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A=/ N
R 29 4E 7 H 28 H(A)
14:00-14:30 S Gk
14:30-14:36 B OE AR (Kunio AWAGA, 4 HERYE  #HiR)
RSP hE S (Hiroshi NAKA, 4R K% BHKAFEN 20

WFFEHE 3R

JER  /NRJIEFD (Hirokazu KOBAYASHI, dbifEiE K%5)

14:36-14:48 HJFiE 1 (Atsushi TAHARA, JUN K% K EAFBI %)

(PTG RAETHA T NVEERT D 8 REBSBIEREHWIZT V7 OKRFIZEET 2 PG
WL )

14:48-15:00 7rNBEZ  (Katsuhiko TAKEUCHI, WE RS /NEAFBL )
DU AEAEEZ /BT 2 A40)851K |

15:00-15:12 & (Zhongyue ZHANG, 4 & B K5 [l A Bh #0)
[V Ry 7 ZESEBAREER: ILWA D=5 FT 25 Y F U LEMOEMmME

15:12-15:24 BREJEM (Takashi TOYAO, dtifiiE K5 15 /KFBL#)
[EARAEEEC X2 D ViR R B DO IR K EAL

15:24-15:45 k&4

AR
JER KR (Haruka OMACHL, 4 R K  MEHEMBI#)
15:45-16:30 JRHF3275 (Koji HARANO, HRKSEMRIE T 1y = 7 MM T8 500 78T ) EEFH1T5%
JE R EWEEAR)
R T o fREE TSR C o+ 038, $£E 5, KInT2kFA2 L 625

16:30-16:36 /|MARA

MFgERs 3

JER  4)Il1ER (Shinji KANEGAWA, JUl K% ik Bh#0)

16:36-16:48 = /&% (Mai TAKASHIMA, dbifEiE K% KawFBhZ)

[ 5 T AT VR E A~ AR 712 K D AWM 3 MOS8 5 2B BB OB |

16:48—17:00 #F%0/E  (Jieun JUNG, 4 H R K% BHEFBIZ)
2L M2 WK Z2 B R, BES TEREBRETIRXUCEBUNSE T = ) — b ~D YR
Bt |

17:00-17:12 sE#HEA (Yuta TSUJL, Jul K% & ERAFBL 20
[ A TEIC K 2 BTHE b DR EHESR )

17:12-17:24 85— (Kenichi KAWANO, FEIRT:  — ARHFEhHE)
(M RFEME A2 AT AMBEME~Y v 7 AT F R LB A7 2T AX =0 OEHE B
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FHFRRR I

EE HES (Hiroshi NAKA, & iR K BHEMFEI20)

17:45-18:30 JbiFA (Masaki KITA, 4 B K RFEBLAEMBEFIER  2d%)
(5 2 Ry R BAE 2 3583 5 KW O HT B

18:30-19:00 GEHRFERZRICT = v 7 A

19:00-20:00 4 &

20:00-22:00 WFZEARHES (BHE A SHREIT)

W

ER% 2947 A 29 H(L)

ZhEA

EREliiiE=S

JER RS, KETE

09:00-09:30 e FEH 1 “Important Research Areas in the Coming 25 Years”

09:30-09:45 RERL I VER

09:45-10:15 e FEAH 2 “Solutions Using IRCCS Frameworks”
10:15-10:30 S e SSENON T

10:30-11:00 K&

i

PR EIEHE—ES (Yuichiro AIBA, 4B KXKF OB )
11:00-11:12 AATEEHH (Yasuaki KIMURA, 4@ K EAFBL2)
[RET R AR T T 2TV L AERE DAL F 08 KOG

11:12-11:24 5y (Haijun LI, b¥EE K @BHE LFZEE)
(ot raRXR oo FUONT a2 OBRYER OGS 5752

11:24-11:36 IR (Yuuya KAWASAKI, JuMl K5 K RIAFREB) 20
(7 U v 7 K5FEFDACNDEERE(L & i

FEE YrNBEE  (Katsuhiko TAKEUCHI, RS /NEAFBLZ)
11:36-11:48 & KJ (Daisuke KAN, FEBRFE BB #42)
[JFA L ~URESERIENC X 2384 Bty O RS EEBH 3& |

11:48-12:00 KI=—EE (Soichiro OGI, 4 drBAY: 11 B
DS TEAE KB DIFPEAROT VA ]

12:00-12:30 PS4  BIEFE—ES (Yoichiro KUNINOBU, JUM K% #id%)
WEE Hrsl (B WEKE)
fiFH
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Asst.Prof. Naka, Nagoya Asst. Prof. Omachi, Nagoya

Prof. Awaga, Observer Invited lecture, Dr. Harano, The University of Tokyo

Asst. Prof. Zhang, Nagoya

Invited lecture, Prof. Hara, Nagoya
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Dinner

Self-introduction

Self-introduction

Mixer

Self-introduction



Round-table discussion

Breakfast

Round-table discussion
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Asst. Prof. Kawano, Kyoto

Inuyama castle

Assoc. Prof. Kan, Kyoto

Group photo
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RRAE—Fv 3y

P01

P02

P03

P04

P05

P06

P07

P08

P09

P10

* KEFa—+rILEVT—LaVDERRE

Synthesis of weakly acidic carbon catalyst by Diels-Alder addition of maleic anhydride on
activated carbon.
OLina Mahardiani, Abhijit Shrotri, Atsushi Fukuoka [4tK]

[Fes] and [Fes] Hydride Clusters Supported by Phosphines: Synthesis and Application to the
Catalytic Silylation of No.
OYasuhiro Ohki, Ryoichi Araake, Mizuki Tada, Yoichi Sakai [4 K]

2 (Zxzat=/)) FLILLOAKENE
Ot 1. HARER. FHMEEE [K]

WG K DEEAE SN B IE BB D BRI 5 4%
MEfH=E, HPZEE, O&E - [JUK]

Synthesis of cubane-type [Mo3S4Fe] clusters supported by cyclopentadienyl ligands and
their application in the N; activation.
ORyota Hara, Mami Kachi, Keisuke Uchida, Mizuki Tada, Yoichi Sakai, Yasuhiro Ohki [4
N

13- N~<2-2FT LU DERR L F DR
O L, Hda. REEHE [RTK]

Low temperature oxidation of trace Ethylene with a hydrophobic SBA-15 supported Pt
catalyst.
OShazia Satter Sharmin, Kiyotaka Nakajima, Atsushi Fukuoka [JtK]

Photocatalytic Oxidation of Benzene to Phenol Using Dioxygen and Water.
OlJieun Jung, Ji Won Han, Yong-Min Lee, Wonwoo Nam, Shunichi Fukuzumi [44 K]

FNBIORREZ L FROP = LT =4 OE R &S
OffRark, ARMETT, RMEEM [RK]

“REABRRIEEZALE A 2 URIERGAIEDEREE
OfEEA. =FEH 7, WA, DFEA, &k [JuX]



P11

P12

P13

P14

P15

P16

P17

P18

P19

P20

P21

Development of Highly Active Ruthenium Catalysts for Hydrogenation of Carboxylic Acids.
OShota Yoshioka, Masayuki Naruto, Ke Wen, Susumu Saito [4 K]

TR =0 L-BREEAR DAL & MEE
MR, OAET, RHEERM K]

Synthesis of Helical Polyurethanes from (R)-1,10-Bi(2-naphthol) and Diisocyanates.
OHeshuang Dai, Yue Wang, Tamaki Nakano [4tK]

Trifluoroacetic Acid—Water Mixture for Rapid Conversion of Esters to Carboxylic Acids.
OTomomi Banno, Hiroyuki Okabe, Ryoji Noyori, Hiroshi Naka [44 K]

Modification of Lipid Packing State by Amphipathic Peptides with Curvature Inducibility.

Tomo Murayama, OKenichi Kawano, Shiroh Futaki [ K]

T V=T R VIGIRE T ART R E A~ ZOEMERORI T2 38 1T ZE - BB O
i
O ¥, I, AescE [JEX]

AL RO IR =P NN T 2B AT b~ at A 7 vE RS

ErEuN
FINYIG)

O H s, TEHE B8, P EERES [40°K]

WIIMARTF F2RZE LiIcmy BY = LARLEASTF FOBZE & HUROMRaREE
OGN, KBTS, NIIAFEE, FORERRS, A [5UK]

ROFE2-T=LEY) PUEOEHEBERR & TOMERREA
OTHMMA. A=), INEKHEBERES, BEHE B [JuK]

HOFRRNT 4 ) > 7 X u 2T = ERIUGY ISR K  Ee) A 2 R RS
OFRMEKRS, AR Z, ZHOTH, @made, bR, HImE, KMz, [
RS [4 K]

Engineering of sequence-specific RNA binding proteins based on PUF proteins.
OKouki Shinoda, Miki Imanishi, Shiroh Futaki [ K]
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P22

P23

P24

P25

P26

P27

P28

P29

P30

P31

P32

Antimicrobial mechanism of bi-metal modified titania photocatalyst: enhanced activity by
interaction between gold and silver.
OMaya Endo, Zhishun Wei, Bunsho Ohtani, Ewa Kowalska [4tK]

Ba s 2 R BHEEIRTTF FEMoS, T/ ¥— MZ X D30RAN A B
ik
OFZEM., Jing Mu, Xiao Zhang, Ying Huang, Edwin Kok Lee Yeow, Hua Zhang, Bengang
Xing [4 K]

A LY RGBS T T T = )V T TSR MR SR DB JE
OFfIRHE-, AFTHREERE, =758, FEEKRER [5K]

Theoretical Study on Rhodium-Catalyzed Hydrosilylation of C=C and C=0 Double
Bonds.
O#%# [JLX]

P450BM3 OHHFHER FIEOBRE L O~ v H UK A X A SOt s
ORKFEXR, ZHHE—RL, HRE =, EIHFAN [4K]

LIRS 2 ) ) — VLA & W e R SR DA Rk & HEE
OB, FHEN, FEEE, MHEBREE [5K]

TTFs-SCO /~A 7' U v Ny 1-hEEh DB & Wtk
O&)IEE, @AMEL, G [uk])

PRI O~ Ak HEE AR (PhuUV-PhuT) (ZB3 AHF%E
O 2 v Hs, HEE=, EUHFAN [4K]

RIFRETURFOUFAS— MESE Y 5 X2 — DAl K HEE
OLEsw, BhisuL, affzait, st WAIER [HK]

b U o A a2 W2 BB (LRBE A X ) — A ED Y AF VT —RF— MK
(2 B3 B ERER IR 2
O&ILFIFT [dEK]

TA DRI LAY O SRR (B S BEER AT JE
OMdn, 1758 (4 K]



P33

P34

P35

P36

P37

P38

P39

P40

P41

P42

P43

P44

BEAMSSAR-ETH D » 7V VRIS L D a-T U —v 7 a B4 VO AR T AR
OBEMEE, BAREE., 7TX 7 F7AI B2, #gd, PHEE K]

F—EERIC L Dbt U U SR OB RE AT
Ol [HeX]

RISM with DMRG-CASPT?2 for calculating near infrared dyes.
ORyosuke Shimizu, Takeshi Yanai, Yuki Kurashige, Daisuke Yokogawa [44 K]

NT VT LB XD mERNERENT ) —ALES ¢ 12-UF =T UG DA
RY ~—DEMK
Ol E3E, FRHZEA . G, /MESGE [UK]

Tuning orbital angular momentum by a dynamic bond in a cobalt (II) complex.
OShengqun Su, Osamu Sato [ JL K]

Tz A ML =P =T 4 T A MR DRHIRALKE/Ar 7 7 — RIS 2 R E ISR O
Bl
Offir g . BEARH, BHRF, ZIRA% [4X]

PdF/ 7 T A X —fililOREE L I — A FIEEL
O#iaEmE [1bX]

EUV i & % Xe ZE XA F 2 7 AOEFE 4w -
OWIES . B AT &, IREEGFE, MW, ZWEIE, Z)IHR [4 K]

-1 DU A4 T 4B (0)BE IR O AE & PRI BT BOBCAL 7 D20 R
OABEE. BHEER, &)1—F, s, IR ZEE, %k, MECE [HUK]

2 ) v RIEFF DACN ZRVWE=SFEEEDFRRE
OfmgiEt, #HIlE, MR, HIFE, Kiwz [JuX]

IR Z AV BURBRE sp3 ERT =/ ERIEDFRRE
OmREEA. OHRTE, B MR8 [4K]

IRT VT AT KD ERIRERER T ) — AL ER  22-EF 47 = UG A DA R Y
~—DHERK
OW T f, mhtiE=E, ZFee, vElsEan, /NE2Ec=E [RK]
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P45

P46

P47

P48

P49

P50

P51

P52

P53

P54

P55

P56

R T A ALEIC X0 R U7 TIO2(110)fHER4ET / Ki 13 A XD HE B2 R k77

B

HOREE, BMRS, AL, = . OlAES [HEX]

SERERG 2 MW REG AT ) 7 2 — 7 OB LA %
OF A, AR, OHEFEA, O HE—RE [4K]

JCE E— RIS KD m Ak e T A A b KGR LoD b FE AR R A 0O B

5t

OHMF5LE, FHEEE, @tEE [K]

8 BB R BEE R 2 MW T BT Vo o DKRFAIC BT 2 BERAITSE
OmJFiEL, whmthmi, MHZEE, HERC, HE . KE%EER [Juk]

Controlled fabrication of graphene liquid cells for real-time TEM imaging of liquids.
(OYoshimasa Michiya, Yutaka Ohno, Hisanori Shinohara, Ryo Kitaura [4 K]

NS AR T A A b F R B B HRES A F 3 7 A
O [5K]

A B AR AR Tn/Si02 @ XAFS fi#tt
O — TR, FEUE, HERER, Wh—Bs, #iaiEs [dbX]

Concise Synthesis of MoS; Nanoribbon using Inner Space of Carbon Nanotubes.

(OMotoki Aizaki, Haruka Omachi, Hisanori Shinohara [4 K]

Sn T A R T AH A MMZkd D SnCl fsIN O %h 5
OB s+ [K]

FHEFPUAMLIC L B 28k 7 v a— L T X ) T a— b @25 BB Y — /L DA
OTf7KMF—. A.S. Touchy, SRR, S.M.A. Hakim Siddiki [4kK]

CNT-Template Synthesis of Graphene Nanoribbon and Extraction by Chemical Oxidation.
(OYuka Oka, Haruka Omachi, Hisanori Shinohara [4 K]

Excitonic properties in CHsNH3;Pb.X3 (X =1 and Br) single crystals.
OLe Phuong Quang [#{K]
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P58

P59

P60

P61

P62

P63

P64

P65

P66

P67

P68

A 5= EHWE R TPF B DU VR N E F O
O HPEsE, SRR, BREE, AR A. FiEr [JuK]

Development of Anti-cancer Agents based on Synthetic Lethality by LATS Mutation.
ONguyen Hong Nhung, AFTHERA, #F B@EF- FIESAE [44 K]

1 6738 L OV 2 738 et 43 6 2 F V72 CH3NH3PbX; (X = 1, Br, CHELfE S D3 Rifi
5% T DN FHREE DIFSE
OlmEL [HK]

Photo-induced b-Elimination Leading to a Vinyl Monomer.

Hassan Nageh, Liming Zhao, Akira Nakayama, Jun-ya Hasegawa, Yue Wang, O Tamaki
Nakano [JEK]

1 X XY UREERRIC KD BT T v AEO RS
O&F H&EE, PEBART. ARFEEH., FRBE [4 K]

NATAEEBARO TR A FRBEMICE T EEF v ) TEEES S S UHEEE
OFHEA [5K]

Photo-transformation and Polymerization of (R)-1,10-Bi(2-naphthol).
OYue Wang, Zhaoming Zhang, Tamaki Nakano [4tK]

LA NV AIEME 2 FRIA) LTz 2'-B-TF A LI OB 3E
Ol B F5hE, ARHEH, BrEe [40K]

H— FAPbBr; + / KiADREHE A F I 7 A
O#aHEmR [FK]

BABIC L D mUMEELR L ENT 7 F a2 —Z DAL v F T
OB, w3kt [JuK]

7 A Ny L AMO F oMt Zqt,
OWARLE, sEHRE, FEEARL [4K]

CsPbBri,L); T /K IZB T2 3f =% bk NIV A DA FIT A
O RERE [HK]
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P69 ENL 1A FE S S KBVE R ZnO T/ U A ¥ DRRARHE 2 7 = X A J Oy ikl = L
7 ha =27 Z~0DkEH
OB, EHIE, L, A FE. Yong He, &5, Gouzhu Zhang, i
B c., YrERS. AiEEl [Juk]

P70 T TFx ) u—X I OB L ORI G
OARFER [4 K]

P71 SMTEM07 5 2 k L— M& T4 b 3d BB AR A MO & Rkt
OBMEEA, i, )H— [k

P72 YEIERLZF N~ RU YA 7 U L DOERRE IOk
OBARME, BRER, BIFEKES, HNEA = [SRmK]

P73 m%%a@¢é% BT 4 7 = N KD BT RDO LB A
OFJIHER, BEEE1, FHEEMA, Lnssh [4K]

P74 I Ak CVD {EIZ X D A RXBAbMiBEHEENET © & % v v /L RO /ERL
OFfFP#EZ., EXIr. B— [5K]

P75 AFEIV /a7 7 VR R —DA F T I ANEIZBIT D E
OBNIHE, F AR, BB, BFIE [4 K]



Opening, Prof. Tokito Chair, Prof. Yamaguchi

Prof. Nakamura, Kyoto Assoc. Prof. Yasuda, Hokkaido

Prof. Sato, Kyushu

Asst. Prof. Omachi, Nagoya
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Invited lectuer, Assoc. Prof. Nishina, Okayama Short presentation

Short presentation Short presentation

Short presentation Short presentation



Short presentation Short presentation

Short presentation Short presentation

Short presentation

Short presentation
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Short presentation

1

L1514

Poster session

Poster session

Discussion

Participants

Group photo

Director of IRCCS, Prof. Tatsumi
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IRCCS-JST CREST Joint Symposium

“Chemical sciences facing difficult challenges”

[Part I] Jan. 24%-25% TRCCS The 1 International Symposium
[Part IT] Jan. 25%-26™, The 2"! Base Metal Catalysis Symposium

Chikushi Hall, Chikushi Campus, Kyushu University, Fukuoka, Japan

January 24t (Wed.)
12:00-13:00 Registration
13:00-13:10 Opening Remarks

(Chair: Osamu Sato, Kyushu University)
13:10-13:50 [IL-1] Ren-Gen Xiong (Southeast University, P. R. China)
“Ceramic-like Molecular Ferroelectrics”

13:50-14:10 [YR-1] Tomoyasu Hirai (Kyushu University, Japan)
“Synthesis and Characterization of Novel Polymer Brush with Well-controlled
Stereoregularity”

(Chair: Tamaki Nakano, Hokkaido University)
14:10-14:30 [YR-2] Seichiro Ogi (Nagoya University, Japan)
“Seed-initiated Supramolecular Polymerization of 7-Conjugated Molecules”

14:30-15:00 [SR-1] Shiroh Futaki (Kyoto University, Japan)
“Cytosolic Antibody Delivery by Lipid-sensitive Endosomolytic Peptide”

15:00-15:20 Break

(Chair: Kazunari Yoshizawa, Kyushu University)
15:20-15:50 [SR-2] Kentaro Tanaka (Nagoya University, Japan)
“Molecular Architectures towards Soft Materials and Switching Molecular

Systems”
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15:50-16:10

16:10-16:30

16:30-17:00

17:00-18:30

18:40-20:10

[YR-3] Zhiyi Song (Hokkaido University, Japan)
“Lithiation of Palladated Dihydropentacene: New Route for Introduction of

Substituents from Both of Electrophiles and Nucleophiles to Pentacene”
(Chair: Shigehiro Yamaguchi, Nagoya University)
[YR-4] Takahiro Iwamoto (Kyoto University, Japan)

“Iron-Catalyzed anti-Selective Carbosilylation of Internal Alkynes”

[SR-3] Katsuhiko Tomooka (Kyushu University, Japan)
“Chemistry of Medium-sized Unsaturated Heterocycles”

Poster Session 1 (P-001 ~ P-091)

Banquet

January 25 (Thu.)

09:20-09:50

09:50-10:10

10:10-10:50

10:50-11:10

11:10-11:30

64

(Chair: Yuichi Shimakawa, Kyoto University)
[SR-4] Ken-ichi Shimizu (Hokkaido University, Japan)
“Cooperative Heterogeneous Catalysis for Selective Transformations of Carboxylic

Acid Derivatives, CO2 and Hydrocarbons”

Short Talk 1
[ST-1] Hajime Hojo (Kyushu University, Japan)
[ST-2] Hiroshi Yoshida (Kumamoto University, Japan)

(Chair: Yasuhiro Uozumi, Institute for Molecular Science)
[IL-2] Audrey Moores (McGill University, Canada)
“Sustainable Nanoparticles and Surface Plasmon Resonance enhanced

Hydrogenation Catalysis”
Break
(Chair: Satoshi Hata, Kyushu University)

[IL-3] Mitsuhiro Murayama (Virginia Tech, USA)
“Dynamic Observation on the Propagation of a Nanoscale Crack in an Industrial



11:30-12:30

12:30-13:30

13:30-14:10

14:10-14:50

14:10-14:50

14:50-15:30

15:30-15:50

15:50-16:30

16:30-17:00

Aluminum Alloy: an Application of in-situ Electron Tomography System to an

Engineering Material”

(Chair: Jun-ichiro Hayashi, Kyushu University)
[PL-1] Eiichi Nakamura (The University of Tokyo, Japan)
“Atomic Resolution Electron Microscopy for Organic Chemists”

Lunch Break

(Chair: Katsuhiko Tomooka, Kyushu University)
[IL-4] Jonathan Clayden (University of Bristol, UK)
“Naturally Inspired Solutions in Synthesis: Reactivity, Relays and Receptors”

(Chair: Hisashi Shimakoshi, Kyushu University)
Short Talk 2

[ST-3] Yoichi M. A. Yamada (RIKEN, Japan)
[ST-4] Ryoichi Kuwano (Kyushu University, Japan)

(Chair: Hiroshi Furuno, Kyushu University)

Short Talk 3

[ST-5] Masaya Sawamura (Hokkaido University, Japan)
[ST-6] Masanari Kimura (Nagasaki University, Japan)

(Chair: Mitsuru Shindo, Kyushu University)
[IL-5] Takashi Ohshima (Kyushu University, Japan)

“Direct Catalytic Asymmetric Addition of Various Nucleophiles to N-Unprotected

Ketimines”

Break

(Chair: Toru Oishi, Kyushu University)
[IL-6] Ning Jiao (Peking University, P. R. China)
“Base Metal Catalyzed Oxygenation and Nitrogenation Reactions”

(Chair: Seiji Shirakawa, Nagasaki University)

Short Talk 4

[ST-7] Hikaru Takaya (Kyoto University, Japan)
[ST-8] Yasuhiro Arikawa (Nagasaki University, Japan)
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17:00-17:40

17:40-19:10

[ST-9] Yoshihito Shiota (Kyushu University, Japan)
(Chair: Takashi Ohshima, Kyushu University)
[IL-7] Rinaldo Poli (CNRS, Laboratoire de Chimie de Coordination, France)

“Copper and Iron-catalyzed Processes Involving Radicals”

Poster Session 2 (P-070 ~ P-140)

January 26 (Fri.)

