. A v | - without
' 6‘5\9 ‘— CHi(SiMo)y A _AY Y protecting
Fa s ; \(¢\ b group!!
4 o CH{SiMe3);
M SiMe,

-
v
e c; = :—i P : v. .
" b N L N .. e K .o
Ge » Ge @ [
v e . o
] ° Ke L
[ L] G . 4 G o ¥
a ] . M
pees o Jre O o P
/o . -
L > BN, " ° s - s .
L = -
. .4 @ D T s. bl
monoc\lnlc P21/c (#14) onhorhomblc‘ Fbca (#61) @
T=-170 [— ] ' 7=l ®
- L - °
R [I>20(I)] 00184 Fe o® R [I>20(I)] 00149 . .' v’
WR (all data) = 0.0441 o WR (all data) = 0.0375 °
[ ] . -
SR g e

~8-

NICS(1 Thbt
_8'%8 ((G)e) 1.842(4) A’ 1.850(3) 1.900(2) A1.945(2) A
-7.26 (Sn) Ge
Ge, -
P 106.7(2° @ @ 96.40(6° @
@ o )
@ o
N=) e
Phenyl anion O p— - @ O
; negllglble 2

[
0]

Heavy phenyl anion U —

Aromatic character

HLJeU

Divalent character

B Introduction B Complexation
ns RuCp*
Germabenzenes 5 *B"fnr +Bu
i = " n oo
&, [ % __ieu] [RUCD'CIL (025 eq) Ei 4 — ge_ {7 s
a ‘ U ETa— * | mvep n
A THF L +8u
UGeW LDA x2 rt. (& o, ABu
P “ U
_ Various coordination Complex A Complex B
modes not observed 14% 23%
Markl, G. et al. Tetrahedron Lett. 1980, 21, 1405.

in the parent phenyl
anion system

Thermal ellipsoid plots
(50% probability)

eR
Ru
> »C
L WA
Chem. Commun. 2018, - .
54, 9044. (Back Cover) L -
The First “Metal- Crystal Data (-170 "C) Crystal Data (-170 "C)

triclinic, P-1, GOF = 1.117
Ri [I>20()] = 0.0442
WRo (all data) = 0.1289

triclinic, P-1, GOF = 1.196
Ri [I>20()] = 0.0312
WRo (all data) = 0.0821

substituted”
Germabenzene

B 9-Germaanthracenyl Anion

l&;"""' Mixed polyanion by the
trimerization of anions
Bt extraction with
Lo Koo THE -“,E:_
m I"“h“““ 40% yield
purple crystals

)

Organometallics, KCs
2006, 25, 3536.

9-germaanthracenylpotassium

trimerization
m f— *
.

high germylene character

C4

K1*

.
Gi‘l' 3.095(4) A L ," \ j’
2.4740(5) "' A = ‘T |

2.5000(5) A . N |

. ||
¢ 7

Ge'l

3.5490(9) A\‘ monoclinic, P21 (#14)
) > T=-170°C,Z=4 Chem. Eur. J.
c4 @K1 contact ion pair R [I>20(1)] = 0.0222 2019, 25, 6284
5 1! fashion WR: (all data) = 0.0562

separated ion pair

w0 KC(eq) i 0y
o 18-crown-6
m benzene, 25 "C
H H
The First Radical Anion -

monoclinic, C2/c (#15)
Dimer of Heavy Arenes

T=-170°C,Z=4
Ri [1>20()] = 0.0936
WR: (all data) = 0.2387

8ot
2 K718 2]
orange crystals
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[ | 2-Gerrnanaphthalenyl Anion

o= o, [ = o, |

quant. quant.

triclinic, P-1 (#2),
T=-170°C,Z=4

R [/>20(1)] = 0.0540
WR: (all data) = 0.1320

monoclinic, P21/c (#14)
T=-170°C,Z=4

Ri [1>20()] = 0.0234
WR; (all data) = 0.0611
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DFT study on Iron-catalyzed Enantioselective
Carbometalation of Azabicycloalkenes
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-
Akhilesh K. Sharmal'2, Miho Isegawal?3], W. M. C. Sameeral?4, Masaharu R
Nakamurall s Ko
1 [nstitute for Chemical Research, Kyoto University, Kyoto, Japan
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Introduction Objective and Computational Methods

< Asymmetric addition of carbon and heteroatom-nucleophiles to oxa- and azabicyclic ~ % Computational methods (DFT methods) have nowadays become integral part of
alkenes is an useful strategy for enantioselective synthesis of chiral building blocks of many reaction mechanism study.?
natural products.

< Recently, we reported the iron-catalyzed diastereoselective carbometalation of oxa- and
azabicyclic alkenes.®

% Currently our group is working on iron-catalyzed enantioselective carbometalation ~** !dentify the origin of enantioselectivity in the reaction by DFT method.
reactions of azabicycloalkenes with arylzinc reagents.

< Delineate the mechanistic details of the iron-catalyzed enantioselective
carbometalation reactions using computational (DFT) methods.

& Gaussian 16 program used for all calculations.

FeCl, Optimization: PCM;g,..o/B3LYP-D2/SDD(Fe),6-31G*(other atoms)
s Free energies (electronic energies) are in kcal/mole at 25°C temperature
Boc Boc . . - L .

~ox o P - PN \ Ar with total electronic energy with zpe correction in parenthesis.

SRS [
{_ IN || + Arazn — @ AFIR method as implemented in GRRM program with Gaussian 09 was used for
Sy E initial TS search for carbometalation step.?

Proposed Mechanism Free Energy Profile

FeCly : X =N-Boc : Boc, Q *
Phozn  f o~ \/ s ;
ph-ph<’| Ligand  ip p = :

PhP PPh!
/0 First
16.8 (15.5) [SqP] i —— 15.7(-5.2) 'TS3
{ P\Fe,': } — spin-Crossover o, 157(52) Singlet
i\ Triplet
Ph Ph 7.7 (-12.9) B 128(39) °Ts4 Quintet
A . [SaPyp] .- orsq
2.0 (-13.0) 2(120)
) 3.5(2.5) [SqP] [TBPYppn] Second
Transmetalation — 1.3 (-20.0) - pin-Crossover
. sy (0
PhyZn y [EPYerr] 0.7 (18.6) / N S
[TBPYppr] p 2
BPPh Fe
PRC P
RP P
Fén Bog, Boc, O
N N p/_\p N Rl | 135 (-32.0)
A X \18.7 (:38 07~
O D Fé ¢ ~-..:27.6 (46.5)
ol s
. [
. - Cpc -35.5(-50.8
“»Spin-crossover occurs before and after carbometalation TS. - — = . 1?
. . - ) Alk ion with [ i
++ For carbometalation TS and alkene coordinated Fe" complex (B) in triplet spin e"ewmplexA " (PRC formation) (PC formation)
state is lowest energy.
g_y Note: Stationary point of lowest energy are given and their geometry is different in each spin state.

Origin of Enantioselectivity in-

< > 45 distinct TSs were obtained and 20 TSs have Gibbs free energy < 3 kcal/mol.

<« Due to flexible coordination environment of iron, and sterically bulky chiraphos ligand TSs with
distorted square pyramidal (TS1 & TS3) and trigonal bipyramidal (TS2 & TS4) geometry were
obtained. The TS with SqPy geometry is lowest energy.

3
. b 3 =
- p e ’ 100 i J\ £
4 $ 1o + o
x 1 S . f \ .
o ] i \ ;
™ : |-K' s \oF ~~
- » _'ir' <2 00 Reaction Coordinate P o Nl \I,,_
. . ;—. g A 3A o “_': > “'_-!
T$1(0) M1 Type TS3(5) M2 Type ER 12 () M Type TS4(5) M1"-Type I o - i | h
00{00) 10 ¢ 008 14008 I
e C‘i s (\7/ ».C“;', - «* Spin-crossover before alkene interaction with iron is less likely.
~ A ~ N \
. . § u References
Major Minor .
foc  enantiomer enantiomer (1) S. Ito, T. Itoh, M. Nakamura, Angew. Chem. Int. Ed. 2011, 50, 454-457.
Calculated %ee (TS1 & TS3): 73 (2) A.K.Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T.
Experimental %ee: 77 lwamoto, M. Kato, M. Nakamura, K. Morokuma, J. Am. Chem. Soc. 2017,
Boc

e . N
Energy Decomposition analysis +

139, 16117-16124; c) T. lwamoto, C. Okuzono, L. Adak, M. Jin, M.
Nakamura, Chem. Commun. 2019, 55, 1128-1131.
(3) [4] W. M. C. Sameera, A. K. Sharma, S. Maeda, K. Morokuma, Chem. Rec.

TS AE, [E,(X), E/Y)] A, AAE X Ph

Ts1 0.0(0.0,0.0) 0.0 0.0 ’ 2016, 16, 2343-2363.

T2 1.1(0.8,-2.0) 35 24

Ts3 0.1(-1.2,1.1) 12 11 Acknowledgement
Tsa -4.3(-0.8,-3.5) 6.7 24

“»Super-computing resources: Institute of Molecular Science, Japan

Interaction energy (E) is controlling the
enantioselectivity.

< Reaction Development: Experimental group members involved in
Ersz (X) - Ersy (X)

Eq (Y) = Ersy (¥) - Ersy (Y) Bog P"\ Phe development of the reaction.
1(T51) = Ersy - [Ersy (X) + Ersy (V)] N ]\ « Prof. Satoshi Maeda for giving access to the developmental version of
| (T52) = Ergy - [Ersp (X) * Erga (V)] M %

E, (TS2) - E, (TS1 Ph  Ph, GRRM program.




_Organic Hole-Transporting Materials with High-Lying HOMO Energy Levels for
Tin-Based Perovskite Solar Cells

Institute for Chemical Research, Kyoto University
Minh Anh Truong, Ruito Hashimoto, Tomoya Nakamura, Richard Murdey, Atsushi Wakamiya

r Introduction -
) 3 . Problem: HOMO Levels of HTMs Lie Below
ABX;-Type Perovskite Perovskite Solar Cell and Mechanism 3.0 Valence Bands (VBs) of Perovskite /@\
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- Results and Discussion

Synthesis and Thermal Properties

:
e
F

DFT Calculations and Energy Diagram (oF: B3LyP/6-31G(d), TD-DFT: CAM- B3LYP/6-31G(d))

db & T

OMe

1)BBry
X=H

G' OMe X

R CH,Cl, Q\
Cu, K,CO, -78°Ctort,3h NBS o o
e —@—x =R o0 T
0-DCB, 180 °C 2) K,CO4 I CH,Cl,
10h F DMF, 100 °C, 12h (j \@ t,3h

OMe Br Br
(60%)

(88%)

(X = H: 66%) : 95%)
(X = Br: 68%) r: 94%) RNH 04 —0.5; —0 48 eV —0.44 eV
RNH Pdy(dba); CHCIy —_ KS—LUMO = —
\(j o oEs 37 2.02 eV —1.95 eV
Mo OMe ‘BuONa = 2] Lumo,, Z0ze iy
/(j s Pl
N toluene a
H 0. oM N .
o Pdy(dba)yCHCly ° DQ\O 105 °C, overnight 33
" _435eV —4.10eV
P'Buy HBF, N o, N ome 5.4 4746V . 410eV FASHI,
'BuONa g : — FTAA (V)
)i 0 ouene N . - £ 5 | ks-HOMO p— I
loluene -
@”\@ 105 °C, overnight )i i © © (48%) 6 J HOMOu,  S5oev —4 282y —4 o
Ol Me

©/N

HND-NOMe HND-2NOMe
Tys =376 °C Tys =430 °C
T,=67°C Ty=95°C

i —515eV—51GeV

"LUMOy,, were calculated by using HOMOy,, from PYS and optical band gaps obtained from the absorption edges of the films.

Amorphous solids with high thermal stability (7,5 > 370 °C)
Photophysical and Electrochemical Properties
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- Summary —Acknowledgement

O Two thermally stable hole conducting materials were synthesized by connecting the partially
oxygen-bridged triarylamine structure to one or two 4,4’-dimethoxydiphenylamine through
Buchwald-Hartwig C-N cross coupling reaction.
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0 The synthesized materials possess high-lying HOMO energy levels of above —5.0 eV. These high-
lying HOMO energy levels are suitable for efficient hole extraction in tin-based perovskite solar
cells.

O The best power conversion efficiency of the regular structural FASnl;-based Perovskite solar cells
using HND-NOMe, HND-2NONe as HTM is 4.68%, and 4.46%, respectively; which is comparable
to that of devices using PTAA as HTM (4.93%).
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Introduction

LED Device Structure

al

Bulk Perovskite

© Asite (€5, CHINH,)," )
© Bsite (Pb¥, Sn™')
© Xsite(cl, Br, 1

External Quantum Efficiency (EQE):
Blue = 6% < Green = 20%, Red = 21%

Perovskite Nanoparticles

Optoelectronic property of perovskite nanoparticles is size
dependent. In another words, emission wavelength of the
perovskite nanoparticles can be tuned with respect to the size
aside from chemical composition. Varying the size can be
done by changing the ligand.

IREEEEE L

14 10 '8 20 27 24 28
Energy (V)

Synthesis of CsPbBr; Nanoparticles with Ligands

Hot Injection

=& =h-=

PbBr; + Ligands in : Prociohtore-dpersed
Octadecene

Ref: L. Protesescu et al. Nano Lett. 2015, 15, 3602..

0°CafersSs i toluene

Commonly used ligands
S

Al ~

— o P ;
— Oleicacid 4 — Oleylamine e
OH NH,

Results
BABr Ligand Exchange
~ Before ligand exchange —

PLQY 65%
Emission 516 nm

~ After BABr ligand exchange -

PLQY 72%
Emission 515 nm

FWHM 119 meV FWHM 98 meV

Normalized intensity (a. u.)
Normalized intensity (a. u.)

Long chain ligands were successfully replaced
with short ligand

Summary

+ CsPbBr; nanoparticles with long alkyl chain ligands were
synthesized using the hot injection method.

“ Long chain ligands were successfully substituted with short ligand

Ligand Exchange

Ref: T. Chiba et al. ACS Appl. Mater. Interfaces 2017, 9, 18054.

Before ligand
exchange
JEE, = =
Ligand Punticason
Cleic acid Cartrifuge
Precipiate re-dspersed Potre-dispersed in
toluene toluene

Ligand used in this work:

Didodecyldimethy!
ammonium
chloride (DDAC)

n-Butylammonium
bromide (BABr)

Didodecyldimethyl
ammonium
bromide (DDAB)

DDAB and DDAC Ligand Exchange

z| £ M E )

: % 0% _.

f ° ‘ ‘ exchange
Halide \

! exchange .. Q “ Br

’ successful

to reduce the distance between nanoparticles and improve charge
injection in LED devices.
< Emission wavelength can be tuned by halide exchange.
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Introduction

Within this work we investigate a number of oxides of the form ABO, where A = K, Rb, Cs; and B = Ru, Os.
The stabilisation of the Ru’* and Os* cations allows for investigation and comparison between 4d' and 5d'
S = 1/2 quantum magnets, while the increasing ionic radius of the A cation investigates the effect of struc-
tural change and increasing intermetallic distances has on physical properties. These materials were syn-
thesised by the reduction of the associated tetroxide. Structural chacterisation was undertaken using a
combination of X-ray synchrotron (SXRD) and single crystal diffraction (SCXRD) experiments, and neutron
powder diffraction (NPD) measurements undertaken of the ECHIDNA beamline at ANSTO, Australia and

the WISH instrument at ISIS, UK. Variable X-ray di were at
the powder diff beamline of the Australi - The magnefic of these oxides .v.
were J using dent, and field d i

eat
capacity measurements and low temperature neutron powder diffraction measurements which allowed for
the determination of the magnetic structures of KOsO, and RbRuO,.

Room Temperature Structures

S, -
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P

L
®
®
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. v —p—
Figure 2: Combined SXRD/NPD refinement profiles for
CsRuO, (top) and CsOsO, (bottom) at reom temperature.

(a)

Figure 1: Representations of the I4,/a scheelite
structure (a) and Pama CsRuO, structure (b).

Room temperature structures were for all via Rietveld

against combined SXRD and NPD datasets. At room temperature, KRuO,, KOsO, and RbOsO, crystallise in
the scheelite structure in space group I4,/a. A representation of this structure is shown in Figure 1(a).
RbRUO, and CsOsO, crystallise in a distorted pesudo-scheelite structure in space group Pnma, as a result of
the Iorger A:B atio for these compounds. A relationship between these two structures is shown
in Figure 3, which differ in the axis of rotation of the BO, tetrahedra. CsRuO, was determined to crystallise
as a baryte type structure in space group Pnma. This structure is similar to that recently reported for
PbSbO,, and was confirmed through SCXRD measurements.[x] A representation of this structure is shown in
Figure 1(b) and the associated refinement profiles are given in Figure 2. The distinct structural change is
evident in d data when to the pesud: heelite CsOsO,, which also crystallises in apce
group Pma, with the associated refinement profiles shown in Figure 2. From these cumpounds the ionic
radius of the Os’* cation in a was tobe3.79 A, itis
noted that no ionic radius for these conditions is given in the Shannon tables.

EE

—0
o

1\ " .

s G

consistent with Iong range (AFMj forall

d to their Ru

Magnehc Propertles

and heat capacity measurements were undertaken on all samples. Temperature dependent DCMS data are shown in Figure 5. All data were
except for CsOsO, which remained paramagnetic to 2 K. DCMS and heat capacity data reveals a trend for Os compounds o show higher

ordering

, and magnefic

Variable Temperature Structures
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Figure 3: Representations of the ABO, structures identi-
fied in this work. The solid lines represent observed
phase transitions that are allowed to be continuous and
the dashed lines observed transitions that must be first
order.

Figure 4: Variable temperature SXRD data collected for
RbOsO, (top), CsOsO, (middle), and CsRuO, (bottom).

Variable SXRD revealed i phase which is ied in
Figure 3. The two K containing compounds, KRuO, and KOsO, did not undergo any phase transifions upon
heating or cooling. RbRUO, was observed to undergo a 1 order phase transition to the I4,/a scheelite
structure upon heating, this transition was also observed for CsOsO,, data for which is shown in Figure 4.
RbOsO, underwent a confinuous phase transition upon heating fo a related scheelite structure in space

. group I4,/amd. This structure can be considered the “undistorted” scheelite structure, as no tetrahedral ro-

tation is present. CsRuO,, which crystallises as a baryte-like structure in Pnma at room temperature under-
goes a 1+ order phase transition fo the scheelite structure in I4,/a upon heating, the baryte and scheelite
phase coexist over a large temperature regime, as shown in Figure 4. Upon cooling CsRuO, underwent a
continuous phase transifion fo a post-baryte structure in P2,2,2,. P2,2,2 is a direct subgroup of Pama, and
this transition occurs through a softening of the the I,_ mode. This transition was also observed in variable
temperature SCXRD measurements. CsOsO, showed unique phase behaviour, upon heating a 1 order
phase transition to the 14,/a scheelite structure is observed, consistent with the other Pama compounds.
Upon cooling at approximately 140 K a 1¢ order phase transifion fo a distorted structure in the monoclinic
space group P2,/c is observed, with a = 8.22278(11), b = 7.921734(7), c = 8.23025(11), and 8 =
119.0845(6). This structure is similar fo the monazite structure, however no relationship between this struc-
ture and the scheelite structure could be determined using the ISOTROPY software suite.

were observed fo decrease with increasing infermetallic distance, as the size of the A cation is increased. These observa-
tions suggest that magnetic ordering in these compounds is mediated through direct exchange mechanisms which must result in antiferromagnetic exchange. The higher ordering temperatures for Os com-

o

T -

pounds are rationalised by consideration of the larger spatial diffusion of the 5d orbitals compared to the Ru 4d orbitals. As orbital overlap is increased the strength of magnetic exchange inferactions also in-
creases, resulting in higher magnetic ordering In all cases which would involve the AO, polyhedra and entail a long B-O-A-O-B pathway, is expected to be very weak, rather direct
exchange should be dominant. As suggested by Marierrison et al.[x] nearest neighbour interactions are expected to be the strongest and this suggestion is apparently verified by noting the increase in B-B sepa-
rafion correlates with the decrease in the Neéel femperature in both the Ru and Os scheelites. CsOsO, is an outler in thi series reflecting the different configuration of the OsO, tetrahedra. Effective magnetic
moments determined from fits fo inverse suscepibility were consistent with a S = 1/2 magnetic ground state. A reduction of this moment was observed for the Os i to their Ru

this is consistent with the enhanced spin orbit coupling effect of the 5d orbitals. This is due to a 2™ order spin orbital coupling effect, as a 1* order effect does not impact the occupied e, orbitals.
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Figure 5: Temperature dependent mag-

netic susceptibility data for ABO,

com-

pounds where A = K (top), Rb (middle) and
Cs (bottom). ZFC and FC measurements

are indicated.
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Figure 7: A refinement profile for RbRUO, carried out against NPD data collected at ECHIDNA at 3 K. A
magnetic contribution is indicated by magneta tickmarks. A representation of the magnetic structure is
shown to the right.

Figure 6: NPD data collected at the WISH di for KOsO,. d d

data is shown above-left, with data collected above and below the magnefic transition. The mag-
netic refinement profile carried out against data collected at 3 K is shown below. A representation
of the magnetic structure of KOsO4 is shown to the right.

Magnetic structures were determined for KOsO, and RbRuO,. The magnetic unit cell for KOsO, was determined by Rietveld refinement carried out against NPD data collected at the WISH instrument at ISIS. A single, weak reflection was observed o
gain intensity below the magnetic ordering fransifion and was indexed as hkl = (110) with a k = 0,0,0 magnetic propagation vector in space group I4,/a. Group theory andlysis, performed with the ISODISTORT software suite, indicated four possible ir-

reducible representations namely ,,

rx' 5

T, and [, Of these only I, allows for intensity in the (110) but not the (002) reflection showing that magnetic structure fo be antiferromagnetic with the moments parallel to the c—axis. This is consistent with AFM
ordering of spins along the 001 direction, as represented in Figure 6. A miniscule ordered magnetic moment of 0.46(18) i, was d i

J. This structure is fo that p for KRUO,, which was reported fo have a slightly

larger magnetic moment of 0.57(7) 1,.[x] A magnefic structure for RbRuO, is fentaively proposed. Rietveld refinements carried out against NPD data collected ot 3 K for this compound using the ECHIDNA difffactomefer af ANSTO show o shgm increase

of infensity of several reflections compared fo data collected above the magnefic ordering fransifion femperature. Therefore a magnefic propagation vector of k = 0,0,0 was defermined. Eight possible irreps were identified. Of these, T,.,
show ferromagnetic order, and are therefore inconsi

r. andr,,

with the ata. The show AFM ordering. For irreps,., T, , and I, the moments are required fo lie parallel fo the b-axis. Irreps I,_and I, show AFM

ordering along the c-axis, with canting of moments within the 100 plane. All AFM irreps resulted in similar quality of Rietveld fifs to the NPD data, indicating that befter data quality is required in order to unequivocally determine the magnetic structure
of RbRUO,. Nevertheless, a magnetic cell is tentatively proposed using I', , as this magnetic structure is effectively equal to that determined for KRuO, and KOsO,, with a small AFM canting of magnetic moments within the 100 plane. A refinement pro-
file using this model is shown in Figure 7. The magnetic moments were refined to be 0.77(24) 4, along the ¢ direction and 0.21(9) 4, along the a direction. A representation of this magnetic structure is also shown in Figure 7.
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Large latent heat by intersite charge transfer transitions
in A-site ordered perovskites
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Introduction

A-site ordered perovskite-structure 44°;8,0,,

A-siteorder A:A4’=1:3

(A = Bi%*, La®*~Tb%") '_‘_.,l”'_
t BhOZ — Because the structure has 4’0, square- Low-T High-T 2 i i
octahedron 3 ’ sif .
plane, Cu2* or Mn3* can occupy A site. ACWHFe,0,, 4 ACWF 75,0, i #
e ¥ sl | o
square-plane insulator 4w metal g

A’-B interaction causes various
physical property.

antiferromagnetic € paramagnetic i

A

Large volume change (1~2%)
but no symmetry change e

A-site substitution

This research

ACu;Fe 0,y A:Laj'l'b .
P Inter-site charge transfer(CT) transition
. | | 3Cu¥+4Fe? 75" — 3Cud* + 4Fe? We studied heat physical properties at the CT
i ! transition in NdCu;Fe,0,, and found that the
A=Dy~Lu transition is accompanied by large latent heat

charge disproportionation(CD) transition near room temperature.

8Fe3 75" — 3Fe* + 5Fe’
Experimental

+synchrotron XRD (SXRD) +Magnetic measurement
*Electric resistivity measurement *Neutron diffraction

+ Differential scanning calorimetry (DSC)

We focus on inter-site CT transition because this
tunability of transition temperature by A-site
substitution is useful for application.

Results and Discussion

/ synthesis and structure 4\ / physical properties \ / DSC \
High pressure synthesis: i .
9 GPa, 1100 °C " o

Volume change Magnetic susceptibility Electric resistivity
coolir heat
B pakp  3021K  3161K
N z | position
A H H i 8427 K1 8061 K1
NSRRC /=0.82657 A — . . gn 2 d:nr‘lgczvzs ket ke
2% | There are no impurity peaks.| = = latent heat [0 25.5 kI ke 25.1 KJ ke!
<Rietveld analysis> S - 1 — ) w7 ¥ 8o large entropy change!
H l Space group: /m3 ik ik
*7 39693 A » indicating i
l.!l Lol . a= . . . D. rve sh hysteresis | indicating inter-
= a —4.245% All physical properties change in the SC curve shows hysteresis loop, indicating inte

Ry . : L site CT transition is of a first-order transition.
\ . — ! \ inter-site CT transition temperature. / \ /

Neutron diffraction

1 In ND pattern, 311, 331 and 333/511 peaks o o \
20K ! are observed in LT phase. 5 §=5/2 Brillouin function fitting
: \— Neel temperature 7,=643 K
=043

= -

2 ——————— . . . . 3

2, | k X l _ ———1  G-type antiferromagnetic ordering : e ey e ineraction

" . 3 7 ] S
e e ——— f—— |From temperature evolution of ND pattern,

" | o — — tic B aks 311 abruptl - 552

. e | E () | magnetic Bragg peaks Pty . ASy = RIn(25+1) =79 T K- kg

= [T | disappear together with LT phase. \\ = 0=24kkg' (300K)

: l ] % An unusual first-order magnetic

- I\ : transition induced by the intersite CT

D causes a colossal entropy change. /
Tk

Conclusions

" Cw Cu®
*NdCu;Fe,0,, was obtained as a single phase by high pressure synthesis and showed inter-site charge - T

transfer transition near room temperature. ¥e

+ The inter-site CT transition is accompanied by a colossal latent heat (25.5 kJ kg'!') near room

temperature. This entropy change is attributed to the unusual first-order magnetic transition induced by 3 - -

CT transition.

T4 ﬂ ;’i !
+ The large entropy change is possibly used for a magnetocaloric effect, which provides environment- " f. I
friendly and highly-efficient refrigeration systems compared to the widely used conventional vapor- e"
compression cooling systems.

N Cu" e Oy




Polarization Switching via Electron Transfer in a Valence Tautomeric
Cobalt Complex

Shu-Qi Wu, S. Kanegawa, and O. Sato
Institute for Materials Chemistry and Engineering, Kyushu University, 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan

Soft Molecular assemblies
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Polarization Switching
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Energy Saving 0. Sato, Nature Chemistry 8, 644-656 (2016) {[Fe"(Tp)(CN)s],Fe'(bpe)}-5H,0 [(H.BPTC)(azpy),], [H,dabco]-[2CBl,
Angew. Chem. Int. Ed., 55, 6047-6050 (2016) Angew. Chem. Int. Ed., 55, 14628-14632 (2016) J. Am. Chem. Soc. 138, 12005-12008 (2016)
Results
Valence T: ism in Cobalt C and Potential A

Polarization Switching

Valence tautomeric transitions involve a stimulated intramolecular electron
transfer between a redox-active metal center and redox-active ligand.
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= Sintness and Craracterzaton
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Electronic Pyroelectricities in Heterometallic Dinucler Complexes
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Magnetic switching without spin transition in an Iron(ll) complex

Sheng-Qun Su, Shu-Qi Wu, Shinji Kanegawa, Osamu Sato
Institute for Materials Chemistry and Engineering, Kyushu University, and IRCCS

Control of Magnetic Property

maméﬁr] .
Momentum B
J=§+L
L
Spin Angular
Momentum
Spin-orbit coupling
Oviinet Anguter i Magnetic anisotropy ALl 550 HSOT, e, 552
Fk'-ﬂf}hg,j]}{a-jf-j Magnetic relaxation 2
* a0
e Spin Nﬂﬂm: Pa;unumfn IJ_QuuncH_ s /‘ .
- e o il v .
x e N N
Eewmmm pae —=| # Tal e STy
= w4 e R TS
o x{vnlﬁll",}{"; ) Ford' ion I

E" -E"

Multistep transition
In Fe(ll) complex

o ;-()7‘.
e

e
° veeq0
© S0 100 150 200 250 300 350 400

J.Am. Chem. Soc. 2018, 140, 98-101 J.Am. Chem. Soc. 131, 4560-4561 (2009)

Current work about Fe(ll) complex

w Cooling
3 .
PR
‘L‘ Heating
~
303K 123K

Molecular structures at the low and high temperature phase

303K 123K
@ (deg) 15552 151.93 151.83
0 (deg) 88.11 7898 80.15

The two components in the angular Jahn-Teller distortion

P | 34
| Y
E 3.0 p:
£ 28} g i
8 26}/ v D B
24l 30

22F 298

0 50 100 150 200 250 0 50 100 150 200 250
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The magnetic ptibility depends on the temperature

for the microcrystals (left) and oriented sample (right)

Control of Orbital Angular Momentum

00 - - .
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TIK

Coord. Chem. Rev. 346 (2017) 176-205

Change, but small

ank

Nature Commun. 6, 8810 (2015)

rotation
n
o 3
gauch conformatio.r:r 1 I* T
trans

n
p. -

The propyl group rotated

Control of Spin Angular Momentum

2T foma K mat

Res g senl

g
i
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&

WO WO 200 290 W0 W0 00
K

Angew. Chem. Int. Ed. 2010, 49, 1410 -1413

Previous work about Co(ll) complex

i
’

Temperature (K)

7

303K

calculated d-orbital splitting

123K 303K
AE1 (ev) 0.122 0.049
AE2 (ev) 0204 0.106
Conclusion
+
- .o %
7/ et
-T

Fe{ll)$=2

Orbital angular momentum

2

Key words

Jahn- Teller distortion
Felll)$=2 Alkyl rotation
Magnetic transition

Spin transition

4@ Magnetic transition was induced by the variation of coordination
geometry, which was attained by the rotation of the propyl group.
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Photoabsorption and Photoluminescence Properties of Donor-Acceptor
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n-Conjugated Enamines and Their Additive Effects with B(C¢B;),
Atsushi Tahara, Daichi Sakata, Ikumi Kitahara, Yoichiro Kuninobu, Hideo Nagashima
Institute for Materials Chemistry and Engineering ,Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580

_|

Introduction |

@Donor-Acceptor (D-A) compounds

Red light emission dye!

Ne:
NRI

Acceptor

Organic EL emission material?

O-On °'N@

Non-linear optical material’

O

N

(4-MeCeHy)2

@Blue shift of absorb / emission @ Large stokes shift @ solvatochromism

() WoRete, et al.J Py, Chem. 4, 2007 11,

@ ~Conjugated Enamines as Donors

photoreceptor Hole transport material Xerography

@Previous Work :

(1) Hy

At~
C

reduction of N,N
0.1~0.01 mol% 1a
2eq. TMDS

toluene, 25°C

a

(R = Me, Ph)

reduction of N,N-

Q
"0

0.5~0.001 mol% 1b
2eq. TMDS

toluene, 25°C

(1) Motoyam, Y Aok, M. Takaoka, N Aok, R
(@) Tahars, A Miyamoto, ¥ Aok, R.; Shisecs, K 5 Une, Y Sunada, Y Mosoyam, Y-

(R=Me, Ph)

e
Q%

Ir-catalyzed Syntheses of aldenamines
catalyzed by Vaska's complex

S
C

\ PhoPy, CO
a= I
oI” pphy
(CeFsO)P~. CO
b= (CeFsO) i
a7 " POCFs)
TMDS =

Negashima, 1. Chnn. Commiar, 209, 1574
Nagashina. 0. Organometallcs 2015, 34, 4505

‘?*W 5 ‘?ﬁﬁ

iR —— *
511 2016154100 S mesiin

I
I
I
I
I
I
I
I
0 S L, Tt 20,7408 ). 7T 1P, o, . Pl 91817134 |
I
I
I
I
I
I
I
Sl Mt 00, 15,903 1

@This Work
1aor1b
In\uans 25°C

@

ReSis
O

FG = EWG shch as,

Other EWG (CN,

Halogen (F, CI, Br, I)
Carbonyl (ketone, ester, etc.)

Heterocycle (benzothiadiazol)

NO, etc.)

@Chemoselective Hydrosilane Reduction of Amides
(1) Charette's work (Hantzsch Ester)

HH
EKOQC)\\)E[CO;E(
| ]

Me” N7 Me

H
(25eq)

14.q. TR0
CHZClp, 1t 1h

:
o

(2) Adolfsson’s work (Mo(CO)s & TMDS)

5 mol% Mo(CO)g
4eq TMDS

feach «

THF, 80°C

NRy =

0
N
Q 91%
o

Barde, G Charetie, A B..J_ . Chem. Soc 2008, 130,15

HH
OMe; 73%
N 0, ; failed
R=CN :failed
R

F Tinnis, A lkov, T Sagbrand, H. Adolfson, drnge. Chen. . £ 2016, 5, 4562

(2) Mashima’s & Okuda’s work (BPh; & PhMeSiH,)

10 mol% BPh;

o
.
jon
.

CD,Cly, 25°C

2 eq. PhMeSiH;

real

HH

OMe; 85% }

' not reported

Mukheje, . Shirase,§; Mashim, K.; Okuda, 1 Al . . 201, 55, 13326,

_'

Results (1) }

@Hydrosilane Reduction of Amides 2 catalyzed by 1X or 1Y

@Photoabsorption and photoluminescence properties of 4m (FG = NO,) Unique solvatofluorochromism was observed

-

4g-B(CFs);

4'B(CeFe);

etV
'O

4k-B(CeFs);

I
I
Xor 1Y | i Fa -
or i PhyP _CO ; —
H i oax= ! S
AN ; 0§ wuta
ouens, 25, tme : ;
NN/ | y- OFORR €O T
2b-2m ™os= | SN ) aboam : ‘Ptocu&):]l I |
1 “
. cl Bre. I
QL0 o0 a0 AL gl
AN AN 2N 2N (- e = = e — -
ab 4c 4d de 1 —
97%° 1%)° 95%° (71%)° 99% (82%)° 92%° (72%)"
[0.05 mol% 1X, 2] 005 mol% 1X, 4 ] 003 mol% 1Y, 2] osmosstven 1 [ eny Solvent g0 | e T el T o e | SRR
I a
58 (2.707 2918
2 2 2 1 Hexane 310 404(3.069) | 26,000 ( )
~ 1 474(2616) | 3655
o H O H O H H O 2 cd, 324 416(2.981) | 23,000 | 508 (2.441) 4353
AN AN A 1 3 Toluene 3.9 | 424(2.925) | 21,700 | 525(2.361) | 4537
| 4 L4-Dioxane 6.0 | 425(2.918) | 26,300 | 546 (2.271) 5214
4h 4 ax 74| 431(2.877) | 30,200 | 568 (2.183] 5596
99%2 (61%)° 99%° (68%)° B7%2 (44%)° 1 8.4 441 (2.812) 1,400 | 595(2.084) 5869
. . CcHCl, 91 | 438(2831) | 24,200 | 637(1.947) 7132
0.1 mol% 1X, 19 b, in CH,CL] 0.25 moi% 1X, 2] 0.1 mol% 1X, 2] 1 e T Tas e | 5900 | eao(om e
NC o 1 Acetone 422 | 233(2.864) | 15,500 | 623(1.990 7043
\OJ\ /@ m /@ /@ 10 DMF 432 | 446(2.780) | 22,400 | 655 (1.893 7154
Ay Ay A I [ DMSO 451 | 457(2.743) | 21,000 | 669 (1854 7176
12 MeCN 45.6 | 434(2.857) | 34,800 | 671(1.848 8138
1 (: (
49 4m 4 13 EtOH 519 | 429(2.890) | 18,000 | 634 (1956 7537
99%° (58%)" 99%" (61%)° 99%* (42%)" 1 14 MeOH 554 430 (2.883) 14,300 | 643 (1.928) 7703
[0.5mol% 1Y, 1] (0.5 mol% 1Y, 6 1] [0.5 moi% 1Y, 2 ) | 15° H0 62.8 - - - -
Tox 107
Chemoselective hydrosilane reduction of amides into er 1 st 10
| ( ) I (cf.) previous reports @Treatment of 4k (formyl) with B(C¢Fs)s <'H NMR experiment>
@Additive effect of Lewis acid Gompond pdve - dulonldecfonl - pete et nea B FOFS
CHel L zn OHC: A
(CeFs) o0 none nodata) (rodata) [noceta) e —t
(CeFs 545 i . ..
Kuniobu, Kanal ot L.
CH,Ch 1t 21 g r
e ongnm PN <UV-vis (10°M)> o " . 4
e s -
@ (X =CN, CHO, COMe ) IO=)ome ) soig ACETIE 55 ik In CHCl, iy i i
[P -
Hashotal.
e '
N e g g
wOXXT e e meER ® -
Mursiot 1. ' - bl 8 ] a
.
\ .
] P e a0 s 0 4
1 o . L i
: O S Cprommy L e P e E
: o B ol T T T — — = i Wi
| Kuninobu . i
@FG=CN weane Tokene ooy oHO, | @FG =COMe Hexme Touere OnCl, CHC: | @FG=CHO Mexane Tokeme CHCl, CHCYL
(CoFs)B.. P CoFa)Be, ©iFB.,
Ny |
'S

1 1
1 1
1 1
1 I
1 1
1 1
<UV and FL for 4g (1.0 X 10 M)> I wandrLiora (1.0X 105 M)> I <Uv and FLfor 4k (1.0x 105 M)>
Solvent | J (nmJ* | Zo[nm]® o | [Solvent [ 2. (nml [ glnml® D 1 [Csobvent [ 7o [nmP [ 7 (nmp O
Hexane - - - Hexare Toluaoe CHCI, CHO, | [ Hexane 370 415,427 | <001 Hexane 228 <0.01
Toluene 370 370 <001 Toluene 380 | 440,465 | <001 I [Toluene 392 250 <001
CHl. 374 370 <001 1 CHl. 380 479 0,03 1 CHCl, 390 496 004
CH,Cl 374 370 <001 | CH,Cl 389 485 004 . cH,Cl 399 506 005
<UV and FL for 4g + B(C4Fs); (1.0x 10 M)> | SUYand FL for 4 + B(CGFy), (20 105 M)> <UV and FL for 4K + B(C4Fs)s (5.0% 105 M)>
Solvent | A, [nm[* | i (nm]® D, Solvent | 7, (nm]* | 7y (nm]" D | [Csolvent [l | AglomP | oo
Hexane 422 478 001 | [“Hexane 504 540 040 | [[Hexane 515 569 0.70
Toluene 429 502 004 Toluene 514 587 0.97 Toluene 529 618 022
CHCI, 227 512 008 I CHCl, 515 601 041 | CHl 528 642 004
CH,Cl 426 522 011 | [oma 516 623 005 | Cena 531 683 <001
<UV chart for 4g + B(CgFe)y> <FL chart for 4g + B(C4Fs)y> 1 <UV chart for 4i + B(CgFs),> <FL chart for 4i + B(C,Fs)s> 1 <UV chart for 4k + B(C4Fs)y> <FL chart for 4k + B(CFs),>
- I o = o e
| | I T
|1 il { | —
v | eres] A o | ] el oo | ] oo
E - » crsen g sl B oo € et Il o g sl |
: 4 1 | J | |
f ] I\ | |
[ || |
- | o,
- o S - 1 - LI =
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Structure-property Relationship of Rubber Materials

IMCE

Based on Complex Network Science

Y.Amamoto' 23, K. Kojio',A. Takahara', Y. Masubuchi?, T. Ohnishi?
"Institute for Materials Chemistry and Engineering, Kyushu University

2Graduate School of Engineering, Nagoya University

3Graduate School of Information Science and Technology, The University of Tokyo

1. Background: Elastic property of Rubber Matenials

1.1 Rubber Material

1.2 Rubber Elastic Model

Vulcani
zation

—>
~+Sulfur,

1

Stress increases with
1) number of branches

2) number of x-link density

Phantom network model
2: Elongationratio (/o)

I: length toward
elongation
2 G: Shear modulus
1-= (12 - );') /- Number of banchirg
S nep: Number of monam
between x-lirk pan
V: Volume of rubber

2. Method: Distance btw x-link points and centrality
2.1 Distance between x-link points (D(1))

v D(1) determines stress under uniaxial elongation
2.2 Closeness centrality
29

- Diamond - Random

- To obtain significant parameter for heterogeneous elastomer

based on complex network
- To explain effect of centrality for stress under uniaxial elongations

“Far”
Di2+D3s < DiatDoa
_or
“No distance”

or
“Near”
D12+ Dsa > Dizt+Dea

® Far
® No distance
©® Near

3.2 Correlation between initial distance (D(44)) & D(1)

T

g

Diamond

- "Far” condition = Strong correlation between D(Ao) and D(1)
» Homogeneous network = D(1) did not depend on initial distance

< DIA) =/ < DiAg)>

=
In “Near” condition, correlation between C¢(1) and D(1) was observed,

® Far
® Nodistance
© Near

indicating the connectivity is significant for mechanical property.

[ERESER SN
iy

T shiink Elongation
0 g e
Pl

% W p=085
X-Iinl(c;g%clion

Stress under uniaxia elongation increased with increasing x-link conc.

4.2 Correlation between initial distance (D(4;)) & D(1)
clc* =

In the case of highconc., strong correlation between
D(%0) and D(A) was observed to afford high modulus

4.3 Correlation between centrality C.(4) and D(2)

a

<DiA) > < Dido)>

In the case of highconc., centrality increased toresult in
long distance between x-link points and high modulus

5. Conclusion: Initial distance between x-link points and centrality are significantparameters for heterogeneous elastomers

@ Initial distance between x-link points indicated strong correlation for the distance
under uniaxial elongations to afford high modulus and extended chains in early stage.

@ In the case of low initial distance, the effect of centrality increased, in which x-link
points with high centrality indicated much contribution for the stresses.
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Synthesis of cage-shaped molecules based on

1,8,13-syn-substituted triptycenes
Takayuki Iwata', Tatsuro YoshinagaZ2, Yusuke Maehata?2, Mitsuru Shindo’

UNIVERSITY

UUnstitute for Materials Chemistry and Engineering, Kyushu University 2Interdisciplinary Graduate School of Engineering Sciences, Kyushu University

Introduction Triptycene

D3h symmetry

Diels-Alder o i . .
reactlon R1g1d three-dimentional molecule (Functional group)
+ @‘ 0 Firstly synthesized by Bartlett
Usually synthesized by DA reaction Foundation
anthracenes benzynes trlptycene P. D. Bartlett, et al., J. Am. Chem. Soc. 1942, 64, 2649. (Tnptycene)

G. Wittig, et al., Angew. Chem. 1956, 68, 40.

i Structural feature of syn-substituted triptycenes

Piller

Ynolate-aryne triple cycloaddition reaction

Umezu, S.; Gomes, G. B.; Yoshinaga, T.; Sakae, M.; Matsumoto, K.; Iwata, T. Alabugin, |.; Shindo, M. Angew. Chem. Int. Ed., 2017, 56, 1298,
/,/

OLi X
o
ralle gl @
R

benzynes

ynolates XX H, OMe

[2+z]

X =H: 37-69% O‘O

X = OMe: 27-52%
/o~¢( “J
"[2+2]" [4+2]

Dewar anthracene anthracene

This work

- hitrogen-containing
functional group

HO
D= functional R
group —

i

{ Res u Its a n d D i scuss i o n s } Yoshinaga, T.; Fujiwara, T.; Iwata, T.; Shindo, M. Chem. Eur. J

(1) Synthesis of silyltriptycenes = distorted benzene/pentacoordinated silicon

. 2019, 25, 13855

(2) Synthesis of anthrones

F 0 distanace \k L Sitle HO ¢ S\Mes
. Si |2 Si| \ . | S‘Me (MSS,MS Et Me\Sw/MeS,Me +-Bu Si MESM Ph! Li R: linear
OLi — i HO o -Si SiMes o, s SiMesEt 2 SiMetBy 2 Sitte,Ph iMe2Phi / aroup O‘
V4 (5.0 equiv.) \@ R
R sec-BuLi (5.0 equiv.) O 1(1.0 equiv.)
ynolates 0°C dihedral angle H tnptycene
Me . L Me ., Me . Me [ — )
f7ﬂeuhé(409awv) THE y. a9 ™ y. 48% y. 50% y. 10% ' SiMe, MesSi O SiMes
o 1
oo Kog, o o dihedral angle 207 217 217 1947 194 236 149 2027 827  210° 244 268 | ©/ o O‘O
B’ Br 54,2411 Si-O distance 308A 308A 308A 307A 319A 308A 329A 320A 329A 305A 311A 312A 5(5_0 equiv)  group
= . ! R
(/ = . / X-ray [l X-ray 1,8,13-non-substituted anthrone
\ (top view) (top V|ew)l riptycenes i
SIMethO S\ S\MePh; SiEty ’\ S‘Etz Si(i-Pr)s OH S\(/ Pr)s ), u Me H ! R triptycene anthrone
| H H Et 39% 2
2 OQ O ; < Lo
0 ! hexyl 26% A
1
i-Pr El 39%
v. 21% Me y. 529% y. 2% Me Me : . >
Si(-Pr) H ' eo ) 20%
12.2° 159° 18.2° 1847 3077 3197 207 34T A o distorted less distorted 035° 035 035 | Ph - 9%
319A 3.14A 313A 329A 319A 308A 321A 327A 321A Nieger, M.; Konig, A.; Vogtle, F. CSD Communication. 2004. 3 2 not obtained.
*Sum of Van der Waals radius 1.52 A () +2.10 A (Si)=3.62 A !
(3) Synthesis of cage-shaped molecules SiMesHO _ $Mes SiMes HO SiMesHO HO

T.; Iwata, Yoshinaga, T.; Shindo, M. Manuscript in preparation

ﬁb

Halogenations I l

oq @

NH NHB NHBoc
e °° iHBoc X=Cl: NCS( 1Zequ|v ), 76% 40equ|v) 71% (20 equiv.), 79%
NHZ HNB° XZB NBS (12 eaui) 86% (4.0 equiv.). 72% (25 equiv), 98%
o X=1I: ICI(1.1equiv.), 57% (2.1 equiv.), 52% (4.0 equiv.), 76%
HO
0 B(OH), (pin)B 0sOy H. o
Pd(OAc), Pd(OAc)2 NalO, H. O H o
O TFA Xphos __ Xphos O 2, e lutidine
CHZC'Z THF/KZCO3 aq O THF/K2003 aq 14d|0xa§ne/HzO O
Me  +3TFA 60 °C
uant o 310/ R=H, 82%
q [ ° Mel.NaH R = Me, 73%
90% R Me
X-ray (side view)
0 RO
N Et3N EtsN
H” NH
toluene toluene
reflux NH reflux
HO 87% 20%
- ‘ HO

dimeric cage molecule Me «3TFA

Me tetrameric cage molecule

A
ﬂConcIus onr

1,8,13-syn-substituted tris(trialkylsilyl) triptycenes synthesized via triple cycloaddition of ynolates to benzynes.

+ Cage-shaped molecules were synthesized based on transformation of the silyl triptycene.
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Development of A Reduced-Scaling Multireference

Perturbation Theory
NAGOYA Masaaki Saitow and Takeshi Yanai

UNIVERSITY masa.saitow@chem.nagoya-u.ac.jpo

|ntroduc 'on In the PNO-MR-CEPA model, the residua are obtained by minimizing the

following functional:

Accurate ab initio computation of the electronic wave function in a linear-scaling Frn-cera = (Vur-cera| H — Eo|Vyn-cepa)
scheme opens an unprecedented possibility for modelling chemical reactions for
large, real-life molecules: In the hybrid PNO-CEPT2 model, the MR-CEPA functional is used for the 2-

external subspaces which are more important for capturing the dynamic
* Low costs methods such as semi-empirical theory or DFT often give qualitatively correlation while the CASPT2 functional is used for the rests.

wrong results. [1]
Use of pair-natural orbitals (PNOs) as a compact set of virtual MOs can be used m
to drastically reduce the computational costs for solving accurate many-electron
wave functions. Non-Parallelity Errors by CEPT2 model for N2 dissociation:

Reduced-scaling multireference perturbation theory in the local PNO framework — CASPTZ  =s RCNEVITE POAMRG  — FCCEPMD - HCACPF
(PNO-CASPT2) for large, strongly-correlated systems.

CAS(6e,60) / def2-QZVPP

A simple, yet higher-order extension to PNO-CASPT2 method as a hybrid of
highly accurate Multireference Coupled-Electron Pair Approximation (MR-
CEPA) and CASPT2 models formulated in the PNO basis (PNO-CEPT2). [2]

Figure 1: Quinone-lron cluster (593
atoms) and oxygen evolving complex
(243 atoms) active site models which
are the large, real-life open-shell
systems and are possible to treat with
the accurate PNO-based Coupled-
Cluster method. [3,4]

e n
Th eo intermuclear Distanee | A
Figure 2: Non-parallelity errors by canonical CASPT2 and CEPT2 models for N, dissociations

Compaction of Wave Function by Pair-Natural Orbitals: with CAS(6e,60) treatment using all the 2p orbitals of nitrogen atoms. The def2-QZVPP and def2-
QZVPP/JK auxiliary basis sets were used.

CASPT2 (NPE: 10.0 keal/mol)

CEPT2 (NPE: 6.2 kealimol)

Erroes fram MRCHQ / kealfmel

In PNO-CASPT2/CEPT2 theory, the pair-natural orbitals (PNOs) are first . . ..
constructed for each of the 2-exteral subspaces by diagonalizing the pair- Singlet-Triplet Gaps for Free-base Porphyrin:

density: Table 1: The singlet-triplet gap for free-base porphyrin calculated by PNO-CASPT2 and PNO-

(DY) = (Wig|EF W)  (lor {0":} subspace ) CEPT2 models with various PNO truncation thresholds using CAS(8e,80) all of which are
composed of 2p, orbitals of carbon atoms. The def2-SVP and def2-SVP/JK auxiliary basis sets
(D7) = (WL S0 (for |'l‘l'_"| sl | were used. The threshold for pair-energy-based screening was set to 1.0 x 10-5 Eh.

o

(D) = (W ERW,)  (for {907} subspores) .
. . . . . i -3. o -3.
The PNOs are obtained for each electron pair as eigenfunctions of the pair- o S : =Ty
density. Those PNOs with occupation number smaller than a user defined 1.006-08 d g -3.2139397
threshold are discarded. The total number of PNOs is asymptotically linear — | : o =ea1254e|

scaling with respect to the size of the molecule. — | e

1.00E-08 -3.4195743 -3.4100063

The Reduced-scaling CASPT2/CEPT2 Formalism: 500808 ~3.4180262 34084610
In CASPT2 formalism, the wave function is defined as Exp.
[Woaspra) = Dt |Ue)) + D 0, | W) + >t | wew

ijab pab ipab

Benchmark Case: Diketopyrrolopyrrole Supramolecules

+ 5 more excitations

where the configurations with p indices are the spin-adapted, non-redundant
internally-contracted basis (nr-ICB) which are generated by removing the

4 -
linear-dependency of the redundant ICB: z;,ﬂ—w
P v active active WW‘ ﬂ#"

1 1 . ;
I\I’ﬁb) _ 5 Z C,fq“l’;g> — 5 Z C',‘,’qE,'fg\‘I’t)) Monomer Dimer Trimer Tetramer
pa pg

>
i
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Table 2: Computational timings for DPP supramolecules using def2-ASVP and def2-SVP/JK
The orthonormalization matrix is obtained by solving the following equations: auxiliary basis functions.
agRe | | oromer | opimer | trimer [ tetramer |
Z ((\I/Zg|H0|\I/:2) — EAWZZ‘\II?_E)) Ccro=0 RI Integral Generations (sec.) 24 425 1,430 4,699

PNO Generations (sec.) 157 3793 26,698 Running
s PNO-CASPT2 Iterations (sec.) 314 4612 31,556 Running

The first-order wave function is determined by solving the residual equations Total Timings (sec.) 557 9,308 64,119 Running
in nr_ICB basis- Size of Active Space 4e in 4o 8e in 8o 12e in 120 16e in l4o
N virt. nr-ICBs # of AO Functions 538 1,076 1,614 2,152

sz _ <‘I’Zb‘H|\PU> + Z Z <\I/Zb‘HU‘lI/id>t€d I 0 # of Auxiliary Basis Functions 1,662 3,324 4,986 6,648
o = Summary
The multireferenpe PNOs are.defined for each of nr-ICBs and the residua An efficient and accurate PNO-CASPT2 program has been developed for
are transformed into the following form: calculating the electronic wave functions of large, real-life systems. The PNO-
nr-ICBs CASPT2 has been extended to higher-order by using MR-CEPA Ansatz.

RY,, = (Vo [HIWo) + Y D (W, [Ho| V)l 4 4o =0

ord, References

;rhe PNO-CASPT2 residua are obtained by taking a derivative of the [1] F. Neese et al., J. Am. Chem. Soc., DOI: 10.1021/jacs.8b13313.
ollowing energy functional with respect to the amplitude:
[2] M. Saitow and T. Yanai, under review.
Feasprz = 2Re|(Peaserz| H|Wo)] + (Yoasprz|F — (F)|[Weasperz) [3] M. Saitow et al., J. Chem. Phys. 146, 164105 (2017).
[4] M. Saitow and F. Neese, J. Chem. Phys. 149, 034104 (2018).
[5] M. Saitow, Y. Kurashige, T. Yanai, J. Chem. Phys. 139, 044118 (2013).
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Magnetic properties of electrochemically
delithiated spinal-LiMn, 0,

Qi CHEN, Zhongyue ZHANG and Kunio AWAGA

Department of Chemistry, Graduate School of Science, Nagoya University

Introduction Geometrical Frustration w
@S Goin cell negaive shell Triangle Lattice High Temperature
Anode Cubic Phase(Fd3m) Mnﬁ* n“+
T Sl Charge delocalized
- o a=b=c=8.24 A
W i ?

P — Spin Canting T‘r’::s"ifi!g A s i o

—
-
—
-

Ex-situcoincelThisWork) | |  WEJNA P S oq0 T T T
= Suscepibilty at 290K D25 e
In-situ EXAFS and XRD cell In-situ cell for magnetic measurement Heat Capacity Low Temperature * g m— —
Neutron Diffraction
J. Am. Chem. Soc. 2012, 134, 4918-4924 ‘Angew. Chem. Int. Ed. 2013, 52, 6238 6241 Orthorhombic Phase(Fddd) 19 M n4+
Charge localized Mn3*

Using In-situ or Ex-situ

Magnetic measurement to a=24.74 A

® Structure and magnetic phase transi

. ° i A b=24.84 A
reveal the mechanism of | - e'?:"o:'": S L Iand i " ! LiMn,0, 2% A
electrochemical process oxide state and Local coordination environments Pyrochlore Lattice
Capacity (mAhig) ey = pm—— o | J._._,l_ ’\:l_<
Fos AN\ ” g Fragiod)
43 g _/ \ ¥ 3
E e 01c fw B Lin.saM
Elo = 0] S Tttty | B P | e T Jemp.  alA Mn-Mn/A
g ul [ 01 o4 AN 7 e " g THEE | UM, | 007 300K 8.04(4) 2:84(4)
- —— tst Discharge 30 28 40 42 44 T % u B B T ATy Ty ST 0.50 300K 8.16(1) 2.88(5)
Potential mw 1
008 08 BT 08 08 04 03 67 01 OO fewiiy® , 2Theta( ") 0.93 300K 8.24(5) 2.91(5)
i LigMnpOy X value Calculation: ™
. . 1.1 . -q_Charge Capacity  __ Charge Capacity  Disharge Capacity LiMn,O, was synthesized by solid state method, sintered at 700°C. e space group symmetry was
LiMng04 e LigsMny04 + 5 Li* +5e7  40Vvs. Li/Li* 1" qocriarcaay X1 ooretical Capacity | Theoretical Capacty 2 v 4 maintained throughout the
Electrochemical reversible tuning range: 0.93~0.07 electrochemical process

LigsMn;04 « 24— Mn0; + 5 Li* +5e” 4.1V vs. Li/LI"  heoretical Capacity of LiMn,O,-MnO, redox coupler is 148.226 mAN/g

m ‘Antlferromagnetusm ‘ Using Large Magnetic field to m 2
quench the spin canted state. >
|
|
) | |

0im Layer 1
Mn Layer 2
02 . occupied by t l - S
aMn(lll) ion -
ot ocoupied by Mn Layer 3
. aMn(lV) ion f ‘ S=+4312
o Mn Layer 4+
. " . . T 4[/
6 ® O 2o Spin configurations of Li,Mn,0,
T TiK) M’ s Mt (aEM)
DC magnetic susceptibility at 5000e and derivatives of xT 2X 22 L e A ]
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S ] . ) 3kp 2 Exchange rqeration Mt o Mt (MY e gre et g
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o 3 ordering at 30K 007 | - - 60 |-934| 180 1912 c- Nugﬁ 'S5 |
E T T 050 | 16 | 40 | 61 | 111 | 481 | 2455 =3k |
b 093] - [ 38 | 61 | -255] 224 | 2398 ’ .
Heat capacity of Liy ;;Mn,0, n

Unbalanced spin moment of Mn(IV) and
Mn(lll) would generate a large and strong
ferrimagnetic ordering with a saturated
magnetization.