09:20-10:00

10:00-10:30

10:30-10:50

10:50-11:10

11:10-12:10

12:10-13:40

13:40-14:20

(Chair: Ryoichi Kuwano, Kyushu University)
[IL-8] Hairong Guan (University of Cincinnati, USA)
“Iron- and Cobalt-Catalyzed Hydrogenation of Esters and Nitriles”

(Chair: Yusuke Sunada, The University of Tokyo)

Short Talk 5

[ST-10] Kouki Matsubara (Fukuoka University, Japan)
[ST-11] Hisashi Shimakoshi (Kyushu University, Japan)
[ST-12] Sachie Arae (Kumamoto University, Japan)

Break

(Chair: Takashi Nishikata, Yamaguchi University)

Short Talk 6

[ST-13] Yoshiaki Nakao (Kyoto University, Japan)

[ST-14] Naohike Yeshikai (Nanyang Technological University, Singapore)

(Chair: Hideo Nagashima, Kyushu University)
[PL-2] Paul J. Chirik (Princeton University, USA)
“New Opportunities in Synthesis with Iron and Cobalt Catalysts”

Lunch Break & Poster Session 3 (P-070 ~ P-140)
(Chair: Yoshiaki Nakao, Kyoto University)

[IL-9] Karl Kirchner (Vienna University of Technology, Austria)
“New Chemistry Based on Non-Precious Metal Pincer Complexes”



14:20-15:00

15:00-15:20

15:20-16:00

16:00-16:10

(Chair: Naohiko Yoshikai, Nanyang Technological University)
[IL-10] Shaozhong Ge (National University of Singapore, Singapore)
“Cobalt-Catalyzed Hydrofunctionalization of Unsaturated Hydrocarbonds”

Break
(Chair: Shigeki Sasaki, Kyushu University)
[IL-11] Nobuaki Kambe (Osaka University, Japan)

“Cross- and Multicomponent-Coupling Reactions Catalyzed by Base Metals”

Closing Remarks
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Regio and Chemoselective Conversions Controlled by
Specific Atomic Arrangement of Ordered Alloys

TOKYO TECH

University, Hokkaido, Japan,

Masayoshi, Miyazaki,! Shinya Furukawa,? Takayuki Komatsu?
1 Department of Chemistry, Tokyo Institute of Technology, Tokyo, Japan, 2 Institute for Catalysis, Hokkaido

Introduction

(1) Seteroselective alkene isomerization (Zto E) by H,

Combined with Pd,Pb alkyne
semihydrogenation catalyst

One-dimentionally aligned Rh allows
one-atom hydrogenation for isomerization

Selective one-pot synthesis of (£)-alkenes
from alkynes with 1 atm H, at 25°C.

ChemCatChem, 2015, 7, 3472. ACS Catal., 2016, 6,2121.

Selective Catalysis governed by specific surface atomic arrangement of ordered alloys

The aim of this study

(2) Chemoselective
nitroarene hydrogenation

1 i M .
t. \' \. iy o Target reaction
){"‘ ﬁ Hydrogenation of asymmetric
diene to monoene

S I22 .
- —_—

Concave Rh and convex In sites can recognize end-on
adsorption of nitroarenes and allows its hydrogenation

Discovery of the 3™ example of
this unique surface chemistry:
(3) Regioselective hydrogenation
system using ordered alloys

—_— A

No heterogeneous catalyst has been achieved

Chem. Sci., 2016, 7, 4476. this type of reaction with high yields.

o

Regioselective
&
Chemaislrriive

> Regio and chemoselective hydrogenation of dienes to

monoenes can be achieved using RhBI/SI0, with high yield.

» The combination of one-dimensionally aligned Rh allays
and steric hindrance of large Bi atoms allows preferential
adsorption of terminal C=C moiety.

M. Miyazaki, S. Furukawa,* T. Komatsu,*
J. Am. Chem. Soc., 2017, 139, 18231.

Conclusion ':

/=‘ Catalyst survey

Hydrogenation of 1,4-hexadiene over various catalysts

Reaction condition
catalyst: 50 mg (Rh 3 wt%)
Substrate: 0.5 mmol
solvent: AcOE 5 ml

H, pressure: 1 atm
temperature: 70°C
conversion: @0.5 h
selectivity: @95% conv.

RhBi/SiO, gave 2-hexane
with 90% yield.

e RhBi showed the best regio and
chemo selectivities

NS 2 (lowest S,,, and r,,/r,, values)
1 BN,
i wl Chemoselectivity: 45,
i decrease in alkenes selectivity
l . o during the reaction

Regioselectivity: ry,/r;,
relative formation rate of

selective | 1 hexene to that of 2-hexene

selective. b rl-.-l_u-'r’.'.-"“.
\

Substrate scope of RhBi/SiO, ]l;

Table 1. Hydrogenation of various dienes using RhBi/SiO.
time  conv. sel.

Characterization

TEM & STEM images of RhBi/SiO,

Enti substrate roduct
i i /b (A
1 SN NSNS 5.5 95 90
2 NSNS SN 20 99 88
4
3 @—\ @—\ 6 85 89 ) £
HO, HO,
o OO 0w s
NS N 18 97 80
s O~ tOn 8 %0 } g
10 £
O~ O~ s 1
Reaction condition: catalyst: 10 mg, substrate: 0.2 mmol, temp.: 25°C,
solvent: THF 5 mL
The correspt?ndlng inner alkenes wete obtained with h\gh yields Small nanoparticles (ca. 3 nm) of single crystals
for not only but also fashions. . . .
Y of intermetallic RhBi were formed.

f=' Kinetic studies 2\

Crystal structure

Reaction orders of RhBi
. . L]
r=k P, °[diene] 04 ‘
2 ™ -

Based on the following kinetic model,
this result indicates that the rate-
determining step is a surface reaction
(H diffusion or attack).

. % @

Kinetic model based on a Langmuir-

Optimized strui
Hinshelwood-type mechanism

Considering a Langmuir-Hinshelwood type mechanism for the diene
hydrogenation, the reaction steps are descrobed as follows:

N )
DFT Calculations
RhBi(110) plane - Transition state structure -.

v ——

Rh-H distance at TS

cture of adsorbed terminal C=C < inner C=C

+H, adsorption

diene adsorption
 surface reaction
alkene desorption
where, s, P, and o are reactant diene, product alkene, and adsorption
site, respectively.

Assuming that the surface reaction s the rate determining step, the
overal reaction rate can be expressed as follows:

r = k05
Besides, other steps can be regarded to be in equilibrium. Therefore, the
equilbrium constants are defined as follows:

Ky = 6" /P, (1 - 6)
5/15](1 - 0)

Ky = [PI(1-0)/6p
where, k, G, and (1~ 0) are the rate constant of surface reaction,
coverage of X, and percentage of vacant site: 1~ (6 + 5 + Gp),
respectively. Here, the coverages are expressed s follows using the
corresponding sticking probabiltes,
Oy = 2y, Py, (1~ 0)
5[5](1 - 6)
+[PI(1-60)

Fslaiien energy § b mol

3

Based on these, the overall reaction rate can be descried as follows:
KKy Ko Py, [S]
" T 2K P, + KlSTF K PD?
When adsorption of H, and diene are very weak and strong, respectively
(Ku,Pa, < 1, Ks]S] > 1) and assuming low diene conversions ([P]~0),
this equation is approximated simply as follows:
kKK, Py, [S]
g
This equation indicates the fist-order dependence of r on Py,and that
the reaction order of [] ranges from -1 to 1. Considering Ks[S] > 1, the
reaction order of [S] inclines to the negative side. This strongly agrees
with the experimental reaction orders (1.0 and ~0.4 for Py, and [?],
espectively), supporting the validty o this kinetic model

s ow .

A fistorder dependence of H, pressure on reaction rates generally
suggests the following stuations, (1) diffusion (or cssolving) limiting, 2
adsorption limiting, and (3) surface reaction limiting. However, the '
neative order of reactant diene and the low KIE value observed for D, 1
excludes (1) and (2), respectively. Therefore we conclude that the
surface reaction i rate-lmiting.

B e T Y A Ey ] _ _

Regioelectivity vs. atomic radius of M

AL LA

FT-IR spectra of adsorbed CO

HALL] )

R P
Fittexd
[ il ]

Ll e

1,4-hexadiene N e 2=’
nergy diagram of 1,4-hexadiene hydrogenatio
: 2100
Hattackto |
inner C=C !

H attack to inner C=C is
kinetically unfavorable

H attack to
terminal C=C

» The larger the second atom is,
the higher the regioselectivity is.

» More clear relationship was
observed among RhM with one-
dimentionally aligned Rh.

The regioselectivity relies on the
bulkiness of M and one-dimentional
alignment of Rh atoms.

2000 gLt -2
Wananumibar ' crm-

Theoretical values (by DFT) of the vibratonal
frequencies of CO on RhBi(110) and (102) agreed
finely with the experimental values, supporting the
exposure of these planes.

XRD patterns of RhM/S 0,

0 g F L En

The desired ordered alloy phases were successfully
formed with high phase-purity.
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Machine Learning Prediction of Adsorption Energies on Metal Alloys
for Effective Utilization of Methane

akashi Toyao,? Satoru Takakusagi,? Ichigaku Takigawa,® Ken-ichi Shimizu,2?

aInstitute 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
¢ Graduate School of Information Science and Technology, Hokkaido University, N-14, W-9, Sapporo 060-0814, Japan

Introduction

Previous study

Machine-learning prediction of the d-band center for metals and bimetals

E.. - Actiation energy

" SE, - Reaction energy
vimisalinraias s Al
. / Reacton coorinate
i .
: 'f Utilization of CH,
P —— . L Partial oxidation reaction
— e CH, — CHOH

Takigawa, K. Shimizu, K. Tsuda, S. Takakusagi, RSC Advances, 2016, 6, 52567
Highiighted in Chemistry World

Methods and results

Bransted-Evans-Polanyi relation

Linear relationship between activation energy and dissociative chemisorption energy

o o et 1 i e ey Coupling reaction
—r T o v o
PSS o o o CH,  — GCyH, CHs CoHs

The key is how to produce CH, species
and prevent successive formation of CH, species

DFT-calculated adsorption energies of CHz, CH,, CH, C, and H

This study

We have predicted adsorption energies of CH, related species (CHs, CH,, CH, C,
and H) on the Cu-based alloys toward efficient utilization of CH,.

v The process employed to discover new materials for specific applications typically utiizes
3 / screening of large compound libraries. In this approach, the performance of a compound is
correlated to the properties of elements referred to as descriptors. In the effort described

below, we developed a simple and eficient machine learning (ML) model for predicting

adsorption energies of CH, related species, namely CHs, CH,, CH, C, and H on the Cu-based

alloys. The developed ML model predicted the DFT-calculated adsorption energies with 12

. descriptors, which are readily available values for the selected elements. The predictive

P accuracy of 4 regression methods (ordinary linear regression by least squares (OLR), random
forest regression (RFR), gradient boosting regression (GBR), and extra tree regression
(ETR)) with diierent numbers of descriptors and different test-set/training-set ratios were
quantitatively evaluated using statistical cross validations. Among 4 types of regression
methods, we have found that ETR gave the best performance i predicting the adsorption
energies with the average root mean squared errors (RMSE) below 0.3 eV. Strikingly, despite
its simplicity and low computational cost, this model predicts well the adsorption energies on a
range of Cu-based alloy models (46 in total number) as calculated by using DFT. In addition,
we show the ML prediction for the differences in the adsorption energies of CH, and CH, on
the same surface. This would be of great importance especially when designing the selective
catalytic reaction processes to suppress the undesired over reactions. The accuracy and
simplicity of the developed system suggest that adsorption energies can be readily predicted
without time-consuming DFT calculations, and eventually, this would allow us to predict the
catalytic performances of the solid catalysts.

Schwarz, Angew. Chem. Int. £d. 2011, 50, 10096
otal, Science, 2014, 344, 616

Machine learning methods

4 Ordinary linear regression by least squares (OLR): Linear model

Computational methods for DFT calculations L]

+ Vienna ab initio simulation package (VASP)

+ Perdew-Burke-Emzerhof (PBE) generalized gradient functional
/ Cutoff energy = 400 eV

'3 x 3 surface unit cell with 4 atomic layers

/1 surface- and centered-atom-exchanged Cu(111)

v 15 A vacuum height

+/ The bottom 2 layers were fixed at the corresponding bulk positions

B SE&E

# Random forest regression (RFR): Non-linear model
Wy wH 4 Gradient boosting regression (GBR): Non-linear model

" .’- L] @ Extra trees regression (ETR): Non-linear model

S W

Correlation of descriptors

PP F P e P S

Prediction of adsorption energies of CH, with 4 ML methods
an o

Pt

mean  sd mean sd

[ |
I (min, max) (min, max)
5 o 02

7
(0.15,047)
024

g

0
(0.13,0.38)
024 006

3
I 000.000)

. 013,038)
S [ r——

The three nonlinear methods (RFR, GBR, and ETR) showed better prediction performance than the OLR method. The three methods
gave almost the same predicting accuracy. ETR and RFR are known to be less hyperparameter sensitive than GBR, and thus we can
avoid demanding hyperparameter tuning. Moreover, the training time for ETR is considerably smaller than RFR and GBR because ETR
is based on random-splitting trees. We therefore concluded that the ETR model is the best choice for prediction of the adsorption
energies explored in this study.

Prediction of adsorption energies of CH,, CH, C, and H

g ” #,

A
o ire S50
4 m—— - "
b .
) B

Evaluation of descriptor importance for ETR

- T B

ERPE e A

The robust ML prediction performance remained constant even when using even only 3 descriptors. The top 3 descriptors of the doped
metal include its group in the periodic table, surface energy, and melting point.

Prediction of values of Eys-Ecy, for CH, utilization

. e o
* |
'
' W Mk ,"\- r - ;
] . % - k]
Ja :
. b I i | -
“ |4 IR LY i | gl
L 7 7 ] i
Ll T e v T
£ -
¥ Lhe 4 = S
A ®E m m B R R = .
I #
The initial step of the OCM reaction is the formation of CH; species. & - !

Once the formation of the CH, species is initiated on a catalytic
surface, gas-phase reactions ensue. The radical species thus formed
are expected to recombine to form ethane. In addition, the CH,
species is a key intermediate for a partial oxidation reaction of
methane to methanol. Consequently, it is important for both OCM and |
methanol synthesis (via partial oxidation of methane) to stabilize the A

CH, species and to avoid further dehydrogenation to CH,, CH, and C -
and hence to undesired coke or COx formation.

For the catalysts design, therefore, creating surfaces on which the CH, species adsorbs more strongly than does the CH, species is
crucial. For this reason we compared the adsorption energies of CH, and CH, on the Cu-based alloy surfaces. The difference in the
adsorption energies of CH, and CH,, obtained by subtraction of the adsorption energies of CH, from those of CH, (Eguy-Eciz) are
presented above. If our hypothesis is correct, elements that show small Egys-Ecy, values (e.g., Te, Sn, and Mg) are the best-suited doping
metals. On the contrary, elements that show large Eqys-Ecy, values (e.g., Cr, V, and Mo) could generate Cu surfaces that induce the
undesired reactions of methane.

[T T PR

Conclusions

v DFT-calculated adsorption energies of CH,;, CH,, CH, C, and H on Cu-based alloys (46 in total
number for each adsorbate) were predicted by machine learing methods by using 12
descriptors, which are readily available values for the selected elements

<

Among 4 types of regression methods (ordinary linear regression by least §quares (OLR),
random forest regression (RFR), gradient boosting regression (GBR), and extra tree regression
(ETR)), ETR gave the best performance in predicting th_-_adsorp!ion eneFéies with the average
root mean squared errors (RMSE) below 0.3 eV. I .

AN

W d A

ML prediction for the differences in the adsorption energies of CH;'and CH, on the same surface
was also presented for practical use to design the selective catalytic reaction processes to
suppress the undesired over reactions.
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3 . Proof of multielectron transfer processes in heterogeneous photocatalysis
g @ "% Mai Takashima,'2 Haruna Hori,2 Shugo Takeuchi2, Mai Takase® and Bunsho Ohtani'?2 l E AT
A5 § P "Institute for Catalysis and 2Graduate School of Environmental Science, Hokkaido University, _;.
Ty DED W 3Graduate School of Engineering, Muroran Institute of Technology
» 4 kinds of commercial titania » hydrothermal synthesis
® small anatase; Ishihara Sangyo ST-01 (4 nm): SA ® Bismuth Nitrate(Bi(NO3)3:5.0 mmol)
® small rutile; Tayca MT-150A (13 nm): SR ® Sodium Tungstate (Na,WO,:2.75 mmol)
® large anatase; Fluka (170 nm): LA v hydrothermal synthesis (433 K, 20 h)
® large rutile; Showa Denko Ceramics ST-G2 (360 nm):.LR v calcination (773 K for 3 h in air)
» photocatalytic activity tests v wet milling (a planetary ball mill, 500 rpm for 6 h)
O, system; 2H,0 + 4h* — 4H* + O, with 10% or Fe®* > photocatalytic activity tests

CO, system; CH,COOH + 20, 2CO, + 2H,0

light intensity dependency

(a),

8
il 20
0 1-5
10
107 -~
_C 4 -
0 0 = 7
05 150 5 FB o
. q = / " WML
0 = L] 3
1100 = 9 2 2 19
& 4 1 g
£ 10 50 N
~ 0 0 / n 6
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— 11 . . 11
g 2; 20 4 2 0 2 2 0 2 4 6 8
g] (@)
=
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110 -5 2o IL-depf-:-ndent oxygen
107 05 oo @ &, evolution rates of
0 0o T 6 °% 9”9 commercial titania using
°
sl 150 3 FB OOOO (a) 105~ and (b) Fe3* as
0 100 E 7 jo, 5°°%0s electron accepter and
= 6 © double-logarithmic plots of
1001 150 T -8 o° 500FB I-dependent acetic-acid
0 0 A decomposition rates of (c)
0 - FB, WML and (d) 500FB.
91 2 3 4 5 6 ! ( )
(! ImW)
kinetic model
111, PO T (reaction step) (rate) (description)
— | l:lightintensity ! <BWO> + hv — < BWO(1e)> Iyo® first excitation
Tio | w:photoabsorption <BWO(1e)> + hv > <BWO(2e)>  liy,® [BWO(1e)] second excitation
2 , efficiency i <BWO(1e)> — <BWO> ky [BWO(1e)] deactivation
| Wz:photoabsorption <BWO(2e)> + RH — <BWO> + R+ k. [BWO(2¢)][RH] radical formation
1/ ! efficiency <TiO,(h*)>, R+ +0, - RO, k [R][O,] initiation
Lwe T w.p k ;e q_uantum efficiency of, RO, - + RH —» RO,H + Re ky [RO,*][RH] propagation
! e capture 1 2RO, - RO,R k [RO,*]2 termination
, k: rate constants T T L T T ‘
22 e ! 2 | BWO> : photocatalyst, RH : substrate !
h'(e I05TFe™ gagy r o | Lowi®) 1R (4 WD) ( )"'5 ! 1 light intensity |
o katly; @ kgt Iy, @ TR photoabsorption efficiency of <BWO> |
2 direct hole radical chain reaction with | w,: photoabsorption efficiency <BWO(1e)>:
i size reaction peroxy radical as a chain carrier ‘ @ : quantum efficiency of e-h* production \
rutile Jom | @cceptor | (@) | hn/mW | (W) \ k: rate constants |
k’ 2, 2 - ! 4+ 1 on ! <« 1 00 N ewmwmmmnmmr e e r e e e - -
7S et S N I A B ! atlower | — [y, ® << k,
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~ line = Ko, @)
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Conclusion i

Light-intensity dependences of rates for photocatalytic water
oxidation and oxygen reduction were studied using commercial I
titania and laboratory-made bismuth tungstate powders under high-
intensity 365-nm UV-LED photoirradiation and processes of

multielectron (mainly two-electron) transfer reaction were supported

based on kinetic models. - . o
WO R - L] pH=¢ p==14 P

[1] S. Takeuchi, M. Takashima, M. Takase and B. Ohtani, Chem. Lett., accepted
[2] H. Hori, M. Takashima, M. Takase and B. Ohtani,Catal. Today, in press (10.1016/j.cattod.2018.01.001)
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Multielectron Oxygen Reduction on Copper(l) oxide-Loaded Titanium-
oxide Photocatalysts in Decomposition of Organic Compounds

Peng Wang and Bunsho Ohtani

Institute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan
Email: wang.p@cat.hokudai.ac.jp
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Introduction
ADVANTAGES: DISADVANTAGES:
Low cost Large band gap (3.0-3.2 eV)

High chemical stability
Photocatalytic reactions

Ultraviolet light absorption (3-5 %)

Absence of specific reaction site to
accumulate excited electrons (rutile)

Research
HEY,. H i, Hatd Objectives

Reduct
— ustion Photoabsorption

L

Hanroin knahion

Photocatalytic

activity

L

Relaxation

Ekcitalian b OH |, eFianle compaiisds
| iht Creidation
thi - OH-. CO;+ HyD
VB  (froxatian Role of FCPs

Fig. 1 Mechanism of titania in photocatalytic reactions.

Fig. 4 SEM images of titania and FCPs-
loaded titania.

Experimental

( (c)

¢

Fig. 2 3-D geometry models of faceted copper(l) oxide polyhedrons. (a) cube; (b)
cuboctahedron; (c) octahedron.

(2\e

Faceted Cu,0 particles (FCPs)

» Cubes (c): six {100} facets

» Cuboctahedrons (co): eight {111} and six {100} facets

» Octahedrons (0): eight {111} facets

Room temperature: r-c, r-co and r-o.

FCPs-loaded titania: c-S, co-S, 0-S, r-c-S, r-co-S and r-o-S.

Results and Discussions

Fig. 3 SEM images of faceted Cu,O particles (FCPs).
* Cube — Cuboctahedron — Octahedron
* Low temperature: small particle size

| NENE - K RH[CeE T

titania in CO, system.

Photocatalytic activity:
* r-c, r-co and r-o: low activity
* FCPs-loaded titania > titania
*c-S>co-S>0-S>S

* Loading amount: 2 wt%

» Good interaction

* XRD, UV-vis, EDS: copper(l)
oxide (data not shown)

- w
frad . (b) _ (c)
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Fig. 7 (a) XRD patterns of titania (STG2) and FCPs-loaded titania; (b) Photocatalytic activity of titania
and FCPs-loaded titania in CO, system; (c) Photocatalytic activity of titania, Pt-loaded titania, copper(l)
oxide-loaded titania(denoted as b-S, mixed by mortar) and FCPs-loaded titania in CO, system.