Strong Anisotropy!

A froquency dopendont
poak t around 40K

—

w xR &8 LR R
Real part of AC magnetic susceptibility Cole-Cole Equation
[mm— Ty ) — i Xo— Xs
s - H(w)=x"—ix" = 1T Goryie o) @

(L] . -
e The median relaxation time 7, =~ 0.90s
Frequency range 1k-0.01Hz

onm L T m T e ¢ value close to 1 means a variety of size of
¥ (emuimel-bin} domain are coexist with broad relaxation time
Cole-Cole Plot of Liy sMn,O,

Lang range AFM
ordering

The magnetic structures "01 02 03 04 05 06 0.7 08 0.9
will be further verify by % in LixMnz0,
Neutron Diffraction. Magnetic phase diagram of Li,Mn,O,

Not completely
— wwmi | saturated by
I lame |large magnetic
.

wames | field is usually
:x: attributed spin
e ae | anisotropy.

3

® \We performed the reversible and continuous electrochemical tuning the oxide
state of Mn ion in Li,Mn,O, (0.07 < x < 0.93) by electrochemical process.

® A magnetic intermediate state, ferrimagnetic ordering, was observed at x=0.50
below 16k, which was examined by Ex-situ AC/DC susceptibility, field
dependent magnetization, hysteresis loops measurement.

~u| Licontentdependence of
= the real part of y,c (=2
.

/A Hz).
A frequency independent
= wwel intermediate state
=== | appearing and
disappearing at 16K
/ % .| when x tuned from 0.07

¢ /,_/'\h\ 100,93

___....J’\--- ! ol T mem ®Since the breaking of the symmetry, a considerable strong magnetic anisotropy
— st i i s > .
e e e - BT XX LY Lt it was exist in Mn""Mn"V; tetrahedron, as a consequence, the ferrimagnetic
10 20 30 & 8 80 . weak coercive force
Temperatre (k)  Field dependence of ZFC pc for x=0.50 e miaraction ground state emerged.
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Convert Covalent Organic Frameworks to the Electrode Materials of Supercapacitors

(O Dongwan Yan, Yang Wu and Kunio Awaga
Department of Chemistry, Nagoya University, Nagoya, Japan

Introdustion

Covalent Organic Frameworks (COFs) Eloctric double layer capactior Psaudocapactitor AQ-COF
*Introduce conductive activator

Cars: Parcs and
M - . .
Taodimensicnal 205 Thims-tlivmse sinnul COFx 'Per|ySIS to Carbon materlals
ot € e r R A ) 6 - T ¢ - T
IO TN S I ; =
jl ]’ l F F: PEDOT introduce into AQ-COF
l l v B 8
~ — £ E
TN b 8 s
i / b y <N T R
— A " AQ-COF DBrEDOT@AG-COF szm@n‘nm
Laycred Struturcs with One-d menzionsl Channdls Three-dimensional Skelctons Solid-state polymerization (SSP)

Electrode Materials : Stability,

Porosity and Conductivity.

Chem. Soc. Rev., 2012, 41, 6010-6022
# Large Surface Area: Thousands m?g™! ‘

| ‘Pyrolysis with Salt—assisted methods

(R g Ezs

Pomus ON-doped

ngh temperature under N,

# Designed Pore Size: Micropore (< 2 nm) / Mesopore (>2 nm)

# Lightweight Elements: C,H,B, O, N, P, S

# Strong Covalent Bonds

|~A class of porous crystalline polymers periodic structures |

Methods and Characteristic of AQ—COF Electrochemistry Performance of Characteristics : Salt—assisted
= Powdar Xray Diffraction PEDOT@AQ-COF pyrolysis of AQ—COF |

Two-probe /-V measurement

AuEE BT BT Ig S
L —
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E‘”_ 5+
- ] 112x101 s cm ™™
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Rich CN.O Elemonts
Open Porous Structure
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(A). Room-temperature /~V plots and (B).
temperature—dependent conductivity profiles

ey At o, W

BET=1226 m! g*
T

) T i The conductivity of AQ-COF, PEDOT and AQ@PEDOT
This COF has redox active sites in the frameworks is1X10-°1.9 and 1.1 S cm-L.

and owns strong stability.

Three-electrode svstem in 1M H,SO,
D T

ol

Methods and Characteristics of
PEDOT@AQ-COF

(a). FT-IR spectra.
(b). Raman spectra.
(c). N2 sorption

}Q?"ur}:,#
o !}J isotherms.
':ip -y &r_ﬁ.% (d). Pore width
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(A). Chemical structure. (B). SSP process. (C). N, | (E). Discharge Profiles. (F). Specific capacitance

sorption isotherms. (D). PXRD patterns. and cyclic stability at 50 A g,

Electrochemistry Performance of Porous O, N-doped Carbons

R o £ ol ) Three-electrode system
TS 8 : in 1M H,S0, " PEDOT@AQ-COF nanocomposite with an
E _n_ s excellent electrical conductivity of 1.1 S cm™
2 :ﬁﬁﬁ (a). CV curves at a scan and a remarkably improved performance in
owerie0 | |rate of 5 mV s, faradaic energy storage (1663 F g™'at 1 Ag™).
% & % & w | (b). GCD curves at current
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Synthesis and Translational efficiency of chemically modified mRNA
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ODaisuke Kawaguchi?, Ayumi Kodama?, Yoshihiro Shimizu?, Naoko Abe, Fumitaka Hashiya?, Fumiaki Tomoike®3, Yasuaki Kimura?, Hiroshi Abe’4
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! Graduate School of Science, Nagoya University, 2 Biodynamics Research Center, RIKEN , 3 School of Science, Gakushuin University , 4 JST CREST

1. Introduction 2. Abstract
Y Phosphorothioate modification (PS) i
o Base " " " - Phosphorothioate mRNA ¢ Phosphorothioate mRNA  (PS-mRNA)  was
Increa.se blt?loglcalstab!llty_ . Oy  Base o synthesized by in vitro transcription and the
A Used in antisense nucleic acids, siRNAs o & L4 translation reaction was evaluated using an E.
X=P-0" 0 OH ‘K""}‘”‘""“ 3 coli cell-free protein translation system.
4 _ = Nuclease - . 5:%,0 55
Base Ly 1 — 1 L — o X
O, ". “\ 3 oBase Faster initiation * The amount of produced protein from PS-mRNA
Native (PO) mRNA  Degradation ~ PS mRNA High stability Q} was increased and the rate of translation
x=0,s . gon Enhanced translation initiation was positively affected by the PS-
Structure of phosphate bond PS modification of mRNA was reported for few cases modifications.
and phosphorothioate bond from nearly 30 years ago. Nucleic. Acids. Res., 1991, 19, 547-552.
3. Sequence design and synthesis of PS-mRNA 4. Protein synthesis in E.coli cell-free translation system
Transcription T7 RNA polymerase Translation
e FLAG-EGF mRNA (284-nt) T
Co—— — m -| m -n = s .
T7 promoter 3% FLAG EGF Stop f\,‘x Ps mOdl.ﬁed m.R.NA showed high
DNA template for FLAG-EGF mRNA (310-bp) NTP or NTPas PURE system mRNA Protein translation efficiency.
(Substitution) (Substitution)
TPas — + - — - + + + - — — + + + - + ATPaS = + - - -+ + + - - -+ 4+ -+
UTPas — — + — — + — — + + — + + — + + UTPas 2 — — + — — + — — + + - 4+ + - + +
S o GTPaS — — — + — — + — + — + + — + + + GTPaS 0 — - — + — — + — + — + + — + + +
w CTPaS — — — — + — — + — + + — + + + + CPas £ - - - — + — — + — + + — + + + +
NTP o
NN - - - #* — Target protei
odofotol au ' - - - - % 1| ‘ - -- Target mRNA = - - D - —— arget protein
NTPas o i fci LI N N N I VDR TR
Transcription % ® > @ > b o © > B b 5 gy S 6 Translation efficiency TSN ARSI AR SRR IR IS SN RN
- 7 0% M 0¥ 07 0 07 07 02 07 0V 0 0% 07 o ) ) )
efficiency Western blot analysis of translation of FLAG-EGF mRNAs in the PURE system. After being transcribed, purified RNA (0.2 uM) was.
Al transcripts were analyzed by denaturing polyacrylamide gel electrophoresis (PAGE). The gels were stained with SYBR incubated in the system at 37 °C for 2 h. The modification pattern of RNAS at the time of transcription is expressed by showing
Green Il and the relative amount of RNA transcripts was calculated. substituted NTPas(s) with a + sign. The translation product was detected using anti-FLAG M2 antibody.
5. Kinetic analysis of the translation reaction 6. Stability of mRNA in PURE system
Single-turnover analysis of translation reaction Time-course of translation reaction QgRT-PCR analysis
i 1
12
¢ 3
SN N propro-pro = 4 A N pro.pigpro x SN NCpro-pro-pro T 55 1
Translation Stalling No dissociation T © POmRNA A £ s
Embo Rep., 2016, 17, 1776-1784. z 21 - ps(a,C)mRNA g :
3 proline (Pro) repeats at the end of a protein sequence causes E 15 § 0.6
the ribosome to pause prematurely in the presence of ] ]
> p: p y P! z 1 g 04 -=PO-mRNA
elongation factor P. 8 os «
PO mRNA+Pro3 PS(A,C) mRNA+Pro3 PO mRNA+Pro3 ) i 0.2 -+-PS(A,C)-mRNA
Time(min)0 2 3 4 57 23 45 7 RNaseA - + 0 0
0 100 200 300 400 500
37— ; it 37— Reaction time (sec) 0 0 e il 30
- - “tRNA Reaction time-translation plot. Signal intensity of the bands which appeared
25— 25— between 25-kDa and 37-kDa markers were plotted. Stability of phosphorothioate mRNA in the PURE translation mixture. The
quantitative reverse transcription  polymerase chain reaction (qRT-PCR)
20— 20— PS modification may promote the formation of measurement of PO-mRNA and PS(A,C)-mRNA after translation at 0, 10, 30 min. The
- . . error bars mean 5D, n =3,
15— 15- | - the ribosomal initiation complex.
(kDa) (kDa) The initial rate of translation with PS-mRNA - . . -
Time-course of the translation reaction on phosphorothioate Western analysis of translation product was approximately four times faster than that No significant difference in stability was
MRNA (PS(AC) MRNA¥Pr03) or non-modified mRNA (PO~ after RNase A treatment. PP y observed between the two mRNAs.
mRNA+Pro3) analyzed by western blot. of PO-mRNA.
7. Effect of site-specific PS-modification on translation 8. Coupled transcription/translation reaction using NTPasSs
Synthesis scheme of each mRNAs Transcription and translation in PURE system .
| ATPasS gave no translation products.
DNA template
SD_ Met EGF St . -
5r.|.|oLH Y s “}; 5. 3 ATP or ATPaS ATP is hydrolyzed to AMP by aminoacyl-
) —_ 5-PS-mRNA Utpor UTPas ==~ [ tRNA synthetases in the PURE system and
PO — - Ligase GTP or GTPaS . n e . :
3-PS-mRNA CTP or CTPaS = ATPaS may have inhibited this enzymatic
- DNA PS-mRNA  Protein | reaction and then inhibited the whole
PS(A,C) == - —_—  Guide DNA PS(A,C}-mRNA translation reaction.
. (20 nt) PO-mRNA
5'-fragment (34 nt)  3’-fragment (250 nt) FLAG-EGF mRNA (Full length) (No DNA) No NTPaS CTPas UTPaS (NoDNA) NoNTPaS _ ATPuS GTPaS
, Time(h) () "1 2 4 "1 2 4 1 2 4 () 1 2 41 2 4 1 2 4
Sequence of 5’-PS-mRNA (Ligated at this position)
e —— - ———
5' GGG*AU*C*CG*A*AGG*AG*AU*AU*AU*C*CG*AUGG*A*CU*A*C*A*A-GCACGACGACGA
CAAGAUCAUCGACUAUAAA CGACGAU: ct GACGACGACAAAG
ccavu Western blot analysis of the translation product using template DNA coding FLAG-EGF mRNA with one NTPaS substituted.
Substituted NTPaS was indicated in the figure.
CUGCAGURG 37 Strategy to enhance translation using NTPaS
*: Phosphorothioate bond
Translation efficiency of each mRNAs GTT';DLSS ES P All substitution patterns gave higher
Lok - - - - .
GTPOS E S- o+ -4 -4y amounts of translation product than
ClPas = - - - + - + + + the case using natural NTPs.
S — N — L —

Western blot analysis of the reactions with one or more NTPaS

substitution except ATPuS using a template DNA coding FLAG-EGF mRNA.
1 20 14 19 14 12 12 11

Relative yield

Relative expression

9. Summary and prospect

(Left) Western blot analysis of four mRNAS in the PURE system.
(Right) Quantification of relative expression level from four
RNAs based on the western blot shown in left. Error bars

* The incorporation of PS into mRNA enhanced the protein synthesis in the E. coli
cell-free translation system by up to 22-fold.

represent standard deviation (n=3). i & & . X R R R
@ » Qc,\“ * The introduction of PS accelerated the initiation stage of the translation reaction.
* The introduction of PS in the 5-UTR is a major factor for increasing * Simultaneous transcription and translation with NTPaS gave more translation
translation efficiency. products than with native NTP.
* PS-introduction to the 3"-end side after the start codon had negative * These results provide a useful mRNA design guideline for improving the translation
effects on translation. efficiency by chemical modification on mRNA.
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Disulfide - unit conjugation enables ultrafast cytosolic
TRy e internalization of antisense DNA and siRNA

(OSaki Kawaguchi'!, Zhaoma Shu!, Kousuke Nakamoto !, Naoko Abe! , Yasuaki Kimura!, Hiroshi Abe!2
! Graduate School of Science, Nagoya University , 2 RIKEN Center for Emergent Matter Science

Introduction Poor permeability is the main barrier for oligonucleotides therapeutics.

Oligonucleotides is promising for therapy Current delivery method Membrane Permeable Oligonucleotides (MPON)
‘;::;.\D‘u o T sy .-;:o/\ MM
P AN m(:;nn Il
G .1\/\./\._. g 24 hours for Yy
release
B e ""n) :

bt s iy

\—w; .4

-y -_—
Q O ey JOORN, VAN
Riss NS wANA bending
- SN,

GalAr conjugeted lign

N, Recepios mediated
endocybosis

SRNA g -~ ‘ -y
Small Intorference FRNA | oo et b .;‘( A . M\
L cpmosal rY)
« Antisense DNA inhibits mRNA translation. 0.01% T @
release nefNcient
‘endosome escape endosome Z. Shu, H.Abe, et al., , Angew Chem Int Ed Engl, 58, 6611-6615 (2019)

» siRNA leads to the cleavage of target mRNA.
Results

Design and Synthesis of MPON. Mechanism investigation

B Phosphoramidite Synthesis M Disulfide inhibition experiment

Sci. Rep. 2016, 6, 25879.; Nature Biotech. 2017, 35, 222.

O Lamy on
&s —_— s
THE

JEERRiEEd
S
-y

Woishibitor  DTNE  lodescetsts

o D g uptake
ol inhibition
cytosol

$ (PN o NP
AN o omTo™N"ok . . .
N0 NN G (PN, O g SN g DHTIO A0 O S Inhibitory assays for cellular uptake using DTNB and iodoacetate. The cellular uptake of 1 uM SLD in HeLa cells after 30-min pre-incubation of
P N EN, THE f6enn e, Ko <Y 1.2mM inhibitors (DTNB or sodium iodoacetate) or no inhibitor. The experiment was performed for three times independently. Data are represented as
A mean £ SEM, *P < 0.05, **P < 0.01, *#*P < 0.001 versus no inhibitors.
13% yild over 2 steps
39% yield over 2 steps M Endocytosis inhibition experiment

u Disulfide (t-BuD) sndacytosis rllh. (X ™

fie
s L 5
_k_ inhibitor 5 & 5 oo
/T: AR oo | ,AYXY\/\/\ § sven
[T i NSRRI R u—thN.P,U\/\/\S,sK i mm\/\,o.,,o\/\/\s,s\ﬁ .'m,c. gD o8 E 130000
i EUN, THE NP, b Ripr, @(, by by b No effect e
16% ield over 2 steps () o Rl g
45% yield over 2 steps T g ,
- Noinkibitr  CR Ami
© cytosol
M Oligonucleotides Synthesis
w= The cellular uptake of MPON is via thiol-disulfide exchange reaction.
T Gene silencing effect of MPON
g e~sdomn Lo S o B NS\ M Dual Luciferase Assay
J PS-DMNA
Antisense for Luciferase
q 4 { S-AACCGOTTCCOCGATTICE-3 ASD .
F e e cooos—o—osc oS- ANCORCTICORORASTION (- Pr0) = :: == MPON effect depends on
el &, - AMDCGCTTCCCCGACTTCL - n(e-8ub) i = hydrophobicity, not terminal
NS T P PN A VA ) structure
[y ¢ § \ . PS-DMNA i_ -0
T T T ¢ E
P ! ¢ i ? 5 5
7

- r. 7 .
s #

Permeability enhancement

&P

DNA concentration: 100 nM, The experiment was performed for three times independently. Data are represented as meanSEM, n =3, *P < 0,05,

(A) (B) Merge P <001, #+#P < 0,001 versus ASD

2
E o Summary
i 1200
§ 1000
% L e Abohive « Disulfide - unit conjugation enables ultrafast cytosolic

800
5 . e . .
2 e internalization of antisense DNA and siRNA
T m . . I .
§ o * This unit forms a disulfide bond with the cell membrane
S e P )

& ‘é,-p ‘pg* ‘&sp 340940) o) surface
* MPON effect depends on hydrophobicity, not terminal
=) Rapid cytosolic distribution in

(A) DNA concentration: 1 jM; Incubation time: 3h The experiment structure
was performed for three times independently. Data are represented as Only 10 minutes!

mean£SEM, n =3, *P < 0.05, **P < 0.01, ***P < 0.001 versus ASD
(B) DNA Concentration: 1 uM; Incubation time: 10 min.
Endosome/Lysosome were stained with Lysotracker Red following
manufacturer’s protocol. The images was obtained by a confocal

microscope at 10 min. (Green: 488 nm, Red:594 nm) hyd rOphObiCity is required

Never been achieved! » Development of simplified MPON with disulfide - unit and



Emissive Radicals Stabilized by a Boron Atom at a Distant Position
oMasato Ito!, Shunsuke Shirai', Yongfa Xie!, Hiroki Soutome!, Naoki Ando!, Shigehiro Yamaguchi'?2

('Grad. Sch. Sci., Nagoya Univ.; 2Institute of Transformative bio-Molecules, Nagoya Univ.)

I. Introduction

Neutral Radical Compounds Luminescence Properties of Stable Radicals
R =

Q T reversible redox character Emclcé%gerffn"eéﬂfogé @) o

3 g long Asbs and Aem k= 1.7x107 [s71] B C' a Ve

c o narrow energy gap X Ko = 3.4x107 [s71] A

0 0 stability /(j a AN .
a O efficient R s & o

el O cl in cyclohexane in CHzCl2 in cyclohexane
emission ) Aem = 628 nm o Aom = 585 nm, @ = 0.022 Aem = 697 Nm, @ = 0.020
C. Lambert, . Fisher, =064 ke =0.50x107 [s] ke = 25x107[s71]  f; = 0.34x107 [51] kor = 1.5x107[s]

Ambipolar carrier OLED materials U.Resch-Genger et al.

. |. Phys. Chem. C, 2009,
transport materials L e sta.

V This Work © Elucidation of the correlation between
ht 4 4 structures and physical properties (stability,
Q:@ photophysical property...)
"D © Development of stable and luminescent radicals

Conventional Methods for Stabilization stable in inert environment

Steric protection Planarization Spin delocallzatlon £ A Neugebaser, el ecal New Strategy for Stabilization of Radicals
Tetrahedron Lett, 1978, 49,4871

cl
m&
Cl
. C. ?
cl
cl
CI/QCI O O B Introduction of
Cl

T. Kusamoto, H. Nishihara et al.

FLietal "

L. Julia et al. Tetrahedron. Lett, 2006, 47, 2305. fngew, Chem, Int. Ed, 2014, 53,
11845,

F.Li et al. Angew. Chem. Int. Ed, 2015,54,7091. Angew. Chem. Int. Ed, 2018, 57, 2869.

toward more

a £ A Neugebauer boron atom into T.Okamoto, M S Y Guchi et ol stable and more
M. Ballester et al. D. Hellwinkel et al. Y. Morita, K. Takui et al. J.Am. Chem. Soc, 2017, 139, 14336. emissive
J.Am. Chem. Soc., 1971, 93,2215 Tetrahedron Lett, 1978, 49,4871 Nat. Mater, 2011, 10, 947.

o L () Photophysical properties in toluene
Br__ nees Cro, w i
@[ . sil Pr ——> O —< >—iPr —— Absorption = Absorption
Br — EXTN i z m AcOH \ / TEp0, 0o 3.0 — - - Emission — cz> 3.0 = = = Emission cz>
- S ]
£ 3 & ¢ 3
55% (3 steps) 80% 53% $a0 5 S, _b,, 5
= g = "D i-Pr g
1)5cqon) & 5 & 5
{2 oy g .O 2 3 2 3
4o . EtS(CI reﬂux ~ o < ]
B T — 2) pchioranil pehloani Q. )D w10 g w10 B
Lol ok < <
.
66% 41% 0 0
300 400 500 600 700 300 400 500 600 700

Wavelength / nm Wavelength / nm

Aabs £ Aem T ke ke
Compounds [m]  [10*M--cmt]  [nm] [ [ns] [107s] [107-s1]

inTHF at 195K | Spm dens,ty UB3LYP/6-31+G(d) level

g=2.0029
596 8.61 612 0.78 34.6 241 0.72
586 5.86 600 0.08 147 0.54 6.3
319 320 321 322 0.447 0.060 & Although both compounds exhibited red emission, the values of @ and knr changed

drastically by deplanarization.

) Theoretical calculations ussLYP/6-31+G(d) level

FQ o
o&toeo C@
0 Q=

2 Introducti >

n g... on of '4‘

Maanetic field/ mT

in THF at 195 K
g=2.0023

0.429 0.102
& Electron spin density was more delocalized onto ‘ 0 boron -« " .
319 320 321 322 a boron moiety in sterically protected derivative >3 '. E Q’"
Magnetic field / mT relative to planarized derivative. 063 eV o64eV & Effective interaction between
[t —_—. p (boron) and TT* (1T skeleton).
B . -1.57eV

.63 eV
]

Aabs = 465 nm
Degradation of toluene solution under ambient C S| Aws=4381m £=0.0031 _
condition monitored by UV-vis spectra Q VJi-pr s > f=0.0037 AE=267 6V Aa;s ‘05;3252’“ Aabs = 545 nm
& w| AE=283eV i =% f=0.0559
10 _—— "D -Pr | SOMO AE=2.19eV AE=257 eV
1072, ) AT T aaBtev T —
fos8 b [ Sterically protected derivative did -4.73 eV
I . s0fete, not show any degraduation. P
F 38351
c 06 < 2
g s %e
2
S 0.98
204
©
2 0.97 Q . X & Spin delocalization and steric protection around boron atom are both essential for
502 G 61..8 1/°h12 e e U © The introduction improvement of stability.
ime our
& 0 g:;:%g“ atom & The vacant p orbital on the boron atom not only functions to delocalize the spin
0 : z r . , 2 > N D im rovedythe density, but also functions as an electron acceptor to generate ICT character.
0 2 4 6 8 10 12 14 16 18 Planarized sr,arl’)ility & The rigid structure by planarization and ICT character are important for achieving
Time / hour trityl radical : highly efficient luminescence.
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Photoreaction of Dithienylborane Derivative
Bearing Bis(trimethylsilyl)phenyl Group

&

Hirofumi Kajita', Naoki Ando', Shigehiro Yamaguchi'2
!Graduate School of Science, Nagoya University, 2Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University

ntroduction
S izati = Photoreaction of BMesz-arenes

& Photoreaction of Organoboron Compounds
Di-Tt-borate Rearrangement Ligand Coupling

M.Tokuda et al.
Chem. Lett. 1976,209.

L

B.G. Ramsey et al.
J-Am. Chem. Soc.1967, 99,3182. R

G.B.Schuster et al.
J-Am. Chem. Soc.1988, 110, 6252.

S.Wang et al.
J-Am. Chem. Soc.2008, 130, 12898.

¢ Bora-Nazarov Cyclization

Ph Ph
Ph-B- | B-Mes hv

v, + =

©/ I @/ﬁ\r’h e O :—Ef

! B !
Mes

S.Yamaguchi et al. Angew. Chem. Int. Ed. 2013, 52, 3760.
MDrastic color changes

Cf.) Nazarov cyclization

R R
A uB R~
Yo-g Mvord_ I}c_d M E“’
e R

R7 4 R7
;>‘°_A'f/

Mes .~

Bora-Nazarov Cyclization
Formal C H addition '

N.Ando, K.Yoshizawa, H. Ikeda, S. Yamaguchl etal.
Angew. Chem. Int. Ed. 2017, 56,12210.
Problem
Benzylic C-H bonds give rise to
another photoreaction mode.

gReversibiIity

2. Photoreaction 5. BN-allene formation

CF3 Bulky aryl group
« Steric protection
* No Benzylic C-H bonds

¢ Molecular Design

Dithienyl borane
* Reaction site of
bora-Nazarov cyclization

Benzylic C-H bond

¢ Photoreaction of Dithienylborane
CFy

CFy CF3
/
\S/i@/ hv(Hg lump) i@ ~ ‘@‘Sl/
hexane rt,1h \O/ %)_ \O/ \¢

61% (mixture)

e TD-DFT Calculation
[B3LYP/6-31(d) in gas phase]

0.6 cFs

o UV-vis Absorption Spectra

0.5 e 4 4 \qa/
} L ] LUMO -I. 77eV
o 0.4 2.8 x 10°MinTHF
g Aex = 310 nm t 1
Qo . ES2 ESI
é 03 0 min Aabs =308 nm  Aabs =313 nm
2 ) £=0.015 f=0.047
< 0.2 270 min | |
A HOMO-I HOMO
0.1 N T —6.45 eV -6.30ev
0 1)%
250 300 350 400 450 i

Wavelength / nm

3. Determination of Photoproduct
& Crystal i,tructure of Photoproduct as a Py Complex
N

CF3

CF3
Orthorhombic P22,2; —.
GOF = 1.194 recrystalization
SN Ag PrE02em) it pyridine J -

Ri[I>20(l)] = 0.0251
'8/ CoDs )3/

-] hexane
J
~r -

CF,
CFsy CFy 2 CF,

\/.@/ 1) hv (Hg lump) @ @./ 2) CHZCN (excess)

WRa(all data) = 0.0832
Si [MH atom rearrangement from

[ C~C bond formation to generate
spiro cycle structure
Not the bora-Nazarov cyclization
< but a new type of photoreaction
s proceeded upon photo irradiation.

4. Plausible Mechanism

CF; CF3
C-C bond
~e At hy ~g kA
Y si- — 1Y si
| \(j’ N

H abstraction 'ormanon -

@
-

110

trimethylsilyl group to thiophen moiety

& Reaction of Photoproducts with Acetonitrile

[ BN-allene

CFy

e .

Monoclinic P2i/c
GOF = 1.156
Ri[I>20(l)] = 0.0334
WRa(all data) = 0.1081

A
/SI;/Sl
\(] ‘N, s
I T

3(.B)=359.96°
‘ BN-allene moiety
B-N= N-C=
1.369(2)A  1.251(2A
’ \
/ B— N =C
80.. 2°/ LB-N-c_
£(.C)=359.99° 172.4(2°
Cf.) Examples of BN-allene
Dipp Dipp 1.302(6)A  1273(5)A
I, N c._ , N
B-N=C || «——> B=N=C| | B—N—C
| /Nj cl INj N
Dipp Dipp 180.0°

E.Rivard et al. Chem. Eur.].2016,22,2134. 1370 12663)A

Ar, /Bu Ar._, fBu
B-N=C  <—— B=N=C B—N—C
Ar BAr, Ar BAr, ""les.m)“
Z.Lin,M.Yamashita et al. Angew. Chem. Int. Ed. 2019, 58,317.

6. Reaction with Acetone

& Reaction of Photoproducts with Acetone
Triclinic P~/

CFy GOF = 1.079
Ri[1>20(I)] = 0.0306
wRo(all data) = 0.0876

! 1) hv (Hg lump) @
Qe f)
ANLB 2) acetone (excess) B
J A 2% p,
\Q E)— \@/ e '}’

[ 10-membered ring formation s @

c{t

CF3

Ring-expansion reaction similar to p o
BN-allene formation proceeded
even with reaction with acetone.