Photocatalytic activity:
* r-c-S > r-co-S > r-0-S > S, {100} facet is the most active facet

Fig. 5 (a) Photocatalytic activity of FCPs in CO, system;
(b) Photocatalytic activity of titania and FCPs-loaded
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* r-c-S > b-S, better interaction by in-situ one-pot wet chemical synthesis

* r-c-S > Pt-S, suppress electron/hole recombination
* Multielectron oxygen reduction ( two or four)
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Fig. 8 Schematic diagram of possible

oxygen reduction reactions of titania. activity of titania (blue) and r-c-S (red).

o e e . Two-electron oxygen reduction
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Fig. 9 Light intensity dependent-photocatalytic
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Crystalline characteristics and photocatalytic activity of decahedral-
shaped anatase titania particles

Kenta Kobayashi,' Mai Takashima,!? Mai Takase?® and Bunsho Ohtani'2
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B Decahedral anatase titania particles (DAP)
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. high-level photocatalytic activity (001) facet showing lower stability
Chem. Mater, 26, 1014 (2014)
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X-ray diffraction analysis on thermal anatase-rutile transformation of titania particles
Bob John,! Mai Takashima®2 and Bunsho Ohtani1'2

(Graduate School of Environmental Science,! Institute for Catalysis,? Hokkaido University)
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Excited-state Aggregate Formation of A Near-infrared Dye

Yue Wang?, Rong Wang®, Tamaki Nakano?*
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Abstract: Dyes that emit light in the near infra-red (NIR) region are important in medicinal and physiological fields because
they can be applied for diagnosis and imaging of tissues due to the fact that water and hemoglobin do not seriously
interfere through scattering and absorbance in the range of around 700-900 nm. 3,3'-Diethylthiatricarbocyanine iodide
(DTCI) is a representative example among such dyes and has been studied from various view points. In this work, we
investigated excited-state properties of DTCI in solution and found that DTCI forms at least two distinctive excited-state
aggregates whose structures and contents vary depending on concentration and solvent. Such a phenomenon has been
reported only for a system on the surface of gold but is unprecedented in a homogeneous system including solution.

1) Introduction

3,3"-Diethylthiatricarbocyanine lodide (DTCI)

D Photophysical Properties

Emission and Excitation Spectra of DTCI in EtOH and in H,0

— Excitation spectra
— Excitation spectra
— Emission spectra

Excimer

emission
Monomer
emission
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Fig. 1. Emission (blue) and excitation (green and red) spectra of DTCI in EtOH
(A) and in H,O (B) at different concentrations.

B Conclusions

» Intense near-infrared absorption and emission
» High fluorescence quantum yield

-- Optical biological probe
-- Fluorescence imaging

Emission and Excitation Spectra of DTCI in MeOH and in DMSO
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Fig. 2. Emission and excitation spectra of DTCI in DMSO (A) and in MeOH (B)
at different concentrations.

Absorbance Spectra of DTCl in EtOH and in H,0
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Fig. 3. UV spectra of DTCI in EtOH (A) and in H,O (B) at different concentrations.

Aggregation of DTCI

» DTCI shows monomer (600-700 nm) and excimer (750-850 nm) emissions.

» DTCI

is proposed to form mstacked aggregates in EtOH at all

concentrations and also in H,O at lower concentrations and unstacked
aggregates in H,0 at higher concentrations.

» In EtOH, mstacked aggregates with various structures with different

excitation energies are responsible for the excimer emission.
n-stacked aggregates
structure are responsible for the excimer emission.

lower concentrations,

with

monomer emission may arise from isolated DTCI.

In H,0 at
rather uniform
In both cases, the

» In H,0 at higher concentrations, unstacked aggregates as well as isolated
DTCI may contribute to both monomer and excimer emissions.

T T
a | nEOH©4M
b | inH03.7x 107 M)

Fig. 4. Intensity-weighted
Gaussian distribution of particle
size of DTCI obtained through
dynamic light scattering in EtOH
(a) and in H,O (b).

10 108
Diameter (nm)

in EtOH

in Hz0 (lower conc.) in HyO (higher conc.)

’

L Aggregate

|

Isolated DTCI H-Aggreg
Stacked Aggregates (di )

Fig. 5. Proposed basic aggregate structures of DTCL

4) Future Plans J

» Studies on photophysical properties of DTCI in the presence of
chiral molecules are under way to maximize the function of
DTCI through chirality effects in bio imaging applications.
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Synthesis and Properties of Antioxidant Polymers
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Abstract: 4-Vinyldiphenylamine (VDPA) was prepared and polymerized under free-radical and cationic conditions to lead
vinyl polymers as antioxidant materials. The polymers were suggested to possess partially branched structure which may
have been created through chain-transfer to the amino group of the monomer or a unit in polymer chain. The polymers
reacted with 1,1-diphenylpicrylhyrazyl (DPPH) as a free-radical oxidant model at high efficiency, and the efficiency was
higher for the polymers than that of diphenyamine (DPA). It is intriguing that a polymer exhibited a higher reactivity
compared with a corresponding small molecule.

Introduction

Natural antioxidants (flavonoids)

Radical-trapping mechanism

o x xw 6 on
0~ ~0l

Artificial antioxidants Example of antioxidant polymer

™
oH n
tBu +Bu H e
Ty
O"K(j HyCO OCH, HO' OH

OCH; OH. ©,N©
CHy
OH .
. BHT DPA K. Zhan, H. Ejima, N. Yoshie, ACS Sustain. H X X-H ¢
© ; . Chem. Eng. 2016, 4, 3857-3863 N \/ »
Tea Catechin Persimmon Tannin g © O H

o0

Free radical " ot N a
= AIBN/CHCIZ60°C n Table 1.Free-radical polymerization with AIBN for 24h
2 Cationic MeOH-insol. part®
DPPF- PdCly CH;Cly) BF-OEt,/CH;Cl,/0°C Entry Solvent Temp [VDPA] [AIBN] [VDPA] Copvb —m —
NH —————— NH C) M ™) [AIBN] %) Yied M M iM8
TTR.esC, 15h (%) v
1 1.00 0.200 5 >99 3 3,370 3.73
VDPA Poly(VDPA) 2 CHCl, 60 1.00 0.050 20 >99 16 4,100 3.17
3 1.00 0.010 100 >98 46 8,820 227
CHCI3 THF water  TMS 4 Toluene 60 100  0.010 100 18 — - -
NH Branch 5 Acetone 60 1.00 0.010 100 19 — — —
ca"ml']'cls"M'y"'"' ) 3CHCK, 1.0 mL, Toluene 1.0 mL, Acetone 1.0 mL. ®Determinad by 'H NMR spectra from the intensity
. A 10% ratio of emaining YDPA =CH, and aromatic singals. ‘Reprecipitated in MeOH and colected with a
by SEC (vs
Cationic polymn. N©
0.10M Ak % - o H
O O Table 2.Cationic polymerization with BF3-O(C;Hs); in CH,CI; at 0°C for 1.5h?
Radical polymn. c
_ MeOH-insol. part!
oo WA A N ones ey VDAY [BF5O(C,Ho, __IVOPAL _ gony.s - MeOrtnsol part
o
z (M) (M) [BF3-O(CyHs)l (%) oy Mt MM,
Radical polymn. A Partially branched structure 1 0195 0.010 21 >09 37 12390 344
[M1/[11=20 15%
2 0.100 0.010 20 >99 40 6,690 2.00
R A R R
9 8 7 8 %/pprf\ 3.2 1t 0 2Entry1 GH,Clp 5,12 mL Entry2:CH,Cl; 25.7 mL. ®Determined by TH NMR spectra from the

. 1 intensity ratio of remaining VDPA =CH, and aromatic singals. “Reprecipitated in MeCH and
Figure 1. 'H NMR spectra of poly(VDPA)s prepared under collected with a centrifuge. ‘Estimated by SEC (vs polystyrene).

different conditions. [400 MHz, r.t., CDCI,]

Antioxidant Properties

A. DPPH + poly(VDPA)(cationic polymn.)

! Partially -Stacked Conformation

Famnnme
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B. DPPH + DPA
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Figure 2. Absorbance at 517 nm-vs.-reaction time plots.
Conditions: [DPPH] = 789uM, [poly(VDPA) (cationic polymn., Mn 11,710)] =202uM,

solution of DPPH on addition of poly(VDPA)
(cationic polymn., Mn 11,710) (A) and DPA (B).
Conditions: [DPPH] = 789 uM, [Cationic poly(VDPA)] = 202 M, [DPA]

Flgure 4. 'H NMR spectra of DPA (top) and poly(VDPA)
(bottom). [400 MHz, r.t., CDCl;, TMS].

[poly(VDPA) (radical polymn., Mn 4,430)] =201uM, [DPA] = 199uM, cell path = 1 mm.

Conclusions

v Poly(VDPA) was prepared as a novel antioxidant, polymeric material.

=199 M, cell path = 1 mm.

v Studies on effects of molar mass and stereo structure of

- . . poly(VDPA) on antioxidant properties.
v Poly(VDPA) efficiently reacted with DPPH as an oxidant model where

stabilization of radical species through a partially n-stacked conformation
may have a role.

v’ Synthesis and properties of VDPA-styrene copolymers and
VDPA-containing polymer gels.

v ESR studies on radical stabilization effects of poly(VDPA).
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Polyurethanes as Macromolecular Ligands for Catalytic Reactions
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Abstract: Ir(l)-catalyzed direct borylation of aromatic compounds! was conducted in the presence of polyurethanes prepared by
polycondensation of 4,4’-bis(hydroxylmethyl)-2,2’-bipyridyl with 1,6-diisocyanatohexane, 1,4-diisocyanatobenzene, 1,4-diisocyanato-3-
methylbenzene, and bis(4-isocyanatophenyl)methane. The polymer prepared from 1,6-diisocyanatohexane showed best activities
under most conditions. The borylation reaction systems with the polymers were biphasic where the top and bottom layers contained
the product and the polymer-based catalysts, respectively. Due to the phase separation, the product isolation and catalyst recycle were
readily performed through simple decantation.

1) T. Ishiyama, J. Takagi, K. Ishida, N. Miyaura, N. R. Anastasi, J. F. Hartwig, J. Am. Chem. Soc. 2002, 124, 390-391.

s
Polymerization
= o o o Table 1, Polycongensation between BHMB and diisccyanate®
« ) : oo RN . [Dilsceyanate] Conv.lof  Yield

NN THE.r1 24h Run Product DP® M

4.4 Bis(Fydroxymetyly 2 2 bipyridine Disocyanate [BHMB]  BHVIB (%) (%) i
awe 1 Poly1 14 75 89 11 4800
weo-c-ﬂ«-h‘ o-lo o—g—ﬁ—a-ﬁ—g oow, 2 Poly2 12 82 69’ 29 11000
¢ M o) 3 Poly-3 13 99 o7 8 3400
" Poly1-4 4 Poly4 12 86 659 2 1400

“Time 24 h, THE 2 mL, Et;N.0.11 mL, BHMB 0.25~0 50 mmol, temp. 28 °%C. "Determired by

-R-= Poly-t: §CHA: 1H NMR spectra base or “he irtensity ratio of remairing BHMB CH, and mair chair CH,
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mair-chain -CHy- siarals. “Calculated from DP. *Centaining 6% BHMB. 'Contairing 12%
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Catalytic reaction: Direct borylation

. L

Formation of polymer complex
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Table 2. Direct borylation: of benzene?

Table 3. Direct borylation of anisole®
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2 BHMB 89 59 88 58 2 BHMB 78 52 270 .29 V spectra of ligands, Ir
1 ligang-r mixtures in THE:
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4 Poly2 1 1 47 31 ‘; z“iy‘i 8 i i ;Z 20 L@ b
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. 112{IrClCOD)}, Bapiny). Bypini; 164 mM, nonane €1.7 mi, temp. 80 °C. PEstimatod

b of B,pin,), Bping 185
M, ronane (infernal standard) 100 M. fme 24 h, temp- 80 °C.
bEstimated by GC mass spectroscopy using nonane as internal standard.

by GG mase spectioscapy Lsing nonane as internal standard

Table 4. Effect of reaction time irf anisole borylation® C t I t I
: - %P datalyst recycie
Run Ligand T“h"‘)e Y('f")’h fon o orere y Y
o m p-
50 i
1 bpy 02 OO DE A e Chain softness
2 bpy 03 3 25 166 33 “© -
3 bpy 24 83 55 1 83 36 z*® ke
4 Polyd 24 1 1 24 41 35 =2 5
5 Poly1¢ 24 50 1 3 72 25 10 e .
jos 54 o
M, o 417 i s “c. "Estmaied by o BT 1 2 3 4 5 6 -
Bapirz) Number of catalyst recycle —— e
Fig. 3. TONs in recycling the Poly-1-Ir catalyst for benzene — = _‘"'
borylation'conducted under the conditions of run 3 in Table 2 - &
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’ Fig. 4. Photographic images of - “I‘ i) - s e =
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Fig. 7. SEM images of Poly-1 (A), Poly-2 (B), Poly-3 (C),
and Poly-4 (D). [magnification X 10,000]

with BHMB (run 2 in Table 5).

Conclusions:

1) Poly-1 performed better than the other three polymers; the fact that this polymer has a Tg lower than that

of the catalytic reaction and higher tendency of H-bond formation may be resposible for the performance.
2) The o-Isomer was preferentially generated in the reaction with anisole in the early stages of reaction.

3) The reaction systems involving the polymer catalysts are biphasic where product isolation and catalyst

recovery were conducted through simple decantation or centrifuge.
4) Catalyst recycle was confirmed for the poly-1-Ir system with benzene as substrate.

i
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Synthesis and Structure of Chiral Polyelectrolytes
for Gene Delivery
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Abstract: Gene delivery, a technique to introduce foreign DNA into a cell, can be performed using an artificial vector material
including synthetic polyelectrolytes. In this work, we studied the structures and basic properties of polyelectrolytes consisting
of arginine- and spermine-based monomeric units in a salt form with p-toluenesulfonic acid as candidates of a novel synthetic
gene vector. The polymers were found to form chiral complex with methyl orange whose structure was investigated by
circular dichroism (CD) and ultra violet (UV) spectroscopic analyses.

Monomer Synthesis
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Scheme 1. Synthesis of monomers.
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Fig. 1. 2D H-H COSY (lef) and 1D ;H NMR spectra of monomers and polymers
(400 MHz, DMSO-dg, rit.).

Conclusions

The novel, chiral polyelectrolytes were successfully prepared and
found to form chiral complex with methyl orange possibly through
ionic interaction or (partial) anion exchange.

Polymerization
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nTsHOHzN o /He\o LOHTs H,OTs
(CHa)3 (CHa)3 + m TsoHBN/\/\N/\/\,N\/\,NHgoTs
| | H,0Ts
HN NH s
TsOHaN'gNH P

TSOHN"SNH
rg

0 o
+ ON4< }OWOONOZ S ——
? 4 DMA-EtsN, 60°C, 24h

C2x=2 C8x=8

o o
WH% ) )\”(n H H, 0TS
o o N\/\/N\/\/\ N
o' 6 N N
o (cng)a (C‘Hz)a &S Hors W
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Arginine and/or Spermine-based Polyelectrolyte

Poly(Arg;,-Sps,-C2) was reacted with a small amount of 1,6-
diisocyanatohexane leading to poly(Args,-Sp;,-C2) *.

Scheme 2. Synthesis of polyelectrolytes.
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Fig. 2. Absorbance spectra of poly(Arg.,-
$p,,-C2) (0.01 M) (a), MO (0.0003 M) (b},
and a mixture of the polymer and MO
([unit]/[MO] = 1/1) (c) in H,0 (1-mm cell).

Wavelength, nm
Fig. 3. Absorbance spectra of mixtures
of poly(Arg:,-Sp,,-C2) and MO where
[MO] = 0.01 g/L at [polymer]/[MO] =
10/1 (a), 100/1 (b), and 500/1 (c)
(weight ratio) in H,0 (1-mm cell).
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Fig. 5. CD spectra of mixtures of MO
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Fig. 4. Absorbance spectra of mixtures of
MO and polymers at [MO] = 0.1 g/L and
[polymer] = 1.0 g/L in H,0 (1-mm cell).
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Control of Surface Inhomogeneity and its Catalytic Properties.
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High-performance catalysts are often composed of two or more active phases, which are believed to interact
with each other at the mesoscopic scale structure. Unlike conventional powder catalysts flat surfaces is
advantageous in that its surface structure can be precisely designed. We prepared precisely designed
Sb,0,/VSbO,/Si catalysts containing Sb,O, ribbons with finely controlled width and separation by electron
lithography(1). We demonstrated that the acrolein generation rate on the catalysts was related to the width and
separation of the Sb,0, ribbons. This work shows the possibility to regulate catalysis by inhomogeneity of the

&urface structure at the mesoscopic level.

Introduction

-

o o0,
\ o

aﬁ

L]

@@

i 0 s e ey el By T 08, |

Remote Control Mechanism

Delmon, B.; Froment, G. F. Catal. Rev. 1996, 38, 69.
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Figure 3 Proposed reaction mechanism based on the surface
diffusion model in which separation is larger than the diffusion
distance. The white lines represent proposed oxygen concentration.
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(In this work, we demonstrated the feasibility of controlling and tuning the reaction properties of a-Sb,0,/VSbO,/Si samples\
by adjusting the Sb,0, ribbon width and separation on the mesoscopic scale. Lithography is an attractive method to
fabricate catalysts with precisely designed mesoscopic structure and it will lead to a new catalyst preparation methods that

\involve computer-controlled design and manufacture. Y

This work has been supported by CREST-JST “Resolution Catalyst”.

.

Reference; Huang, H. H.; Wada, T; Ariga, H.; Takakusagi, S.; Asakura, K.; wasawa, Y. Chem. Phys.Lett. 2017, 683, 18.
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First-Principles Simulations of Catalytic Reactions at the
Water/CeO,(111) Interface: Hydration of 2-Cyanopyridine
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Introduction

Catalysis of CeO,-based Materials NN
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Ce Cet Ce**

Lewis acid-base site
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Cerium(1V) Oxide
(fuorte structure)
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Hydration of 2-cyanopyridine over metal-oxide catalysis
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* Redox properties

« Acid-base properties

Computational details

* DFT calculations * Periodic boundary DFT+U: (PBE functional, U= 7.0 eV)

+ DZVP (MOLOPT type basis set) and GTH pseudopatentra/s
+ Energy cutoff of 400 Ry for auxiliary plane wave expansion
« [-point only in the k-point sampling

+ CP2K program package

« Simulation cell (CeO,(111) surface) ~ + p(3 x3) and 3 O-Ce-O tri-layers (27 CeO, unif)

a=b=11.56,c=250Aanda= =90,y = 60 degrees

y]
S

v

s

. o —

Ce

Mers-van Krevelen mechanism
(recox mechanism)

Cett Cer

« NVT ensemble (T=330 K)
« Time step of 1.0 (the mass of a hydrogen is replaced with that of deuterium)
+ Blue moon ensemble and metadynarmics approach for free energy calculations

Results and Discussions

Adsorption structure of 2-cyanopyridine on CeO,(111)
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Theoretical Study on Rhodium-Catalyzed Hydrosilylation
of C=C and C=0 Double Bonds
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Introduction Newly proposed mechanisms

Hydrosilylation describes the reaction that unsaturated bond insertion into Si-H bond under a

certain catalyst. It's an important way to produce organosilicon products. Using Rh as the catalyst, Alternative Chalk-Harrod (aCH) mechanism
very mild reaction conditions can be achieved. K

& oitales
X==Y H—Si=WR, ————# HX—YSIR{RR; P
+ N\

Ry > [ oy ; W p=d AN W=
s ' s 3 = T
From an analogy to Rh-catalyzed hydrosilylation of alkenes, it e - e - -

was assumed that the Rh-catalyzed hydrosilylation of carbonyl

group occurs through modified Chalk-Harrod (MCH) mechanism, / s M—H o [ I LK \I-l'.. 1'.'. |
although there is no evidence. Our recent work that the Pt- | 1 ‘ P L | g - .

catalyzed hydrosilylation of carbonyl group can occur via Chalk- * 7\ P % omcR, M "\'_ L= e |

Harrod (CH) mechanism with a bifunctional hydrosilane.2) Thus s S S : . .| v =L}
it is worth to theoretically investigate which mechanism is taken ' f - [M]—OCHR"; - Al [ERr—— = Wla

place in such reactions. e - T ey il d——

aCH mechanism Free energy profile of acetone hydrosilylation in
aCH cycle.
Method & Model

> In acetone case, the rate-determining step in aCH mechanism is acetone

Catalyst't Hydrosilane: Basis sets: insertion into Rh-H bond taking 21.5 kcal/mol energy.
| Me " BS| > In ethylene case, the rate-determining step is Si-C reductive elimination
Me3P=——Rh=—0PMe; Mo—3gi“* ° Rh Stuttgart/Dresden reaction with the energy barrier of 24.1 kcal/mol.
MesP sicH (56-{?11;{*1/22111/411)1‘1%}) > CH and aCH mechanism have the same rate-determining step and similar
POC 6314g* energy barriers in both C=C and C=0O double bond hydrosilylation. As the
Unsaturated bonds: consequence, in other cases (such as using Pt as the catalyst) when CH
Sl mechanism is applicable, we should consider the possibility of aCH mechanism.
Acetone / ethylene Rh Stuttgart/Dresden
. . (611111/22111/411)+ECP+f | |
Method: Density Functional Theory SiCH  6-311g*
(wB97XD functional) POCl  6-311+g"

Existing Mechanisms CH & mCH mechanism o Y I--'—,- R

Free energy profiles for acetone hydrosilylation in Important transition ' W . H - ey s =
mCH cycle (upper) and CH cycle (bottom) states: Path A “ 1. Path B 5 F el L e i £l
aid T = | 3 B - ] wii-F
b D s
x s =di 4 ;‘( R ) ] N e x
4 14 $ cr 7 — e 2
; - i . JE, - - ey
1 _ (T, B b DH m;ch;nism Free energy profile of acetone hydrosilylation in
oo L w - g Ry C* DH cycle.
R e L3 K | Me . . I
3 b Ry =3 ao > In acetone case, the rate-determining step in DH mechanism is also acetone
& - —] insertion into Rh-H bond and the energy barrier is 13.6 kcal/mol. This value is
* - " il id tsl much smaller than in other catalytic cycle, which makes it become the most
= i _-""‘""“"- g possible mechanism in acetone hydrosilylation.
gy ._. L Wy 08 > In ethylene case, the rate-determining step is Si-C reductive elimination
= [ T— i tf reaction with the energy barrier of 12.7 kcal/mol. This value is just 1.5
7" e [ ] kecal/mol higher than the largest energy barrier in mCH cycle. Thus DH and
] i T =i e ., mCH mechanism are two most favorable mechanisms in ethylene
;: _? " = T‘ a1 Pf:' ”‘T e c hydrosilylation.
i . ca Me
: = o il More discussions
T ts2
> For the Rh-catalyzed hydroilylation of acetone, much higher energy barrier in & ¥ [T e Si Nesdi
mCH mechanism (43.4 kcal/mol) makes it less possible to take place. e 2L ] [ " i " : )
> The energy different between CH and mCH mechanism is well explained by the i, m TS I'*n', Wi " | %
L .,
structures of transition states. e s M - -6 Mn__'*“f NP |
e Shse, @6 PlAa, WP
et
et esP R . LUMO (50 40 E v
o a . > Incompletely broken C=0 double bond and agostic interaction make the energy
. . 5 barrier to be low in DH mechanism path A.
nd- ¢ & s v > 1t antibonding is found to have no interaction with Rh d orbital in the precursor
> In Rh-catalyzed hydrosilylation of ethylene, mCH mechanism is most favorable complex 4e’_E before ethylene insertion into Rh-Si bond. Thus Path B takes much
mechanism for the backdonation interaction in precursor complex. more energy than mCH mechanism and consequently being excluded.