7. Conclu
[ A new type of photoreaction proceeds upon UV irradiation.

[ This reaction suggests that H atom rearrangement proceeds even
at the methyl group on the trimethylsilyl group.

[ Photoproduct reacts with CH;CN to form a BN-allene derivative.
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Self-Assembly of Amphiphilic Aromatic Hydrocarbons g
into Nanosheets via Multiple CH/TT Interactions

Hiroki Narita,' Tsuyoshi Nishikawa,' Soichiro Ogi,' Yoshikatsu Sato,2 and Shigehiro Yamaguchi!:2
IDepartment of Chemistry, Graduate School of Science, 2Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University

ntroduc
Covalent nanosheets

Graphene hBN
e Large anisotropy
* High surface-to-volume ratio
* Unique surface charge

Non-covalent nanosheets

e~

2 :J self-assembly i\‘\\\

Monomers
Problem

2D aggregate

Structural requirements have not
been established.

Effective interaction in aqueous media
Enthalpic and entropic advantage

CH/r interaction, a type of hydrogen bond
« Dispersion force * Cooperative and multiple features <High symmetry of PAH g* '%

g
£% g!‘-

Two-dimensional assemblies of amphiphilic TT-systems in aqueous media
TEM image AFM height image

o8
ane)” omo) e

Hydrophobicity
&

Tr-stacking

E.Lee,].-K. Kim, M. Lee, Angew. Chem. Int. Ed. 2009, 48,3657. _S. Ghosh, D. S. Philips,A. Saeki, A. Ajayaghosh, Adv. Mater. 2017, 29, 1605408.

2. This work

CH/Tt interaction-driven self

heets in

High hydrophobicity
Matching length
Orthogonality

Anthracene

y into

Biphenyl grou (O\L
AN o "R
CH/1T donor and acceptor oJ

~_Triethylene glycol chain

q

Terminal substituent
Control of surface property

Proper solubility in water

Schematic representation

Hydrophobic Hydrophilic chain
aromatic hydrocarbon

" - pu—
< o

4 CH donor

4= TT-acceptor

{
<

Hydrophobicity
&

CH/Tt interaction

n of aggregates

XRD patterns

— Measured pattern of aggregates
— Simulated pattern from single crystal

3
. 5
.% A At A A AP,
g
1-PrOH/H;0 £
——> Aggregate
1-PrOH
———— Single crystal I )"“ A A p e
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20/°

Out-of-plane XRD pattern

5
s
>
i
§
201/°
Sheet-like aggregates and single crystal have a simil lecular p ing

Solvent: I-PrOHIH;0 (1:9, viv)
Concentration: 5 uM

Monomer
_—

50 pM solution
in 1-PrOH

3. Self-assembly in aqueous media

Sample preparation procedure

H.0 Aggregate
20°C
5 pM solution
in 1-PrOH/H20 (1:9,v/v)

TEM image
o~ - -

AFM height image

j W =

124 nm

16 32 48 64 pm

Spectral imaging
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. "“Nn-..-..
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Wavelength / nm

substituents on the
teu | P4l

e g nanosheet surface
Ri = 0.0543 (>20(1))

wR: = 0.1454 (all data)

AFM height image

X-ray crystal structure Zeta potential

—— OMe
1 —OH
|
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2 I
>
k) |1
2
H |
5
3o ]:5 nm Bl
-100  -50 0 50 100
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riclinic P-1

GOF = 1.081,Z= 4
Ri = 0,040 (>2())
WRy = 0.1457 (all data)

Windmill-shaped packing structure

2.88A

multiple
CHITT interactions

Biphenylanthracene is effective for formation of multiple CH/t interactions.

Hln |nteractlcns

Hydrophobic effect and CH/1t interaction drlve di i I bly.

2nd step: two-dimensional growth

water layer

T hydmphwllc
U /7 {Fast growth
‘ more
hydrophilic

Slow growth

I aggreg self: into

M Two-dimensional self-assembly driven by CH/TT interaction in aqueous media
M Windmill-shpaed packing structure composed of biphenylanthracene units
[Z Versatility of biphenylanthracene-based amphiphiles

M Control over the surface property of nanosheets by terminal modification
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Synthesis and Catalytic Methane Oxidation Property of p-Nitride-
Bridged Iron Phthalocyanine Dimer Bearing Eight 12-crown-4 Groups

OJunichi Kura', Yasuyuki Yamada'23, Kentaro Tanaka

1Graduate School of science, Nagoya University, 2RCMS, Nagoya University, 3SPRESTO/JST

kentaro@chem.nagoya-u.ac.jp

1. Introduction

CHa

* Major constituent of natural gas

+ Abundant in the sea near Japan
as methane hydrate

- Difficulty of direct C-H activation

2. This Work

C-H dissociation energy

CHa 104.9 kcal / mol

Novel catalysts are desired for direct and efficient conversion of CHa.

o]
o ElyN
H. H H. H i A=
[01 e 0] \n/° N |

p-Nitrido-Bridged Iron Phthalocyanine Dimer Catalyst
for Oxidation of Methane

CHs-CHy 101.4 keal / mol CHa

(CHg)~CH; 98.6 keal / mol

Ph-CH3 89.7 kcal / mol o
0N

1
CHy-H ——— CHy-OH ———

Molecular Modeling
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o/~ r
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View
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-'\:\FFEN Electron-donating substituents would enhance 2+
the activity of catalytic methane oxidation.
Actlve Specles
3. Synthesis of 2+ a9+
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AcOH 32% "o (7 P 32% in 2 steps el
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Lo &9 o &9 s
2+-
4. Spectra of 2+ |- 5. Electrochemical property of 2+|-
MALDI-TOF-MS Cyclic voltammogram
= 1
=
N ~m?Fe N—
S [\1’ % 4.0 pA
N - 4
Q-"N fwtﬂﬁ J/ % | Fe(lFe(v) / Fe(IV)Fe(IV) |
NC NN 174
1+ -2.00 -1.52 -0.58
1+1- 400 M in Pyridine containing 0.1 M TBAPFs. scan rate : 100 mV/s, 20°C
| 1 | 1 1 207
1600 1800 2000 2200 2400 3 ; 81_1:.57 —0.66 0-:22
m/z 4+ i 70| Fe(imFe(Iv) / Fe(V)Fe(IV)
0, 0y H
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P O N o . -
Y Lo &s
Py &2, 52
Ll
] N FelVeR
° /-od"r oy
&of o
Py
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Potential / V vs. Fc/Fc*
2+-200 M in Pyridine containing 0.1 M TBAPFs. scan rate : 100 mV/s, 20°C
110 g Js -1, é é f‘ g Each redox waves of 2+I- showed significant negative shifts by the
ppm effect of the electron-donating character of the 12-crown-4s.

6. Conclusion and Perspective

We synthesized a novel complex 2+I- having four 12-crown-4 units on each of the
phthalocyanines. A cyclic voltammogram of 2+ |- showed four reversible one-electron redox waves
in the range between —2.0 V to 1.0 V (vs. Fc/Fc+) which significantly shifted to more negative
potentials compared to the corresponding redox waves of 1+I-. This result clearly demonstrates the
effect of the electron-donating character of the 12-crown-4s. Methane oxidation activity of 2+I- is

under investigation.

Strong Electron Donation
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Synthesis and physical property of Tb(lll)-phthalocyanine
double-decker complex having planar chirality

OHiroaki Nakajima', Chisa Kobayashi, Yasuyuki Yamada'23, Yoshiaki Shuku', Kunio Awaga' and Kentaro

Tanaka'*
1Graduate School of science, Nagoya University, 2RCMS, Nagoya University, 3PRESTO/JST
kentari hem.n -

1. Introduction Qur previous work 2. Concept irali
p Planar Chirality (S,S), (R,R), and
S meso isomers can
=5y be generated due to
m gk\ the coordinating
¥ orientation of the two

PR : @/N_ ’p _g: °%N :& i‘*&w’%;AD phthalocyanines.
R \ <o band Siee sy ~—" ®n

o Tb(lll)-phthal nin 8 o1y o C?m:fj )\i ”%_o enantiomer
double-decker complex §MH L, o r IK‘M The structural
is known as a single- ‘< 02 SOMO 4 eq. \ e, difference around
molecule-magnet. 8 somon.umo IVCT band s terbium ion should

* Physical property can
be tuned by changing
the environment around
terbium ion.

400 800

Wavelength /nm
K. Tanaka et. al.

4 uM in CH:Clz

1600 2000

cause the difference
of their physical
property.

3. Synthesis and Separation

Isomers were separated by using a chiral column (CHIRAL ART Amylose-SA,

Hexane : MTBE =95 : 5).

)\)\ O TH-NMR (400 MHz, CHCIs, TMS)
1% o OH ., KeCOs j\ﬁfo Li é\w 5 i ThCls , LiN(SiMes)2
on
o CH:CN (l:( n-pentanol i 6/,\ diglyme
on J\é)
43% 25% 10% | l s
| | .
Can-Type Pc
‘ ‘ (R,R)
I :
| | \ | meso
N | ] !
1 1 1 1 1 1 1 1
20 0 -20 -40 -60 -80 -100 -120
ppm
4. Identification of Chiral Complex 5. Magnetic Property
X-ray Crystal Structur Alternating current (ac) magnetic susceptibility powder, dc fieid : 0 0e)
(8,9) 2 Helix e (91 | (892 (RA) 15 meso 15 [
kg Tuisted | 413 | 389 % ok~ *  10Hz A O . o
g E I, . ® 100 Hz E ‘. ®  100Hz
Pe-Pe | 5803 | 2800 2 & 1000 Hz H . ® 1000 Hz
distance S o5k (]
~ . ~
& = =
R (RAN | (RA)2
2 i °C 1 1 1 1 1 : 1 1
b 2, Helix Axis Toed| w14 | a0
RA Pc-Pc o z
distance 2799 2795 E g
> H
H H
meso | Twisted angle 3 :
N -
Twisted 40.9
(RAN angle N |
Pe-Pe | 5778 70 o 10 20 3 4 5 & 70
distance
meso

* Twisted angle and Pc-
Pc distance of meso
were slightly different
compared to those of
enantiomers.

Temperature / K

* X" shows a local maximum at 26.2, 28.3, 30.5, and
36.4Kat 1, 10, 100, and 1000 Hz, respectively.

Temperature / K

* X" shows a local maximum at 26.4, 29.9, 33.3, and
36.9 Kat 1, 10, 100, and 1000 Hz, respectively.

* These results indicate that the complexes have slow magnetic relaxation.

Arrhenius Plot
R,

* In the high temperature region, the x” peaks of the

1o meso data for fitting was carried out on the basis of a
CD spectrum 0.0 . 0.0 - thermally activated mechanism, T = To exp(Uett/ ksT).
4 — (59 * (RR)and (S,S) -1.0 - 10 .
Q4L el ¢l ’
£ - ,':;2, showed 20 s 20 5’ (RA) meso T : relaxation time, To :
D o E o .
% 3 £-30 - £-30 . Ueike (K) 644 603 frequency factor Uert/
S0 opposite Cotton =0 e =0 o k : effective energy
g effect, whereas 5.0 R 5.0 R To (x107's) 1.39 1.12 barrier, Ts : blocking
N . -6.0 ‘ o .7 Te (K) 218 219 temperature
o al meso isomer A - . .
2 oy A S ) ) .
Z w0 w0 &0 700 showed no 26 28 3.0 8.2 3.4 36 3.8 4.0 26 28 3.0 3.2 3.4 36 38 40 * Magnetic property of (R,R) isomer was similar to that
= Wavelength / nm Cotton effect. 1/Tx102 / K 1/Tx102 / K of meso isomer in spite of the difference of structure.
6. UV-vis-NIR spectrum « UV absorption spectra | |7. Summary
@band of the enantiomers ) . .
3 voT were similar. * We synthesized new chiral Tb(lll)-phthalocyanine double-decker
< — 59 CT band (nm) complexes based on planar chirality.
8 (RA) meso 1973 « IVCT band of meso was )
5 meso 59 1951 slightly different from * (R,R) and 'meslo complgx showed single molecule magnet
2 that of enantiomers. character in spite of their lower symmetry compared to non-
2 (RR) 1950 substituted double-decker complex.
g SOMOLLUNO * Structural difference of ) ) i
T IVCT band meso and enantiomer * The structural difference between meso and enantiomer did not
§ T T might have caused result in the difference in their magnetic susceptibility, but it was
= e 050 o T ) the difference in IVCT caused the difference in IVCT energy.
Wavelength / nm (CCla solution) energy.
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Synthesis of n-Expanded Porphyrin Derived from Tetra(N-carbazolyl)porphyrin
OAtsuya Matsubuchi, Shin-ichiro Kawano, and Kentaro Tanaka’

Department of Chemistry, Graduate School of Science, Nagoya University
kentaro@chem.nagoya-u.ac.jp

1. Introduction

Fused Porphyrins This Work

Ar = 2,4,6-trimetylphenyl R = 2,4,6-tert-butylphenyl
oar onr

e “N 3% . %gﬁg;‘
| R R n n

Amax = 1417 nm Amax = 1136 nm

Eox! — Erea’ =0.61 eV Eox! — Erea’ =1.01V 1(M) 2(M) R = 3,5-di-tert-butylphenyl, M = Ni
H. L. Anderson, et al., A. Osuka, etal.,

J. Am. Chem. Soc., 2011, 133, 30 Angew. Chem. Int. Ed., 2008, 45, 3944

n-Expanded porphyrins exhibit absorptions in near IR region Synthesis of novel n-expanded porphyrin

and small electrochemical HOMO-LUMO gaps.

2. Synthesis of 1(Ni) c

H

by oxidative coupling of tetra(N-carbazolyl)porphyrin.

clic Voltammetr

N
Pd(OAc)z, (o-tol)sP
Ba(OH)2+8H,0 O O 10
+ —_—
DME, H.0 O O
Br B(OH), 96%

DDQ/MeSO:H (in CHzClz)

Erea=1.29 V¥

*R. Rathore, et al. J. Org. Chem. 2010, 75, 4748

S0
PIDA, NaAuCls-2H;0 HN @ N by r«u(ToF:\"c)Z N w N . N ve FaFor)
i CHZCEWZAEOH o i Q . - . 9 Q . ‘ ’ Po«emial/vl :Fc/Fc‘] " -
58,

DDQ/MeSOsH is suitable for

R= [1(Ni)] = 400 uM in CH.Cl> “dati e of (N
i A R A R containing 100 mM BusNPFs oxidative coupling of 1(Ni)
" scan rate: 100 mV/s
1(Ni)

3. Synthesis of 2(Ni) UV-vis

045V 011V
. ;

I

oS 20 —
N R R W R nh
R :
16 2(Ni)
O O DDQ/MeSOsH O O - \
N N, —_— - N| £ —
CHaClx [
O O 65% O O - 2 o
A T R R T R = e
goe
A R R= [ R ;
1(Ni) 2(Ni) 04 I 10 pA
found [2(Ni)]* "
M N - | | 0 300 400 500 600 700 800 900 1000 1.5 1 0.5 o —05
(Dithranol, Positive) .
’ | | | Wavelength / nm Potential / V [Fc/Fc+]
b | | || iJ [1(Ni)] = [2(Ni)] = 5.0 uM in CHCl; at 293 K [1(Ni)] =[2(Ni) = 400 uM in CHCl;,
T TE NI containing 100 mM BusNPFe
| | caled. [2(Ni)l Table. Redox potential of 1(Ni) and 2(Ni) DPV 134V
| i T 119V —172v
— Eyred 2(Ni
1 ‘ | ! compound  Erox (V) Eqred (V) E'ox(eV)E‘r (Ni) \/\J
, il —
1000 2000 3000 2000 250 2525 2530 2536 2540 1(Ni) 0.79 —1.34 213 _13av
mz —177V
2(Ni) 0.11 —1.19 1.30
The structure of 2(Ni) can be explained by the NMR symmetry. 1(Ni) 20A I
The aromatic signals are intensified 2.5 times. “Bu
* Both of Soret band and Q band of 2(Ni)
have shifted to long wavelength region. 0 —0.5 -1 -15 -2
+ 2(Ni) has small HOMO-LUMO gap in Potential / V [Fe/Fc+]
q comparison with porphyrin 1(Ni). [1(Ni)] = [2(Ni)] = 400 uM in CH.Clz,

containing 100 mM BusNPFs

i
I""JJ —— "“ﬁ e 5. Summary and Perspectives

| ’ \/
. in 2(Ni) was i O " O

Bu
from the tetr;(N-?a;bazolyl)purphy’rin 1(Ni). &

N
* 2(Ni) has the red-shifted absorption bands N w
and small HOMO-LUMO gaps.

N
- = e -
L L 1 1 1 L - L # L L L * Further oxidation will be investigated. H R
0 88 ] o5 1] 5 T [ £ 14 12

3/ ppm R = 3,5-di-tert-butylphenyl, M = Ni
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Pd/TiO,-Photocatalyzed Self-Condensation
of Primary Amines to Afford Secondary

Amines at Ambient Temperature
Wang, L.-M.; Kobayashi, K.; Arisawa, M.; Saito, S.; Naka, H.

Grad. Sci., Nagoya Univ

Symmetric secondary amines were synthesized by the self-condensati

harm., Osaka Univ.; RCMS, Nagoya U

of primary amines over a Pd /TiO,

hotocatalyst. The reactions afforded a series of secondary amines in moderate to excellent isolated yields at

ambient temperature in cyclopentyl methyl ether. Applicability for one-pot pharmaceutical s

demonstrated by a photocatalytic reaction s

resulting secondary amine with an a

Takaha
1. Background: Intermolecular Self-Condensation

catalyst R

R
2 R—NH, H/ + NHy

+ atom-economical
« high selectivity for 2° amines
- high temperature ( > 110 °C)

co co
D — P i
—Ru—Ru=PCy, H (\N/\
VOO S
oS con T ey T Npp—i{—pNp, |

OC—,F}u\o_RIu— N_ _Ir—=c¢l CyoP—c—PCy2
H H co PCys N\ N
Craf el ® i g
. OH “nBu P> BF, Me,Si BArf,
tBu’ OH 130°C 150 °C 180 °C 120°C
Yi, C.S.etal. Peris, E. et al. Yamashita, M.; Nozaki, K. et al. Zhang, G. etal.

J.Org.Chem. 2018, 83,4932.  CEJ2008, 14,11474. Inorg. Chim. Acta. 2011, 369, 15. ACS Catal. 2016, 6, 6546.

Pt-Sn/y-Al,05 Cu/y-Al,03 Pd3Pb/Al, 04 Pd@porous graphene oxide
145 °C 140 °C 0,,110°C Hy + 0y, 90 °C
Yu, Z.etal. Mizuno, N. et al. Furukawa, S.; Komatsu, T. et al. Loh, C.T.etal.

CEJ2011,17,13308. Catal. S&T 2013, 3,2397. Chem. Commun. 2014, 50,3277. J.Am. Chem. Soc. 2015, 137, 685.

2. This Work: Photocatalytic Self-Condensation

W n s

2l CPME, 30°C \H/ = Lo
52-96% yield

* Pd/TiOz2 photocatalyst selectively promotes the self-condensation of primary amines.
« Various secondary amines were synthesized under mild reaction conditions.
« Cross-condensation and one-pot dialkylation were demonstrated.

Pioneering works

hy
Pt (5 wt %)/TiO, 50 R R
R R\/\NH2 ( 6)/TiO, 50 mg NSNS +NH,
H,0,25°C,20 h H
60120 umol R = H: 33%; R = CHy: 22%
\;» [2H*, 2¢7] —//
R +amine_ R Pz R
HQNN TH3> NS

Nishimoto, S.-i.; Ohtani, B.; Yoshikawa, T.; Kagiya, T. J. Am. Chem. Soc. 1983, 105, 7180.
Intramolecular versions: Ohtani, B.; Tsuru, S.; Nishimoto, S.-i.; Kagiya, T. J. Org. Chem. 1990, 55, 5551.

©AJ\+H20

major peak in GC
S N +
O/LHJ\Q ”
=

minor peak in GC
hv (UV-LEDs, /4 = 365 nm]

3.2 Optimized Conditions and Controls
Pd (5 wt %)/TiO, (20 mg))

Xy NH, N
| H + NH,
= CPME (3 mL), Ar
°C,10h

0.50 mmol 1 98%
Optimized conditions

3. Result and Discussion
3.1 Initial Discovery

hv(Xe lamp)

AI.I/TIQZ Cu/TiO,
NH, +
HO' Ar 25°C,10h

0.2 mmol 1mL

Changes from the optimized conditions

Without Pd: < 1% (<1% imine) inthe dark: < 1% (<1% imine)

Pt (5 wt %) in place of Pd: <1 % (78% imine)  THF in place of CPME: 75 % (<1% imine)

Cu (5 wt %) in place of Pd: <1 % (20% imine)  acetonitrile in place of CPME: 88 % (9% imine)
Ag (4 wt %) in place of Pd: <1 % (<1%imine) ethyl acetate in place of CPME: 88% (4% imine)
Au (4 wt %) in place of Pd: <1 % (22%imine)  toluene in place of CPME: 90% (3% imine)

Org. Lett. 2019, 21, 341-344.

3.3 Substrate Scope

hv (UV-LEDs, /, = 365 nm)
S NH,
2 P
R‘\

Pd (5 wt %)/TlOz (20 mg)
+ NHy
0.50 mmol

=CHj,, 81% (17 h)
= CH;0, 93% (20 h)
=F, 96% (13 h)
= CF;, 52% (22 h)
= CgHs, 84% (30 h)[1)
sluggish with R = CI, Br, NO,

X NH, IO
| — | H |
ZN =N N~

85% (24 h)i2!

-~
A NH = N =
O/\ ’ (j/\H \O
P Z oz
N N N

75% (30 h)

T CPME@mL), AR0C (3mL), Ar, 30 °C

OO

S ARSS

67% (24 h)

QO

81% (15 h)

Boc-protected
o N N0
P B
o o
71% (23 h)

Cyclohexanamine

T O Q,-0,0

79% (20 h) 61% (72 h)

Core structures in functional molecules
[1] Fang, Y.-Q; Jacobsen, E. N. J. Am. Chem. Soc. 2008, 130, 5660.
[2] Schiller, A. et al., J. Am. Chem. Soc. 2017, 139,4991.

3.4 One-pot Photocatalytic Pharma Synthesis

St d(casage]

0.50 mmol 30°C,20h
hv
+C,HsOH (1 mL)" ©/\/\,;‘/\/
30°C,5h CHs
one-pot

alverine, 83% overall

[1117 mmol. see: Wang, L.-M,; Jenkinson, K; Wheatley, A. E. H.; Kuwata, K;; Saito, S.; Naka, H.
ACS Sustainable Chem. Eng. 2018, 6,15419.

3.5 Mechanistic Hypothesis

H
PN
2e”
- 1 H{e
conduction
band
oH* RTSNANR
2 hv
H NH,
valence
band RJ\NHZ
@)
2h*
Tio, “XNH H,N" R
Pd/TiO, + oH*

Cf. Nishimoto, S.-i.; Ohtani, B.; Yoshikawa, T; Kagiya, T. J. Am. Chem. Soc. 1983, 105, 7180.
Ohtani, B.; Tsuru, S.; Nishimoto, S.-i.; Kagiya, T. J. Org. Chem. 1990, 55, 5551.

Acknowledgement: The authors sincerely thank Prof. Ryoji Noyori for his continuous support.
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Spatio-temporal Control of Formation and Reaction of
Formamide Radicals

Cooperative Photocatalysis
Shogo Moiri,' Takahiro Aoki,! Kaliyamoorthy Selvam?, Jieun Jung', Susumu Saito*12
'Graduate School of Science, 2Research Center for Materials Science , Nagoya University

under Nickel-complexes/TiO,

lrcler

\_/alalysf

The Noyori Laboratory

=

o

C—C bond formation

We report herein C-C and C—N bond formation reactions between organic

C-N bond formation

Y halides and formamides under nickel-complexes/TiO, cooperative
@A@ ﬁ i 5 photocatalysis. The key to selective reactions would be spatio-temporal
R-X + 4 N~ H”°NR H™°N” control of formation and reaction of formamide radicals, where kinetically
| | H favorable radicals would be formed around TiO, surface and then they
(R'=Me, X = Br) (R'=H,X=Br,) would be transformed into thermodynamically stable radicals in solution.

1. C-C Bond Formation with DMF
1-1. Spatio-temporal transition of DMF radicals

co
o .
N 0.20-0.24
$ + )
. | AMR
2 o
Ll +0.12
il more L AG=
=l hydridic N ~1.62 kcal/mol
® \ JOL | acr
h-l
H rlq’\H
W DMF
time

B3LYP/6-31++G(3df,3pd)
Atomic charges were

C-H abstraction of DMF by O-centered radicals: DiLabio, G. A.; Bietti, . et al. J. Org. Chem. 2013, 78, 5¢
Utilization of CO derived from DMF under Pd(l1)/TiO, photocatalysis: Li, Z. et al. J. Photochem. Photobio. " Chom. 2017, 397,19

1-2. Ligand Design

by natural i ysis.

TiO, (100 mg) Solution B
sonication centrifugation
Solution A
NiBry(L1) or NiBr,(L2) suspension TiO, + adsorbed Ni complex
(0.01 M) in DMF (5 mL)
method: Majima, T. et al. L , 20,2753,
0.08
AAbs. <1%
o
7NN\ 2
<
=N, N= 8
Ni o
N @
R o
Br < = Solution A

== == +Solution B

600 700
Wavelength (nm)

800

o
o
®©

distance from TiO,

o

o

c

<

2

£

S

o

k]

< Solution A
== == +Solution B

0
500 600 700 800

Wavelength (nm)

[o] o o
TiO,(P25) (38 | %), Ni cat.
P S oL L L L S SN G
| K,HPO, (300 mol %) \ )
hv(300-470 nm), 60 °C, 20 h
[Slp=0.17M 78 equiv AVP ACP
7 NN/ N NN/ N
=N, NS ) HO =N, N=/ OH
i i Ni cat. = N Ni cat. =
Br’ 'Br NiBr,+glyme (2.5 mol %), L2 (2.5 mol %) Br' Br NiBry(L1) (5 mol %)

Selective AminoMethylation Selective AminoCarbonylation

=CN, AMP+ACP = 79% (AMP:ACP = 1:8.1)

o
R1 -
N7 R'=CO,Et, 81% (1:9.0)
I gt
Ri

= OMe, 61% (1:6.1)

= CN, AMP+ACP = 77% (AMP:ACP= 2.7:1)
= CO,Et, 90% (3.8:1)
= OMe, 68% (8.1:1)

OMe O

o
;
e e
Me0,C

OMe o

g Al

46% (4.9:1)

“@L

77"(/?; ((’75-1) "“(/"3(()1;‘:)‘-3) 57% (1:15.7) 33% (1:1.3)

75% (3.5:1)

1-4. Ligand Effect on Radical Trapping (Competition with TEMPO)

Ni-catalyzed TEMPO-DMF
[~ coupling products ] adducts
1 o
N
. H rll’\© HJLT/\O—
Be oN
+ N + HJLN/ b = ‘ 7% (61%)? < 17%
“o°* standard conditions
NC | o )
[Sle=0.17M TEMPO 8 equi N7 N, -
conv. 50% 1 equiv 78 equiv NG | o 'il
@ Without TEMPO 18% (22%)* 34%
Non-hybrid catalysis in solution was sufficiently prevented by TEMPO.
Ni-catalyzed TEMPO-DMF
[~ coupling products ] [ adducts —]

[o}
JL [o}
N
. HON RN N ~o
o QL
* N * HJLN/ z z 5% (11%)? S 2%
*o* standard conditions
NC | o] o
-
[Slp=0.17M TEMPO N N N. )L .
conv. 100% 1 equiv 78 equiv e | o) lil
2 Without TEMPO 63% (73%)? <1%

Hybrid catalysis around TiO, surface was hardly prevented by TEMPO.

2-1. Background

Br JL 4 Cusalt o [¢} on N X 9 TiO,(P25) (38 mol %), Ni cat. o
e wiy L e syt : > WA
H H o ome N H,N b K,HPO, (300 mol %) H™'N
. . . hv(300-470 nm), 60 °C, 8 h H
solvent 96% 0% 40% [Slp=0.17M 151 equiv isolated yield
Jursic, B. . ot al.Tottahochon lt. 2014, 55, 1523
o
©/Br + )L H sﬂl(l((’:?’)-zligand fL /© Drawbacks & o
HON" H : HO =N, _N= OH
H oG N v only electron rich substrates NI Nicat. =
v expensive Pd catalyst Br’ ‘Br NiBry(L1) (5 mol %)

1.2 equiv 73%

Znang, Z. et al.J. Org. Chem. 2012, 77, 5279.

2-3. Radical Trapping Experiment

y X
+ + -H
Etozc’g Neo- H u standard conditions
[Slo=017 M TEMPO FA
conv. <1% 1 equiv 151 equiv

2 Without TEMPO

Thermodynamically less stable N-centered radical of formamide
would be involved. (AG = +19.63 kcal/mol to C-centered radical)

116

Selective C-N Bond Formation

Ni-catalyzed TEMPO-FA
coupling products adducts
CO,Et CN Ac CHO
X X X
N @ w0 w W Wy A,
HTN H H H H H
65% (X =B 68% (X =B
<1% (ss%)ﬂ <1% 81% Ex - |)') 1% {x - l)") 66% (X =1) 28% (X =1)
CO,M
o | QA RO AL, AL
2
Etozc HJLN HJL N cl HJL N OMe
<1% (4%)? 13% H Me H H
33% (X =Br, 24 h) 29% (X =1) 43% (X =1)

Complementary synthetic method with cheap reagents



Molecular-frame momentum imaging of tunneling electrons from
molecular deuterium in circularly polarized intense laser fields

H. Fujise', M. Takahashi', D. Ikeya', T. Nakamura', A. Matsuda', M. Fushitani’, A. Hishikawa': 2

1 Graduate School of Science, Nagoya University, 2 Research Center for Materials Science, Nagoya University

Introduction

Laser Tunneling lonization Process

« Intense laser electric field

Molecular orbital F:~10° Vicm

(MO)

Observables

Tunneling ionization rate
e-
Tunneling
electron

E Transverse Momentum Dsitribution

=) Sensitive to molecular orbitals

TMD
Distorted

binding potential

» Visualization of excited states of NO
T. Endo et al. Phys. Rev. Lett. 116 163002 (2016)

AT

N* fragment ion distribution with respect to laser polarization portrays MO shapes

Experimental Results

1
1

A

o0 — WFAT o0
MFPAD resembles MO

80+
354
90 00 Asymmetry

6 deg.

454

yields observed perpendicular to molecular axis

Observed clear KER dependence in MFPADs
»

observed from MFPADs

J. Wu et al. Nat. Commun. 4 2177 (2013)

Experimental

Electron-ion coincidence momentum imaging
—m H’\ Position sensitive detector

Position (X, y;)
Flight time (1)

Diff. amp
+

Discriminator 0.1 event/ pulse Molecular frame

E Recoil approximation
Pe 1]

TDC 1
TDC 2 |
Focusing mirror
f=100 mm " SQ window QWP
Diff. amp o F=0.049 a.u.
+ Molecular o 800 nm, 40 fs, 1 kHz
Discriminator beam

Position (X, Ye)

Flight time (1) = Pe

" Position sensitive detector

Y(6°) = Y (6° — 180°)
05 Y(0°) 4V (0° —180°)

THIS STUDY (i B

Jil ee e oo
Investigation of the effects SRS
of molecules on TMDs e H, 1s0

» Electron-ion coincidence imaging

A. Staudte et al., Phys. Rev. Lett. 102 033004 (2009)

Transverse Momentum Distribution
» Three-dimensional molecular orbital imaging’

Circularlypolarized
laser pulses

TMD Momenta perpendicular
to laser polarization

"Q M

Photoelectron momenta distribution
depends on electron wavefunction™?

C
Ultrafast scanning
of molecules

1 V. N. Pham et al., Phys. Rev. A 89 033426 (2014)
2 L. Arissian et al., Phys. Rev. Lett. 105 133002 (2010)

Transverse Momentum Distribution

Three-dimensional momentum distribution:
=» TMD appears in cross section

TMD width in
=» TMD could be utilized
=5 is required to explore the similar effects

seen in MFPADs

Weak Field Asymptotic Theory (WFAT)

O. I. Tolstikhin et al., Phys. Rev. A. 84 053423 (2011)

TMD P(ky) = lﬂ exp [ — Lk‘ ] lonization potential I, » k=21,
F F Tunneling ionization rate T'(3, F) ~ Woo(F)|Goo(5)[?
TMD width & = /F/~ @ F=0.049au. 0=0.214au.

117



118

Three-dimensional molecular frame momentum distribution of
photoelectrons from O, in circularly polarized intense laser fields

IKEYA, Daimu’; FUJISE, Hikaru'; NAKAMURA, Takeru’; MATSUDA, Akitaka’;

FUSHITANI, Mizuho'; HISHIKAWA, Akiyoshi':2
('Dept.Chem.,Nagoya Univ.; 2RCMS,Nagoya Univ.)

=0

Laser tunneling imaging

\ \ Results

Tunneling lonization

Electric field

fasert trtensity
~10" W/cm?

bound Ip
potential

Molecular Orbital Imaging
1. Tunneling ionization rate

Momentum angular
d\slribuligr_\ of N*

Molecular-frame photoelectron
angular distribution

NO 2m

H, 1so

Endo et al, Phys. Rev. Lett. 116 163002
2016)

Reflect one-dimensional orbital shape

2. Transverse momentum distribution (TMD)

Cross  V.N.T.Pham etal, Phys. Rev. A. 89 033426 (2014)
section

TMD
Transverse momentum distribution
on a plane perpendicular to the
laser electric field
Reflect two-dimensional
orbital shape
‘Weak-Field Asymptotic Theory (WFAT)

= TMD

Amic kp?
P(p.) ZD——exp (——
+ t F F I, * ionization energy

Depends on orbital shape F :laser electric field

;C\rcu\arly pol. light

e
«0‘* 1. Tunneling ionization rate
2. Transverse momentum distribution (TMD)

» in attempt to image three-dimensional molecular
orbital structure

‘ Electron-ion coincidence measurement

Three-dimensional momentum imagin
0,— 0, +e —>+ o +a : Dissociative ionization process of O,

—

Position Sensitive iti
- > @ detected position (x, y)
Detector PSD W o iont (1)

Three-dimensional
momentum
m(y = yo)/t

( py
Pz —qE(t — to)

“Laboratory frame”

7 —
(ion)

Y X momentim

ﬁ’L i Px) (m(x—xo)/r >

o+

Electrodes
transform to
- “Molecular frame”
P+ Molecular axis » »
— Orbital sh: x . x
Concave mirror - P : Orbital shape py | oaten, ()
(=100 mm) — vz »
A e )
— 1
3,
0, molecule X' Circularly polarized laser pulse
Xaxis + Wavelength 800 nm
+ Pulse duration 45 fs
+ Repetition rate 1 kHz.
psp — Tl — « Ellipticity 0.93
(electron) « Intensity: 6x 101 W/cm?

Laboratory-frame 3D fragment ion momentum
distribution Peak assignment: H. Liu et al., Phys. Rev. A 88, 061401(R) (2013).

0,- 0, +e—[f+0+e

— Peak I, II
Multiple peaks

— different dissociative pathways
HOMO-2

— PeakI, IV

Molecular-frame 3D photoelectron momentum
distribution
0,— 0, +e— 0"+ 0+

o -

Torus-like distribution was obtained

1. Tunneling ionization rate

Simulation of Classical electron

Peak I (0.6-1.2 eV)
trajectory in a circularly pol. field

PeakII(1.2-1.9 eV)

1.1%10 Wjom?

- without _
. Coulomb potential _,_e,,
o By ~
i . Jilted
" with d

@ Coulomb potential ?

5 L] ] - “

Angular distributions reflected orbital shapes

2. Transverse momentum distribution (TMD)

xy: Qualitative agreement with prediction

TMDs in Peak Il
yz: Nodal structure was not visible

: Xy y %3
4 . (©)

TMDs predicted from MOs

» Angular momentum
S. Eckart et al.,, Nat. Phys. 14,701 (2018).

A Electron which has
angular momentum tunnels
with initial momentum

t 5 -

¥

Shift of final momentum

» Laser-focus volume

= [P

Variation in laser intensity in focal point

broadens longitudinal momentum distribution.
. Morishita et a, Phys. Rev. A5, 023407 (2007).

‘ Summary

Image three-dimensional orbital of O, in intense laser field

i Outlooks

1.Tunneling ionization rate
| Visualization of O, HOMO

« Reflected orbital shape
2.Transverse momentum distribution

'
. i+ Promotion of dissociation
+ Obtained transverse momentum !
'
I
|

by second pulse

distribution from cross section of torus « Fix molecular axis by alignment
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Isotope effects in tunneling ionization of molecular hydrogen in intense circularly polarized laser fields

BACKGROUND

Q Tunneling ionization

Distorted

Binding potential

polential ____

Wavepacket

O\Molecular frame photoelectron angular distribution (MFPAD)

-

1900 ————_ s
50, e a0~
‘.Awﬁ An \
[ W,
|

S

-
\ .« /

.
H, 1so, m-\- .. 0'//131--
A. Staudte et al., PRL 102, 033004 (2009) adi— i

MFPAD provides molecular structure and ionization rate information.

Theoretical calculation H,/ D,

Nuclear mass effect on the tunneling ionization

m H, > D, experimental confirmation! x. wang etal. PRI 117, 083003 (2016)

[
Angular distribution 9 .
yet to be known experimentally

Angle Internuclear distance

-
e
34 B, between R and F, Laser field
z .
N ~ , /
ot %\ el el R 1600 @ 1 Won @ R0 (R R
b= - ate a1 Structure factor Field factor

0. | Tolstikhin et al., Phys. Rev. A87, 041401(R) (2013)

Clarify effects of nuclear motion on the angular
distribution of ionization rates that reflect
molecular orbitals (electron distribution)

METHOD

Electron-ion coincidence method

Time & Position
Laboratory frame

Sensitive detector(PSD)
r— px = m(X — Xo)/t
W™ positon > (x,¥) by =m(Y - Yo)/t
Time of flight — ¢ - Pz =qE(t — to)
Z lon Electron
| (Px,ions Py ion» Pz,ion ) (Px,e:Pye Pze)
Y X
= lon
awp Ti:sapphire Laser
H,/D; 40 fs 800 nm
Electron |

Molecular frame

Electron
(P'xerP'yerD ze)

PSD

B RESULTS

OBBHGH!, BEAE', MK, Z)IIHK'2

OM. Takahashi', H. Fujise', T. Nakamura®, A. Hishikawa'2

1. 2 KkRHE, 2. £ KRCMS

1. Grad. Sch. Science, Nagoya U 2. RCMS, Nagoya U

H, and D, in circularly polarized laser fields
F~0.06[a.u]

Kinetic energy spectrum

The pathways leading to dissociation

1w dissociation
| @ net-2w dissociation
ol 2

25
Ty 2500
D 40
. b o
“l 2000
2 | 1500 & ¢
g | g 20
o \ 000 =
\ i E 10
‘\ Coulomb explosion | s 2 1
— 3 A XIZS)
— ] - : : =
0 2 4 6 8 10 1 2 & & 5
KER f eV Intemucicar distance (a.u.)

Molecular frame photoelectron
momentum distribution (KER<3.0 eV )

MFPAD (Symmetrized)

H.{Fap —a—
Hy i) ——

L1 T wiled === -

ol i

—_————— ]
0 0zo40608 |

™

L1, (Lxpet
T, iFi

L]
1 1 5 002040608 1
2 - o 2
el

D, shows a higher ionization rate in the perpendicular direction
But there is a difference from the calculated value

Orientation dependencies of each KER peak

105
1

1.05
I

Peak1 & Peak 2

: =
5 0o | £ gos
E o9 £ o
£ o085 | E o085
§ 08 E os
2 075 | £ o1
g £
£ 07| W = 07
[ .
0.68 - 0,65
0 10 M 30 40 50 60 0 &0 90 0 10 30 30 40 50 60 70 80 90
Bldegree] B [degree]

Different orientation dependencies for § = 90° and 270° and each peak
=> |nfluence of correlation between ionization and dissociation processes
J. Wu et al., Nature communications 4, 2177 (2013).

SUMMARY

¢ Measured MFPAD of H, / D,

D, has a higher yield in the direction perpendicular to the molecular axis
=» Agreement with the trend expected from the WFAT
Asymmetry in the angular distribution
=> Need to reduce the correlation between ionization and dissociation process
for accurate reading of MO.
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Observation of association reaction of CsHia/N: gas flow system
induced by femtosecond laser filament

Kentaro Tani', Chiaki Kubo?, Kasumi Hashigaya?, Akitaka Matsuda?, Akiyoshi Hishikawa®?
Department of Chemistry, Nagoya University, *Research Center of Materials Science, Nagoya University

(0]4]

Unimolecular reactions in intense laser fields

Intense laser field (~10"*W/cm®) ~ Intermolecular Coulombic potential
... L L)

.. 3
®, assoctstion @ structural deformation
P Selective Bond Dissociation

g
o+ COCHI

Laser pulse shaping + Closed loop control et + o’

-**‘

) . L. . R L Lavis ot ol Scence HRE. 709 (2001)
Multimolecular reactions in intense laser field

® [AuCls]™ Gold nanoparticle

Behzad Tangeysh, et al., J. Phys. Chem. C 117, 18719 (2013).
® CsHus C,H, (H-capped polyyne)

Y. Taguchi et al., Carbon 115, 169 (2017). gold nanoparticles
® C:Hs ——— amorphous carbon

A. Matsuda et al., Chem. Lett. 46, 1426 (2017).

intensity
Y
sgz rich

CH, ——> CH,'®, CH'™, ¢ M etc — o ., @ .
Nano particle

* Hydrogenated amorphous carbon
films and nanoparticles were produced

* Products depends on laser-field
intensity

High intensity

sp2 rich

Batch reaction Multiple laser irradiations Complex reaction process

This work

Observation of association reaction of gaseous CsHu in intense
laser fields

® Laser-field intensity dependence of multimolecular reaction

® Gas flow system Simplification of reaction

Gas flow system
Femtosecond laser pulse
800 nm, 45 fs, 1 m)/pulse, 1kHz

Total pressure : 1 atm

Plano-convex lens Reaction chamber Air(Calibration)
=200 mm 0,0.2atm
Cooling trap N, 0.8 atm
(~70°C) il 3

CcHyo/N,flow system
CgHy, 0.2 atm (Vapor pressure)
N, 0.8atm

UV absorption spectrum

CeHis

Laser-field intensity dependence of association reaction of gaseous
CeH14

O Simplification of reaction by gas flow system
O Calibration of the laser-field intensity using filament plasma diameter

Nonlinear coefficient (n) about laser-field intensity

Hydrogen capped polyyne ~  Fragmentation of CsHis

CeHia — C2Ha4, C3He etc CnH2
CeH1a

Laser field intensity in laser filament

Laser field intensity
2E
I =
nd?-t
E : Input laser energy,7 : Pulse duration,
d : Beam diameter at 1/e?
In ultra high vacuum : d = 4fA/nD

f :Focal length, A : Laser wavelength, D : Input beam diameter

Plasma diameter mesurement

Femtosecond laser pulse
800 nm, 45 fs, 1 mJ/pulse, 1kHz

D CCD camera

Atmosphere

Plano-convex lens
=200 mm

Laser filamentation
Intense femto second laser  pj;gmg defocusing
e |
Kerr self focusing

Beam diameter can’t be determined
in laser filament

Spatial distribution of plasma density
Ne(r) = a(lpe™""/4)n

Lens

\n times
= glone_rz/(d/‘/ﬁ)z

Calibration curve

0 : Cross section of ionization , n : Nonlinear order
d : Beam diameter at 1/e?

=49 x1013{1 — exp(~16E)}

o 01 -
a 1w i 50
e . °
3 3 § 0
i =
3 ™ 304
E w e
W =
A 20
% il 1411 I I %
1E13 £ g 10 -
Irnanaiy e
A Tlebpour, et al., Opt Commun. 163, 29 (1999) [i]
s My okl e B
dlaser =V 7-5dplasma 0.00 004 008 012 0.6
S, Xu, et al., Opt Express, 20, 299(2012) Pulse energy (mJ)

Results and Discussion

Laser-field intensity dependence
5M, CH,

(1L e

T T T T
m 20 a0 n

a0 e
wavelangth (nm) Intensity ( x 10" W/em")
Single molecule dissociation reaction
10 26 |

i - m/z=28 142 x 10* W/cm?

i

T a= i 39 m/z=42

% M L m/2=56 m/2=86

- o - A , .

L 0 -0 L 100
mSE
5 hv
CeHia ——>  CiHb, CcHa, etc (fragment)
- /," [CaHb, CcHa etc]ox 15
H CyH,y ~ Polyyne production process
Ll k=4.8(1) - isi

E CyH; Collision between fragments
8 o i 4801 CaHb+ CcHa+ ete —  CaHz(polyyne)
o 1= -
i v [ sm disagreement with
E /1/ o oM [GHa] ec T the result
I g i -

5 LE Collision between fragment and parent

| " "y CaHb+CsHia — CaH2z(polyyne)
10 5 W 2% Pseudo first-order reaction : [CsHu] = constant

ttensity ( x10"° Wem) [CoHa] o IS

agreement




Asymmetric Coulomb explosion of CH, in

phase-locked two-color intense laser fields

H. Hasegawa?, H. Fujise!, A. Matsuda?l, A. Hishikawa?2
(1Dept. Chem., Nagoya Univ., 2RCMS, Nagoya Univ.)

Introduction

Coherent reaction control in intense laser fields
: : g b |
W- féff IS

Optimally tailored pulse
Spatial phase modulator + machine learning

R. J. Levis et al, Science 295, 709 (2001)
A. Assion et al., Science 282, 5390 (1998)

Two-color laser fields

E,cos(wt)+ E,,cos(2wt+ @) =E, 5,

[0
-, =0
Pulse shape
—_— ®=n/2
20 \WAMV\  changing by o /
t ®=n

Asymmetry of laser fields altered by phase @

Selective breaking of equivalent bonds:

C;H, 1 Q. Song et al., J. Phys. B 48, 094007 (2015)
CO, : T. Endo et al., Phys. Chem. Chem. Phys. 19, 3550 (2017)

Deformation of the potential energy surfaces

Y. Sato et al., 3. Am. Chem. Soc. 125, 8019 (2003) !; . %
demonstrated with linear molecules i

Tetrahedral molecule: CH4
Four equivalent C-H bonds

Coulomb explosion processes
(1) CH,2* = CH5;* + HF
(2) CH, 2+ = CH,* + H,*

Experiment
Coincidence 3D momentum imaging
Position sensitive detector momentum
(X, y, t) mix. /t
[l I
Pi=| myy;/t
Fq(t;-to)

Kinetic energy release (KER)

12
e z 1pil

= ) 2m;
electrodes T
— Spectrometer  phase-locked
— — (feedback
—— loop) 800 nm
= Iris B-BBOJD 1 kHz
Concave mirror -
f=75mm CaF2 pwWp a-BBO
CHa window Wed
9€ a-BBO
Intensity molecular beam plates a B-BBO
~ 3x 101 W/cm?2
Asymmetry Parameter
TR Momentum image Energy spectrum
l 3 4 510"
£
©
vy o3 A
AP =y Ty 3
> 7 E 910

Results and Discussion

(1) H* + CH3* channel

Al®, KER)

-1 0 1
s [ — R o+
6-8 eV H+ N

111 o0 M
71 § 00 ‘i
ok
0.1

4
; e 8
5 6T\ L T
= i} / o,
%5 .*T— i3-4eV H+
4l § 0.0 i\iﬂ IMI
I = i
0.1 W X
3 e T R T T T T
0 3 0005101520 00 05 10 15 20
yield relative phase / n relative phase / n

Different relative phase dependence on KER
— Suggests different dissociation pathways

Fragmentation pathways from CH,2*

[1] R. Flammini et al.,
New J. Phys 11, 083006 (2009).
2 50fF
T
8 40t g2 .
5} 3T, %
c 5 . .
.% 30 ;E = Region III via T, and A,
~‘)5< A, Region I via 3T, and 'E
. (CH2)*  (CH2)oq  (CHgY)oq+ H*

Region I, III : large asymmetry
Direct dissociation from CH,2* ground and excited states

Region II : small asymmetry [2]6. Dujardin et

Predissociation from 3T, to !A; — long lifetimel?!] Z"('IF;%VS' Rev. A 31,

5).
Origin of opposite asymmetry region for I and III
Orientation dependent excitation?
Potential deformation dependent on electronic state?

(2) H,* + CH,* channel

A, KER)
I 2 I 3.5-8
8 , By 00 4
" H,*
\ " m 2 @+
71 800 }
= .}(yi
j 64 0.1 q.p+
i 00 05 10 15 20 OO 4
b4
5 relative phasa / n
Similar phase dependence to
47/ that of Region I of channel (1)

Fragmentation to H,* + CH,*

0 250005101520 R
via 1T, state [1]

yield relative phase / n

Summary

Coincidence imaging of Coulomb explosion of CH,
in phase-locked two-color intense laser fields
(1) CH42t = CH3* + H*
Different relative phase dependence on KER
— Suggests different dissociation pathways
(2) CH42* = CH,*™ + Hy*
Similar relative phase dependence to that of high KER of (1)

121



Preparation of Oxide-supported Heterobimetallic
Catalysts from Cu-Fe Complex

OAiko ASAI', Satoshi MURATSUGU', Mizuki TADA"2
Dept. of Chemistry Nagoya University!, RCMS and IRCCS, Nagoya University?, Nagoya, JAPAN

Introduction

Supported metal complex catalyst
Homogen_eous catalyst OOne of the preferable heterogeneous systems to understand
OWell-defined structure to the relationship between catalytically active structure and
produce high selectivity reactivity Ex) Iry/4-ALO Ex.) (NHC)M-M’Cp(CO), complex
X Aggregation and deactivation 2 3

Preparation and catalytic activity of new
orted heterobimetalic complex

Intermediate
o O e, structure in the EN AN
C transfer M—M:
Heterogeneous catalyst N2 ﬁj\/ \ . | P— “CO
OHigh activity, isolation and reuse \},@\ hydrogenation R éO

Homometallic
X Difficult to understand the

T system N. P. Mankad, et al. Organometallics 2013, 32, 3986-3992.
relationship between active structure LI S Muratsugu, et al. Phys.
and activity due to heterogenity V V Cherm. Chem. Phys, To understand the roles of each metal
FALO, »ALOs 2012, 14, 16023-16031 atom in heterogeneous nature
Preparation of oxide-supported heterobimetallic complex
Bimetallic complex Oxide support Mes
Ex.) (IMes)Cu-FeCp(CO), Ex.) SiO, 72 N @
(CuFp)
) OHo|-| 0H u—FeCO
Mes « Direct bond Impregnation Mes’ 6 6 ~CO
between Cu and Fe + v - H
E"})—CU-Fe' « Active for alkyne Toluene, r.t. 30 min I OH
/CO  hydrogenation and Si0,, y-Al,0,, TiO,, MgO, Under N, |

Mes 0 benzene borylation Si0,-Al,0,, K-Al,O, (Used
after calcination)
1 201,53, Sosasepe, o tee « Coordination to metal center 2_Si0, (Expected structure)

Characterization of oxide-supported heterobimetallic complex
FT-IR v(C-H) v(CO) es Fe K-edge XANES

| __ Cucomplex EN cucl _ 1Fe complex
B precursor rP_ 3 e — 2 sio
736 2_sio,
1892 [ — 2_K-Al0O.
i/ % | __ Fecomplex @? 1.0 —
A “=| 7 precursor  *©jco After the attachment
w 11848 -
3 totof, A < 5 (1)  NHC  was
—-// e E'?—Cu-FS maintained and
1996 .". Wes bridged CO was
11956 . :
I oo N — 2.sio, disappeared. (FT-IR)
02| | — sio, (2) Fe was more
T T — . 004 oxidized than 1.
37D0 3000 2800 2600 270D 2000 1800 1600 7100 7130 7160 (XANES)
Waverumber fom | Wavenumber /om | Energy feV

Catalytic reactions on oxide-supported heterobimetallic complex

Benzene borylation

Diphenylacetylene hydrogenation Xanthene oxidation

(o}
—catalyst_ catalyst 0. catalyst
Ph—=—Ph H,(1atm), PH_ Ph+ r(—’ [ BB ] _camayst | @“B ] — .
150 °C, uv,rt, 0 O Oxidant, 60 °C O‘O
Xylene, 24 h Benzene, 24 h Toluene, 24h O
Catalyst Conv. /% Catalyst Conv. /% Catalyst Oxidant Conv./%  Catalyst Oxidant Conv./%
1 28 1 45 1 TBHP 40 1 PhiO ~0
2_Si0, 4 2_Si0, 13 2_K-AlLO, TBHP 49 2_sio, PhIO 6
2_TiOy 0 2_TiO, 30 K-Al,0, TBHP 14 2_K-Al,0; PhIO 7
2_y-Al;03 20 2_y-Al,0, 26 blank TBHP ~0 blank PhIO ~0
2_Mg0 24 2_Mgo 33 1 H,0, 4 Reaction conditions: Fe(Cu) = 5.0 x 10% mol,
2_Si0,-Al,03 69 2_Si0,-Al,0, 0 2_K-AlL,O, H,0, 14 :n;cl Fe(csu)lll(-anmeneloxidanﬁ 1/50/25, 24
blank ~0 blank 0 blank H,0, 0 »foenesme:

Reaction conditions: Fe(Cu) = 5.0 x 10 mol, 150 °C, H, 1 atm, Reaction conditions: Fe(Cu) = 5.0 x 10 mol, rt, N, 1 atm,
Fe(Cu)/diphenylacetylene = 1/200, 24 h, xylene 5 mL. Fe(Cu)/bis(pinacolato)diboron= 1/25, 24 h, UV: 365 nm, benzene 2 mL.

)

» Supported heterobimetallic complex catalysts were prepared by the impregnation of (IMes)Cu-FeCp(CO), (CuFp, 1)
on several oxide supports (SiO,, y-Al,0;, TiO,, Si0,-Al,0;, MgO, K-Al,0,).

+ After the attachment of 1 on SiO, (2_Si0,), it was suggested that NHC ligand was maintained and bridged CO was
disappeared from FT-IR, and that Fe was oxidized from Fe K-edge XANES.

+ Catalytic performances (diphenylacetylene hydrogenation, benzene borylation, and xanthene oxidation) on the
prepared supported heterobimetallic complexes (2_support) were investigated.
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Preparation and Catalytic Oxidation Performance of
Rutile Type IrO, Nanoparticles

OTakatoshi SUDOH?, Satoru IKEMOTO!', Satoshi MURATSUGU"2, Mizuki TADA"3

Dept. of Chemistry Nagoya University', JST PRESTO?, RCMS and IRCCS, Nagoya University?, Nagoya, JAPAN

(110) surface of rutile type IrO,:

C-H bond activation at very low temperature
Methane oxidation (-172 °C) ['}. 2]
Cyclohexane oxidation (-88 °C) [3

Oxidation of nitric oxide (NO) (r.t.) [

Ir(CH,COO0),
+ carboxylic acid

l H,0, stirred

Only from surface chemistrylth 2 Purpose: Preparation of rutile type IrO, Icinati
and theoretical chemistry!24 fields nanoparticles with (110) surface and its calcination
No application as real catalysts application as catalysts
[1]Z. Liang. et al. Science. 2017, 356, 299-303. [2] Y. Tsuji. et al. J. Phys. Chem. C 2018, 122, 15359-15381. | IrO, nanoparticle |

[3] Martin, R. et al. Phys. Chem. Chem. Phys. 2018, 20, 29264. [4] Yuan, H. et al. ACS Catal. 2018, 8, 10864-10870.

Introduction and Purpose - — Preparation of
An image for C-H activation on Ir0. nanoparticle
Rutile type Iridium dioxide (IrO,) Ir0;(110) surface 2 P

Characterization of IrO, nanoparticle
| IrL,-edge EXAFS |

Ir-O Ir...
XRD | - | TEM (110) plane (101) plane — IrO, nanoparticle Ir.. O Ir-O-Ir
o IrO; nanoparticle : Oscillation = "0 (Wako) FT
i Ir0, (Wako) (x0.25) g
@ N ako) (x0. ; : = -7
2 ] > - e E P A ftﬁ “é_ 1 I
| I Gy : o {VY H £
£ : L A 5 A J ¥ A ] * \
g 1.1 Ir0, rutile type L] = e
a2 =|= 75 ICSD-NO.: 84577 g - 20 o 1 2 31 4 5 &
13|;3 :l :l : ; kHlJ nm RM0™ nm
i — ] — =) o, ] . :
T B Ea e e ey (111) plane (211) plane XRD: pure rutile type structure and broad peak pattern

particle size : 27 nm from Scherrer's equation
TEM: confirmation of (110) plane

average size: ~20 nm
BET: specific surface area: 21.5 m2g~

20 30 40 50 &0 70 80
20 /degree

\ BET and estimated particle size\

Specific | Particle size estimated average particle size: 24 nm
surface area (nm) Ir L-edge EXAFS: smaller Ir...O, Ir...Ir, and Ir-O-Ir
(m?g) contributions
IrO, 21.5 24 — smaller size than bulk IrO,
nanoparticle * Rutile type IrO, nanoparticles with (110) surface
IrO, (Wako) 0.02 2.6 x10% were successfully prepared and characterized.