Conclusions

> Two new mechanisms were proposed, alternative Chalk-Harrod mechanism and double hydride mechanism.
> For ethylene, mCH mechanism is the most favorable mechanism. At the same time, DH mechanism is competitive to the mCH mechanism.
> For acetone, DH mechanism is the most favorable mechanism.

[1] S. Sakaki, M. Sumimoto, M. Fukuhara, M. Sugimoto, H. Fujimoto and S. Matsuzaki, Organometallics 2002, 21, 3788-3802.
[2] N. Nakatani, J. Hasegawa, Y. Sunada, and H. Nagashima, Dalton Trans. 2015, 44, 19344-19356.
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Reaction Mechanism of DMC Formation from CO-> and Methanol

over CeO,: A DFT Study

o A OToshiyuki Sugiyama, Akira Nakayama, and Jun-ya Hasegawa
Institute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan
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H,CO_ OCH
CeO, 3 3
CO, + 2CH,0H — e + H,0
(o)
i DMC

= co, CeO, or ZrO, catalyst B

+ x (CH,0),C0

* Intermediate of polycarbonates
cocl « Electrolytes for lithium ion batteries
CH OH 2 i i
& (Toxicity) * Alkylating and carbonylating reagents

Biomass resources

\ A green and sustainable process to replace the conventional methods \

CeO; catalyst

+ Acid-base sites (Lewis acid-base pairs)
» Redox properties

Lewis base
Lewis acid

CeO,(111)
In this work
We investigate reaction mechanisms of DMC formation
over CeO; and clarify the role of the acid-base sites.

Ref : Tomishige, K.; Sakaihori, T.; lkeda, Y.

imoto, K. Catal. Letters 1998, 58, 225-229.
Yoshida, Y.; Arai, Y.; Kado, S.; Kunim i

, K.; Tomishige, K. Catal. Today 2006, 115, 95-101.
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® The role of the acid-base sites on CeO, was clarified.

————— _ — \CL/

® The reaction mechanisms of DMC formation over CeO, were theoretically investigated.

z v
Method : Periodic boundary DFT + U ] CeoAtt) ]_, (% s el
(PBE functional) e
Unit cell : p(4 X 4) with 2 O-Ce-O tri-layers
(32 CeO, units) o
15.42 x 15.42 x 25.0 A3 ¢
Linear

mwg wm

=-54.1kJ/mol Eg=-32.9kJ/mol Eg=-16.9 kd/mol =-66.1 kJ/mol Eg=-60.0 kJ/mol
H,CO_ OH
STEP1 CO, + CHOH — ﬁo(
H,CO_ OH H3CO_ OCHj
STEP2 Y+ CH;OH — Y H,0
o o

® Adsorption structures of CO,
¢ Surface carbonate species
— Monodentate / Bidentate — MC1
¢ Molecular adsorption
— Linear — DB1
® Adsorption structures of CH;OH
¢ Dissociated adsorption
< Molecular adsorption
— Both structures exhibit similar Eg.
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Adsorption and Catalytic Hydrolysis of Cellulosic Molecules
by Microporous Materials
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Undesired

Hydrolysts s:de-reactlon o
o . o”
Objectives %% o SAve
5-Hydroxymethyl-

Glucose
Key compound

Cellulose
Most abundant, renewable biomass

» Highly active catalysts for cellulose
hydrolysis are required.

» For 2nd-generation bioethanol
production, by-products such as
aromatics need to be devised.

\ OH

furfural (HMF)
Highly-toxic for biocatalysts

Zeolite-Templated Carbon (ZTC)

» Consisted of warped-graphene
> High surface area (= 3000 m2 g*)
— Suitable for organics adsorption

M. Yabushita et al., ChemSucChem 2014, 7, 1443.

+ » Micropororous structure (1.1 nm)
— ldeal size for B-glucan guests
— B-Glucan was taken in the pore
within 2 min.
M. Yabushita et al., ACS Catal. 2015, 5, 6422.

Ty

H. Nishihara et al., Carbon 2009, 47, 1220.

P.-W. Chung et al., Langmuir 2012, 28, 15222;

Metal-Organic meework (MOF) NU-1000

R benzoic amd

L
Hexagonal i _f
T e
B O
”"‘ A = » Consisted of pyrene units

f_ll' f i " > High surface area (2320 m2 g')
xﬁ — Suitable for organics adsorption
mlcropore

C_ =Y :
(1.1 nm) ; 5
O. K. Farha et al., J. Am. Chem. Soc.
2013, 135, 10294.

Triangular

» Well-ordered micropororous
structure (1.1 nm)

H,0, Treatment

Properties of parent and H,O,-treated ZTCs : -
id si ] I £ ZHS
Material /ernCrI:oISIgt;i 'L)mémg’;?{e / cr\'/rfgrge;* i!J : !".‘ z:ﬂ..
ZTC 105 3480 191 i b e
ZH(B)  1.81 3700 190 & | I
Z-H(15)  2.10 3360 1.81 L3 i I
Z-H(30) 232 3400 1.82 n &1 e
Z-H(60) 2.48 3050 1.61 ",\;'“—I';— Ay T
Para wish inem

» Acid sites are successfully introduced by H,O, treatment,
with minimal change to microporous structure.

Adsorption and Hydrolysis of f-Glucans

1. Adsorption o e
e E 29 L' B-glucan solution (40 mL), =« ” rt
A 20 mg ZTC, 277 K, 10 min oy
B ST ) v 2. Hydrolysis 4, =
(R ca. 25 mg B-glucan/ZTC,
p-Glucan 1 mLH,0, 453K, 3 h Glucose
(3,600 g mol")
Adsorption uptake of g-glucans by ZTCs " 2300 224
- I L]
Material B-Glucan uptﬁke 2 .
/mgaic-unit 9 i.!.a:- t .
ZTC 306 i
Z-H(5) 390 E mt *
Z-H(15) 315 I
Z-H(30) 328 &0 l
0T 0z 03 04 0B 08
Z-H(60) 315 i aftn FrvmA{D phod rfcrumars arsa)

» All ZTC materials exhibit similar B-glucan uptake regardless of
the H,0,-treatment.

» The catalytic hydrolysis activity of ZTC directly increases upon
increasing acid-site density.

Biomass-Derived Toxins for Biocatalysts
CHO CHO

/V i )\; “OCH; H,CO” i “OCH,

5-Hydroxymethyl-  4-| Hydroxybenzaldehyde Vanlllm Synngaldehyde
furfural
COOH COOH COOH
0.
U
OCH; H,CO OCH,
OH OH OH
Furfural 4-Hydroxybenozic acid Vanillic acid Syringic acid

Competitive-Mode Adsorption

) o8 ] £5 compounds
wHWF s Qaucoss  OFructoss o0 # Furfural o Xyioss
300
= '!-W
}m dwa
E Eﬂm
i i
=] 3100
L] o
0 Q0 -4 nug nz [k [ 0os v Rk 02 Lk
Concemiaton Conceniration

» NU-1000 discriminates furanics from monomeric sugars in
their aqueous mixtures.

240
[ T U
-
00 » & Hydmuybenzakishyte
" - Hyrgaytan s o
E w Vianiln
e OVanitic scid
£ = ® Gyringaidatds
- | -
0 Syrngic a0
[
HL-1D00 HU-1000 MEC-30
(2nd oycie)
Adsortent

» Only NU-1000 can selectively remove aromatics

from aqueous soluitons.

» H,0,-modified ZTCs, which have high acid-site density and surface area as well as ideally sized
micropores, show good performance in both B-glucan adsorption and subsequent hydrolysis.

Conclusions

M. Yabushita et al., ACS Sustainable Chem. Eng. 2016, 4, 6844.

» NU-1000 adsorbs aromatic compounds from aqueous solutions containing glucose co-solute,

with an outstanding degree of selectivity comparable to biomolecules.
M. Yabushita et al., Chem. Commun. 2016, 52, 7094; Chem. Commn. 2016, 52, 11791; Langmuir 2017, 33, 4129.
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Stereoselective isomerization of eugenol to trans-isoeugenol catalyzed by Ni(0) phosphines:

experimental and theoretical studies

Y. Permana,? Arifin,2 L. Saputra,’ N. Gustini,’ S. Irle,2 A. Patah,! M. A. Martoprawiro’

"Chemistry Department, Faculty of Mathematics and Natural Sciences, Institut Teknologi Bandung, Bandung, Indonesia
2Institute of Transformative Bio-Molecules, Nagoya University, Nagoya, Japan

I Conversion of natural products

Clove oil
US$ 5 /kg)
7

/©:°“ Isomerization OH OH
T [ -
A ochy och oo, |
Eugenol trans-Isoeugenol anillin
0,

(US$ 19 /kg) (0SS 37 gy (US$ 70 kg)
7297% of clove oil PN J

trans-lsosafrole
vl om (Sept., 2015) ‘Sharma et al. 2006. J. Mol. Catal. A Chem., 245, 200-209

Catalysts:
(1) KOH : 150 °C, 10 h, Conv. 60%, excess base
Cerveny et al. 1987. React. Kinet. Catal. Lett. 33, 471-476.
(2) NiAI-HT : 200 °C, 6 h, Conv. 77%, Select. 84%
Jinesh et al. 2010. Catal. Lett. 134, 337-342.
(3) RuCIy(PPh,), : 78 °C, 3 h, Conv. 99%, Select. 96%
Sharma et al. 2010. J. Mol. Catal. 245, 200-209.

High conversion and selectlvny of trans- product can be
i by the exp r as the catalyst.

IV Ni source effects

" NI+ PPhg+ Zn T *‘

HO CHCN HO' "o
ocH, OCH; ocH,
Eugenol trans- cis-

Entry  Ni(ll) sources Conv. (%) trans-Select. (%) TOF (h")
12 NiCl(PPhs), 8 91 7

2 NiCly(PPhy), 99 o7 96
[3” NiCly(PPh;), 99 94 1,116 ]
4 NiCly6H,0 99 o7 96

5 Ni(NO3)"6H,0 99 95 94

6 Ni(OAc)4H,0 99 9% 95

7 2NiCO3'3Ni(OH),"4H,0 1 92 10

8 (NHg)Ni(SO4),6H,0 8 92 7

9 Ni(salen) 9 92 8

Reaction conditions: 005 mmal o N, 5 mmol of ugenol, 0.5 mimolof 2n, 0.5 mml o PPh,, 3 mL of
MeCN, 353 K, 1, N, atmosphere.No aditon o Znor excess of PP *Subtrate: 30 mmolof eugenol

High activity can be achieve with NiCl,(PPh;) as the precursor.

VIl Solvent effects (2)
Wepl = =WeasWes

ocH, ocH; ocH,
Eugenol trans- cis-

Entry CH,CN (mL) mol CHyCN:Ni(ll)  Conv. (%)  trans- Select. (%) TOF (h™")

1 3.0 1,149 99 97 9%
2 20 766 99 96 95
3 1.0 383 98 96 %
4 05 192 98 95 93
5 025 % 98 96 94
6 0.10 38 98 95 93
7 0.05 19 97 95 92
8 0.025 10 96 95 91
9 0.005 2 94 86 81
10 0.005 ¢ 1 95 86 82
11 0 0 17 80 14

Resction conditons: 005 mmol NC(PPh) ol augenol, 0.5 o 2, 05 mmol PP, 50
1, stiring at 400 rpm, 1 atm N,. * Using 0.005 mL of 4-Chlorobutyronitrie besides acetonitrile.

A small amount of MeCN dramatically increased
the catalytic activity.

Il Catalyst design

Fe | Co| Ni
Ru |Rh | Pd
1|ox.add. | Os | Ir | Pt

Late transition Ligands:
metal: Good o donor
Rich electron (for example
Low oxidation  phospine

Hassam et al. 2015. Chem. Rov. 115, 5462-5569. state ligand)

/@f Ni(cod),/DPPF/Cy,NMe [1]
HO or NiSO,/TPPTS/NaCN/NaBH, ? HO

OCH;z

Conv. 94%, Select. 92% OCHs

[1) Gogsig et a, 2012, J. Am. Chem. Soc., 134, 443-452; 2] Kuntz et al., 2007, Oil Gas Sci. Technol, 62, 781-785

Ni(0) is an important species for the oxidative addition step.

V Ligand effects

©/ 7 N+ PPy o2 N
Ho Tomen

ocH, och oo
Eugenol trans-
Enry  Ligands Conv. (%) _trans-Select. (%) TOF (")
1 P(OPh) 3 92 3
2 PPy 9 o7 %
3 P(Ph-pOMe), 9 % 9
4 P(PhpMe); 9 97 %
5 Phenantroline 5 92 5

Reaction conditions: 0.05 mmol NiCl, 6H,0, 5 mmol ool 0.5 mmol ligands, 0.5
ol 20,3 mLof CHCN, 80 °. 1 . siring s 400 o, 1 i

Ni(PPh,), Ni(P(OPh),);

A strong sigma donative ligand may increase
electron density at Ni(0).

VIl Time Profile of MeCN addition

/©/*°" Ni(l) + PPhy + Zn L, Y
HO CHiCN HO HO

ocH, ocH, ocH,
Eugenol trans-lsougenol  cis-Isougenol

Reaction conditions: 0.05 mmol of NICL(PPh,);, 30 mmol of
eugenol, 0.5 mmol of Zn, 0.5 mmol of PPhs, 3 L. of MeCN, 363 K, N,

atmosphere
100 -
A
80
R 60 +MeCN from the jbeginning
é [
o 40 +MeCN after 30 min
o
20 / B
oy N
|
0

o 10 20 30 40 50 60
Reaction time (min)

How does MeCN increase the catalytic activity?

IX Free energy profiles

With MeCN ™

Froe oneegy change (v Amol)

g 8
(-] o

3

Free energy change (kJ/mol)
2 o B 8
o © ©o o

.3
=S

Without MeCN

L. X

o
Rotation from N2 to
N3 is required and
itis the RDS of the
reaction without
MeCN.

Ni(0) can activate MeCN through the C-H activation reaction.

Il This work

Ni(Il)/PPhy/Zn

HO' In situ generated HO'
ocH,  Ni(0) Phosphine catalyst Ocks
Eugenol trans-isoeugenol

Computational details

Program package: Gaussian 09 version D.01
Method: PBE0O-D3

Basis sets:

Ni: Stuttgart RSC 1997 with ECP

N, O, P: 6-31+G(d)

C in alkene and acetonitrile: 6-31G(d)

C in alkene and acetonitrile: 6-31G(d,p)

All other atoms: 6-31G

We the per of ly and i the
reaction mechanisms.

VI Solvent effects (1)

NN + PPhg+ Zn
HO CH,ON

ocH, ocH, ocH,
Eugenol trans-Isougenol  cis-Isougenol
Enry  Solvents Gonv. (%) _trans-Select. (%) TOF (")

1 Soentiree 7 80 4

2 Methanol (50°C) 25 %2 2

3 omso 1 &7 10

4 Pyrdine 20 89 2%

5 Nivomethane 9 91 8

6 OWF 29 89 2%

7 THE(50°C) 4 8 3

8 Acetone (50°C) 28 9 2%

9 THF(50°C) + 100 L Acetonitile 70 87 10
10 Acetone (50°C) + 100 yl Acetonitre 96 89 %
T Acetoniile % o7 %

13 Acrylonitie 9 95 )

Reaction conditions: 0.05 mmol NICI,(PPh,),, 5 mmol eugenol, 0.5 mmol Zn, 0.5
mmol PPh,, 3 mL solvent, 80 °C. 1 h, sliring ai 400 rpm, 1 atm N,.# Using 1 mL of
4-Chiorobutyronitile.

MeCN is the best solvent to achieve the best catalytic activity.

VIl Proposed mechanism

Ve
& L=P(h)
b N

\ - H
NioL, R
NS G
N
NG

1
l MeCN activation
R~

K W A
it
pS
€
H R H
/ U
ol b
ol Nk )
s "
B-hydride k LR/ Olefin insertion
L
elimination Moon
.

There are three important steps.

X Summary

Trans-isomerization of eugenol with high conversion and
selectivity is successfully catalyzed by simple Ni(0) complex.
The importance of MeCN in the reaction mechanisms is clearly
elucidated.

LTl N S T

O = "
- 0
8 0 s
TOF 1196 " ramsSelect MT%
Conv. >89%

Clove ol
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Theoretical Investigation on Photo-activation Process of Diaryl Pyrido Cyanine
A. Sarinastiti', Arifin!, R. Shimizu?, K. Suda?, K. Uno?, Y. Sato', D. Yokogawa'+?
TInstitute of Transformative Bio-Molecules (WPI-ITbM), Japan
2Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya, Japan

I Cyanine Properties to Applications

\?/\é/\%/\w/
R

R

The most investigated family of
synthetic pigments.

Example:

cyanine dyes as pH-
responsive probes to
detect cancer cells.

Hilderbrand, S. A. et al., Bioconjugate Chem., 2008, 19, 1635.
Cyanine dyes have great potential applications.

IV Chlorinated Diaryl Pyrido Cyanine

Symmetrical cyanine with 4 double bonds for long
wavelength absorption

hv =561 nm AN ‘ ~
o
o Nepp N~

Ph” ANoppy

DH

Uno, K. Doctoral Dissertation, Nagoya University, 2017

How is the mechanism of substitution of chlorine atom
by photo-activation of DCI in water?

VII Energy Diagram

= oCKFC)
2 .
E
> T
E o
= O, OHSICh
- TOCKS | 452
» 42 HOCHS.) g
@
€ L
G
@
&
N
pun
T.0CHS
oCiS,)

Reaction coordinate

What is the important factor for
Cl substitution process?

IX Proton Insertion Process

DCI(S,) T-DCI(S,)
@ & 2 @ a1
LT 7 T % L4 Taguss )

Table of charge changes

Atom DCI(S)  T-DCI(S)
cl -0.05 0.10
2 -0.09 0.13

Proton insertion becomes easier because the charge of C2
is more negative, which increases nucleophilicity of C2.

11 Chlorinated Cyanine

In general, however, cyanine dyes has a poor chemical
and photochemical stability.

Chlorinated cyanine is one of intermediate molecules

for further derivatization to improve water solubility,
prevent aggregation, etc.

- - . -

Ptaszek, M. et al., Progress in Molecular Biology and Translational Science,
2013, 113, 59.

How is the photo property of cyanine derivatives?

V Computational Details

Ground state calculation : CAM-B3LYP/aug-cc-
pvDZ

Excited state calculation : TD-CAM-B3LYP/aug-cc-
pvDZ

Solvation Theory : RISM-SCF-SEDD

Solvent : Water
Temperature : 300 K

Program Package : GAMESS 2012 and Gaussian 16

VIII Model Comparison

MiCHFC
H
S wmcwc N
4 HMICNS,)
= T ’
= "
& wi s,
] T
S PR
4 [R— —
g —_ M2 H(S,)
v
HM2CNS,

Reaction coordinate

In DCI, low excitation energy and Cl-dissociation
barrier are important for Cl substitution reaction.

XI Summary

The mechanism of photo-activation of diaryl pyrido
cyanine dyes has been studied.

Delocalized HOMO is important to lowering
excitation energy.

+ The twisted state of DCl is important for proton
insertion step.

cl
AP AN hv ( A N
N__~ | N N._~ ‘ N
Ph” <% Ph Ph” < Ph
DCI DH

111 Photo properties of cyanine

derivatives
+0O Q v
{ i / { ! J
A\ 7 A\
A B

Molecule Molar Absorptivity (M'cm’) Stokes Shift (nm)

A 60,700 22
B 32,200 18

Dost, T. L. et al., Analytical Chemistry Insights, 2017, 12, 1.

The properties of cyanine dyes depend on its
substituent.

VI Proposed Mechanism

0CKSo) T-0CKS,)
| +n0
v OH
«Cl
-
Clag
DH(Sy) HOCHS,)

There are three steps: excitation process, insertion of
proton, and Cl dissociation.
VIII Excitation Process

Kohn-Sham Orbital

DCl M1-Cl

® o
Py \
HOMO __ - ““I." : ‘N‘

M2-Cl

s
20

LuMO_‘Jm'r,__:‘_.:' #;

Delocalized HOMO ease the electron transfer during
excitation.
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Preparation, characterization, and catalytic performances of

ceria-based mixed metal oxide catalysts
atoshi Muratsugu,'2 Xiubing Huang,? Shoko Nagase,* Gen-ichi Yokota,! Satoru lkemoto,?

Hirosuke Matsui,! Mizuki Tadal3*
1 Department of Chemistry, Graduate School of Sclence, Nagoya Unkversity, Nagoya, lapan, 2 IST PRESTO
3 Research Center for Materials Science (RCMS), Nagoya University, Nagoya, lapan
4 Integrated Research Consortium on Chemical Sclences [IRCCS), Nagoya University, Nagoya, Japan

In dutt on nd P‘I..I I‘pl:l € Coly = Coly, + &20, Mined meeral oultdes with co-doped 17 and 2 ramstion ssetals imo Ced, framework

- Cerin had been extenshvely stedied as soygen storage materiali due to ith eady conversion (1) Symevpetic eMects amang thete spedies 0a 0wyEen storage perlonmance;
between Ced; and el . 12} Impreved owygen storage capacity and lowsred owygen removal temperature;
“Ierodeding trassities metals ino cera strucheres would bead 10 a higher oxygen storage 13} Insightx inte the deep understanding of axygen franafer mechanium;

capacity and lower onpgen removal temperature thas pure Ced,, [4) Panitle applicatism in wlective axdation of Eydrocarbam at kow bemparaturas.

Preparation and Structural Characterization of Mixed Metal Oxides

Ml salis Hydrathermal reaction Washing Caleination MM O
M = Cr, Mn, Fe, Cu, M = Ru, Rh i . B R
ColMIM' = 1-x.yfuly (molar ratio) MaCHag., in autcclave (100 *C, 24 hj Unedir Air [300 “C, 3 b
e T T o] oy i, 0, e TR0 E Ga,, GrRn 0,
1 : 70 -
i P . . BET IcP
I T m ol =os T - = = — Barmple Surlace sress Jnv g'  Composition of CalCaFh
f T - Cadd, e -
) Oy it gl
af b e €y pCrg gD, 106 0,853 0,146 1 0.000420
H—— L O/ ity e s o0, s 08421 0,148 [ 0.0103
i LYW Tt 5Ty o gR Y o0, 106 0.832 /0,188 1 00188
B o D ol ity g7 oo Py g0, a5 08231 0,147 [ 0028
! T o, - ity 4, 1y, o0, wr 0.798 10,152 [ 0.0502
|| | i STEM-EELS Qe M AR RP) g 1y o g o, 599 0,757 0,188 1 0.0858
| oy ¥ Gy 4y Cry o gRhy 50 251 0.TET /0.148 § 00857
Bulk structures of mixed oxides were observed to be simiar to

thi Mucrite structure of ceria, Far Cig,l

o nuPl g0, additional
el wrn found 1o be disperaed imo coris,

| . Tota Co M
]
R e e
W OW B BN W T W W
2 Wheta degren

-

Redox Performances of Mixed Metal O ——— .
H, TPR —Oidotion oycle

=
Coa OO0, — Froah samgs  Frash

T8l oycle H-TPR: H, 5 "Cmin. - Red,

H

lamol g_cat

4

o

E

; i
Cridadion in O @300 °C, 1 b Dol 2
¥ 3
20t cychy H-TPR: H,, 5 “Cimin £
v ]

£

1wl Sfantial Hy cossums ption

@ L] £ ] 18 i 183
Temperaturs G

Temgerature (

-Low bernperatore fecdox behavior was cbserved on i, Cr . R, 0, compared with
Cel, and mored metal cxides with only one metal (Cr or Rh)

“Reversble Cr (W) € Cr (1N oxidabon stale change was responsible for this redox
behavor

=The amaunt of kydragen consumption 8l H.-TPR (1. 78 mmalig_cal) was comparable

o thal of Cr ousdaton stabe change (141 mmol'g_cai) 950 I RIEE0  TMOE
Energy in¥
Catalytic Performances of ed Metal Oxides — -
T= o
- o i, B 01 PR 3[’
Topeses- 1ab%C- Shk
r Ll Convarsion Field®™
E Catsl

o mry anlyse " [Mitrile] %

Entry Catalyst (aldehyae) % TOFT M ; {Bank] A i

1 (Blank]} L L) Frash _'|_,-' E Cald, m i

F Gty g 1y APy 0D, [T TS ome 1 Gty (T Bt o0, 58 2

3 Call, o8 02 2 [ e - 4 Gy Min, Ry O, T4 L

4 0Ty 0, 50 52 y, 8 Gt M oy Ris, 0D, 8 50

S SN, - 1 7. Y SN = S S ARer raactian & CorgyF g RN 00, 1 1

& Recytlod [Fillration) 0E = [ ,.,,..w/.n’_ 7 Ty Py Fluy .0, o1 1L

T Recycled [Drying] FL] - _ A & Gy yCuy y Fhy 0, A [

T
8 Recyched (Calcination, 360 *C 7T 7 7

o (oo 1 ol

TEF 1 afears e sdig oy e L Erergy fo¥ 1098 Yk ' v ; wactaer = 100 % -
e condiion ARl acieeok 15 = 17100450, Y-octenal O 42 moil in ichane Howan B Byl e 1) ] Wby 10
Diadiel el i Lol B8 TR ALl | S WPy of i3, 24 b Dodecars wee used Be nlorsl o W sdodocama = 1V HI0E e Se reacion
Conclusions (1} Coria-based mined oxides Ce, MM’ 0, were prepaned by co-doping of first- and second- pesiod transition metsh (st : M = O, Mn, Fe, Cu, Znd | 8" = Ru, BR] 1 cesia to

achiewe hgh redon aivity 31 bow temperatures. Bulk structures of mined owises were obrerved 1o be similar 1o the flussite sbructure of ceria. For Ce, /O, (R, 00
additional metals were found o be dispersed int cera,
o [2) Tha redustion temperabern wan decreased on Ce, . MM 0, Regatitive ouidation/reduction were obseneed, suggriting reversible redox behavior
m [3) Tha prepared mized axides wers catabytically acthe for selective alcohol cxidation, rwen at roam temparature for Ca, (Cr,  Rhy, o0, Ammanidation of akakol ta

eomeiganiding nitrile was stloctively groceeded on iy Cu, | Bu, o0




Perparation, characterization, and catalytic performances of
Pt nanocluster — polymer — carbon nanotube composites

Dept. of Chemistry’, RCMS? and IRCCS?, OKentaro ICHIHASHIY, Shota MIYAMOTO?, Kana SAKAMOTQ?,
Nagoya University Satoshi MURATSUGU?, Mizuki TADAY 23

Catalyst Design

Strateg reparing Pt nanoclusters and polymer matrix in one step by co-polymerization

Introduction and Purpose
Anodic reaction of fuel cells:

. Pt/C " " .
+ a e 0Q @ - P I
0,+4H"+4e” —=>2H,0 Oxygen reduction reaction (ORR)|| 32t complex 0.% ) Polymer matrix ° Size-regurated Pt nanocluster
Pt/C: Carbon-supported platinum catalyst '™ ea e @9 \‘K;‘o L H
Issues on Pt/C catalysts | Nanoclusters Isolated on Support Surfaces | % °° ry ° reducztion
T S
Bl sioin niieive povmer I— ﬂ

~Large particle size distribution (>3 nm)
Since there are few active sites,
ORR activity and electromotive force decrease.

matrix overlayers Carbon supports Copolymerization Nanoclusterization
and reduction

_— > Pt,-Pyrrole complex Carbon support

Pt nanoclustera. =High conductivity and
" Pt, core cluster Multi-walled
l‘/In-plane acetate ligand is repl. ble. carbon b

electrochemical

= Aggregation of Pt nanocluster Polypyrrole (PPy) matrix

The active sites are further reduced, .
resulting in a large degradation of Pt/C. (1) Size-regulated Pt nanoclusters

(2) Stability enhancement as catalyst . N
(3) Low Pt loading (< 4 wt%) =Polymerization unit can be introduced. (MWCNT) Large specific surface
ADTk Langmuir, 2017, 33, 10271. Yamaguchi, T. et al Chem. Eur.J. 2001, 7, 5409. area
(17.5k) L Tanaka, S. et al Inorg. Chem. 2011, 50, 11384.

Purpose

Preparation of size regulated and Polymer matrix

= Co-polymerize with

.~ Pyrrole unit

(2) Sufficient amounts of Pt loading (12.6 wt%) on A was confirmed by XRF.
(3) Pt species in A was reduced to almost zero valence from Pt L-edge XANES.
(4) The presence of PPy was confirmed by TGA.

] highly'stab.le Pt nanaflusters = Co-polymerize with pyrrole monomer Polypyrrole Pt,-Pyrrole complex
Fresh Degradated with high Pt loading (PPy) -Electrically conductive
Synthesize of Pt,-Pyrrole Catalyst Pre
K,Ptcl, Reflux = 2o 1) sDS! aq.
CH,COOH &) o_‘p'/oé\l;?o 2) Pyrrole, 8.8 mmol 1) A 573K, 2h
CH,COO0Ag )ﬁgp'—/o' ‘o 3) 1/MeCN, 23 mmol Evacuated
R — —
The fourth series of Experimental Chemistry, Vol. 17, p. 452. ro °-< 4) APS?,0.27 mmol 2) H,40kPa
coon 2 16% MWCNT 5) Stir24 h, 274.5K 573K, 1h
HN\’if 8eq. HNTS H 6) H,0, MeOH (Wash)
—
=, .'90 | ) 1:5DS = Sodium dodecyl sulfate
1) Acetonitrile 0, 0P L] 2APS = Ammonium peroxisulfate
P70 X%
2 Acetone °p“ \p%t‘o 174 m2g?
2) Et,0 (Wash 7 )9 o=
JE6O ( ) u F = Particle Size Distribution DS
AN B 6L o020m Pt L,-edge XANES TGA 1% Differential
H NMR (600 MHz, DMF-d,) 1 89% i z ———— Ilﬁ o
\
8 =11.4 (s, 4H), 7.66 (dd, 4H), 6.92 (dd, 4H), 6.72 (dd, 4H), Pl,.. I
2.02 (s, 12H 7 T
(s ) 2 14 E a1 PPy matrix
13C NMR (150 MHz, DMF-d. P - L]
: . A 1.6 £03nm R 0.2
8 =194.2,180.1, 124.8, 119.5, 116.7, 110.2, 21.1 —B 2 — i I Alicge;::’o MWCNT
. -5 -
| "t B
Calcd. for CpgHypsN,06Pt,-C5H O : C: 24.6, H: 2.26, N: 3.70 1840 19000 b 400 MO S0 T
Found : C: 25.1, H: 2.44, N: 3.39 Al Enary ¥ R Teme.
(1) A Pt nanocluster catalyst with narrow size distribution (from TEM) was prepared in A.
4 2 3 L]

ESI-TOF MS [

m/z 1479.05 [M+Na]* (Calcd. for C,gH,N,0,Pt,Na) Partiche size fren

ty and Durability of the Prepared Pt Catalyst

A
Rotating disk electrode (RDE) method Cyclic Voltammograms and Electrochemical Surface Area (ECSA) 1
1 1004
- X1.2

(1]
| A\ > Measurement Conditions % ) H, desorption ]
pad [ peakarea(s,) S, (CVsim?) o 8]

n 2g1) =
Set up of measuring system ECSA (m?g”) 2.10 (Cm?) X v(Vs?) XDy (8. m?) '?- 4

'WE: GC-RDE, CE: Pt plate, RE: RHE "! 50 <

Electrolyte: 0.1 M HCIO, aq., 293K — o o
Preparation of working electrode ETe e h i g 40
20

=Suspension of catalyst was dropped on RDE. }
L L

=Nafion soln. (5 pL) was then dropped on RDE.

! “m . H f— A Analysis Conditions
Measuring system of RDE method *Pt surface density (D.p,): 8.8 pg.p, cm? 8 — Commercial PY/C catalyst Electrolyte: 0.1 M N,-satulated HCIO, ag., 293K 4

——— i . 1
Measurement Procedure as as " Scanning rate (v): 50 mV s o A PUC
Evaluation of catalytic active site Palsriisl IV va. KNS
Electrocatalytic surface area (ECSA)  [OLGRAETGENTT NV ISV & ({0 [ONT TUIET, T MY ERERT TG T Y (LA (YT W  Koutecky-Levich equation:
[ ]

Calculated by H, desorption peak area (S,) FrEjcte g =g+ (BeY)

in cyclic voltammogram. - 1A ,.E """ T Commercial Pt/IC catalyst ssured current density
Evaluation of ORR activity E i density
Fra——— gy | = Bsders ALFY 44 — Betors ADT current density
Mass specific activity (IV_ISA) i PO apha i — Levich constant, ax angular velocity el
Measured by ORR polarization curve 1 TIHEK Eviben . 1 MSA = j/D. R
Rotati d: 400, 900, 1600, 2500 rpm). . 10000 syoien ] 3 Yoy T pt
(Rotating spee rpm). i £ ] 00 Sy I - et T -3
Accelerated durability test (ADT) 00 e FTE i
Conducted by Square wave potential cycles E BES Small shift § o b =:I_
3'5, 0.6 Vgye=3 5, 1.0 Ve, 6000 cycles). y i food
@s, Rie=3 S RHE cycles), an Large shift Analysis Conditions ’
Evaluation of catalytic durability -4 —T T T 1 T T y 0 & 12 B M 30 b
Evaluated by decrease ratio of MSA after the ADT L ad (] L1 148 ar (E] (2] (1] 18 o1m 0,-satulated HCIO, aq., 293K
from that of before the ADT. Poientisl ¥ vi. RHE Polential ¥ vi. Scanning rate: 10 mV s~ Mmoo af ADT cyotes (0

(1) A exhibited 1.2 times larger ECSA value than commercial Pt/C catalyst, which suggests that A has more ORR active site per Pt weight than commercial Pt/C.
(2) The initial mass specific activity (MSA) of A was 1.5 times larger than that of commercial Pt/C catalyst, and the durability of A on the accelerated durability test (ADT) was improved by about 10%.

*We succeeded in synthesizing the new Pt, complex (1) with pyrrole unit by the ligand exchange reaction of in-plane acetate ligands.
= A high loading Pt? nanocluster catalyst (A) with narrow size distribution was successfully prepared by the copolymerization method of 1 and pyrrole on MWCNT.
=The mass specific activity for ORR and catalyst durability on A was improved compared to a commercial Pt/C catalyst.




Non-Equilibrium Supramolecular Polymerization of
Fluorescent Dye in Aqueous Media

('Grad. Sch. Sci., Nagoya Univ.; 2WPI-ITBM, Nagoya Univ.) oNatsumi Fukaya', Soichiro Ogi' and Shigehiro Yamaguchi'2

I. Introduction
Fibril formation in living system

Ri f} f} 1 1

Lo supr
Cooperative solvents of low polarity
growth

Conformational
conversion 4 . -
Nucleation Initiator
— ’ Prion }

= * . Hydrogen~ \( ‘ /J {

polymerization in

AFM height image

i bondin; B
. 3 Elongation | | o Ref.) D. Miyajima, T. Aida et al. Science. 2015, 347, 6222.
Nor;nal prion Abno’:mal_pnon . Kinetically trapped state
rotein rotein -
Sonication
Ref.) F. Wiirthner et al., J. Am Chem. Soc. 2015, 137, 3300.
v A"”f,.‘;:::ﬂ‘ Jen  AFM height image
Ref.) Aguzzi, A. & Calella, A. M. ‘ b2 h -

Physiol. Rev. 2009, 89, 1105. a 5 ‘%’f

Cyclic I‘ Hydrogen i
http:/www.s-graphics.co.jp/ Seeds .‘ qmpli);icaﬁon ' ’ ' bonding o~
tankentai/news/prion.htm . " ,

Normal prion B Amyloid fibril
b e (Aggregate)

protein

Optimized structure
Trapped state - Aggregated state
Diketopyrrolopyrrole s oo OR ‘et pintermolecular
Highly fluorescent molecule )—N Amide group Y ﬁ_o dist g_ 19 A
f‘:il}afrsg::slziztemterzction HN{ N N H Intra- and intermolecular g istance: 1.9 A)
g o 0 o s hydrogen-bonding 3,
Tri lycohol group, :<< 1 R= (\/073

High solubility to water

Working hypothesis
. Intramolecular hydrogen
bonding

Intermolecular hydrogen i
bondmg Intramolecular
. hydrogen bonding

(H-O distance: 2.0 A)

Bl T el ‘ Sl
7] e / - . ]
S L Monomeric state ”J' by J,"
K )
trapped siate F ; & ‘ .
Aggregated state ’ | L

Temperature-dependent self-assembly 4. Time-dependent self-assembly

RO.

~ i - ~  fast Spontaneous -
\. IS — e ‘e Cooling < Solvent: LN I’ _cooling self-assembly | g - Solvent:
’ . AO2TNT Heating Yo't MeoH/H:0 (1:1, v || APTE e, \ \ Conemragant s
. ] . X " s 4 ;5 UM
I Kmin! | “» | Concentration: 5 yM _ O ; L
, Monomeric state Aggregated state Monor:oe:qcc state 22, 29, 32 ;C )-Aggregate
Trapped state? 60 °C 20 °C AFM height image The sample fast
Absorbance change at 601 nm 3.5 um §< 3.5 um cooled to 30 °C
UV-vis absorption spectral change upon heating Absorbance change at 601 nm 0.1
012 - . © heating E
E *. e cooling =006
= . 3
g;g 3 0.0 « To: critical temperature =
§ € 0.08 . s
£ © . . e
3 8 . §
2 5 . . £ 002
5 0.04 . 2
< =27°C .1;:=46‘C
R 0 100 200
500 20 30 40 50 60 Time / min
Wavelength / nm Temperature / °C A fast cooling to a certain temperature between T’ and T, resulted m a spontaneous
A thermal hysteresis with Tc’ (27 °C) from T. (46 °C) was observed in a cycle of formation of J-aggregate with a lag time, where s are y trapped.
for: ion and di bly of J-aggra A n
6. Seeded polymerization
. Effect of H-bonding on trapping and assembly |mm . ~ - AFM height image
Effect o H-bond":) on trapping 'H MNR spectrum in THF-ds/D;0 = I:1 (/N b = ;gglfgt'm 5um x5 pum
8 A HE R 1 molecu ’ in water bath .-
ﬂoa eference | hy’b‘mg?" on Monomeric state 300 pL
H”, 7.85 HE  HC© HAE
ppm T1 N 60 °C, 3 mL fast cooling
to 30 °C

Absorbance change at 601 nm

' J-Aggregate

R Downfeild shift —No seeds 0.1) e No seeds
ReferenceEI Reference 2 Ty 2;‘ . H o o 0.12 — Seeds 300 L ® Seeds 300 pL rseesssssrsssreass AFM height image
:o H » 324 p : N SENG S5 £ 5 20 Um x 20 ym
H OR Ao u HF 80.08 30.06
Le SN - — : Bow
HF v v v 1 v Y 8 3 o A
Reference 2 90 8.0 7.0 6.0 50 5 H *  polymgRiation rate
5004 £ .
Effect of H-bonding on assembly UV-vis absorption spectrum in MeOH/H; 2 (vv)at20°c || & 30020 |
- . < e’
¢ Intermolecular eesassnsanaraerett
—compound 1 hydrogen bond’ng . . ) i - . . .
—reference 3 300 700 0 20 40 60 80 100
o 01 4 Wavelengm/nm A;Mmon Time / min
s - - L]
g § The growth of J-aggregate could be initiated by the addition of seeds in a lag time.
] s i
Lo0s . 3 7. Summary
Reference 3 b N%’ll hydroge:l H
onding acceptor | [ J-aggregate formation of amphiphilic DPP in solvent of high polarity
300 500 MThermal hysteresis in a cycle of the assembly and disassembly
Wavelength / nm . .
The amide hydrogens are hydrogen-bonded intramolecul [ Monomers trapped kinetically between Tc and Tc

and intermolecularly in the aggregated state. [ Seeded polymerization of J-aggregate nanorods




Rapid Access to Fused Aromatics by Palladium-catalyzed
Annulative Dimerization of Aryl (Pseudo)halides

|

Taito Hiraga,' Yoshito Koga,! Yutaro Saito,! Kei Murakami'-® and Kenichiro Itami® %3 N
1Graduate School of Science, Nagoya University, Chikusa, Nagoya 464-8602, Japan. I TAMI oo
?JST, ERATO, Itami Molecular Nanocarbon Project, Nagoya University
SInstitute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University RCaNIC CHEMIS TRY

Herein, we develop a one-step palladium-catalyzed annulative

_ XS dimerization of aryl triflates. This reaction allows the synthesis of
O o- d?,'.‘.';‘r‘.'f.-}h“:.. 0.0 various mt-conjugated molecules from o-hydroxybiphenyl-based starting

materials, which can be easily prepared by hydrogenation of

aryl triflates fused aromatics dibenzofuran derivatives.
Concept Possible Mechanism

‘ortho’ C-H
LR RSl Ciassical dimerization Annulative dimerization activation

O — Path (i)
—HaX
H X ”
i ot
@ - \A, | + —_— O
-2X% X H ~2HX —
! & ) bay' C-H N\
biaryls X = (pseudo)halogen edge-sharing N 5 KoCO3 activation \ 7
) fused aromatics PdL _ = Path (il
(b) Previous work oxidative o —HgX PdL ®
! Hg 5’
L=P"Bu addition
A c
- X =0T or GOk ‘intermolecular’ =
7 C-H activation \ 7/ "
L /! Path (iii)
H 1 Pd
~HeX
= cl TIO:
W, e
J p PH
/ P OT
chlorophenylenes

Koga, Y.; Kaneda, T:; Saito, Y.; Murakami, K.; Itami, K. Science 2018, in press. Path (i) lortho’ C-H activation pathway

(c) This work oxidative — L
O addtion \ intramolecular

-

4N 7N "
rti |
— + naturally abundant s 1 pd insertion C-H activation &,
— + low toxicity —_— - -
O cl This work O OTf - less expensive KzCOs PH P4 & PH  Pd
aryl halides phenol derivatives

Path (ii) ‘bay' C-H activation pathway

ndition Screenin,
CO d tio SC ee g PdCl, (5.0 mol%) oxidative
P ligand (10 mol%%) addllron reductive intramolecular L
O K,COj3 (3.0 eq.) O O ellmmauon c H activation
PIVOH (1.0 eq.) o 74 O 2
—_— o 3
CPME (0.5 M) ’ "X PH Q O
Oron a5 Q

1 2 (NMR yield)

Path (iii) ‘intermolecular’ C~H activation pathway

OMe
HBF, O MBE ) -
;j ! reductive oxidative intramolecular
p e MeO Py, (\ elimination adtion C-H activation
— - —
P. Pr Pr o D — O EL» F e
O/ \O O k/' /) AACLER VA4 TIo Q

Ph
PPBu(Ad), PCy;HBF, CyBrettPhos P"Bu,HBF, deype . K
5,05 : N.D. 72% trace quant. (88%) race Application
K,CO5 : 33% (98%)7

Result in parentheses represent the isolated yield. ~ #0.5 eq. of PivOH Ni-catalyzed annulative

reductive ring-opening dimerization
Substrate Scope PG, (5.0 mol%)
P"Bug HBF, (10 mol%) /\ N — —>  dimer
K2CO; (3.0 eq.) Q O R =R
PIVOH (0.5 eq.)
- "
7o CPME, 140°C 0.0 derivatives derivatives

PhB(OH), Ni(cod),

o PACIAPIS), 0.
” # O OMe T oeno/EIOH,0
' o - R P Ph
Q Q MeO Q Q 53%
Q O
4

37%2

FsC,
R
e Na

46% CFs

98% 86%
O . o0 :
2,6-lutidine - PNOH
_— _—
CH,Cl, CPME
prf Ph 140°C

94%

60% (2: 1)2°

Isolated yield. 2 absence of PIVOH © PdCl, (15 mol%), P"BugHBF (30 mol%)

91



Rapid N-Alkylation of Amines by Alcohols Using a
Copper-Gold Photocatalyst

O Lyu-Ming Wang?, Yuna Morioka', Kellie Binder2, Andrew E. H. Wheatley?, Susumu Saito!, and Hiroshi Naka'

'Graduate School of Science and Research Center for Materials Science, Nagoya University
2Department of Chemistry, University of Cambridge

Abstract: Late-stage functionalization of amino groups in complex organic compounds is

hv/? h.,/;> one of the most important key technologies in modern organic synthesis towards bio-active
GHa molecules and pharmaceuticals. We report here the first late-stage N-alkylation of
A N pharmaceutically relevant amines with alcohols at ambient temperature. The mixed

N_ + CH,OH
N 3

H room temperature ° CHa photocatalytic system enabled the rapid N-alkylation of pharmaceutically relevant molecules,
the selective mono- and di-alkylation of primary amines, and the non-symmetrical dialkylation
of primary amines to hetero-substituted tertiary amines.

Introduction This Work
N-Alkylamines in Pharmaceuticals N-Alkylation of Amines with Alcohols

Rivastigmine

Selective

H catalyst H monoalkylation
1 H SN ~NH2 o — or I H
\/N\n/o N,CH3 ’Il ' ) e \R "'{N\ (solvent control) »,(N\
g b : : / "
3

Review: Yu et al. Chem. Soc. Rev. 2015, 44, 2305.