Catalytic reactions of rutile type IrO, nanoparticle Protroatment | ~Flow gas : Ho = 100 mL mimt
conditions

" " N -Pretreatment temp. : 1) 25-300 °C, 5 °C min*', 2) 300 °C, 2 h
\ Methane oxidation with O, \

“Reaction gas : CH,/O,/N,/He = 20/10/3/67

||'o2 Reaction (total flow rate = 100 mL min-')
CH,+20, — =, CO,+2H,0 (4H,4 = -802 kdmol-) “Reaction temp. : ;; 25700, 5°C min, 2) 200, 300 °C, 30 min,
, °C, 10 min
— A = - mol- = Amount of Catalyst : 200 mg
CH, + 1/20, CO+2H, (AHy,=-36 kimol
[ Catalytic activity on IO, ticle] | Comparison with bulk IrO, (Wako) | Schematic |
image for Ha
1004 100 100
. v = o L flow Ny "D Sample loop2
# a0 m :yiedofco, Leo 2 L 80— - reactor e i a8 {1mi)
T A ;yield of CO = T B : conversion of CH,
9 . 2 9 1r0L (Waka)) A o Sanpis loop 1.
= 60 L 6o 2 w5 60 Wako}) ' y
] (=] c
2 40 ban', 2 40 :
E g g s ﬁ/- +CO, was formed at 200 °C, and I
Z 204 20 oz 20 CO was emerged at 300 °C.
o -
g . [ g B = *Ir0, nanoparticles showed
F — f R, Fo—" e i ivi
200 300 400 K00 00 700 L i UL t:;?hker activity than bulk IrO, 2100 R
Temp. c Temp. e (Wako). % 80 —
T . N )
‘ Xanthene oxidation with O, ‘ Catalyst Conversion % | Selectivity % | Mass balance E 60 gloz :aHOPa"tlde
0 IrO, nanoparticle 82.3 100 0.98 547 an
Ir0, Ir0, (Wako) 4.8 100 0.98 £ 20
———— —
o Nonane, o Blank 4.8 100 1.00 e sl s a——
o Reaction conditions: IrO, (75 mg (0.34 mmol)), Xanthene (0.375 mmol), nonane (1.5 mL),
Xanthene 60 °C, Xanthone g jantheneldodecane (1S) = 1/25/12.5 (molar ratio), 60 °C, 101.3 kPa of Oy, 24 h. s 0 5 10 15 20 25
(Reactant) 02 (101.3kPa) (Product) © Time /h

| *IrO, nanoparticles also exhibited higher activity on the xanthene oxidation with O, than bulk IrO, (Wako). |

Conclusions

-We succeeded in preparing pure rutile type IrO, nanoparticles with (110) planes (ca. 20 nm), which were
characterized by XRD, TEM, BET, and Ir L, -edge EXAFS.

~The prepared IrO, nanoparticles exhibited higher catalytic activity to methane oxidation in gas phase and
xanthene oxidation in liquid phase with O, than bulk IrO,.
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N, Activation by the Fe Sites of Cubane-type
[Mo;S,Fe] Clusters Supported by Cp Ligands

(Nagoya Univ," Daido Univ,2 Hawaii Univ3)
(OKenichiro. Munakata,! Keisuke. Uchida:! Ryota. Hara,! Mami. Kachi,! Mizuki. Tada,’
Tsutomu. Takayama,? Yoichi. Sakai,?2 Roger. E. Cramer,® Yasuhiro. Ohki’

ln 2.3 eq. KCq

2b
Cp* W
/

CpL\

monoclinic C2/c (#15)
Ry/wWR; = 0.0418/0.1178
GOF =1.024

in 2.2 eq. KCq

2)1.0

eq. 15-crown-5

Introduction MetaI-Squel;\‘CIuster Ny Mo-Ti-S Cluster
N X H THE THF
MoFe protein Mezufnﬂri?u/c" H*
N, Nitey 1 | e
2 r l N
S,//\Ir/ Mizobe, Y. et al. 2
Cp \ .. Chem. Int. Ed., . .
Y = cpt 7 » activation by
e » N
s Extracted FeMo-cofactor 2 THF THF Mo-Fe-S
NHj 2y coom A H+ NH3 H* Cluster
(651\* cozno« T e,_v"S
N
(His)N \/ \/ e o
N e S
. . . 1
1Synthe5|s and Characterization of Mo-Fe-S clusters|7 1 X-ray
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| Catalytic Silylation of N, by Mo-Fe-S clusters|

[Ny(SiMey); - formation suggested by DFT
(1) Y. Nishibayashi, K. Yoshizawa, ef al.,
J. Am. Chem. Soc. 2011, 133, 3498.
(2)C.C.Lu,eral.

J. Am. Chem. Soc. 2015, 137.4638.
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Direct monitoring of gas coordination-adsorption on MOFs
A\ with an in situ XAFS system

Hirotoshi Sakamoto, Akihiro Hori, Hirosuke Matsui, Ryotaro Matsuda, Mizuki Tada

Research Center for Materials Science, Nagoya University, Nagoya 464-8602, Japan
Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan

E-mail: sakamotoh@nagoya-u.jp

Backgrounds

MOF for Gas Separation Self-Accelerating Adsorption Process

(1) CO molecules coordinates to Cu2+ in the pore.

% [Cuaipl]
(N3-Kagomé)

i
.

Cu(NO), 3H,0 + /@ ﬁ
HOOC COOH  MeOH/pyridine
RT.

5-azidoisophthalic acid

(Hzaip)
(2) The pore expands to afford N (3) CO molecules diffuse
- extra space for CO accommodation. into the depth of the pore.
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i e £ - [ Coordination Environment of Cuz*
i : i
. ’ L) "y Vacuum co gas
l | e o f 363K 120K
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Direct information about the chemical state of Cu in [Cu(aip)]: Unavailable

Selective Adsorption of CO over N,

H. Sato, R. Matsuda, S. Kitagawa et al. Science, 2014, 343, 167-170 Environment during the Gas Adsorption Process by XAFS

Objective: In-situ Monitoring of Cu2* Coordination

. Whole System Setup
Cell Design Prototype Cell Attached on a Cryostat (at BL1152/AichiSR: Hard Xeray RAFS)

« Path for gas
« Heating
* Attached to the cold head

* X-ray-transparent window
* Inside: gas tight for pressure control

Temperature (10~400 K)
Gas pressure (vacuum~100 kPa) Controllable at the sample position

ents, Results and Discussion

Dehydration Process (Temp. control) €O Gas Introduction (Gas pressure control) 00 adsorpion sohom
[Cu(aip)(H20)]
as-synthesized dehydrated CO 100 kPa CO 100 kPa CO 100 kPa
298 K —» 378K — 298 K —» —_ > R )
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298 K Ae-synthesized Almost all spectra are overlapped Dehydrated
00 L (asynese
8950 8980 En:r;g"(ev) 9020 o040 Much smaller changes than those of the dehydration process

Distinct changes due to the change of + Small difference of chemical state between Cu...(CO) and Cu...(O of COO-)?
the coordination mode of Cu2+ in [Cu(aip)] = EXAFS analysis, Theoretical calculation
+ CO molecules have not diffuse into the pore sufficiently?

= |n-situ XRD, Machine accuracy improvement
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Ligand-promoted PtNi Nanoparticles in Hollow Porous Carbon Spheres as Highly

Active and Stable Oxygen Reduction Reaction Catalysts

O Gabor Samjeské §, Xian-Kai Wan §, Satoshi Muratsugu §, Hirosuke Matsui §, Mizuki Tada §

§ Department of Chemistry, Graduate School of Science, Nagoya University

Objective

Structure

electrolyte fuel cells (PEFC) are still hampered by
= Sluggish reaction kinetics

= Low durability

= High cost

are the most promising approach to overcome those key-issues

= Improved catalyst — support interaction — Increased stability

= Maximum surface to bulk atom ratio — Increased Pt utilization
= Alloying with 3d-transition metals — Increased catalytic activity

L (HPCS) as carbon support material

(EI Pt-based electro-catalysts for the oxygen reduction reaction (ORR) as cathode catalysts in polymer R

0 Ultra-fine, homogeneously distributed Pt-alloys in the form of ultrafine nano-particles (NP) or wires

0 Ligand-protection to achieve mono-dispersity but NP agglomeration unavoidable
0 Second, additional protection mechanism: Pore-confinement in hollow porous carbon spheres

p .
[ [a) TEM b) HAADF-STEM images of PtNi, ,,(Hdpa)/HPCS) c) XRD ||

Synthesis
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ORR activity for different catalysts

g Y
Catalysts ECSA 1{0.9V) MA SA
(m*/g)  ((MA/cm?)  (mA/uged)  (MA/cm?Ze)
TEC10ES0E 65.19 4.48 + 024+ 037+
3.64 0.00 0.02 0.03
Pt(Hdpa)/HPCStx 73.58 + 14.62 + 0.70 £ 0.95 +
6.21 1.66 0.08 0.03
PtNi1.22(Hdpa)/HPCStw 104.65 59.27 ¢ 3.25+% 3.11%
+7.81 2.65 0.14 0.09
PtNi122(Hdpa)/CBrr 74.42 + 10.60 + 0.57 £ 0.76 £
0.52 0.73 0.03 0.05
PtNi122/HPCStr 30.31+ 17.56 + 0.88 + 291+
1.19 0.85 0.04 0.03
C J
Durability (Accelerated Durability Test)
| 100 —s— Il PN}, 1n
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= 24%
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= 40+ 16>
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§ 20 g
[=] L -~
S 0.8%,
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Conclusions

v’ Combining ligand-protection with hollow porous carbon spheres lead to
homogeneously distributed ultra-fine PtNi NP with high catalytic activity
and stability

v’ Maximum activity was found for PtNi, ,,(Hdpa)/HPCS with one
magnitude higher mass activity than reference Pt/C (TEC10E50E)

v’ The similar 13 times higher mass activity as also larger ECSA was
observed after 60000 ADT cycles indicating very good durability of
PtNi, ,,(Hdpa)/HPCS
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Topological molecular nanocarbons: all-benzene catenane and trefoil knot

Motonobu Kuwayama', Yasutomo Segawa'-?", Yuh Hijikata®3#, Masako Fushimi', Taishi Nishihara'25, Jenny Pirillo®4, Junya Shirasaki',
Natsumi Kubota?, Kenichiro Itami' 23"

1 JST-ERATO, Itami Molecular Nanocarbon Project, Chikusa, Nagoya 464-8602, Japan.
2 Graduate School of Science, Nagoya University, Chikusa, Nagoya 464-8602, Japan.
3 Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Chikusa, Nagoya 464-8602, Japan.
4 Institute for Chemical Reaction Design and Discovery (WPI-ICReDD), Hokkaido University, Sapporo, Hokkaido 001-0021, Japan
S Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011, Japan

ABSTRACT

The generation of topologically complex nanocarbons can spur developments in science and technology.
However, conventional synthetic routes to interlocked molecules require heteroatoms. We report the
synthesis of catenanes and a molecular trefoil knot consisting solely of para-connected benzene rings.
Characteristic fluorescence of a heterocatenane associated with fast energy transfer between two rings was
observed, and the topological chirality of the all-benzene knot was confirmed by enantiomer separation and
circular dichroism spectroscopy. The seemingly rigid all-benzene knot has rapid vortex-like motion in solution
even at -95 °C, resulting in averaged nuclear magnetic resonance signals for all hydrogen atoms. This
interesting dynamic behavior of the knot was theoretically predicted and could stimulate deeper
understanding and applications of these previously untapped classes of topological molecular nanocarbons.

Y. Segawa, M. Kuwayama, Y. Hijikata, M. Fushimi, T. Nishihara, J. Pirillo, J. Shirasaki, N. Kubota, K. Itami, Science 2019, 365, 272-276.

RESULTS and DISCUSSION

1. Topological molecular nanocarbons 4. Synthesis of all-benzene catenane and knot
fullerene carbon nanotube
+ [12IcPP
-
9%, S~ s oo
g sicee &
\3 : [12jcep. b

13%

I-b trefoil knot

2. Conventional synthesis of catenanes
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... Bruns, 4. F. Stoadar, The Natur ofthe Mechanical Bond: From Molecules o Machines, Wiey-VCH, Weinheim, 2016, e P oS oleng 1O Mt o Bull; then T HFIERO,
DMF = N,N TMEDA = N,N,N'N*tetramethylethylenediamine, Bpin = 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl.

is of quil inating / polar i groups.

3. Synthetic strategy for all-benzene catenane and knot 5. Properties of all-benzene knot
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| ramicowe  OYNthesis of a Zigzag Type Carbon Nanobelt

RGANIC CHEMISTRY Kwan Yin Cheung' Yasutomo Segawa?3’, Kenichiro Itami23"

1 Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Chikusa, Nagoya 464-8602, Japan.
2JST-ERATO, Itami Molecular Nanocarbon Project, Chikusa, Nagoya 464-8602, Japan.
3 Graduate School of Science, Nagoya University, Chikusa, Nagoya 464-8602, Japan.

INTRODUCTION

Carbon nanobelts, the fully fused polyaromatic hydrocarbons resembling sidewall segment of carbon nanotubes, are gaining much attention recently since the synthesis of the first
carbon nanobelt in 2017." Similar to carbon nanotube, carbon nanobelt can be classified into three classes such as armchair, chiral, and zigzag types according to their sidewall
structures. Until now, only armchair? and chiral® type carbon nanobelts were reported while zigzag type carbon nanobelt remains a challenging synthetic target.

Herein we report the synthesis of the first zigzag type carbon nanobelt. The synthesis involves an iterative Diels—Alder reaction sequence followed by reductive aromatization
reactions. Being a benzannulated [18]cyclacene with fully benzenoid structure, this zigzag nanobelt is isolated as a stable compound, in stark contrast to the still elusive parent
cyclacenes. The structure of this nanobelt is fully characterized by X-ray crystallography and its photophysical properties elucidated by UV-vis absorption and fluorescence spectroscopy.

RESULTS and DISCUSSION

« Structures of different types of carbon nanobelts « Synthesis and crystal structure
and their synthetic strategies o . - -
Reported: o= s PNz -2 I »
(a) armchair carbon nanobelt (2017) “ T “‘i T “ o
o O o -46°C o O reﬁu: o O
Bu Bu
2 )

Ye te lir 4
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Cl,
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S Y OOUD e
toluene Br oliene g
e cancalli
Bu 5 B Bu Bu
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M
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This work:
zigzag carbon nanobelt
R

4

-46°C
Zigzag Carbon Nanotube

(not isolated) 1
* Molecular design of the target zigzag-type nanobelt 0
(rotsolted)
Mo aromante: Clar's setel Fully Banzenad
Fradicted 1o ne o Expected o be - abic
|=)Fuity Berzancid Benzannulated Cyclacens:
o (FBEC, m = n3)

orthorhombic, Pnnm
R, = 0.1268 (1>=20 (1)),
WR, = 0.3955 (all data)

54% from
h O
T

e Structural analysis

.
NICS(0)
B (calculated for :’ifm
N [18]FBBC)
- * Aromaticity analysis
. ring A: -7.54 0.92 supports a fuIIy
% ring B: 0.99 0.23 benzenoid structure
H i 'i;' R 4 R=ty R-3 ting C 7.44 0.87
: A= 320nm i [18]FBBC (R = H)
g H
v i
H * Reference
(1) G. Povie, Y. Segawa, T. Nishihara, Y. Miyauchi, K. Itami, Science 2017, 356, 172.
(2) G. Povie, Y. Segawa, T. Nishihara, Y. Miyauchi, K. Itami, J. 4m. Chem. Soc. 2018, 140, 10054.
- - o o = = = . (3) K.Y.Cheung, S. Gui, C. Deng, H. Liang, Z. Xia, Z. Liu, L. Chi, Q. Miao, Chem 2019, 5, 838.
‘wavelength (nm) (4) R.Gleiter, B. Esser, S. C. Kornmayer, Acc. Chem. Res. 2009, 42, 1108.

128



Synthesis of cycloiptycenes from carbon nanobelt

Hiroki Shudo,' Motonobu Kuwayama,?? Yasutomo Segawa,':? Kenichiro Itami':3

'Graduate School of Science, Nagoya University, japan
IST-ERATO, Itami Molecular Nanccarbon Project, Nagoya University, Japan
*Institute of Transfermative Bio-Molecules (WPI-ITbM), Nagoya University, Japan

ABSTRACT

‘.\\ (6,6)Carbon nanobelt ((6,6)CNB), the fully fused belt-shaped

aromatic hydrocarbon, can be considered as the precursor for

:;; novel carbon nanostructures. Herein we report the first synthesis
—. ’ij)g ,_C:j of pristine cycloiptycene via the Diels—Alder reaction of (6,6)CNB
Diels-Alder W with arynes. The structures of thus-formed cycloiptycenes were
o4
& b

reaction confirmed by X-ray crystallography. DFT calculation indicated
that gradual releasing of the strain energy of CNB promotes the
Diels-Alder reaction.

(6,6)carbon nanobelt
cycloiptycene

DISCUSSION

I. Background: Iptycenes 4. X-ray crystal structures of cycloiptycenes
Iptycenes () &

SUprTpyCane
palas )

viptyoens  heptiptyoans

Cycloiptycenes
'

|

o

PN

eytlodadeyting eyelododacplycane llraguinena (7l = Ma. Ag)

{reat ayntteszed)
Only the quinone derivative of eycloiprycene has been synthesized.

Fioview of iptyoenas: .00 Ma, 2 Mang, ©.F. Chen, Symier 2015, 24, 6
Cycioiptyeana: K Lou, & M. Pece. B, Windu, J Duscer. D H Hun, £ A= Cham Soc 3010, 132 17035

2. Synthetic strategy of cycloiptycene
A "

{/

eyclotatracosiptycens

5. Analysis of reaction pathways by DFT calculation
=] LI |® Relative energies (kealmol') (BILYP/6-31G(d))

(6 §jcarbon nanocbelt
An isomeric structurs of
eyciododecipt poee
Carboen nanobelt is a potential precursor of cyclopitycenes
(B G)Caren nansbelt . Pove ¥ Segiws T Nalsharm ¥. Migsush K Nasi Ssence 2007 356 172

Diels-Alder

Relationship between reaction position and the number of Clar sextets Cyclodomciptycen
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Synthesis of negatively curved polyaromatics
by octagon-forming annulative Coupling

Satoshi Matsubara,' Yoshito Koga,' Kei T\-1uml-..-m1i’ 2 and Kenichiro Itami'?
!Graduate chool of Science, f\ 1;,0\:1 i

Development of new synthetic methodology for connecting

. aromatics has been regarded as an important issue in order to

¥ iy A pursue functions of polyaromatics depending on their structure.
Herein, we report the synthesis of Mackay crystal subunit via

ctlcroghenanmanes smenemapehuoraics | Memwmoieyensn | palladium-catalyzed  annulative  coupling  bay-chlorinated

polyaromatics.
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Photoinduced C-H arylation of arylamine /-

Bumpei Maeda', Genki Mori?, Yota Sakakibara!, Akiko Yagi'®, Kei Murakami'?, Kenichiro Itami'2#
staduate School of "'n ience, Nagoya University, Chikusa, Nagoya -i-h-l—‘}&(} , Japan.
*Central Pharmaceutical Research Institute, Japan Tobacco Inc.
*Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University
‘JST, ERATO, Itami Molecular Nanocarbon Project, Nagoya University

Arylamine is an important structure in pigments and semiconductor

" * Direct arylation materials. To date, many photoinduced arylations of arylamine have
. - No catalyst been developed. However, no report on direct sp? C—H bonds arylation
« Mild condition of carbazole derivatives has been reported. Herein, we report

photoinduced direct sp? C—H bonds arylation of carbazole.

1. Arylation of carbazole 4. Substrate scope

General method i
O " e @O
i {10c1)

2 ] i
A, &, N Crose coupling 05 °C 24 h
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oo 00 e
- Multistep synthesis « Only 3 arylation \d.:S'D i d : : \*QQ_O @Q‘D
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2. Photoinduced arylation of Arylamine 5. sp® arylation
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This work: arylation of carbazole

6. Proposed mechanism

Facile synthesis of 2, 4 arylated carbazole
y

3. Optimize reaction conditions oL
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Entry X Solvent LG Yield (1/2)
1 3.0 MeCN Br  229% (111.2) Reference
2 5.0 MeCN Br 27% (1/1.3) l1] Wu, M.-J. et al. Organomef.aﬂfcs 2013, 32, 272.
3 50  MeCN/H:0=10:1 Br 29% (1/1.3) [2] Kénig, B. et al. Org. Left. 2017, 19, 5976.
(] 50 MeCNH,0=10:1 Nt 45% (111.6) [3] Tsujimoto, K. et al. Bull. Chem. Soc. Jpn. 1980, 53, 1683.
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Photoredox-catalyzed decarboxylative cross-coupling
of aryl halides and glycine

Jaehvun Jung!, Yota Sakakibara!, Kei Murakami'?, Kenichiro Itami*? /7
'Graduate School of Science, Nagoy niversity, Chikusa, Nagoya 464-8602, Japan. ¢
‘Institute of Transformative Bio-Molecules (WPI-ITbM), N ya University
'IST, ERATO, Itami Molecular Nanocarbon Project, Nagoya University

Benzylamine is an important scaffold in bicactive compounds, especially
pharmaceuticals. Recently, the synthesis of benzylamine derivatives by
photoredox-catalyzed aminoalkylation toward aryl halide have been
developed, however, the straightforward synthesis of primary benzylamines
remains an important task. Herein, we report nickel- and photoredox-
catalyzed synthesis of primary benzylamines, which generated from
Deserbonylalive G g @":"‘" glycine derivatives. Notably, this reaction can introduce non-substituted
aminomethyl group into haloarenes through deprotection.

1. Synthesis of Benzylamine 3. Scope
K=B L x=l
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Synthesis of Various Polycyclic Aromatic Hydrocarbons
by Annulative m-Extension Reactions

Keigo Yamada,' Wataru Matsuoka,' Maciej Krzeszewski,' Hideto Ito'2 and Kenichiro Itami' 22
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Kitaro, H.. Matsucka. W o, B Tami, K. Chem. Sci. 2018, 9, 7356,

Fused aromatics gather great attentions in the field of materials science, especially in oploelectronics, Therefore, there is a huge demand for the development of efficient
synthetic methods for various fused aromatics. Recently, we have proposed annulative m-extension (APEX) as one of the ideal synthetic methods for fused aromatics. APEX refers
to a m-extension that constructs one or more new aromatic ring using an unfunctionalized aromatic compound as a template. Herein, we report a reaction that canses the APEX
rca&.hon and the Scholl reaction oonlmucusl\-
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Synthesis of non-hexagonal nanocarbon | construction of sixmembered ring
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The Renaissance of 4,5-Diphenylphenanthren§

Yuanming Li,®*®

Akiko Yagi, *® and Kenichiro Itami #b¢
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Abstract: The synthesis of nonplanar aromatics via the
introduction of a three-dimensional (3D) building block as the core
of the organic materials into the structure is a useful strategy. We
introduce 4, 5-diarylphenanthrene as a novel axially chiral,
nonplanar, 3D building block for the synthesis of a family of highly
twisted and chiral macrocycles.

Twisted, nonplanar aromatic macrocycles
- Moduwlar synthesis of 10 different macrocycles
+ Conformationally restricted chiral structures
- High solubility and unigue crystal packing
« Aggregation-induced emission
« Solvatofluorochromism

1. Introduction: Repremtaﬂve 30 Building Blocks
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2. Synthesis of Twisted Macrocycles
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3. X-ray Crystal Structures
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* The Synthesis of 4,5-Diarylphenanthrene
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Catalytic C-H Arylation of Cubane
toward Synthesis of Novel 3D Molecules

Ryo Okude!, Genki Mori!, Akiko Yagi'?, and Kenichiro Itamil 23

IToM
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Nagoya Unhewrsity
ami aracarn
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LiTMP, Ar-l
anBuz !
)ﬂ then H
Pd cat

R = CONPry

Monoarylcubane
= CON®Pr, or CN

- 16 examples, up to 82%

Multiarylcubane

- Programmable synthesis
- Chiral arylcubanes

'ﬂ'ﬁf
e B

Diverse chemical space

Cubane (CgH;)

* Unique 3D structure
+ Stable under 220 °C
* Bioactive derivatives

Novel 3D materials

2015 Senge et al.

2016 Baran et al.

M Pd cat. Fe cat Q
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2019 Uchiyama et al. for 3D materials 2018 Senge et al.
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then Pd cat., SPhos, dtbbpy Q% o
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<}
° c ~
cl

Senge, M. 0. et al. Organometallics 2015, 34, 1408. Baran, P.S. et al. J. Am. Chem. Soc. 2016, 138,11132.
Senge, M. 0. et al. Chem. Eur. J. 2018, 24, 1026. Uchiyama, M. et al. Chem. Sci 2019, 10,6107

C-H phenylation of cubane

1988 Bashir-Hashemi et al.
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2) JST, ERATO, Itami Molecular Nanocarbon Project, Nagoya University , Japan
3) Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Japan
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Cubane, which is a cubic alkane first synthesized by Eaton in 1964, has been
widely utilized as a unique 3D building block. Despite high potential utility of
cubane derivatives, the synthesis has mainly relied on the transformation of the
carboxyl or halogeno groups on cubane. To create novel 3D molecules based on
cubane, we envisioned to establish a universal method for functionalization of
cubane. In this work, identified arylcubane as the first and high value target, a
catalytic C-H arylation of cubane was developed. This arylation allowed to
install a wide variety of aryl groups and realized the synthesis of

multiarylcubanes as well. . . . . .
Okude, R.; Mori, G.; Yagi, A.; Itami, K. manuscript preparation
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Development of a Synthetic Method for Unsubstituted Nanocarbons
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Solubility Problem Nanocarbons are promising candidates for electronic devices. Because of their strong
. intermolecular interaction, nanocarbons easily form the aggregates. In order to suppress
the aggregation, long alkyl or alkoxy chains are often installed as substituents in the
synthesis of nanocarbons. Since the substituents cause the change of physical
properties, a synthetic method for unsubstituted nanocarbons is highly demanded.
Herein, we report new synthetic methodologies circumventing this problem.
Unsubstituted nanocarbons was successfully synthesized with the aid of cross-linked
polystyrene or sterically demanding dendrimer-like molecule. The result implies that
Aggregation strong aggregation of nanocarbons are effectively hampered by this strategy.

Unsubstituted bon
: promising candidate for electronic devices

Strategies toward Unsubstituted Nanocarbons

polymer chain B )
dendrimer-like molecule
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Direct C-H Borylation of Pristine Hexabenzocoronene (™«
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The physical and electronic properties of polycyclic aromatic hydrocarbons (PAHs), fused

arenes that consist of sp%hybridized carbon atoms, depend strongly on their structure. In HBpin
spite of the strong demand of concise and practical methods for the functionalization of I'i’ggf“d
PAHs, there have been few reports on the direct functionalization of large PAHs.
In this study, we have established conditions for Ir-catalyzed six-fold C-H borylation of
pristine hexabenzocoronene (HBC).
. " . . . pristine HBC
Acknowled Prof. Dr. Tsuyohiko Fujigaya for fruitful discussion.
RESULTS
1. Functionalization of pristine PAHs 3. NMP as a magic solvent for nanocarbons
- Planar PAHs Approximate Sotvent Surface Energy, £ md m®
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(1) Coventry, D. N.; Batsanov, A. S.; Goeta, A. E.; Howard, J. A. K.; Marder, T. B.; Perutz R. N. Chem. Commun. 2005, « « « o - carbon nanotube
41,2172, : ‘K
(2) Eliseeva, M. N.; Scott, L. T. J. Am. Chem. Soc. 2012, 134, 15169. o0 S0 40 =60 10
(1) Bottari, G.; M. A. Herranz, Wibmer, L.; Volland, M.; Rodriguez-Pérez; L.; Guidi, D. M.; Hirsch, A.; Martin, Solvent Surface Tension, »/md m*
N 0'Souza . Torres, T. Cham. Soc. Flev. 2017 46, 4464
(2) Bergin, S. D.; Nicolosi, V. Streich, P. V. ; Giordani, S. ; Sun, Z.; Windle, A. H.; Ryan, P.: Niraj, N. P. P. Heranandez, Y.; Nicolosl, V.; Lotya, M.; Biighe, F. M.; Sun, Z.; De, S.; McGavem, |. T.; Halland, B.
Wang. 2.7, Garperter, L la, W. 1 Bland, . ). Hamiton.J. P.; Coleman, J.N. Adv. Mater 2008, 20, BY M. G, Y. K; Boland J. J.; Nial, P G.; Krshnamuthy, S.; Goodhue, R,
a o Hutchison, . Scardac V.. Ferran, A, C. Colemen. J. N. Na. Nanotechnol. 2008, 3, 563
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- Absorption spectra of HBC at 60 °C
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CPME

Tan, Y.-Z.; Yang, B.; Parvez, K.; Narita, A.; Osella, S.; Beljonne, D.; Feng, X.; Mllen, K. Nat. Commun. 2013, 4, 2646

- Nonplanar PAHs

NMP is a good solvent

HBpin
[|r(?%?;gd]2 also for HBC

> Temperature variable UV/vis spectrometer L
cyclopentyl meﬂlhyl ether (CPME) [rs———
120°C, 24 h Solubility of HBC at rt.: Hughes, J. M.; Hernandez, Y.; Aherne, D.; Doessel, L.; Millen, K.; Moreton, B.; White, T. W.; Partridge, C.; Costantini, G.; Shmeliov, A.; Shannon, M.; Nicolosi, V.
Goloman, J.N. J. Am. Chem. Soc. 2012, 134, 12168,

tmphen=_¢# N\ /7
warped nanographene =N N= pinB Bpin

4. Direct C-H borylation of pristine HBC

75%
Nonplanar structure increases the solubility of PAHs
Kato, K.; Lin, H. -A.; Kuwayama, M.; Nagase, M.; Segawa, Y.; Scott, L. T.; Itami, K. Chem. Sci. 2019, 10, 9038.

2. Heteroatom-substituted HBCs

HBpin (18 eq.)

entry solvent TH NMR yield
[IOMe)cod]2 (15 mol%)
- Halogenated HBCs " tmphen (31 mol%) 1 CPME 28%
solvent 2 THF 5.0%
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Z O FeCly
N CHaNO,
% @ O O CHoCly 2 l
X

(1) Kikuzawa, Y.; Mori, T.; Takeuchi, H. Org. Left. 2007, 9, 4817.

(2) Wu, J; Fechtenkotter, A.; Gauss, J.; Watson, M. D.; Kastler, M.; Fechtenkstter, C.; Wagner, M.; Mallen, K. J. Am.
Chem. Soc. 2004, 126, 11311

- Borylated HBCs

Bopin,
[Ir(OMe)cod],
dtbpy

Mesitylene / ‘BuOMe

Top view Side view Packing structure
cubic, Pa-3 ) . -
GOF = 1.063 Slightly distorted to No -t stacking is observed.
At=0.0705, have S; symmetry
wR2 = 0.2192

- UV/vis absorption and fluorescence spectra

) of hexaborylated HBC
insoluble
353 069 — e
“ e=165x10°Mromt — 2inCHCl,
(1) Yamaguchi, R.; Hiroto, S.; Shinokubo, H. Org. Lett. 2012, 14, 2472.
(2) Ryuichi Yamaguchi, Ph.D. thesis, 2014, Nagoya University.
Unexpected rearrangement caused by Scholl reaction i o= 25%
OMe ; T=124ns
3
R, ‘ R £
@ O O FeCly
Z CH,NO, 546
s O s CHCl N
® A= Gt = e
Ste wavelength (om)
70% not detected Red-shifted from HBC because of the o-donation of boryl groups
Dou, X.; Yang, X.; Bodwell, G. J.; Wagner, M.; Enkelmann, V.; Millen, K. Org. Lett. 2007, 9, 2485. Calculated at B3LYP/6-31G(d)
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Stereoselective benzylic hydroxylation W ‘

catalyzed by cytochrome P450BM3 with Decoy Molecules Ay e

Kazuto Suzuki,® Joshua Kyle Stanfield,® Sota Yanagisawa, Hiroshi Sugimoto,®¢ Yoshihito Watanabe,? Osami Shoji®? IGER e |

*Dept. of Chem., Grad. Sch. of Sci., Nagoya Univ,, > CREST, Japan Science and Technology Agency, <RIKEN SPring-8, Harima Inst., ¢ Reserch Center for Materials Science, Nagoya Univ.

Background %. RANE i ' : %2

Cytochrome P450BM3 Native reaction: fatty acid hydroxylation Non-Native Substrate Hydroxylation by Substrate-Misrecognition System

8 . e e m e mm e —— s
= e 0.2 20 HIy~, stringent substrate-specificity for fatty acids ,
LA “PasoBMa N have prevented the application of the enzyme 9 PFCO-Trp Decoy Molecules
T to an oxidative catalyst bearing substrate generality. [ O e
= 1 "y " BECT e T
Substrate binding mode Propane popans 1 G Mrkrrere
Propane, which structure i totaly diferent +
PA50BM3 = « s, 1 i decey
TR R M, HOH L St e e oo
PN and hydronyated by P4SOB. X leading to the formation of propanol
1
- ]
= Tyrst .
PDB: 11PZ 1
= e ——— 0, 2H, 26 1
£4 + Amonooxygenase, which catalyzes the hydroxylation of long-chain
g lyz ydroxyl g
fatty acids at the sub-terminus \
Heme + Fatty acid is bound to P450BM3 through hydrogen-bonding interactions. AN
~
Catalytic Cycle In the presence of the decoy molecules, P450BM3 can catalyze hydroxylation of non-native
[suvstrate R+ binding | [ Activation of molecular oxygen | Rt [[substrate hydroxytation | such as propane and benzene.
e R R-H 0, 2" 26 "o Recent studies have demonstrated the ial as decoy of various ic acids
Heme e ) 2 5. R-OH with structural diversity.
ed = -H0 -H0 . Gomy Product : : . .
— N N pound |
Avial cystein Cys Cys “CyS Gt porphyrin m-ation racical Fluorinated Decoy Molecules (Perfluorinated Carboxylic Acids, PFC)
GIn73 St - HH
LEHY Ew
oL PFC9-Phe g PFCO-Trp “'E;’j wﬂa — X
o PASDEM3
} W, Y TN L Docery motucde
Controlling St ) , RACE ol ar. e s e R
ontrolling Ster y Yy Decoy molecule = PFCO-Trp: 207 min’
Fluorine coating prevents the decoy molecule itself from §
being reacted with active species of PA50BM3. PFOS-Phe: 251 min
P450BM3 (R)-selective hydroxylation Tyrs1 2 Cong et S Cotol 2005

2w ey

GIn73
Co-Phe a Ibuprofen-Phe  ATe47 wan

- .
”-‘I(L.,!J\/\/\N mrﬁm

C7-Pro-Phe Z-Pro-Phe
Co-Phe: 192min’  louprofen-Phe: 236 min’
D
i A )Lr:‘;\/\/\ S ) s C7-proPhe; 259 min" - Z:ro-Phe: 220 min
Re T oo

0. shoi et a, AGE 2017

Diocary v dn

a. Q.
e e

i
“Decoy for (R)" “Decoy for (S)"

Hydroxylation target: ©:>
alkylbenzene derivatives Indane

Z-Pro-Phe Heme
- Decoy molecule =

i
i Non-fluorinated Decoy Molecules
=

Results

of decoy

PFC9-Phe 5CHVA-Phe (R)-Ibuprofen-Phe Z-Pro-Phe

Benzylic Hydroxylation by PA50BM3 with Decoy Molecules

.5hofetol, Az, 2007

Indane Hydroxylation suoo0- GCMS Chromatogram
oH “H oo v The crystal structures of P450BM3 bound to 5SCHVA-Trp and Z-Pro-Phe were successfully solved.
CD QD GO soe] 4[| %[ = :
PasoaM o > Pl OO OO | = i Conformational Change of P450BM3 Induced by Decoy Molecules
Enantiomeric Excess (ee) of the products o (R)- (S)/\| — vz P450BM3 with SCHVA-Trp = Closed conformation

P450BM3 with Z-Pro-Phe — Opened conformation

None 16% (S)

SCHVA-Trp

Active site cavities

Z-Pro-Phe
depicted by surface model. -

PFC9-Phe

5CHVA-Phe

(R)-Ibu-Phe

45% ()
PFCO-Phe 2168 6 (R) 24

Z-Pro-Phe 56% (S) 5CHVA-Phe 435:27 53(R) 44

o 10 20 30 40 50 6 (Rybu-Phe 31415  45(S) 39
e %] ZPro-Phe  302+10  56(S) 43

Ethylbenzene Hydroxylation Tatralin Hydroxylation

H H H H
IS y X P
el 0 2200 O
PABIEN (" & FRIENT h e o i
The shapes of active site cavity

Decoy Rate e CE Decoy Rate ee CE are different between the two structures.
moleoule  min (%] (RIS) [%] molecule  [min) (] (RIS) [%] Phe87 and Ala264, residues near
None 147+11  45(R) 23 None 20+1 55 (S) 7 §

the active site, are displaced by

PFC9-Phe 373+46 52(R) 31 the binding of the decoy molecules.

SCHVAPhe 447+13 85(R) 47
(RMbuPhe 32125 7 (S) 35
ZProPhe 32439 4 (S) 43

PFCOPhe 212116 69(S) 17
SCHVAPhe 320131 13(S) 49
(RMbu-Phe 33240 89(S) 66
ZProPhe 260115 96(S) 82

Docking Simulation of Indane to Decoy-bound P450BM3

Software: AutoDockFR (PLoS Comput. Biol., 2015, 11, ¢1004586.)

[ ]
[ ]
i
[ ]
[ ]
=
wo  ws  me ws w0 ws a0
Retention time /min
Decoy Rate ee CE
53% (R) molecule  [min"] (%] (RIS) (%]
None 36:2  16(5) 8
-]
[ ]
i
[ ]
i
[

Em
I
NE)
I
n vt it
R
Smaller space HLarger space
5CHVA-Trp induced closed conformation
while Z-Pro-Phe induced open conformation.
[l
I
e
I
=
w]
e

v ivity of benzylic ion was imp or inverted SCHVA-Tr Indane
upon decoy isplayed above. P Z-Pro-Phe
@ 5CHVA-Phe improved (R)-selectivity. # Z-Pro-Phe improved (S)-selectivity. ©:>
“Decoy for R” " satmree “Decoy for " " sens) e
425t (@ (I; 302t
% g ot mme Qo ot ae - Phes? . Pheg?
¥ NWO L "“ﬁ:’\ﬂ) - Pro-(R) indane was obtained Pro-(S) indane was obtained
TS 86 Buines o soriee ;yw w:ﬁ :gcklng simulation ' by the docking simulation
QO 20mn rystal structure of into the crystal structure of
P450BM3 with SCHVA-Trp. P450BM3 with Z-Pro-Phe.
Experimental Procedure Reactons were quenched with CH,Cl Reacton extracts were analysed by GC Heme Heme
d. per min 108)
Dty 16040 A
o on7Y 20m Reactons were performed Experimental: (R)-selectivity (41% (R) ee) Experimental: (S)-selectivity (56% (S) ee)
by e 257 under sinng o 10 min
pren 1om NADPH consumption wes montared -
oo s E o . . X . L
oMo 15 =622 e e el v The results of each docking simulation were consistent with the experimental stereoselectivity.
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Sequence-selective recognition of double-stranded DNA by peptide nucleic acid

asanari Shibata, Masaki Hibino, Yuichiro Aiba*, Osami Shoji*
(Department of Chemistry, Graduate School of Science, Nagoya University)

Introduction Summary

e

= Peptide Nucleic Acid (PNA)
Base Base - Electrostatically-neutral backbone

) e e (-]
No electrostatic
° ol . PNA forms a stable duplex with DNA. _ ;IIDI < ITI0L

o K‘?
:
) ENN\)kn/\’NJ" ONADNA.  DNAPNA  "ePulsion

Thermal Stability » We have succeeded in developing
a novel PNA invasion method.
+ High resistance to enzymatic digestion > Parallel invasion does not require

any chemical modification of nucleobase.

A A Chemically-modified nucleobase
DOUbIe'duplex invasion Pseudo-complementary PNA (pcPNA)

Gomplementary PNAS > We will optimize invasion conditions for
[ e —_— \(‘ O in cellulo and in vivo applications.
————— TI0T T S
Direct recognition Y 5 o e A o
\\ Invasion complex Steric repulsion destabilizes Steric repulsion
Ssa PNA/PNA interactions. >
TIT0T + OO Invasion proceeds efficiently. D : 2,6-diaminopurine, Us : 2-thiouracil

V38 Problems of pcPNA
* Boc synthesis

to the DNA recognition in cellulo or in vivo. o EffectlvelpcPNA monomers are only available (r_wtl applicable to automatl_c synthesizers,
) for AT pair. limited to manual synthesis)
- Gene expression control

1
PNA invasion is applicable 1
|
" ! Limitations in recognition sequences Time consuming and laborious
- Genome editing L

Research Aim ) V Strategy .

« Binding property of nucleic acid " 0 i Anti-parallel
Development of a novel invasion method Invasion does not proceed when using unmodified PNAs.
w/o chemical modification of nucleobase SHOEITDCHRIA 0 ¥ IO 3 oo |+ L LLLE

5 { Stable

5 o\ 3
T ¢ :

Jo
e ATIIT ; i 3end
OO ————— . 7T T 5
IITTT DNA duplex exists stably in anti-parallel orientation.

| 1
N, Parallel
«X % Thermal stability of PNA/PNA duplex is lower K Punnnn

in parallel orientation.

N, C : N terminus, C terminus

. @l Unstable
‘/Targetlng anyjseguences / Novel Invasion Method
Vv Fast and automated synthesis of PNA c c

Ve N CN N Reversing the orientation of a PNA inhibits
g the formation of PNA/PNA duplex.

Useful for molecular biology applications

Results and Discussion

= Invasion Experiment Electrophoresis = Mismatch Sequence Discrimination

e [PNAI/[DNA]= 0 510 510 Single mismatch was introduced in
DN OIbRlIS 00IM Incubation e the%enter of the target sequence
[Each of PNAS] = 100 -1000 nM 1S'rwmm [ 9 q :
[HEPES (pH = 7.0)] = 5 mM 50 °C for 1 h : P

%\m Target sequence
IO 50 T

(single mismatch)
T .37

DNA

= Invasion Efficiency - Electrophoretic Mobility Shift Assay al

mismatch
[PNAI/[DNAJ= 0 42431 1..2:=3 match
Invasion efficiency P =N
. 349, o The single base mismatch prevented the formation of invasion complex.
LLLLL— Parallel invasion showed high sequence selectivity.
= Target sequence 5 = .
oIy /f j}f iy = Investigation of Applicable PNA Length
Anti- Parallel FPRERE0 8 8.8
Size parallel , :
marker B i — PNA length (10, 11, 12 mer)
This result is the first achievement of PNA invasion —— mﬁm B e ol
w/o any chemical modification. S T
N DNA
o \(3} & &
= Thermal Stability - T,, measurement IS TACTCT
High PNA/PNA PNA/DNA S =50
v The longer PNAs formed invasion complex more efficiently.
8 28 828
Thermal 80 = i o
e ull A = Application to other sequence
= [PNA]/[DNA]= 0 5--10 5 10 .
o 67.6 Sequence of PNA and DNA (15 mer) —_— Target : GC-rich sequences
65 N |:| Fw: ACTACTCTTAGTCAT o e P
" [EERRRRRRRRNNNN = content 33% ~ 67%
- 60 = ‘ = Rev: TGATGAGAATCAGTA Mmm* X
y y .§§' y y e rarget sequence (GC rich)
erv p?rrgl‘\;el Parallel p:rr‘a‘l‘l;zl p:g'ﬂe\ Parallel | DNA‘—'—“—'—‘ 2 CGAAGTCGGCGATEE -3
« The thermal stability of parallel PNA/PNA duplexes was very low. fgf Q){;‘K GCTTCAGCCGCTACC
Anti- 3. w3
« PNA/DNA duplex was more stable than parallel PNA/PNA duplex. parallel "aralle!
The results of T,, measurement supported that of Invasion complex was formed even with GC-rich target sequence.
the invasion experiment. This result suggested that parallel invasion method

covers extensive target sequences.
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Aqueous Two-phase Extraction of Semiconducting Single-wall Carbon Nanotubes
with Isomaltodextrin and Thin-film Transistor Applications

Haruka Omachi'?, Tomohiko Komuro’, Kaisei Matsumoto!, Minako Nakajima?, Hikaru Watanabe?, Jun Hirotani¥,
Yutaka Ohno** and Hisanori Shinohara!

Abstract

Semiconducting single-wall carbon nanotubes (s-SWCNTs) are promising materials with potential applications in thin-film transistors Pol a ek
(TFTs). However, separation techniques are required to obtain highly enriched s-SWCNTs since conventional as-grown SWCNTs are a Ulyihytens gipat phuse
mixture of 70% semiconducting and 30% metallic SWCNTs. Here, we developed a rapid single-step aqueous two-phase extraction of
high-purity s-SWCNTs using isomaltodextrin, which is a cost-effective polysaccharide that contains a large amount of a-16-
glucosidic linkages. We also succeeded in fabricating high-density uniform films directly from the high-purity s-SWCNT extract
Fabricated TFTs exhibited an excellent on/off ratio, carrier mobility, and on-current density. Isomaltodextrin phase
: Metallic SWCNTs

Semiconducting SWCNTs

Omachi, H.", Komuro, T., Matsumoto, K.; Nakajima, M. Watanabe, H Hirotand, | Ohno, Y. Shinohara. FL* Appl. Pl Express 2009, 12, 097003
Most Readd Article, Mightighted in NIKKEL Bustaess Dasiy ) ) JETL and M

Single-wall Carbon Nanotubes (SWCNTs) Purity Evaluation
Electronictype base on Chirality (n,m) PPN Sp s izl nana
| metallic semiconducting 2 prostne
Semiconducting  n-m# 3a (o: integer] r A .
X : LA=5:1 w

metollic (ax 78S mm

purkiod

Intensity / a.u.

fb=1:6

A Large-scale
T N ampando Extraction

\-ﬁ-:'z“& 00 600 800 1000 1200 100 200 300

s e Wavelength / nm Raman shift / a.u.
Semiconducting SWCNTs were extracted in 98.4% purity

Thin-film tronsistor Treotparert

(TFT) ! 4 . ik

Metallic G il ot Nt 2019, 572, %65 'J
& A~ Natuse Cosmani. 2003 e

el armoso i ! Scr. Adv. 2018, 2, el = Wearoble

NHztreoted

surface c"‘"::':";‘; CNT thin film

Two separated phases composed of water and non volatile components

Polyethylene Giycol (PEG) APTES :3}‘/\/\\ B AFM observation
Semnconducting o~ _jon e Model of fabricated TFT
o In Source/Droin fabrication CNT patterning

s+ SWCNTy)
AR eswonr TR

Metallic = W ’ J “
(m-SWCNTs) Gate (TVAU)  SI0; (100 nen)

Height profile
¢ Fast process @ Easy to scale up . 3 ) R S -

€Y Khripin o o, | Ane. Chowe. Sov 2013, 135, 4622

Expensive DX polymer is required for SWCNT purification

Inspired by Chemical Structure

Isomaltodextrin (IMD)
! @ highly branched «-glucan containing
" N . 66.3% «-1,6glucosidic link
o ol ca w1,6glucosidic linkages
) " @ produced from starch via

a-glucosyliransferase and -amylase on/off ratio vs mobility

@ commercially available
as water-soluble dietary fiber

~¥0.7/g
(DX: ~¥200/g)

* L 1004m

Lu 50 pm
o Lw 200
® La 0pm

104 e
orJo ratio
$mell charocteristic variotions
due to anifermity and high-purity

-10
Vin/V
on«current density: | 1| pA-may
K Tossaki cr ol Cardulade: Kes. 3009, 544, 2151 on/off rotior 1.75 x 10*
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Fabrication of the Carbon Nanotube Thin Film
using the Cross-linking Amine

Polymer for Flexible Transistor Applications

Kaisei Matsumoto', Kazuki Ueno', Jun Hirotani?, Yutaka Ohno?3, Haruka Omachi'4’

! Department of Chemistry, Graduate School of Science, ? Department of Electronics, Graduate School of Engineering,
3 Institute of Materials and Systems for Sustainability, * Research Center for Materials Science, Nagoya University, Nagoya, Japan

E-mail: omachi@chem.nagoya-u.ac.jp

Abstract

OMe e

(Moc-PAA)

Owing 1o ther remarkable properties, sngle walled carbon nanctube thin film
tranustors (SWONT-TFTS) wre mspecied 10 be used in vanous fexible electronics
apolications. 7o fabricate SWCNT channel layers for TFTs, solution-based film formation
on a sel-assembled monolayer {SAM) covered with amino groups s commonly used

metworks on both rigid and fexibie substrates. TFTs thet use the fabricated SWONT thin
film exhibited excellet performance with smal vanatom. The presented wmole
method o access SWONT thin fibn accelerates the realization of flexible
Aancelect oo

K Matsumato, K. Ueno. J. Mirotan.. Y. Ohno, H. Omachs submittod

Fabricating SWCNTs film

Substrate Characterizations by AFM and IR

; NH, NH, NH,
' NH2 NH, NH;

)

spin-coat with Moc-PAA
then thermal treatment

Characterizations
by AFM and Raman

—5

drop-cast SWCNT dispersion

Cross-linking
NH,

Solution Processable

NH2
Insoluble Fitm

Adhesive layer for SWCNT film fabrication without oxidation

Characterization of Moc-PAA

Raman spectra

200 400 600 800 1000 1200 1400 1600
AFM observation skl

Highly dense and uniform SWCNT networks

Background
General Method for the fabrication of SWCNT film
Si/SIO, substrate

H Nz NH,
&+ 5
Oxidation Wl-yn CNTlltn

AFM image of oxidized PEN substrate

Flexible polymer substrate

Ve Wik

Oxidation

Pon

"y

This method damages the surface of flexible polymer substrate

Characterization of Moc-PAA
AFM Observation

IR Spectra

10 nm
RMS roughness ]
15000 031 nm Urethane oAHN—R)
H-bonded C=0 1680 cm’ )
2 FreeC=0  1737em’ "y or
3 10000 i
£000 (M .
u “wR
00 07 14 21 28 85 a2

A Hhden o Prens Ovpaste Sostign. 38231 4006

Height/ nm

Smooth surface was confirmed Urea bonds were formed

Transistor performance

Si/Si0, substrate PEN substrate
TS sewonr  pun ) - ammg  VOVSm
m/_—l—
Geato (TVAL)
10

ave. on/off ratio: 2.94 x 10°
ave. mobility: 1.84 e’V ‘s '

0 ! 10
= 100 | s
{ 1
£ £
<o S
E | 3100
Y 102 { 9 on/off ratio: 8 71 = 10*
! mobiity: 154 em*V ‘s !
L=50pm 102
109 pg=-5V L=100 ym
Vos=-6V
. . 102
10440 5 0 5 10 5 0 5
Vas/ V Vas/ V
olvpe - Ambipolar =

Exposure of &-SWCNTs 2o air Passivation of s-SWCNTs with Al,0,
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Gelation of polysaccharides
for semiconducting SWCNT separation

introduction
Single-wall carbon nanotube (SWCNT)

v’ Chemically stable and mechanica y robusl

¥ High carrier mobility

v Flexibility

VA vansne

\— ’(. ' L2l

High purity s-SWCNT are strongly required

Methods
IMD gel synthesis

cross-
linkers

Yuki Matsunaga', Haruka Omachi?2

Gel Filtration Method Aqueous Two-Phase Extraction

Separation method using the difference of affinity
. : N
L AIT
A 4 *ey
4

Polyethylene glycol phase

Semiconducting SWCNTs

Isomaltodextrin phase
- Y v W
Metallic SWCNTs

. Semiconducting
! SWCNT solution e Ny —

Isomaltodextrin(IMD)

Ut P Expeen
* Commercially available

*Low cost
*a-1,6-glycosidic bond rich

Dextran - conventional polysaccharides gel
o I

*» Excellent separability
* High cost for synthesis

CNT dispersion

IMD gel

Metallic
SWCNT dispersion

Crosslinking reaction

Resulits

Optimization of gel formation

Epichlorohydrin

(ECH)
Effect of IMD contentis

The amount of IMD Results
won 1 '

AT OpArANOr

[ ot

A 2.5 M NOM ag. wins anadt

Effect of NaOH concentration®

The cancentration ol NaOH Results

] 600 M of IMD wae used

142

m-SWCNT s-SWCNT

) mMSWCNT  5-SWCNT

.\ i wavelength / nm wavelength / nm
-

- m-SWCNTs were efficiently removed with optimized gel

Column Preparation
ummar y
* IMD gel was synthesized by cross-linking reaction
with ECH
« Efficiently s-SWCNT separation was achieved with
the synthesized IMD gel




Transfer Hydration of Dinitriles to Dicarboxamides

suka Naraoka’ and Hiroshi Naka 2

'Graduate School of Science, Nagoya University; 2RCMS, Nagoya University

------;r-a-p-----’;;];n-‘;-. Abstract: We report a robust method for double transfer hydration of dinitriles.
— . The transfer hydration of 1,n-dinitriles (n = 1-6) proceeds smoothly in the

CONH . ) ) ) A

CN o} Pd(CHyCN)4(BF), 2 2 CH.ONT ~CHiCN i presence of a palladium(ll) catalyst with acetamide as a water donor, affording the

( v 2 NH AcOH CONH * e —AcOH . corresponding diamides in high yields without involving significant side reactions.
CN 2 2 H

reduced pressure

The equilibrium was shifted in the forward direction by removing coproduced
1 acetonitrile under reduced pressure.
Naraoka, A.; Naka, H. Synlett 2019, 30, 1977—-1980 (Invited Cluster).

4. Pressure Dependence

H,0 donor

: : Pd(CHyCN),(BF,), 100 >
i : (Pd/A =0.01)
!N CONH, COOH COOH CN AcNH, (10 mmol) taslle
H H,0 H —_— 80 »
: —_— : o AcOH (2 mL) o .
!y catalyst CONH, N CONH, ! xmmHg, 50 °C, th 2 +
H L o . H 1, 1.0 mmol — CH3CN 2 2 60
' y cy hydrolysis ! &
.............................................................................. = >
Homogeneous catalysts Heterogeneous ; a0 [ 4
]
HZ Pty TOH " DRu-P_  [{Rh(OMe)(cod)},JPCy, Mno, —CHyCN T |
O=P' H | OH 20 | - 760 mmHg
Me, cl I
) ©—0.8-1.2 mmHg
ex.
CONH, H,NOC._= CONH, H,NOC. 0
Cconn 2NPENFNconH, coNH VPSS conH, 5 10 15
2 2 time (min)
97% 74% 99% 99%
[0.2 mol %, 95°C, 8 h] [1 mol %, 60°C,1h]  [2 mol %, 25 °C, 48 h] [100 °C, 30 min] The removal of the coproduct (CH,CN) and the solvent (AcOH)
Parkins, A. W. et al. Cadierno, V. et al. Saito, S. et al. Ley, S. V. etal. under reduced pressure is high|y effective

J. Mol. Catal. A: Chemical Dalton Trans. Angew. Chem. Int. Ed. Org. Lett.

2000, 760, 249. 2016, 45, 13590. 2008, 47, 3607. 2014, 16, 1060.

o Efficient route to 1,n-diamides Substrate Scope

¢ The substrate scope for 1,3-dinitriles remains limited

o Pd(CHyCN),(BF ), G
A Pd/Dinitriie = 0.001-0.01 2
2. Transfer Hydration + 2aow, L @omD) )
i i CN 1-3 mmHg, 50 °C, 2 h CONH,
This Work: Transfer Hydration of Dinitriles .
10 mmol 100 mmol —2CH3CN Yields of products with minor
CN CONH, contamination by acetamide
( + 2AcNH, w» + CHCN T (Overall yields after recrystallization)
CN AcOH 'CONH
H,O donor  reduced pressure, 50 °C, 2 h 2 H,NOC« CONH.
2 A 2 CONH, _<:C0NH2
. . . . HO
Previous Work: Rapid Transfer Hydration of Cyanohydrins n=1:77% (43%) n=4: 89% (84%) conn CONH,
HO. o 0 n=2:83% (61%) n=5:82% (74%) ?
C=N 4+ JL Pd(NO3), HO. wn, * NEC-R n=3:80% (69%) n=6:79% (66%) 68% (63%) 55% (32%)
H,N” R AcOH 2 CONH,
50 °C, 10 min CONH, CONH,
H,0 donor 71-98% yield CONH, CONH, CONH
Pd,] (n=1o0r2 ?
[Pl ( ) [Pd,] /f CONH, CONH,
] CONH,
HO. Sif R CONH,
Os_R o.__R 0 9% (54 % (799 o 9 9
H H / 83% (54%) 94% (79%) 79% 91% 91%
WY — WY o I
N, NH, LN /N\H NH, N o CONH,
[Pd,] [Pdy] [Pdy] COoNH cl cl °
R = CHj, alkyl Kanda, T.; Naraoka, A.; Naka, H. J. Am. Chem. Soc. 2019, 141, 825 o 2 H2N°c\7\CONH2 HzNOCUCONHZ
cl cl
Cf. Pd-Catalyzed Reversible Dehydration of Amides CONH, CONH,
o o Maffioli, S. I. et al. Org. Lett. 2005, 7, 5237 76%* 84%* 96%* 76%*
PdCl, Dai, M. et al. Org. Biomol. Chem. 2014, 12, 9109 (Pd/dinitrile = 0.1) (70-90 °C)
JL + CHCN ———2~ R-CN + )]\ Ebright, R. H. et al. Cell 2017, 169, 1240.
NH, H,0 NH, Singh, A. K. et al. Dalton Trans. 2017, 46, 13065 *Dinitrile (0.7 mmol), AcNH, (7 mmol), AcOH (1.4 mL), 6-30 min.