NH, R
Rivastigmine Alverine transiti tal I Vet I(OH),/Al,03, Metal/AlLO o |
ransition metal complexes  e.g. Meta , Metal
(dementia) (gastropathy) (e.g. Ru, Ir, Fe, Co, Mn) MetaI/TwO: etal. o x N\ —
H,CO. - broad scope catalyst FI t=0.2-20 h R
- high temperature requested ~ harsh reaction conditions R'OH ~—y
CHs _CH, (typically > 80 °C) (typically > 110 °C)
N N or high pressure (5 atm) hv Fli ' °
CH, photocatalysts g ) L J
PUTIO, (Ohtani, Kagiya, 1986), P/TiO, (Shiraishi, 2013; Shi, 2015) g,;',’ks{a'%":mcal ..,{N\H, <
AU/TiO, (Sa, 2013), Ag/TiO, (Saito, 2015), Cu-Mo/TiO, (Shi, 2015) % = ——
Imlpramlne Venlafaxine — limited scope of both simple amines and simple alcohols . ) )
(depression) (depression) - large excess (> 140 equiv) of alcohols » Applicable to pharmaceutical synthesis (up to 1 g)

~ long reaction time (> 4 h for completion of 0.2-mmol scale)

Results and Discussion

1. Optimization Study for Rapid Reaction 4. Substrate Scope
CHy hv (4= 300-470 nm) CHj (a) Dialkylation of Amines
i 1
~N wn, Photocat (WTi0; 22ma) -} ~ o _CH, CHy . ) CHy :
\g/ * CH;0H (10 mL), Ar, 25 °C A N MO Ny, TECUTORAUTIO; N _N__O -t
’ o CHy hig 2 CH,OH (10 mL), Ar, 25 °C, 5 h b \©/\l
M/TIO, (5 wt %, Cu, Pd, Au, o o CHs
1 mmol Pt, or 4 wt %, Ag ) i i
91% isolated yield (S:R = 96:4)
neat conditions (alcohols 10 mL), 1 mmol
1. Au/TiO, showed highest Conv.in1h _______.. > %/NYH
M @D> Pt > Pd > Cu > Ag L SHOY P % A \["]/\N/\/ _cHy
Conv. 93%  75%  74% 60%  54% I I N
maijor intermediate 8 K N CHj
89%, 3 h 83%,4h 89%,5h 73%,8 h 83%, 18 h 85%, 2.5 h
2. Cu/TiO, gave highest yield in 7 h CHy H,CO. NHAC
M @ > Pd > Ag > Au > Pt > none o N_-OCHs BOC-NO\ H3CO. CH
Yield 92% 65% 68% 5% 1% <1% N” HCO 3 N
_x major side product (I; ¢ [o] (I:H3
B bl 88%,5h 92%, 4 h 90%,3 h 87%,10h
3. mixed Cu/TiO, & Au/TiO, showed best (b) Monoalkylation of Amines by Solvent Control
result in increasing reaction ratein2 h N )
hv, Cu/TiO,, Au/TiO, N
C" @ Cu Cu Cu Cu Cu 91% (4 h) SHE TN, ¢ CaHOH S (10 mL), Ar, 25 °C, 50 min \ﬂ”/\ﬂ
M + > ;' > ; ” > ; >(double)> Cu > + [isolated yield (43 equiv) 82% isolated yield
(Auj g u q
Yield 70% 50% 50% 42 40%  21% <1% LD+ CD inledsxansi(doimtyio2mmeliscale
dark) J\
H/\ \HQ/\H/\/ H/\/ 2 | H
2. Synergistic Effect in Cu—Au Mixed Photocatalytic System X
hv hy 87%, 50 min, (43) 96%, 55 min, (33) 95%, 1.5 h, (33) neat, 71%, 16 h, (130)

in CPME (10 mL), 1 mmol scale
/ moderate \ _-NH, / efficient \ cl ,{\,o CH,
(-H, &) w (+ 2H*, 2¢7) ﬂ/\f‘]? "y t /\G /w
P
A N

CHyOH I 79%, 16 h, (2) 89%, (50 °C), 13 h, (2) 86%, 20 h, (4) 84%, 20 h, (3)
H” H
(c) Non-Symmetrical Dialkylation (d) Catalyst recycling
H,0 result with (rac)-rivastigmine
100
hv h
Fast hard to promote CuTIO, AWTIO,  RéOH R 80
(-H &) (+ 2H, 2¢") N e | _
d R? £ 60
3. Rapid Synthesis of (rac)-Rivastigmine z
240 "
hv (4= 300-470 nm) >
CHy AuTio, 22 mg cH, wh-oters N 2
N 0. u/TiO, 22 mg
~ n 1] ™ Gon (5 mL), Ar, 50 °C \/N\n/o o CHs Cabls 0
o Z : o ) CH 12 3 4 5 6 7 8
12 mi 3 75% 67% Number of times recycled
50 ymmol min 97% isolated yield ° ° 82% isolated yield in 9% run

5. Synthesis of Bioactive Compounds

HyCO.
BnO:
CD3 Ik/
HO. BnO:
N—CH, (j/\/\cm e CHK\©\
OCH,
N\ l

91% (89%D), 16 h easy 72% (>95%D), 50 °C, 10 h  94% (> 95%D), 5 h 88%, 50 °C, 17 h 90%, 3.5h 75%, 50 °C, 12 h
Rivastigmine-dg work-up Venlafaxine-dg Imipramine-d; Me-Desloratadine Alverine Glucosamine derivative
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Development of TiO, and Ni Complex Hybrid Catalyst _
for Photocatalytic Aminocarbonylation with Formamides -

Shogo Morl,." Takahiro Aockl,! Susumu Saito® 12
IGraduvate School of Science, *Research Center for Materials Science, Nagoya University

The Nosagarri Lasbsreafoiry

We developed a novel catalytic system using helerogencous
Ti0, photocatalyst and homogeneous Ni catalyst' for

abundant derived from CO,?

R Til; cat. R!
. i cat. . aminocarbonylation. Cross coupling between electrophilic carbons was
g H__H. Py M
H“’Vﬁﬂ-ﬂ-ﬂ * R* ‘. u ‘R* realized without inorganic reductant in this hybrid catalyst system. As
"
Q [s] far as we know, this is the first axample of amlnocarbnnylatlon with
tormamides at allylic position, " o AL Ciatal 3047 7 2171
1. Introduction 3. QOur Hybrid Catalyst System
Aminocarbonylation o, {tpzsj (15.0 mg) - 1!
. carbonyl aming R . HooHN NiBr(Ligand) (10 mol%) -
BX + €0 + MNHR'R! — o RN, nt "IJ e (300-470 nm) I o
touic ‘Ig Nz, 60 °C, 5 h
0.25 mmol 1.5 mL 1%
":'1 formamide ¥ Umpolung without stoichiometric amount of waste
£O. + NHR'R? + j, Rucat ..". ‘R? less toxic than CO ¥ The first aminocarbonylation with formamides at allylic position
2 P —

2 Py, B 0F.AL A o, e, e 10, R, " ': Fd I/ OH group Isknwg for interaction
5 with surface of Ti
Umpolung using photocatalyst 2
photocatalyst Ligand
+
- ) - & transition metal catalyst P
+ - — "
without stolchiometric ligand screening {:ng COMe  OMe OMe
amount of waste O—(} — —
N -" ,“ A A r A
2. Previous Reports p_Q "
¥ X R' Hi or Pd cat. R' E' Br Br
5. of Y=s, + HIZW. . L R "LH,-, B0% 1% 7% 5%
W R s TJ
° 4. Substrate Scope |
o 4. Substrate Scope
limited to sp? carbons i, (P25) (7.5 mg)
| MIBre-1-2H,0 (5 mol%) I
cat. and reagents . H. _H Ligand (5 mol%) o M
e rd .
PO{OAC),/ Xaniphos™ | PA(OAC),/ dppt™ | NI[OAC), 4H,0% R OAc * "Ig - Fir (300470 nm) R ﬂ"
ar 2
Pd,(dba),™ :E 0.25 mmol 1.5 mL
POC, (2 equiv.) N N F1O Bu
! -
PdCly* cl "J"‘NJ“cl "Bu 3
2 I,
WCl, (2 equiv.) (0.8 equiv) NaOMe (4 equiv.) W“M PR "0nc
stoichiometric amount of waste
Fr o 18 e M et ¥ o e o D Lo 08 Ti% 5%
! Investigation is ongoing.
5. Carbamoyl Radical as Intermediate &. Functional Group Tolerance
I 1
TEMPO (0.25 mmal) | | 2 I N
g 1 Tildy (P25) (15.0 mg) 2 N, I Ol 'l'i_ﬁ;- {P25) (7.5 mg) ) -
OAE M. M.  NiBr.(beyv) (10 mols MiBry=1=2H,0 (5 mol%) a
. «~  NiBry(bpy) (10 moi®) | I o
m - 0 D M N LHgand (5 mor%) 3
] 0 hl.-t:im"‘c 70 nm) I N e (300470 nm) -
e, 80°C, 5 h b ™ 28 mmed O hNeBOC.Th '
0.25 mmol 1 5 mL 0% | fsm 1.5 mL at least 63%
I Olefin Olefin
d( l 0.25 mmaol recovery
(TEMPO) o, N_ |
TR L W HO —
H -
mdk:ul trapping a 0 l » go - \—M—
carbamoyl radical I 9% 85%
{intermediate) R l ACOTHS /-fof\}ﬂv-
TEMPD I b
N - T | Aliphatic olefins, electron rich olefins
alcohol, ester, ether were tolerated.
not genarated 0% !




Catalytic Oxidation of Small Gaseous Alkanes @

by P450BM3 with Decoy Molecules cRENUETR

Shinya Ariyasu,*2 Zhigi Cong, "2 Osami Shoji,"2 Yuichiro Aiba,’2 Chie Kasai,"2 Hiroki Onoda,! Kazuto Suzuki," Hiroshi

Sugimoto,?? Yoshitsugu Shiro,? Takashi Kamachi,2* Kazunari Yoshizawa,?# Yoshihito Watanabe,5
!Department of Chemistry, Graduate School of Science, Nagoya University. ’JST-CREST. *RIKEN SPring-8 Center, Harima Institute. *Institute for Materials Chemistry and Engineering, Kyushu
University. *Research Center for Materials Science, Nagoya University.
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New Insight into dsDNA Invasion by NLS-PNAs

OGerardo Urbina', Yuichiro Aiba', Osami Shoji', Yoshihito Watanabe?

'Department of Chemistry, Graduate School of Science, Nagoya University
2Research Center for Material Science, Nagoya University

Introduction

. . . . Improving Invasion Efficiency:

Peptide Nucleic A PNA N
eptide Nucleic CIC?( ) Double-Duplex Invasion NLS-conjugated PNA (NLS-PNA)
‘:Zr\“’é Nuclear Localization Signal: NLS PNA

N,

N-(2-Aminoethyl)-glycine &
backbone N )\’g\‘ e :
g 3,/\\ o ] Two PNA strands can ’ K N N" [ »& (f)\.«?ﬁg
; 4 e i
i ]I%f N \ / n N\/\N

I “invade” dsDNA “”1

Z---

H

n\,\N,\J\, )K,N\/\w,

0 hn 0 T, Nn
' : | fically, PNA is a good c: at !mmqlecul‘ S
H il gy and in the d guclejﬁacd i ° ° . o
(e ' ' SR + g T =
O
PNA a DNA However. SHG

. . DNA NLS-PNA

PNA possesses an electrostatically neutral backbone. dsDNA becomes stable under high salt concentrations,

No repulsion between PNA and the phosphate groups of DNA. resulting in a low invasion efficiency.

= A more stable invasion complex is necessary.

Aiba, et al. Chem. Eur. J. 21: 4021-4026.

lt®

Objectives =  Methods

Development of an NLS-PNA that shows high invasion efficiency under A 10-mer PNA, shorter than those
physiological conditions (high salt concentration) by studying: used in previous works, was used. PNA
(5) . . .ATCATCAGTAACCC. . . (3') (ORI}

T -1- F Ve

@ The effect of the location of the NLS (C- or N-terminus) on .::' -
invasion efficiency. ™ ©-GUDGUCDUUG-n 130 bp DNA Invasion
n-CDUCDGUDDC-¢ ST - complex
[ERRRARAAN]
(3’) ...TAGTAGTCATTGGG. . . (5')
A 130 bp DNA from the pBR322
In order to... plasmid was used as a target.

@ The dependence of invasion efficiency on salt concentration. [Nﬂc‘]

The effect of a change in the NLS composition.

PNAs used in this research:
U-PNA (unmodified PNA)
¢-KK-GUDGUCDUUG-K-n
n-K-CDUCDGUDDC-KK-¢

C-10PNA (C-terminal NLS)
c-VKRKKKP-GUDGUCDUUG-K-n
n-K-CDUCDGUDDC-PKKKRKV-¢

Invasion Conditions: N-10PNA (N-terminal NLS)
c-KK-GUDGUCDUUG-VKRKKKP-n

n-PKKKRKV-CDUCDGUDDC-KK-¢

[DNA] = 50 nM ** NaCl Concentration (mm) **
[PNAs] = 75 nM (1.5 eq.)
[HEPES(pH 7.0)] = 5 mM
50°C for 1 h

C-lys-10PNA (Arg = Lys)
C-VKKKKKP-GUDGUCDUUG-K-n
n-K-CDUCDGUDDC-PKKKKKV-c

Synthesized by solid phase
peptide synthesis.

® The N-terminal NLS modification is
detrimental for invasion efficiency

(]

C-PNA shows a high invasion efficiency ® The composition of the NLS affects both
even at high salt concentration efficiency and specificity

Invasion Efficiency Trends

Comparison between N-PNA, U-PNA, C-Lys-PNA

C-PNA and C-Lys-PNA comparison (with NaCl)

DNA

only UPNA m Crlys-PNA g ::la cPNA ClysPNA
12 374 576 7 g M2 3 a5 67 8 10 11 '
= E
.-»W > ILLH- bt 5 > .."M“
mar> [ T H ey -)
NaCl(mM): 0 040" 0.40" 0.40" NaCl (mM): 0 10 2030 40 0 10 20 30 40

Non-swao[ﬂc
[ W

C-PNA and C-Lys-PNA comparison (w/o NaCl)

DNA CPNA C—lys—PNA
only

e »-..@’

TR > Nttt s it 5 |

PNA(eg): 0 2 -3 4 5 2 345
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Improvement of Catalytic Activity of Self-sufficient Cytochrome P450
by Enzymatic Ligation

OKeita Omura!, Shinya Ariyasu?, Yuichiro Aibat, Osami Shojil-2, Hiroshi Sugimoto?3,

NAGOYA UNIVERSITY

Introduction
® P450BM3 (BM3) from Bacillus megaterium

v Hydroxylation of fatty acids (= C-H activation)
v Self-sufficient cytochrome P450 fused with its redox partner
v Very high catalytic activity among P450s (16400 min-!, arachidonic acid)

Catalytic Cycle of P450s

o
3 FAD domain

rMm'jomau //" ¥
.g .
. ’ >
Heme domain Eabt
PDB : 1BVY PDB : 1BVY, 4DQK

® Decoy system

v Altering the substrate specificity by using natural substrate analog

v Enabling hydroxylation of various small organic substrates, which is not usually
recognized as substrate (benzene, cyclohexane, propane, etc.)
+ 0. Shoji. et al. Angew. Chem. Int. Ed. 52, 6606-6610 (2013), Z. Cong. et al. ACS Catalysis, 5, 150-156 (2015).

Native substrate Decoy molecule

~,
I

" ]u )Y(.

PFCO-Trp

Non-native substrates

Strategy

® Ligating heme-substituted heme domain with
reductase domain

<@

\ @ N . o

Introduction of metal complex

Ligation with reductase domain o

apo heme domain Heme-substituted heme domain Heme-substituted BM3

» SortaseA

Sortase A recognition sequence
v Atype of transpeptidase —

v Isolated from
Staphylococcus aureus

Sortase A recognizes the

l' SortaseA
specific peptide sequence
and catalyzes formation of

new peptide bond e

SortaseA
PDB : 1T2P

Result 2 | Preparation of Mn-BM3

® Introduction of Mn-protoporphyrin IX (Mn- PPIX)
into heme domain

v Apo heme domain was expressed in Fe-limiting culture.

v" Mn-PPIX was introduced into heme pocket.

v Incorporation of Mn-PPIX was confirmed by UV-vis spectra, 4 £, 1oy Aeon
ICP-OES, and X-ray crystallography. heme Mn-PPIX

UV-vis spectra ICP-OES

Kawakor, N, et 1, 2012),

L= e

[metal] / M

Crystal structure of Mn-substituted heme domain.

wavelength / nm [protein] / M The anomalous scattering different from Fe was observed.

® Reconstitution of Mn-substituted full-length BM3

v Ligation was confirmed by SDS-PAGE. v Catalytic activity of Mn-BM3 was

confirmed by pNCA assay.

200402 03

S %

. Reductase domain
g0 (6610a)

Heme domain

(5kom <o

MnBM3

> Full-length BM3 containing Mn-PPIX (Mn-BM3) was successfully reconstituted.
» Mn-BM3 exhibited catalytic activity for pNCA

Yoshitsugu Shiro#, Yoshihito Watanabe!
(1Nagoya Univ., 2JST-CREST, 3RIKEN SPring-8, “Univ. of Hyogo)

CHEMISTRY

Nagoys Univesity

® Development of metal-substituted BM3 to catalyze

difficult reactions
v Improvement of catalytic activity of hemoprotein

by subsfitution of central metal ( Fe —— Mn, Co,..) ﬂ
v Oxidation of substrates which are difficult to be oxidized on

like methane ( CH,4 = CH30H)

heme meta\ substituted heme
, Co, Rh, et

Problem
® No reports for heme substitution of full-length BM3

v’ Structural complexity prevents BM3 from being reconstituted in its full-length form.
BM3 : 120 kDa (e.g. myoglobin : 18 kDa)

v' BM3 is denatured by conventional reconstitution method using acid/organic solvent.

v The heme domain (not full-length BM3) can be reconstituted with an artificial metal
complex (but catalytic activity is lost).

| P &
‘ Cultivation, A Sonication

Harvesting ",

Fe-limited culture apo heme-dofain holo heme domain

« Kawakami, N. et al. ChemBioChem 13, 2045-7 (2012).

» New method for reconstitution was required

Result 1 | Effect of ligation by Sortase A
® Reconstitution of full-length Fe-BM3
v We investigated the effect of ligation between the reductase domain and

the heme domain containing heme as cofactor
v Catalytic activity was measured by pNCA assay (UV absorbance at 410 nm)

s l:],__ . W

B3

> BM3 did not exhibit catalytic activity
without connection between domains

> High catalytic acti
was maintained after ligation

Result 3 | Catalytic properties of Mn-BM3
® Propane oxidation

Lpropanal
oy

.
At e PPN ~ =

propane 2-propanol  1-propanol 3
[ H-CH(CH,), : BDE = 411 kJ/mol

H-CH,C,H, : BDE = 422 K)/mol s 70

v Selectivity for 1-propanol was improved.
v In contrast, TOF decreased.

4.8% — 17.5%

® Methane oxidation

1oH, 222 g BDE = 439 ki/mol
IoHy = 1T -
-Hs S e - /mel)

methane oxidation is challenging because of;
v extremely high C-H bond dissociation energy ’ 5

v low solubility in water o remn o o

High pressure reactor was developed e
(methane gas pressure : 0.1 MPa — 10 MPa) TOF for methane was improved

Conclusion

O It was found that this reconstitution method was useful for
preparing the BM3 containing artificial metal complexes.

Therefore, this method have potential for expanding the reaction
scope of BM3.

O Mn-BM3 exhibited catalytic activity for C-H hydroxylation.




Design of Whole-cell Biocatalyst for Aromatic Hydroxylation Utilizing

P450BM3 and Decoy Molecules

Masayuki Karasawa, Sota Yanagisawa,! Osami Shoji,»? Yoshihito Watanabe,?

<

CHEMISTRY

1Dept. of Chem., Grad. Sch. of Sci., Nagoya Univ., 2 CREST, Japan Science and Technology Agency, * Research Center for Materials Science, Nagoya Univ. Hapays Uraeruny

Introduction

Cytochrome P4508BM3 (P450BM3) Substrate Misrecognition System

~—— NADPH

2e -
“~> NADP*

Reductase domain

4 Argd7

Lakstrate by INIVLY, Decoy molecule can
1 the ey turn the enzyme
sich “on ; switch “on”.

Ui
N NADPH, O,, 2H* - NADPH, O, 2H*
fused to the heme domain Fatty acid / (2¢) (2¢)

H,0 .
NADP, H,0 20 NADP, H,0

Substrate

4 b, : .
Palmitoleic acid Resting state ) - Native Reaction — i \\ Misrecognition
HagH ¥ HagoH System

« P450BM3 s a self-sufficient monooxygenase that catalyzes the
hydroxylation of long-chain fatty acids at the sub-terminus.

* P450BM3 possesses one of the highest catalytic activities among P450s.

* P450BM3 shows the high substrate specificity that imposes the limitation
on the practicality of the enzyme.

Research Aim

Developing the Whole-cell
Biocatalyst using Substrate
Misrecognition System

Decoy '
Molecule NADP* =, '~ Blucose
v Hydroxylation by P450BM3 is supported with
the intracellular production of NADPH cofactor
via glucose metabolism.

NADPH: 20,000,000 yen/mol
Glucose: 20 yen/mol

NADPH < co,

v’ This unique reaction system would be a potential - Phenol
green alternative for current high energy-consuming
process to produce phenol. —
’ k Benzene
Can decoy molecules function as a activator
of the intracellular enzyme?

Results and Discussion

m Experimental Procedure
E.coli BL21(DE3) ODgyy 6.3 Reaction at
Wild-type P450BM3 (25 g/L Wet Cell Weight) 25°C, 200 rpm for Sh

I P Glucose 40 mm l
Bambt o Decoy Molecule 100 uM
Extration with
Jact Kan® . DMSO 1.5%

E.coli

100 mM Phosphate Buffer (pH 7.4) l
BL21(0E3) 6 mLVial ol ot

PBR322 ori Total amount 1mL GC analysis

4 Whole-cell Benzene Hydroxylation
GC Chromatogram

—— without Decoy molecule

m Tecsy Moiecs ﬁ ) 1 —— with C7-Pro-Phe
P —

v 4 o
M s ok g | Internal Standard
@ (Indane)

Phenol GC-yield (%)

without Decoy i with C7-Pro-Phe

Q GCyield: 0.4% = GCyield: 38%
\;0(‘ q«(, Q'c /\\ o o® ® Q*o & q® ®
G Q‘° Q‘o
S

P ORFRFRS |
PSS oy
ATATATS:
prCO < o/ C10/C11-Phe. (5/R)-bu-Phe
GCyield:  (0.6%) {79%/9 24/ 44%) (38%/ 20%)

Non-fluorinated Some of decoy

LE R R R decoy molecules { moecules drastically )/\\\‘ .

; . were superior to Jk . enhanced the benzene VL
ATATATAEN PFC series. hydroxylation. [

PFC9-Phe Z-Pro-Phe C7-Pro-Phe
GCyield: (1.9%) (3.0%) (38%)

+ We presume that decoy molecules are selectively taken into a microbial cell depending upon the structures,
affecting the effective concentration of decoy molecules present in the cell.

v’ We demonstrated that decoy molecules can permeate into the cell and thus
activate intracellular P450BM3.

v’ We succeeded in developing the efficient whole-cell biocatalyst for benzene
hydroxylation, reaching a phenol yield of 38%.

—

Phenol GC-yield (%)

Pas0BM3 *
¥rd

Decoy molecules AP :
» . o~ Active species
Active species are not oxidized. @’ P

¥ Inert dummy substrates are misrecongnized by P450BM3 and thus control the
catalytic activities of the enzyme.

0, 2H, 2e0 Crystal Structure with Decoy

¥, Hydroxylation of non-native substrates
i ) Aga7 [ ainrz ORI
TOF: 256 min 5 i

Decoy: PFC9-Leu o

2 Cong et ACS ool 2015

Decoy Molecule v TOF: 259 min'
Decoy: C7-Pro-Phe
Reaction does not proceed without decoy molecules ©.5hofct ol Angew: Chem 2047

PFCY PFC9-Leu C9-Phe C7-Pro-Phe
1¢ generation 2" generation 3rd generation 4 generation

Substrate misrecognition system is a promising platform for the hydroxylation of small organic molecules.

Summary

+ Decoy molecules permeates into the cell and thus activates P450BM3 expressed in the cell.
« Efficient whole-cell biocatalyst for aromatic hydroxylation has been developed.

m Concentration Dependence ® Time Course Experiment
T 50
--C7-Pro-Phe -e-S-Ibu-Phe
-o-R-Ibu-Phe C10-Phe
~o-Z-Pro-Phe -o-PFCO

—

Phenol GC-yield (%)

GC-yield (%)

Benzene  10mM
C7-Pro-Phe 100 uM

010 01 s b 0123456789101112
Concentration of Decoy Molecules (uM) ~ Decoy Concentration (M) Reaction time (h)

Fluorescence Microscopy after Reaction

C7-Pro-Phe - + - +
Benzene

Gi

D

reen:
Living Cells

ead Cells
P450BM3:
Expressed

scale bar: 3 um

- Time course experiment revealed that the reaction rate of the whole-cell biotransformation of benzene is

relatively high, reaching a phenol yield of 18% after 1 h reaction.

+ C7-Pro-Phe activate intracellular P4A50BM3 even at a low concentration of 0.5 pM.

« C7-Pro-Phe has not shown serious toxicity towards E. coli, even though it is taken into the cell.

4 Hydroxylation of Mono-substituted Benzenes

GC Chromatogram (Anisole)

—— without Decoy molecule
—— with C7-Pro-Phe

OH
Product B { OCH,
Substrate i ortho 1 @ ’

GC-yield  selectivity

(10 mm) (%) (%)

Toluene (Ph-CHs) 26 97 Internal Standard

Anisole (Ph-OCHs) 63 %0

Fluorobenzene (Ph-F) 25 64

Chlorobenzene (Ph-Cl) 13 89 Without Decoy Molecule -2 With C7-Pro-phe
inthe presence of 25 mM a-cyclodextrin as a solubilizer GCyield: 15% =" GCyield: 63%

v’ The ortho position of Mono-substituted benzenes was selectively hydroxylated by P450BM3.
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Studies on the Heme Uptake Proteins (PhuUV-T) G
from Pseudomonas aeruginosa 77 [

O Erika Sakakibara ! + Yuma Shisaka ! - Osami Shoji ! + Hiroshi Sugimoto 2 - YOShIhItO Watanabe 3
1 Department of Chemistry, Graduate School of Science, Nagoya University;
2 RIKEN SPring-8 Center; 3 Research Center for Materials Science, Nagoya University

Intrbduction

) Strategy & Aim
¢ Pseudomonas aeruginosa @ Crystal structure of PhuT

+ Opportunistic bacteria e The heme binding site is exposed
+ Appearance of multi-drug resistant P. aeruginosa ARRS K s g, | tothe outside of PhuT
is a critical issue .,,.Y
- Iron is necessary for the survival =2 | Arg 228"‘ - This suggests that the heme in PhuT

can be replaced with a synthetic

4 Heme acquisition @ M Iron sources R Heme binding site metal complex
Heme
Extracellular @ @ @ Analysis of the interaction between PhuT and Phuuv
Membrane Heme uptake into periplasm .
by Has or Phu system Heme (= @) synthetic metal complex (= <)
° ° ?

\KhAolo-Phu/ T
Phu u
apo-Phu apo-Phu Incorporation into Phu P
° Phuu huu

‘ Phuv ‘ 'Phuv
Periplasm PhuT Transportation to cytoplasm
via PhuUV complex Transport No interaction No transport
Membrane Phuu . . . )
i Collection of further information about the heme-transport mechanism
Cytoplasm ‘ ' Phuv using PhuT containing synthetic metal complexes

PhuUV complex is the sole passage of heme from periplasm to cytoplasm Summary
4 Previous study on heme transporter ,',;i.‘._:j‘. .
Y. ® We developed a reconstruction method of PhuT and
The crystal structure of a heme transporter s ¢ L : X
ortholog (BhuUV-T complex) has been reported succeeded in introducing synthetic metal complexes J:JJJ_IJ{
® The structure of Mesoheme-PhuT was determined by uk J-ﬁ /
X-ray crystal structure analysis S

% Gy

Unfortunately, the mechanism of heme transport
1 has not been elucidated

Experiment & Result

€ Preparation of apo-PhuT

® We constructed the expression system of PhuV using E. coli »

@ Crystal structure analysis Orange : Holo-PhuT (PDB : 2R79)

Cyan : Mesoheme-PhuT

Heme ® [ ] 1. After the removal of heme, "
° ° apo-PhuT was obtained by dialysis Mesoheme-PhuT
1 2
o
holo-PhuT apo-PhuT apo-PhuT 2. Heme was added to the solution of apo-PhuT i '!JJ;I
+ hemin Foad 1
.
[
"
UV-Vis spectroscopy ~ ESI-TOF MS CD spectroscopy S o ]
e e ewm] [ e WL

0299
hoio-PhuT Resolution : 1.80 A
apo-pruT

apo-PhuT + hemin

avs,

r T - The angle of mesoheme was different from
ﬁ .‘ that of heme

holo-PhuT
apo-PhuT + hermin

The difference of the angle may have
an effect on heme transport

m m e e B SPring-8 BL26B2

Wavelength /am mlz Wavelength /am

Heme was successfully incorporated into the prepared apo-PhuT We succeeded in the crystal structure analysis of Mesoheme-PhuT
@ Introduction of synthetic metal complex 4 PhuUV Expression
Method Columnn chart Plasmid design = Ribosomal binding site (rbs)
Addition of complex to apo-PhuT et ot o i 30 ) Insert ) Insert 1

E. coli

o . Collected as Mesoheme-PhuT A C41(DE3 huU huv
Dialysis of the mixture to remove DMSO puCP19 = i =
“ lapo-phut + P aeruginosa Insert 2
Purification by anion exchange column /\ Insert I' >
- O e |

Insert 3
Heme diOMe Mesoheme Fe Pc Three plasmids were transferred BN v
into E. coli and P. aeruginosa BHESE pou
.
i é,’k % In E. coli In P._aeruginosa
l
UV-Vi £ Whole Membrane Whole cell Membrane
. is spectra N B . (kDa)yM - 1€€b 3 - 1 2 3 insert (kDa)M - 1 2 3 - 1 2 3 insert
399 nm T 390mm 673 nm )
LM PhuT
R B PhuT (31kDa)
Wavelngin o Wveleng /om Wavelengin /om [ra—— 25 ks (31kDa) 5
ESI-TOF MS (27kDa)
Mw 644.55 Mw 620.53 Mw 568.38 Mw 668.58
644 620 568 20 20
B T N T~ I e e e SR e et The expression of PhuV was observed using E. coli as the host cell
m/z mrz mrz
We succeeded in the introduction of synthetic metal complexes In the future, we will perform immunoblotting assay to specifically detect PhuU

e | A TTITRE O



Covalent Organic Frameworks for Electrochemical Energy Storage
ﬁ@:} Yang WU, Zhongyue ZHANG, and Kunio AWAGA*

NAGOYA Department of Chemistry & Integrated Research Consortium
on Chemical Sciences (IRCCS), Nagoya University

UNIVERSITY

Covalent Organic Frameworks (COFs)

A class of porous crystalline polymers with periodic structures

J Large Surface Area: Thousands m2/g
J Designed Pore Size: Micropore (< 2 nm)
Mesopore (>2nm)

J Lightweight Elements: C,H, B,O, N

\ ‘ A
T ] o J Strong Covalent Bonds
)
/ . Covalent Organic Framework-graft-polysulfide (COF-grafi-PS \

Synthesis Characterization

0
. ;/)u_“_;
- 0,0

Powder XRD e 9

2 b

L i
>
L™
Battery tests
y e o i o
c . I *
g i ®, % " = ;
00 Cerrie e, >
§ 214 g
1 Separator 2 Gasket : . § we e
3 Cathode (70 wt% COF-graft-PS, 20 wi% baad IRE ST Lo
carbon black and 10 wt% PVDF) 204 r e [
4 Positive pole (cell can) savanosiziic dischar L s
rge and charge 5 b -
5 Anode (Lithium) & Negative pole e & {omem ey F R [ ——— z
Electrolyte: 1 M LITFSI in DOL/DME(1:1, v/v) . v ™ Py - T r v L) y :
\ with 0.2 M of LiNOs Copacity iy ¢ (,..-.: * - .c..-: - e

Il. Poly(3,4-ethylenedioxythiophene)@Covalent Organic Framework (PEDOT@COF)

FeCly
88 = Attt i
3|
EDOT PEDOT g 3]
8 Kl
g
;
[ H H
FeCls EDOT -
— — .\‘.,.-—-f
4000 30'00 20'00 |0I00 1'0 2'0 3'0 4'0 5'0 6
¢ Wavenumber (cm™) 2Theta (')
PI-COF FeCl:@PI-COF PEDOT@PI-COF =
&
3
Electrochemical redox reaction f‘
O T SR OV | 3
+ + B S
DD B D IO i ;
g 33 -2Lit,-2e” o ) ] £
Charge v E $
= g
Synthesis °§
T T T T
y { 3100 3000 2900 2800 2700
N Wavenumber (cm™)
@ R <3
5 Q2 Q) x%tﬂ w’é;
HoN NH, o osf o |
) FeCls a3 o 3 -
TAPB E OO DG B -0 3 <
. = g =, 8 £
o d o u%,tn £ z
o, o [N 2 404
°m lé( zj & ° E ~ 2
7% EDOT S obedod {» 204
& STy g m
- . r T T T T
PMDA PEDOT@PI-COF 70 60 60 60 60 600 w0 200 abo 4o 500
Wavenumber (cm™) Temperature (°C)
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Impurity doping to molecule-based honeycomb

lattices of organic radicals
(O'Ryo Ushiroguchi, 'Yoshiaki Shuku, Byeong-Kwan An, 3Ji Eon Kwon, 3Soo Young Park, 'Kunio Awaga

('Department of Chemistry, Nagoya Univ. 2Department of Chemistry, The Catholic University of Korea, 3Department of Materials Science and Engineering, Seoul National University)

Previous work

Carbon allotropes i I ;"II\__P BQ
v L N
. K, lattice by RbsNDI - A ; p-| benzoqumone (p-BQ) _ gBACIOﬁ 01M i
: g in MeCN /J"Nd
replace 1 e

b c ’- 3 | i — Q|

Graphene Diamond 3
sp?2D sp*3D I Hl
) - [ e interaction between radicals
conductor insulator Metallic | induce dimerization
S o s sp? Carbon Radical anion of NDI-A  Crystal structure (Trypticene Triquinone) 2 2 =
L K, was successfully obtained by replacing sp? carbon with NDI-4& | | -Electron acceptor T
. A Wi, . Shulk, R, i, MM, Matssht, . Tsuchi, . Reta Minru, . 15, V. Robert, . Awag, . Chn, S LA i EL] “ 4B ay L]
Our interest it e e | "Airstable radical T

Band structure, Magnetic property ... A Mizuno Y. hok i, M, Tsuchia,  Hara, N, Wads, Y. S ¥ ;

L]
. _ ~~ replace
=)

Objective

Crystallize )
Construction of honeycomb structure
by organic radical molecular

C
I

@ Find property change by doping
impurity molecular

Quinones

-TTQ
sp? Carbon =TTQ:TDQ = 1:1
to doping b Crystal structure? (TDQ.50% fed)
Har' t°4 oping by atom =Substitution available Magnetic property? "TTQ: TV = 1:1
substitution Variable f conal (TMQ 50% fed)
* Chemical modification ariable functiona

is not available group

Result and discussion

Crystal structure of anion radical salt sl High temperature EPR measurement QeI

Rb,TTQ Intensity oc 1/T

Honeycomb structure ¢

Layered structure TDQ 50% fed TMQ 50% fed

aseasou|

]

T T T T T T T 1
3170 3180 3190 9200 3210 3220 3170 3180 3190 3200 3210 3220 3170 3180 3190 3200 3210 3220
H /T H/mT H /T
Ideal honeycomb structure with 1D pore

Even though impurity was doped, honeycomb structure was retained.
Impurity molecules were disordered in crystal.

Signal intensity was increased Intensity oc 1T
by increasing temperature. -(Intensity * T) = const.

Graphene N
TTa TDQ 50% fed TMQ 50% fed 5
Hexagonal, P6/m(#175) Hexagonal, P6/mi(#175) Hexagonal, P6/m(#175) . H
a=b=116406(19),c = 8.6575(14)A 170808753564 a=b=1165100,c=8.67300A d sk
V=1016.0(3)A* V=1033.26(10) A V=1019.59188 A s E*A
Ry (1> 25(1) = 0.0249, R, (all) = 0.0621, GOF = 1.119. Ry (1> 25(1)) = 0.1161, wR, (all) = 0.3136, GOF = 1.168. R, (1> 2s(0)) = 0.0656, wﬂz(a\l) 0.1745,GOF = 1117 3 Y
Residual lectron denstyinpore was emoved by SQUEEZE Resual by SQUEEZE by SQUEEZE H Fad
T-123K T=123K fz"
. . . . £,
= Occupancy of guinone moiety * Extension along c axis H
o
)\ | coxistA)  Extension A A A M;nl (E:R t,z, i T) - :
Line width change olar intensity increase
9
Rb3TTQ |8'6575(14) 0% - spin environment change —>Number of isolated spin increased
TDQ50%fed |8.7595(6)  1.178% SThermal activation
TMQ 50%fed | 8.67300 0179% | e T
O  Benzene moiety “ | Impurity added Pure TTQ

Quinone moiety \(

@ Radical spin
on quinone
These moieties are randomly exist in crystal structure

Quinones ~ ~

R o Benzene ring which
Occupancy |TTQ(reference) TDQ 50% fed ~ TMQ 50% fed b tExtenslon @\ \ IE:J work as impurity
Quinone | 0.98 0.82 0.88

Benzene | 0.02 0.18 0.12

Quinones

Inter layer force: Rb O bond
Impurity doping -> Rb-O bond decrease

- Impurities molecular seem to be introduced *s ¢ axis extension 2. Weak interaction make thermal activation easier

Occupancy of benzene increased 1. lIsolated spin generated by addition of impurity

*Honeycomb lattice by TTQ and impurity molecules were prepared by electrochemical method.
Conclusion 4 y TTQ.and impurity molecules were prepared by

*Occupancy change of quinone and benzene moiety in mixed crystal was observed
*Extension of ¢ axis around 1% was observed in crystal structure of TDQ 50% fed.
*Thermal excitation phenomena was observed at doped crystals.

*Determination of actual ratio of TTQ and TDQ or TMQ was failed. - Future work
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Three-dimensional photoelectron momentum imaging of D,
in circularly polarized intense laser fields

OT. Nakamura', M. Yamamoto', M. Fushitani’, A. Hishikawa' 2 ﬁg}‘w

'Department of Chemistry, Nagoya University, *Reserch Center of Materials Science, Nagoya University

Results and Discussio

Chemical reaction ; Frontier orbital (FO) theory Molecular frame three-dimensional photoelectron
"frontier electron plays a decisive role in chemical reaction"  Fukuietal, . Chem. Phys. 20,722 (1952) momentum images
Nitration of naphthalene NO
1 ! Highest occupied molecular orbital (HOMO) D,—»D*+D +@
l/'::\ o More large electron density: NO,* attacks C1 site

low

4

N

Al carbons have P “
same electron density " |
- e
g
This selectivity can't be explained by l l
electronic theory

Imaging of molecular orbitals by tunneling ionization
Intense laser fields Tunneling lonization refers to the shape of molecular orbital (MO)

~10™ W/cm? 0
lonization rate Fragmented ion as
Ground state Alnaser et al. Phys. Rev. Lett. 93, 163002 (2004). as
Excited state endoet al, Phys. Rev. Lett. 116, 163002 (2016). s
o NO-N*+0+e 0z
. ao
o0 1 6% 80 0% 1D 1 0% 80 0% 1D
| - /s P P
\ Red dashed line :py= 0.56 a.u.
| ) Three-di ional ph lectron imaging !
Photoelectron transverse momentum MFPAD: integral over TMD
distribution (TMD) HOMO Sl ys e e 10253004 200 Molecular frame photoelectron angular distribution
Photoelectron image normal to pol. axis HOMAO-1 Akagi et a, Science 325, 1364 (2009).
two dimensional MO information el Electron momentum spectrum

Photon energy

ﬁf discrete peaks — Above threshold ionization

Non-perturbative response

-y
o

DOProbing 3D shape of MO by measuring TMD
» More direct understanding of chemical reaction -

= fo ! A of. (=g
i I\ )
e L: 1 J Po=F/w=0.56 a.u. for tunneling model
This | y, jp s (position and velocity =0 at tunneling)
work oy BT Po
0 ) b . s
Probing electron dynamics by measuring 4w str photoelectron momentum P e n 4
- Construction of electron-ion three dimensional momentum imaging system
+ Performance test with D, in intense circularly polarized UV laser fields 1 MFPAD. Circular distribution Transverse momentum spectrum
Circularly polarized intense laser fields f Lt .\\ « W Ilta"silr ftIEIds . , 0=0.217(2) a.u.
Avoiding recollision process—conservation of initial information i \ multiphoton regime - / WFAT tunneling theory
Convenient rotation sweep of laser electric fields = f ® o ) ! o R ’__1 P(PJ_)“eXP(’KPJZ./F)
) } " Elliptical distribution |~ / —-0=0.235 a.u.
2% ! NIR laser fields . /| \ k=y2ly

“wee4" tunneling regime e _ F:laser electric fields
Staudte et al, PRL 102, 033004 (2009). Ares Tolstikhin et al, PRA 84, 053423 (2011).

Electron-ion three dimensional momentum imaging system Electron-ion coincidence imaging

1)D D,* +e| + D+ +
Position Sensitive Detector (PSD) (1)D, — D,* + e (2)D,—D*+D He | (3)D,— D* + D* +2e"|
lon side - = o o
7 Laboratory frame Molecular frame : ] ( .
Position: (X, Y) . py=mX/t T e Px < : T
. Time of flight: t py=mY/t  Rotation ( py ) =T ( Py ) . a
Flight p,=qF(t-t0) matrix Pz Pz p .
tube 16 4% 88 &1 8
Kinetic energy release spectrum
(1@ o ]
bl
Ellipticity : "1 KER=I5 =
. £=098 !
- i
Electrode |
Concave « & 2 » = « » s » @ : -
mirror e e Labeling photoelectron
(f=75mm)
I... . -
- SQ ° Quarter 'B-BB 800 nm, v' Construction of three-dimensional momentum imaging system
Window yave  crystal 1kHz50fs v Observation of molecular frame photoelectron tori
kl;/l;;l;c;lar plate (M D,* +E‘\ (Parent ion)
| ; PSD HP TDC (25 ps/bin) D, % (2) D* + D +[e7]  (Dissociative ionization) s
Flight ) ps/bin . cm L
tube ' h‘( electron side HP timing trigger(NIM jitter~120 ps) circ. pol. (3) D + D + 2e7 (Coulomb explosion)

Outlook : molecular orbital imaging
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N R e el
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-

Wany nucleoside analogues have been developed and used as anth vinus and
anti-cancer drugs.

Properhy (ined striscture i suitable far incorporation into eneyme.

I symthesired mone figid and small nucleoside analogues which have thies-
membehed ring,

R T i ey T T

Conformer calculation

1 r i ¥ Ir
T'-wnda ¥-andas
~ s
falaid ] ikl <ol bl
. i W
- Pl - T el 1,8
A nucleoaide has twa b of confarmation [2'- and 3'-endo). Quantum ...:"....."f:....."""' % "‘ﬁ '=__"‘£ o
chemical calculation (DFT/BILYR/E-31G) showed that each of the designed o S e
compimds is fized toa different confasmation
S
B
2'-Dihydroxymethyl Type e y

& ok & | et
Eé.ﬁ'

} Antivirus activity ol these compounds is curmently under investigation,
c
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Development of Phosphorofluoridate Groups for Medicinal Chemistry

OWataru Tanabe, Haruka Fujikawa, Yasuaki Kimura, Hiroshi Abe %
Department of Chemistry, Graduate School of Science, Magoya University #HEE

MNAGOYA UNIVERSITY

Iﬂtrﬂdudinn _\ /_Deﬁign
a
noncovalent drug covalent drug \
: A nucleoside  analog in which  fluorine  has  been

I
introduced inte the phosphate moiety was designed.

=ttty =t

Triphosphate

. DMA/RNA biosynthesis starts with triphosphorylation of nutleuspd'es by
Features of covalent drug t;mp;iiﬁT:‘z::ulting triphosphates are incorporated into oligo DNA/RNA

« High potency - Low dose - Longer effect AO’E":- \EEIG
- Side effects g —*m
' ]
Features of phosphorofluoridate [+] ?h Mucleophile residoe  Phosphorouonidane Covaler Inhibion -
. Stable in th F—| We expected that phosphorofluoridate would react with nucleophilic
table In the water & residues around the active pocket of the kinases.
* Reactivity can be adjusted

a
phasphorofivaridate §
o 3 We confirmed that there are
— - several nucleophilic residues

around the active site of
human  TMP  kinase and
expected that the designed
analogue would be effective

as a alent  dn r
Mot react with amino group 5 covalent drug  fo

Reacts with hydroxy groups kinases.
Can. | Chem, 1966, 45 49/ /
Experimental Results
1. Benzoyl Form Synthesis 2. Reactivity of Phosphorofluoridate \

Before measuring the activity to organisms, the

. D, ey
i L‘:‘“- — = . tendency of chemical reactivity of
. phosphorofluoridate was investigated. The method
aoj-: SR ——
s

12n

A POE entry

was examined by dissolving compound 1 and 2 in

= -:!—}gx, miethanal

Cif 1.5 o) T2 &
HE Py {1 e 7 L)
H B, ROl eg) 1 a1

Lt
Ll 1] &6
I P Pt i 5“‘}3:1 oG &r "'gjg:‘; R M: uF, ::::HW [ T8
" ) - " It was found that the methyl form had higher

5
-4 /

Conclusion & Prospect

IITXT m|m
-
-
-

R Py .. o, G,
W e

H._....-.-.-j

& Thymidine derivatives having a phosphorofluondate group was synthesized.
® As a result of examining the reactivity of the compounds 1 and 2, it was found that the reactivity of the methyl compound was higher,

* We are currently measuring anti-virus activity of compounds A and B, iy
® We will also examine the triphosphate form and the other nuclestide analogs different in AN b {I:;
nuclecbases to identify the active compound,
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NC  synthesis and Evaluation of Covalent GST Inhibitors
with Improved Cell Permeability

Haruka Fujikawa'?, Yuko Shishido!®, Yasuaki Kimura®, Fumiaki Tomoike?, Yuko Murakami-Tonami®, Masahiro Aoki®®, Hirgshi Abe?

” ! Nagoya University, ¢ Nagoya City University,  Hokkaido University, ¢ luntendo University , * Aichi Cancer Center
1. Introduction

B |rvohved in detoxification of xencbiatics (Fig.1) and suppression of
reguired to obitain sufficent inhibitory activity.
B However, G5-ESF had poor cell membrane permeability. Therefore, in order to

GST § Glutathiene S-transferase
Apoplosis, chusing drug resistance and cell proliferation
in canger cells,
B W have developed a covalent mhbibiter G5-ESF which is expacted to have gatent
inhibitery activity., (Fig. 2]
imcrease cell membrane permeabslity, covalent mhibitors based on small molecules
were developed.