Croatt, M. P. Org. Lett. 2018, 20, 6046.

3. Control Experiment

6. Decagram-Scale Hydration

Pd(CH3CN),(BF,), (Pd/1 =0.01)

CN CONH, CONH, Pd(CH,CN),(BF,),
AchH (10 mmol) N oN (Pd/Dinitrile = 0.001) CONH
AcOH (2 mL) AcNH, (1.2 mol) 2
CN 760 mmHg, 50 °C, 10 min CONH, CN aconeomh
cN COH (240 mL) CONH,
1,1.0 mmol —CH3CN 2 3 0.6-0.7 mmHg, 50 °C, 12 h
120 mmol —CH;CN 88% (13.7 g)
Changes from the above scheme yield of 2 (%)? yield of 3 (%)?
none 73 25
1/AcNH, = 1:2 29 58 Pd(CH4CN),(BF,), (0.01 mmol)
. AcNH, (12 mmol)
without AcNH, <1 <1 i
. CN CN CN AcOH (2mL) CONH, CONH, CONH,
H,0 instead of AcNH,, 1/H,0 = 1:10 <1 15 . 0.8-1.2 mmHg, 50 °C, 20 min
) 1.0 mmol CH.CN 85% yield
without Pd(CH3CN)4(BF,), <1 <1 ) [+ 0.13 mmol AcNH,]
reduced pressure (0.8-1.2 mmHg) 81 17 Hydration of Polyacrylonitrile
b
1 (10 mmol), reduced pressure, 1 h >99 <1 catalyst catalyst
1 (10 mmol), Pd/1 = 0.001, reduced pressure, 1 h? 99 1 /{’\/]ﬂ ﬂ, T X &, o
aDetermined by 'H NMR analysis (internal standard = mesitylene). CN CN CONH, CONH,

PACOH (20 mL), 0.8-1.2 mmHg. PAN PAN-co-PAAM PAAmM
g —

5 T, B . -~
teful to support from Pro& M. Uchiyama, M. Kamigaito, R. Noyori and S. Saito. \
&\iygrﬁity program) for financial supporti' : ‘ . #
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Photocatalytic N-Methylation of

Amino Acids with Methanol

Ivven Huang, Yuna Morioka, Susumu Saito, Hiroshi Naka (Grad. Sch. of Sci., & RCMS, Nagoya Univ.)

3.2 Scope and Limitations: Proteogenic Amino Acids

4 UV-LEDs
UV-LEDs // R (o gi?rng') I
R , AgNO,/TIO,
AgNO,/TiO. H.C + 2CHOH —— = "% 5 HC + 2H,0
+ 2CH,0H g—“, 3 \N/'\COZH HN7NCo 3 30°C, 15 h N7 ScoH 2
H,N” “CO,H 30°C 1 CH,
—2H,0 CHs3 Val, 0.10 mmol 10mL 83%

duct, isolated yield, dr:
Abstract: A silver-loaded titanium dioxide (AgNO;/TiO,) photocatalyst procuchisolatecy’e r

promotes N-methylation of amino acids with methanol at ambient temperature

under UV light irradiation. Scope and limitation of this method on proteogenic

H3c\ L Hac\

HaCay~co,n N7 coH N7 coH
amino acids have been clarified. | 2 | 2 \ 2
CH,3 CH,3 CH,
. 80% 94% 82%
1 . IntrOductlon from Gly from Ala from Leu
R R
_CH
H;C. 3
hens oy e T S
2 2 HsC. H3C. H;C
CHy 3 N ScogH 3 N7 ScogH 3 CO,H
H Conventional Methods BCH30H as Methylating Reagent CH,3 Hj Hj
Bowman, JCS 1950, 1342. Huang, CC 2010, 46, 7834. 92%, dr >98:2 75% 81%
HCHO, NaBH,, CF3CH,O0H, rfx, 24 h CH30H, Hy, Pd/C, rt, 80 h from lle from Phe from Met
+ Well-established + Atom-economical
— Hazardrous reagents — Unclear scope B Complex mixture with: Ser, Thr, Tyr, Asp, Asn, Glu, GIn, Arg, His, Trp.
M Cys: Thiazolidine formation and N ylation
H Previous Work: Photocatalytic Methylation of Amines with Ag/TiO, UV-LEDs
hv(Xe, A=2300-470 nm) HS (/0 =365 [\m)
& Ag/TiO, & AgNO/TiO2 zC
co,H + CHiOH N CO,H + 2CHOH ——MF CO,H +H,0
N 2 Ar, H,0 | H.N CO.H 35°C,15h
H 25°C,10 h CH, 2 2 H3 +H,
Pro, S:R=98:2 88%, S:R=97:3 Cys, 0.10 mmol 10 mL 70%
Tsarev, Morioka, Caner, Wang, Ushimaru, Kudo, Naka, Saito, OL 2015, 17, 2530. H Pro: monomethylation
Scope on other proteogenic amino acids remains unclear. (’)‘
B This Work: Photocatalytic Methylation of Amino Acids with AGNOy/TiO, Q‘co H + CHoOH —2230%% | N/SCOH Lupo
|
R UV-LEDs B H CHg
.+ 2omon —AgNormo; | wey K Pro,0.10mmol  10mL 5%
H,N” ~CO,H 30°C 1 R R
“2H,0 CHs 3.3 Supposed Reaction Mechanism
H generation of silver nanoparticles W generation of Ag-H and HCHO
2. Method Ag* He
HPhotocatalyst Preparation e — e — X\
AgNO4/TiO, Impregnation of AGNO; on TiO, (P25) — H
Ag/TiO, Reduction of AgNO,/TiO, with NaBH, Tit3g
W Photocatalytic Reactions 'g band| o annn by bgnd <«—nnvv hy
UV-LEDs 16Wx2 (CCS Ltd.) 8 gap gap
°
Q.

__\( 1/2 CH,0H 1/2 CH;0H
#= (o] o
3. Result and Discussion Oz b” vz L ewooW w2 J( ew

. * Ag/TiO, H™ "H Ag/TiO,
3.1 Reaction Parameters
H first methylation
UV-LEDs 9
(%, = 365 nm) I )L l
photocatalyst 0,H C
+ nCHOH ————— > ¢ + H3Co l CO, '~
cosolvent 3USNT NcoLH COH H,N” NCo,H | N~ ~CO,H
HN" "COH 30°C,3h H 2 2H )\ H

H second methylation
photocatalyst cosolvent yield (Me-Val) yield (diMe-Val)

NN

Ag/TiO, none 45% 33% CO,H

J’L
Ag/TiO, H,0 13% <1% CO,H )|\
AgNO4/TiO, none 45% 36% H H

AgNO4/TiO, H,0 23% 2%

o
AWT’
H
Val, 0.10 mmol 10 mL ~ ;0 e @
o
_K“*T.
S
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Synthesis of a-Amino Amides by Transfer
Hydration of Nitriles

OTomoyo Tamura, Taimeng Liang, Ryoji Noyori, and Hiroshi Naka

Graduate School of Science and Research Center for Material: ence, Nagoya University, JAPAN

R! R2 o R! R?
R X + )L Pd catalyst R, )knlNH2 + CHL CN We have recently reported Pd!-catalyzed transfer
~ N
N" "CN NH, H o hydration of cyanohydrins with amide-based water
. o (AcNH,) . .
a-amino nitriles H,0 donor a-amino amides donors (]. Am. Chem. Soc. 2019, 141, 825-830.). Here we
k [Pd] ﬁ extended this method to the catalytic transfer hydration
of a-amino nitriles for the rapid synthesis of a-amino
H
N—[-R? R' R? R' R? CH amides. This method enables rapid conversion of various
¥ O R\ (0] R\ 3 q .
Y H : {/\”/ ” /// protected amino nitriles to afford a-mono- and o,a-
NH r . . . . . -
\ 2 H'N\ /N “H NH, / disubstituted-a-aminoamides under mild conditions.
[Pd] [Pd] [Pd]
1. Background: Catalytic Hydration of Amino Nitriles 3.2 Substrate Scope
R' R? R' R? R' R?
catalyst o Pd(NO3), (2 mol %) o
R + HO —— R —> R 3)2
‘NXCN z ‘NXCONHZ ‘NXCOZH OJLNJ\CN AcNH M) o)LNJ\CONH
'.1 - H. . H. . H AcOH, 50 °C, 10 min H 2
a-amino nitriles a-amino amides o-amino acids — CH,CN
Review: Cadierno, V.; Crochet, P. et al. Green Chem. 2013, 15, 46—66. 05M Cbz-Ala-| NHZ 92%
Me, Me Me Me Ph_ Ph Me Me
N/ \ \_/ 1% ’\/\)
0—FP:! P P N =
W el M R / “on :OX/N-—)J\ c 0,0 JL
2cI- »
No—p?” N o7 Jott ~ R ]
o—rC H d}— \ 4/\'“ \/O Sy CONH, >L L CONH,
Me”  Me ph @/ H (o) H CONH,
. " " P o i o highly congested acid-sensitive 92%
most widely usgd single amino nitrile, 61% yield 65% yield 69% isolated yield Boc-Gly-NH,, 76% (50°C, 1 h)
ester hydrolysis 0.1 mol %, 40 °C, 12 h 10 mol%, 100 °C, 24 h w/ 10 mol % Pd 2, Wi PA(CHaCN),(BF)
as side reactions TOF =51 h™"! TOF = 0.27 h™' ) W/ PA(CH,CN)4(BF), w/ AcNH, (0.5 M) -
Ghaffar, T.; Parkins, A. W. Grubbs, R. H.; Virgil, S. C. et al. Bera, J. K. et al. 2
Tetrahedron Lett. J. Am. Chem. Soc. Chem. Eur. J.
1995, 36, 8657-8660. 2018, 140, 17782-17789. 2017, 23, 7761-7771. O
Issues: Limited substrate scope and long reaction time 0,0 . “~CONH, Q
N o N S.
2. This Work: Catalytic Transfer Hydration Y TN ok, O ©/\N CONH,
R' R2 1) R! R? Z
R. X + )L M R\N)ﬁrNHz + CHyCN highly congested base-sensitive <1%
N °CN NH. Aol ( gz"(/; inlateod )(l:ietlidh) Fmoc-Gly-NH, 96%
50 °C, 1 h; 70 °C, (
a-amino nitriles (ACNH,) a-amino amides w/ 10 mol % Pd W/ PA(CHiCN)(BFd),

H,0 donor
Applicable to acid-/base-sensitive nitriles

Applicable to highly congested nitriles 3'3 ConverSIon to Amlno Aﬂd

(o]
Pioneering work Our previous work J«L AN reagent (4.6 equiv) JJ\ N
—_—
PdCI, (10 mol %) PA(NO), (5 mol %) [ Y 07 N TCONHz ol ent(mL) 0" "N” "cooH
—— AcNH, (4 equiv) Ph Ph  AcNH, (4 equiv) Ph Ph — 75°C, 2-4 h, N,
—_— —_— ’ ’
N Thoamr o PROONR: o en AcOH HO” “CONH, 1 mmol
>99% r,6h 50 °C, 10 min o .
conv.  _CH,CN — CH,CN U “t:“e NMR‘,/ ."'I:‘j"ﬁ/
Maffioli, S. I.; Marzorati, E.; Marazzi, A. Kanda, T.; Naraoka, A.; Naka, H. ﬂem solvent (mL) ( ) conv. ( o) yie ( °) vessel
Org. Lett. 2005, 7, 5237-5239. J. Am. Chem. Soc. 2019, 141, 825-830. TBN AcOH (3 mL) 2 >99 5 A
3. Result and Discussion TBN AcOH/H,0 (9:1,3mL) 2 87 39 A
3.1 Eﬁect of Parameters TBN AcOH/TFA (2:1, 3 mL) 2 79 30 A
o Pd cat (2 mol %) [0} TBN AcOH/MeOH (9:1,3mL) 2 14 A
AcNH, (4 equiv)
OJLH/\CN sl s O)L”ACONHZ TBN AcOH (3 mL) 4 >99 14 A
temperature, time TBN AcOH (2mL) 2 >99 A
1 mmol Cbz-Gly-NH, isoamyl nitrite  AcOH (3 mL) 2 80 A
NMR NMR T
Pd cat solvent temperature, time conv. (%) yield (%) hexyl nitrite AcOH (3 mL) 2 83 A
TBN (5 equiv) AcOH (2 mL) 3 >99 86 B
Pd(NO;), AcOH 50 °C, 10 min >99 >99 TBN (5 equiv)a) AcOH (2 mL) 3 >99 91 B
Pd(NO,), CHyCN/H,0 (3:1) 50 °C, 10 min 54 60 a) Under air
Pd(NO,), CHLCN 50 °C, 10 min 44 36 vessel A vessel B
Pd(NO3), AcOH 30 °C, 5 min 64 54 >L N P ——
Pd(NO3), CH;0H 30 °C, 5 min 31 22 .
PA(CHsCN),(BF,); AcOH 30 °C, 5 min 83 69 fert-buty! nitrite
Pd(0,CCFy), AcOH 30 °C, 5 min 55 46
Pd(CHCN),Cl °C, 5 mi )\/\,M PP
(CH3ZCN),Cl, AcOH 30 °C, 5 min 37 25 0""<o 0”0
Pd(CH3CN),4(BF,),” AcOH 50 °C, 10 min >99 92 isoamyl nitrite hexyl nitrite
a) AcNH, (1 equiv) was used. b) Average of 4 times Cf. Kandasamy, J. et al. Green Chem. 2016, 18, 2323-2330.

Acknowledgements: ito for fruitful d 5 Ooi, K. Ohmatsu and T. Ohkuma for providing s 1 aminonitriles. Prof.

Morimoto for providing method for synthesis of substrates. ¥ from JSPS KAKENHI 15KT0141 & 17K05859 / Toyota Riken / IQCE
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Direct a-C(sp®)-H arylation of amides

by TiO,/Ni complex cooperative catalysts

virsiy Masaki Nomura,! Shogo Mori,' Susumu Saito!2
'Graduate School of Science, 2Research Center of Materials Science, Nagoya University

G
S aralyst

The Noyori Laboratory,

Amides

a-C(sp®)-H arylation

1. Intfroduction

efficient BT L TR P T e L L P RRy PEC L PPPP L OEE PR L LR TP
synthetic route H This work R' O
f N JLFF
0 mild conditions &
—_—
: calalyst
X= hagogen

multi steps ' multi steps

harsh condmons

Photocatalyzed direct a-C(sp3)-H arylation provides a short synthetic
route to complex amides. Readily accessible starting material, mild
reaction conditions, and high selectivity make this strategy attractive
for the synthesis of drugs, bioactive molecules and so on.

2. Previous reports 5. Ligand effect

® -

2mol% i B-Y,—a jj\é
- H E ’
e 200 Do
R-X + H H L
N H Bu
B°° R™ Boc i |
Amides H F+C i
(2 equiv.) H
MacMillan, D. W. C. et al. Nature 2017, 547, 79-83. H @
i [N1:/
: quinuclidine
5 mol% . 2
. — \‘l’ —y—W
. o o =g
: hO0) -Q "| i
NBoc : A
e Ot IS iy I
Amides
(5 equiv.) W= W
MacMillan, D. W. C. et al. Nature 2018, 560, 70-75. o o
TBADT
10 mol% .
i o i(sa
X i H i Q
—_— H
+ H/\'i‘k 'i‘ i
(??;:?vs) H benzaldehyde

Hashmi, A. S. K. et al. Org.Lett. 2019, 21, 6329-6332.

Recently, direct a-C(sp3)-H alkylation/arylation methods with
homogeneous photocatalysts and Ni complexes were reported.

3. Our previous system

TiO, (P25) (38 mol%)

o o]
Br NiBry(glyme) (2.5 mol%)
/@’ . H/\NJ\ bpy (2.5 mol%) NJ\
|
EtO,C K,HPO, (300 mol%) Et0.C I
0.25 mmol DMA  hv(300-470 nm) %Y 96%
15mL  60°C,20h
(65 equiv.)

v An inexpensive and easily removable heterogeneous photocatalyst
v A rare example where simple carboxylic acid amides can be used

{ DMA as solvent = Limited substrate scope

The photocatalyzed direct a-C(sp3)—H arylation of amides with aryl
halides is an attractive synthetic strategy to access to complex molecules.
Our group has developed this transformation using TiO,/Ni complex
cooperative catalysts, where TiO,, an inexpensive and easily removable
heterogeneous photocatalyst provided a practical synthetic protocol.

4. Solvent effect

o  TiO, (P25) (38 mol%) o
Br NiBry(glyme) (2.5 mol%)
O’ . H/\NJ\ bpy (2.5 mol%) NJ\
| o
Et0,C K,HPO, (300 mol%) Et0,C I
0.25 mmol DMA solvent (0.75 mL) 2
’ 075mL  hv(300-470 nm)
(32 equiv) 25°C,20h

Solvent Yield (%) Solvent Yield (%) Hj o) o
DMA 24 EtOAc 23
THF 55 ethyl formate 71 o HJLOEI HJLO"Bu
1.4-dioxane 43 butyl formate 68 MTHP ethyl formate butyl formate
MTHP 23 cyclohexane 5
Et,0 6 toluene 7 Other products
Pr,0 13  acetone 9
'BuOMe 25  CH,Cl, 8 j
MeOH 9 DMSO 2
BuOH 18 H,0 0
MeCN 17 EtO,C EtO,C’

15% (from THF) 27% (from 1,4-dioxane)

TiO, (P25) (38 mol%)

o [o]
Br NiBr,(glyme) (2.5 mol%)
/@r . H/\,i,Jl\ Ligand (2.5 mol%) /@/\NJ\
EtO,C K,HPO, (300 mol%) Et0,C I
ethyl formate (2.8 mL)
0.50 mmol DMA hv (300-470 nm)
0.20mL - >5o¢, 20 h
(4 equiv.) ’
50% ~ 50% ~ 40% 40% ~ 5% ~ 5%
Bu /Bu
u - Me— ~ )me u » u -
N NG W N N7 on I
(dtbbpy) 49% 33%
65% OH HO OH HO
Mes, Mes { N 3%
Wy N7\ A A
64% 47% 29% me Me
Me, Me Ph Ph MeO,C, CO,Me
6% 7% 8% 1%
MeO, OMe
NS NS . »1; ?«3/ PPh;
51% (bpy) 6% <1%
42%

6. Addition pattern of Ni complex

o o
Br TiO, (P25) (38 mol%)
@’ . H/\NJ\ Ni complex (2.5 mol%) /@/\NJ\
] —_—
EtO,C K,HPO, (300 mol%) Et0.C !
ethyl formate (2.8 mL) 2 0 72%
0.50 mmol ooURL hv(300-470 nm) up to 72%
@equivy 25°C:th
Addition pattern  Yield (%) Bu Bu
NiBr,(glyme) - A\
P 657 \ ’G N=
dtbbpy \N',
pre-synthesized b Vs \
NiBr,(dtbbpy) 72 Br®  Br
T20h "oan NiBr,(dtbbpy)

Ethyl formate and pre-synthesized NiBr,(dtbbpy) resulted in efficient
a-C(sp3)-H arylation with a small amount of DMA (4 equiv.) at room
temperature.
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Photocatalytic CO, Reduction Using Base Metal .._?
Complexes Bearing PNNP-type Tetradentate Ligand UT’ )

&y

NACOYA UNIVERSITY

Taku Wakabayashi', Kenji Kamada', Jieun Jung', Susumu Saito*':2 The Noyos! Laberatory

~Smaj] 'Graduate School of Science, 2Research Center for Materials Science, Nagoya University

 Abstract o T

4. Electrochemical study

(saor '.",” ) . rn‘\» Cyclic voltammetry measurement
acrificial reagent L
' Mes-CrPCY2 Mes-MnPCY2
Mes Mes facirlppyls 60 60
L pe (Photosensitizer) wstinder CO, ==under CO,
/_’: | i‘_\ 14& Y Ar (140 mderAr Conditions:
= 2 Complex (0.1 mM) in DMA
co E /\M/\ N CO 'E 20 -g- 20 ::Eréltzéxconl;‘ning":lzﬂ M
2 P P ‘ £ £ o I,?sasuppo ing
CVZ ||_ CV2 HCOOH s a Y Z::nrroa‘t,e?.oj V/s.
e =1 1.5 -2 20 =1 1.5 -2
Base metal complexes Mes = Potential / ¥ Potantial f
(M= Cr, Mn, Fe, Co) Mes-FePCY2 Mes-CoPCY2
We have developed new base metal complexes which can catalyze CO, 60 = b preeps )
photoreduction. These catalysts consist of earth-abundant base metals and a0 | —umderar” o | =ndeesr” ﬁ?:’e'z;': dcﬂ;'::::g:e
PNNP-type tetradentate ligands, showing the ability for reducing CO, 1 3 atmosphere.
under visible light irradiation to generate CO and HCOOH. z20 E 20 l
£
H [} 50 CO, reduction would
1. Introduction 3 3 €0, reductio
2, 1.5 2 Dy 1.5 2
— | Potantial / ¥ Potential / V

3 material“ All complexes have catalytic ability for CO, reduction.

5. Results of CO, photoreduction
combustion - "} conversion
Effect of metal center
v/ Cheap v/ Platform
¢ Low-toxic Carbon chemicals Catalyst (0.05 mM) @ Mes-CrPCY2
fac-Ir(ppy); (0.25 mM), BIH (0.1 M) co @ Mes-MnPCY2
Neutral co, HCOOH ® Mes-Fepcy2
DMA/TEOA (4.0 mL, 5:1 v/) H; @ Mes-CoPCY2
2 rt., hv (>385 nm) .
: & CO, capture & 1H1 etc. 25 ce 25 HCOOH 25 He
= o reduction 20 20 o . o
CO, reduction can realize sustainable society. | 3" 5 $ B
L]
5 ° 5|9 o 5 . o
2. Strategy : $. 4 :[¢ s ” g
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Mes Mes |* Mes o) Mes |+ time /h time / h time / h
7 NN / N B 7 NG
=N | =N I =N_| N=: Mes-FePCYZ2 and Mes-CrPCY2 are suitable for
"\P BPh,~ _— r\P cr P/N!"/\P Br- CO and HCOOH production respectively.
Cy2 CI Cy, Cy, c, Cy, Cy ¢ Cy; e Tmmm— nnnnmnmnw,—nnnynmmmsrmnne:
Mes-CrPCY2 " M° pCY2 Additive effect
Mes-IrPCY2 es-Cr es-iin Mes-FePCY2 (0.05 mM), fac-Ir(ppy); (0.25 mM), BIH (0.1 M) co
. - co HCOOH
4 H!gh ablllty. . Mes o1 —Mes Mes Mes |+ * additive (5.0 mM), DMA (4.0 mL), rt., hv (>400 nm), 24 h H,
v High durability §/j\\f 7N 7N/ N
X Noble metal =N, | N= =N, N= _
p—FE—_p p—CE—p? 10 co
Metal cy. | © cy. | ©
Y2 cl Y2 Y2 cl Y2 8
Change Mes-FePCY2 Mes-CoPCY2 z©
4
v Base metal complexes " . I l
. oyninesis '6“\1 o & &
A A A P

7 N/ N\ Mes, Mes
= = Pd(PPhy), 1) MeLi
N N DAk N\ S ” HCOOH
+ - = 2)Mno2
/CLB(OH)z 81% 76% 8

1) LDA, PCy,Cl | 6

4

2z

z
2) BHy-THF e

o
l 48% metal source yield
Mes, Mes 0 (]

Mes-CrPCY2  CrCly(THF);  73%

7NN s o
- = 1) morpholine Mes-MnPCY2  Mn(CO)Br  13% 4&‘ @p +‘39 d;?‘ .39“ 1}\@* o‘p @’\ Qz&«
oy, CyoP 2) metal source Mes-FePCY2 FeCl, 39%
2 2!
B/H *BH Mes-CoPCY2 CoCl, 40% Mg and Al salts can improve CO and HCOOH production respectively.
3 3
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w numbered carboxylic acids into odd-numbered carbon chain (R 4»7“
m Kazuki Teramoto,! Shota Yoshioka,! Susumu Saito*1:2 &I
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atalyst

Abstract Recently, we have developed multifunctional Ir pre-catalyst, IrPCY2 for

o Hy (6 MPa) | HO o~y + hydrogenation of 1,4-dicarboxylic acids (1,4-diCAs) via in-situ formation of
J\/\H’OH wpeye | “2He0 1,4-BDO (C=4°)H N 7 N\ corresponding anhydrides and lactones. In survey of reaction pathway of the
HO ol o‘ Fl AN = gpn.- Nydrogenation, IrPCY2 was found to convert SucA into spiro-diGBL under Ar
SucA (C =°4) ]go}:c Ar (1 atm) m H P/"l'\P * atmosphere as shown the scheme. Aming for the application of this reaction
—géo 0N i | cy, C vcy, toward transformation of diCAs or fatty acids to odd numbered carbon chain, we
e spiro-diGBL (C =7) ; IrPCY2 investigate herein the optimization of left reaction conditions.
1. Introduction 2. This Work
0 Decarboxylation 0O Hydrogenation Q Background
Pd cat. o H, 00 o FG' O +
o]
Ac,0 PA/AILO. co,
WLOH C2 AVE HOJ\/\n,OH 203 ?_7 HOJ\/ Ho\")\(lLOH /_; : :‘_\
H
Even numbered Odd-numbered » 0. \/\/\QH 0 FG? Hy \Ilr/ BPh,~ BIH
Fatty acids alpha olefins Succinic acid Value-added chemicals o IF hv
(C=4) (C=3o0rd) cy, © ¢y [o]
Vider, J. ACS Catal. 2016, 6, 7784-7789 Antoine,B; Ceri, H. ACS Sustainable Chem. 2018, 6, HO A~ ~on 2 2 J_ + co

16341-16351 IrPCY2 H™ “OH

Ex.) Bio-renewable CAs

\)OL i OH i i Hydrogenation Multifunctional Catalyst Photoreduction
X HOJK/\W Sy oH \)Lo“ H, (6 MPa)
oH o ED)L OH 2 ( )

[o] Ho\/\/\OH
u] Odd-Even_nunber Effect ) ) . HOJK/\H,OH wPCY2 —-2H,0 1,4-BDO (C = 4)
ex.) Correlation between melting point and crystal density o Ttoluene Ar (1 atm) 0o
1400 1 +Crystal density 350 SucA (C=4) }goh L=, m
21300 | =Mp. a0 = o _260 oo
9 5 1.200 30 = M A ~€0: spiro-diGBL (C = 7)
s 200 @ A OH > Unique change of carbon chain
OH T 1.100 ° Ceven : Abundant
noa b 270 O even O Future target
Fatty acids g 1.000 250 2 Co4s : Rare

HO,C. H,
COH > COH —» COH —»
0.900 230 2HO,C T —> molﬂ o //Q:T\ = o=
4 56 7 8 910111213 Bond, A. D. New. J. Chem. 2004, -H,0 O f~Co,H ~¢Y2 O /» COzH , "COH

n 28,104-114 C=m3 € =2(n43)-1 = 245

3. Synthesis of Ir precatalyst

+
- - . triclinic, P-1,
1) CHyLi, THF — — 1)LDA Ea 7 N\ " 7 N\ C( ' oo,
- - —78 °C to reflux 0°Ctort. N N 1) morpholine, 120 °C =N N= R, = 01754,
N/ “ ) — N\ /A —_— N BPh,- WR, =0. d
N N 2) MnO,, r.t. N N 2) PCICy,, 2) [IrCl(cod)], I 4 GOF =1.092
0°Ctort. PCy,  Cy.R MeOH, 70 °C P (‘:I P H atoms except
43%yield  3) BH;-THF  H3B BHj;  3) LiBPh,(glyme)s, r.t. Cy2 Cy, hyq:tidede }Nere
0°Ctort. o i rPCY2 omitted for
35% yield 60% yield clarity.
4. Screening of the amount of IrPCY2 6. Reaction time and Pathway
i IrPCY2 (0-3.0 mol%) OO 0200 i OH  IrPCY2 (1.5 mol%) 0x-©, (PN,
HOJ\/\n/ Ar (1 atm) mo * v HO' Ar (1 atm) 0p * v
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Experimental Results

Design

The problem of nucleoside analogue : Time of phosphorylation is too
long - long time results in drug convert into inactive form
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velopment of fluoride type phosphate prodrugs

vantages :

The use of fluoride group leads to decrease of molecular weight
Side reaction is hard to occur due to the stability of P-F bond

/- 1. Synthesis of phosphate prodrugs
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3. Synthesis of anti-hepatitis prodrugs
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reaction condition.

« Selectively react with 5’- hydroxyl group
* In addition to Gemcitabine, other nucleoside analogs can also be synthesized under the same

Conclusion & Prospect

Conclusions

We developed a new type of Fluoride type phosphate prodrug and
established a synthesis scheme.

Cell assay shows that it is effective to cancer cells
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The synthesis method is also applicable to other nucleotide analogs

Prospects

* Make sure that the prodrug itself is not toxic.
« Evaluate anti-hepatitis effect of prodrugs
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