Hydraphokas compaund  Exgrotian
1-Chigen-2 4 Cisdtrotseraine
[l

!
ool 57

G5M concentration §-10 mA

WARP I TR ESHERRCE SADCIANE PIOtEn
Fig. 1 Detoalfication mechanism

Fig.2
Hovel G5T inhibior
Wied | Chen Comerss., 2UT, 50, 11058

B Catalyze the conjugation of glutathione [G5H) to a wide variety of
; % Eﬂ'
=+G5T inhibithon is a promising approach to cancer,
B A sulfony lupnide group was introduced as a reactive funcnonal group for
2. Inhibitor design

0,

3.

hydrophobic and electrophilic compounds in phase-Nl metabolism,
B Since existing G5T inhibitors are competitiee inhibitors, high concentrations are
wyrosing, which is an active residue of GST, at the cysteine residue end of GSH
sogr
E m’
CHASE

] 51 = :D,
J.y
L=
COHR ingell

B Wi developed a covalent inhibstor based on CDME.
B CMBSF reacts with G5H fm cell to become G5H conjugate and accugys G-site, The sulfomd
Nuaride group and yresine would form & covalent bond and inhibit GST activity.

3. Result of CDNB Derivative
3353y e e
":‘.I._IJ%“J GRMAGET -?
. L, IR,
bR b Rradamimc
e
Wnhighee _Preincubation CMsRh__ Flusresoends mesturniment
GIT. G 3P Ex 430 rem, [m 510 nm
G5-ESF Exhacrynic acid [EA) G5-NBSF CNBSF FNESF
Moy 12 M apM | 68 M | [Bzpse | [ o8 pum)
[Reversibility assay .
\shiw  Pre-inculasian 10 —
6T, G5H prrveery o -
b wth -
Flusrruiesde merusement =
Wanhout w0
amicon witra-0.%, 10K [Usrasiliration)
K wanhed £ with phowptate buffer by
PR LIS MEILSrATanT - .
wibubid e A Gh-nASF  (NEL FNEST
Intracellular GST inhibitery activity| R
ol turbid inhubior 1
soluben g innshation 17 °C, 13 min o |
- T
—_ . =
Fredncbation 17°E, 1w T 3 o |

1 I .
o —
by i LL] [ [FHBSF

Thi 1€y, af the CDNB derivative was higher than that of EA and GE-ESF i vitro.
Howesier, thaeir G5T inhebitory activity greatly exoeeded that of ethacrynas acid in cell,

4. Result of CNBSF Derivative

|® Derivatized CNBSF for further imprevement of GST inhibitory activity. |

SOF
- R 3
':.E' " GEHIGET ‘?
= HYWO

L

Mt Dby HWRG

Inbibitgr _ Pre-incubation
GET, G5H e

avoat

Ethacrynic acid [EA)

Wi 0 MRS Pl i i i 3908 Bm
Ex A3 mm, Em 520 nem

Kl

[1324m |

[1gy= 2.5t [ 123 |

Reversitility assay

m—
AT, GEH

1

i
i

WATT say

B non wash
Wwashout

[+, .03 1 3 3

Kan wah

FluSrestands Mmedturiment
Wiihout

amicon ultrs-0.5, LK (Ukrsfitraticn)
& wathed o1 with phoipbate baffer
—+ FRGTACIION M Lar e Tt

Cytocidal activity | ca

B M
NCI-HEEE enlh

T o
al
) ™ i —_—
N crasr 1 2 1

Iinkibizor-

B Thit ICe, of compounds 2, 3 signéficantly exceeded that of CNBSF in wira, It was alsa
supgested that they wiene irrewersible inhibitor,
B The cytocidal activity of compounds 1, 3 in cancer cells exceeded that of EA

5. Conclusion

B We have developed small molecule based covalent inhib . Since the r k
permeability was improved, the inhibitory activity in cells was improved.

® The cytocidal activity of the CNBSF derivative exceeded that of EAL And it was

Bath CHBSF and FNBSF were suggested 1o be irmewersible inhibitoes,

suggested that all compounds were irreversible inhibitors.
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Synthesis of Doped Reduced Graphene Oxide
and application to batteries

Tsukasa Inoue, Haruka Omachi’, Hirofumi Yoshikawa?, Ryo Kitaura®, Yusuke Nakanishi' and Hisanori Shinohara’

'Department of Chemistry and Institute for Advanced Research, Nagoya University, Nagoya, 464-8602, Japan
2School of Science and technology, Kwansei Gakuin University, Sanda, 669-1337, Japan

Background
R
N 4 e . ==
e Linwasson's Rnagent I_, "1.-:1-'r|-+
- J S
L -
Doped GO
Graphene oxide (GO) Liu et al, J. Mater. Chem. C, (2013) T emmmam " Kume etal, J. Mater. Chem. A. 2014)
Lawesson’s Reagent can reduce GO and dope hetero atoms into Polyoxometalate(POM) and graphene (reduced graphene oxide ; rGO)
graphene from GO performs as energy storage
¥'Graphene is for coordination material v'Graphene is battery active material
My work
» Measuring performance of POM/Doped GO hybrid material
» Determine how to synthesize the best Doped GO for an energy storage
Experience
doped GO synthesis POM/GO nanohybrid materials preparation
THF Wash with DMF * * . f
Under N, and MeOH B/{ TBA;[PMo,,0,0] (POM) } TBA : Tetrabutyl ammonium
‘ ‘ Doped GO l Acetonitrile
Sonication
! Stirring Dry Toluene
Lawesson's Reagent Reflux —- {POM/GO nanohybrid material}
! Stirring Filtering
Dry
| GO analysis | | Nanohybrid Material observation |
X-ray photoelectron spectroscopy TEM image

Atomic conc. / %
C [0) P S
GO 74 26
Doped GO| 79 16 2 3

ntanaity / a.u.

1 nm in diameter
POM model

; 3 ~ v GO was reduced
W e s we e ®e w0 v Sulfur and phosphorus doped GO
Binding Energy / eV was synthesized

Cycle performance measurement

EDX analysis
Initial capacity Battery coin cell preparation c

POM 360 PVDF 20wt%

GO 66 o Cu
Doped GO| 60 CB 50wt%
(mAhg™")

Intensity

1500 13,00

. GO 20wt% Wb LB LB ABE ILEE Gk DLW HE
Comparison of Doped GO and rGO FOM TOWi% Energy / keV
] v POM lecul h f f

::3 Doped GO/POM | rGO/POM OM molecules were on the surface of doped GO
B 40l Initial capacity 326 368
% ol After 100 cycle 289 242 | Future plan
~
E. 200 (mAhg-1)
g " —o— Doped GO
& m 6o v Stable battery capacity was gained »Optimize battery performance by how synthesize Doped

by S and P doped GO/POM GO another way

0 10 2 3 40 50 60 70 8 90 100 nanohybrid material

Cycle number
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Semiconducting Carbon Nanotubes Extraction by Aqueous-Two Phase (ATP)
System and Thin-Film-Transistor Application

Kazuki Ueno!, Haruka Omachi’-2, Tomohiko Komuro!, Jun Hirotani®, Yutaka Ohno®#, and Hisanori Shinohara'>

' Graduate School of Science, # Research Center for Materials Science, ° Graduate School of Engineering,
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Background
Single-Wall Carbon Nanotubes (SWCNTSs)

v Durable and flexible v High carrier mobility

)y

Promising materials for electric devices
Metallic(m-) and Semiconducting(s-) due to chirality

s-SWCNT thin film transistor (s-SWCNT TFT)

Require separation from m-SWCNT IEL-\
Comventional Method g - <
Gel Firaion™! =P
Derasty Gradkent %

(Y] 7 Tarwaa o o, Appt Pps. Eaprons 1 125000 Qoo
(RN S Amolt o ol Natre Manctech. | 60 (2008

Aqueous-Two Phase (ATP) System
Method —— o

(- C_» -
‘ S-SWONT Gapersion
phase
separation
v High purity

High reproducibility
v Easy to scale up
Large scale extraction
v/ Fast process

Accomplish within 30 min
L

Separated s-SWCNT thin film

8 PEG

~* surfactant

T Giegh, 2 Py, Crems, 153 300 (99

TFT performance with separated s-SWCNT

Transfer characteristics XPS spectra
c-0
channel length = 100 ym

Vis=-0.5V

Inensity /au.

e

Normally on

Ry R 3 295 290 285 280
o N ° ° ¢ Binding Energy / eV

High performance, but normally-on state due to p-type doping by PEG

<

TFT performance will be improved by elimination of PEG

PEG removal treatment

CH,Cl, s-SWCNT dispersion

>

centrifuge

PEG

mixing CH,CI,
s-SWCNT dispersion

THNMR spectra (CD,CN)
PEG-CH2Cl: interaction
o —befire PEG peak
= A PEG
imidazole
] (standard)
3 -
1+ y
E 1
=3 L l Form i #) Rapid precipil
A. M. Fréon et al., Eur. J. Pharm. Biopharm,, 73, 66-73 (2009).
L2000 YN0k TARAE 00E J000E 2000t

>99% of PEG was removed

TFT fabrication

Fabrication Steps
APTES coated Si/SiO: substrate s-SWCNT thin film

—r T A

APTES : 3-Aminopropyl-triethoxysilane AFM observation

s-SWCNT dispersion

EB deposition Source / Drain fabrication 0Oz plasma CNT patterning

Y By EE

s-SWCNT thin film
AFM image

15.00nm

Height profile

Z/nm

2.0um

0nm X/nm
Uniform 1-2 thin layer film
TFT characterization

Transfer characteristics Output characteristics

50y
sy

channel length = 100 ym
Ves=-5V

High on/off ratio >10° with normally-off state

Summary

High purity s-SWCNT was obtained by ATP system
Rapid and efficient removal of PEG was demonstrated
High performance with normally-off state was achieved



Reduction of "Heavy Benzenes”

Yoshiyuki Mizuhata, Shieri Fujimeri, Shinge Tsuji. and Norihiro Tokitoh®
fnstituie for Chemical Research, Kvoto University, wsho, Uji, Kvoto 611-0011, Japan
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Synthesis and Properties of Endohedral C,, Co-Encapsulating HF and H,O Molecules

Rui Zhang, Michihisa Murata, Atsushi Wakamiya, Yasujiro Murata
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011

Introduction

Doubly Encapsulating Fullerene C,

Previous Work

Inner Space of C¢, and C,,

A ;.—.,..'
£ 5 O

(He12@Cn0 (H2):@C7 NHe@Cro -
| Sounders M.cr . Murata, Y Komatss, K eral, - Muraa, ¥ eral e N -~
TR e ama j u S
T, Chem. S ot r
Synthesis of Endohedralfullerene ~Molecular Surgery Methods~ O Caga C gt 214176517 2016,5,455 o
This Work

1 ©

of a guest _— 2 Y e W
P / Lk : 4
/ Creating an AZ X\ Closing an 1 'L‘w |ﬁ| --:"bj-l_].l s n §ow
. opeing "]" opeing . R L% ".‘ ; : ___,-l"" —
e ) = = S G LoT ww R M ¢
<57l e Al

Encapsulation

= "

7

Science Nat. Ch -
2008, 307,238, 201,333,613, (doi: 10.1038/nchem. 2563)
flamw,, HMET,, HOgC,, W, DR,

Results and Discussion
X-Ray Structure of (H,0-HF)@C,

Encapsulated H,0-HF Complex (X-ray)

NDF H,@Cyo H,0@Cr HF@Cro |

Fullerene Open-cage fullerene Endofulierene Komatsu, K.eral.  Murata, Y. et Whitby, R_J. et al,

HF & H,0 Insertion

0.2% expansion

Py S— e . " B - refined
. fre 1394 S 1.05(4) A
e i . —x . I"n,. /
= | B2 & Ve
/i | o @, Aelde
i By iy M €y Yo"y fived " an2)A
g smaller
‘ ‘ - > B O Free H,0-HF Complex (calculated)
MP2/6-311++G(3df, 3pd)
- HyO Cr. 1] 17054
o -~ 0.934 A
H NMR (500 MHz, CDCI,/CS,) 0 S € -
i
- - ey u. g
[T T T w——_ ) L3 ne 1 A 3
Bl prm 11 gy e = 8GIT Wb
g = ET i . @ e '@ =@ NMR Measurements of HF@C,, & H,0@C,, & (H,0-HF)@C,,
"= o
! e H NMR (500 MHz, CDCIy/CS,) Hz0: -27.1 ppm

= - EIr e —— - .
L] L] F] H 1 ] m HF@C7o & H0@Cr (1:1) HF: -25.0 ppm
(Ju = 507 Hz)

—_——

Insertion Mechanism of HF & H,0 (Push-and-Pull Strategy)

v T T T T T T T T
-10 12 —14 -16 —18 —20 22 24 —26 —28 -30
m — (ppm)
ﬂ ¥ "H NMR (500 MHz, CDCIy/CS; H,0:
: ¢ 2 CDCL/CSz) HF: -17.5 ppm 253 ppm
(H20-HF)@C+o (Jur = 457 Hz) +1.8 ppm
oy No proton exchange ! @ +7.5 ppm
{ o
= L
L{g vl r T T T T T T T T T 1
- -10 12 14 -16 -18 —20 -22 -24 -26 -28 -30
v |y (ppm)
m e ] r i T RS e SO CE . .
| ol ¥ HFECry & Hy O (1:1) @ m
f T T T
( e * o It 30 15 titn
et et e —— VIC MR (126 Mz, COCI/CHY)
- . (HyQ-HF Ry
9 signals ! I L
- F kad - = .
4 » 18 1% e 1 ]
T i, b, i O =t
. Dg \
! i L' 4
> - - L, Sumay
T 1 T [ [~
Estimated ratio® Encapsulation ratio® Estimated ratio® 1. Push-and-Pull strategy resulted in the formation of (H,O-HF)@C, in high yield.
Empty Cy, : 34% Empty Cyq:31% Empty Cyo:43% 2. HF@C;, and H,0@C,, were also obtained.
HF@Cy, : 32% HF@C;, : 34% HF@Cry 3. Single hydrogen bond is formed between HF and H,O in the C;, cage without
4 2 2 70
51% (mixture)
H,0@Cyy: 25% H,0@C1y: 27% H,0@C7, Almost no escape ! proton transfer even at 140 °C.
(H,0-HF)@Cro: 9% (H,0-HF)@Cro : 8% (H,0-HF)@Cyo : 6% 4. The position of encapsulated H,O-HF complex is fixed in the C,,.
a) estimated by 'H NMR.  b) estimated by HPLC.
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Fabrication of Sn-Based Perovskite Solar Cells
Using Solvent-Coordinated SnX, Complexes as Key Precursor

("Institute for Chemical Research, Kyoto University, 2Department of Applied Chemistry, Graduate School of Engineering, Osaka University)
OMasashi Ozaki," Jiewei Liu," Yukie Katsuki,! Taketo Handa,! Ryosuke Nishikubo,? Shinya Yakumaru,! Yoshifumi Hashikawa,’
Yasujiro Murata, Takashi Saito,! Yuichi Shimakawa, Yoshihiko Kanemitsu," Akinori Saeki,? Atsushi Wakamiya'*

[ Introduction
. o= Ei H % Hi -
< Pb-Based Perovskite Solar Cells (Pb-PSCs) * Purification of Snl, % High PCE Sn-PSCs
commercially available Snl, .
. sublimed Snl,
v Wide range absorption (99.9%, trace metals basis) 2
v Solution processability N S0 MAS NMR 3 1980 MAS NMR
v High efficiency (~22.7%) | ' s | -,.
X High toxicity L Snlz s sublingm _Isnl,
) g | &l
T. Miyasaka. et al., J. Am. Chem. Soc. 2009, 131, 6050. 7 3l
M. Gteel. N G, bk, et . Sei [‘;Zp. 2012, 2, 591, o i 1 Snl, o 1‘ absence of Snl,
H. J. Snaith, . Science 2012, 338, 643. At |, [
CH;3NH;Pbl; (MAPbI;) E.K. Iaqn:‘Jel‘-lnNeh.S 1. Seok, et al. Science 2017, 356, 1376. _:f,/ i ‘Ww £\t w:jJ Y Nt 8.1% PCE
o -500 -1000  -1500  -2000 0 -500 -1000 1500  -2000 P
< Sn-Based Perovskite Solar Cells (Sn-PSCs) Chermicashi o) Chemica s Gom) in inverted structure
82 50 30 M. Ozaki, Y. Murata, A. Wakamiya, et al., ACS Omega 2017, 2, 7016. Z. Liu and Z. Bian etal., Adv. Sci. 2017, 1700204,
replace @ :Pbbased PSCs  22.7% -
Pb - Sn 25 1 g Sn-based PSCs This work
Lead Tin §20 1 L .
MAPbI, MASnI, 515 g < Further Purification of Snl, by Complexation
v Environmentally friendly 10 4 Py P f
X Low efficiency (~9.0%) 5] 38% < Examination of Inherent Electronic Structures of MASnl; and FASnI,
~9.0% i

X Low stability (Sn2* — Sn**)

H.J. Snaith, et al., Energy Environ. Sci. 2014, 7, 3061.
M. A. Loi et al., Adv. Energy Mater. 2017, 1702019.

0 N s C
2008 2010 2012014 2016 2018 < Optimization of Fabrication Method for Sn-PSCs

r Results and Discussion

« Isolation of [SnX,(S),] Complexes (S = DMF and DMSO) < Energy Level Diagram
Single-crystal X-ray Structures
typical ETM MAPbI, MAShI, FASnl,
0 CB:——
-0 —3.49 -3.3% VE: m—
s s -3.74 -3.76
e % 40 -3.90 :[I LT
H 0 w2
' g -s0 5 il | 52 51 5.0
Y — -5.16
=7 I
= 6.0
2Y. Yan, etal,, RSC Adv. 2016, 6,90248. " M. G. Kanatzidis, et al., /. Phys. Chem. Lett. 2016, 7,776, typical HTM
N. Mathews, et al., J. Mater. Chem. A 2015, 3, 14996.“M. G. Kanatzidis, et al., J. Am. Chem. Soc. 2016, 138, 14998.
[Snly(dmso)] VBs of MASNI, and FASNI; are significantly higher than those of MAPbI or typical HTM.
-
e S “ Verification of the Reported Method ., ...z . i s 2017 100208
Fiy "Jl_ B Precursor
N o) solution Ph-Cl dropping
Orthorhombic, Phma —— Monoclinic, P2,/c Orthorhombic, P2,2,2, - \
Ri= 0015 Rym o015 Rz o0
WR, = 0.0278 ] WR, = 0.0486 : WR, = 0.0622 - "
[Snsle(dmf),] [Snl(dmso),] - [SnCl (dmf)] o € -‘/) .
T — g gt s " s
- A _’{:’_ }l' _;\ . N ’ FAg7sMAy Sy i
. — f Poor coverage and low PCE by the reported method
Wonocri, 2, g Ortromombc Abe2 } o Ticnio Pt .
Rzoote - Rizoote e WETET 3 “ Impact of Ph-Cl Temger\ztel‘:,rgEM Imades
[SnBr,(dmf)] [SnBry(dmso);] [Sn,F(dmso),] P ° a9

65 — 3 G-‘ s 100 °07F
A series of [SnX,(S),] were developed as purified materials. 3

2%

* Fabrication of MASnI; and FASnI; with [Snl,(dmf)]
X-Ray Diffraction Patterns

MASnI FASnI. .
5 3 = 3 Photovoltaic Parameters
g Crystalline powder 3 rystalline powder £20
3 | repared from g repared from £ — o Jsc o F PCE
£ (Snl,(dmf)] £ [Snly(dmf)] ; 15 45T C (mA-cm?) (V) (%)
g 2 E ot it 1904 047 0.62 5.50
<10 200 . . oo 200 . . > i85t C g g g )
z [ 20 20 simulated z w20 20 simulated % 10 —:100 45°C 18.80 0.49 0.59 5.40
H }L 21 1220 o1 H JL 21 382 o410 s 65°C 18.77 051 0.69 6.62
= p“ £ £5 85°C 1968 0.46 0.45 410
10 15, 20 25 10 15, 20 25 8 : g
20() 20( ) I \ 100°C 1685 039 036 235
Promising material as MASnl; and FASnI; precursor 00 01 02 03 04 05 06
* M. G. Kanatzidis, et al.. Inorg. Chem. 2013, 52,9019. Voltage (V)

+ Best Performance
J-V Curves IQE, EQE, Reflectance Spectra

X3

+ PYS, PL and Absorption Spectra of MASnl; and FASnlI,

~20 < 80
PYS spectra PL and absorption spectra E s Jsc 189 mAcm? 20
5 8
0.10 N 2 Zwns, | g4 L10|  Voc053V 5% =
@: vasnl, _ ’ £ FF0.71 850
0.08 { -:FASNl, 1o 12 z 5 PCE 7.09% g 40 Integrated Jsc
& ) 5 30 18.3 mA-cm?
0.8 102 3 - 20
20 E 5 s 01 02 03 04 ols i 20 Vo U
=} k3 08 8 g_m — Forward --- dark_F 8
2 206 = 3 — Reverse --- dark_R =0 y
< i g -15 300 400 500 600 700 800 900 1000
& 065 Voltage (V) Wavelength (nm)
£04 S
pr} 04 -
S0z
02
75166V =
000 00 00 A i i1 i Te ki
40 45 50 55 60 65 7.0 10 12 14 16 18 20 A [ c W 4 2
Photon energy (eV) Photon energy (eV) glass-ITO / PEDOT:PSS (20 nm) / perovskite (120-200 nm) / Cy (50 nm) / BCP (8 nm) / Ag (100 nm)
rSummary Acknowledgement
+ Development of [SnX,(S),] Complexes < Improvement of Coverage with Hot
as Purified Tin Hallde Materials Ph-CI Dropping *SEM Images (Kyoto Univ.) by Prof. Toshiharu Teranishi, Prof.
= = Masanori Sakamoto, Dr. Ryota Sato, and Dr. Tokuhisa Kawawaki
- -
a " +Partially Supported by ALCA
. ik
. o
] e *am S L R TY B
[Snly(dmf)] [Snl,(dmso)] 3% PCE 7.1% PCE
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Naphthalene Diimide-Based Electron-Transporting Layer
for Planer Perovskite Solar Cells

(Institute for Chemical Research, Kyoto Univ.)
(OTomoya Nakamura, Nobutaka Shioya, Takafumi Shimoaka, Takeshi Hasegawa, Yasujiro Murata, Atsushi Wakamiya
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— Introduction
~Molecular Orientation in Organic Electronics

OFETs OLEDs Solar cells
Metal electrode Metal electrode

Electron transport layer Hole transport layer

["Source | [ Drain | Emission layer Light absorption layer
Semiconductor Hole transport layer Electron transport layer

I nsuator \ ie) \ mo \

[ Glass [ Glass [ Glass

Molecular orientation required for good charge transport

e’-

Wi

Edge-on orientation

OFETs OLEDs and solar cells

Organic molecule

Face-on orientation

~ Electron Transport Layer for Perovskite Solar Cells

Previous work: TiOx as electron transport layer i
X Need of sintering at high temperature (500 °C)
=>unsuitable for mass production and film application

L

This work: Naphthalene diimide (NDI)-based
electron transport layer

v High electron-accepting ability

v Transparency (absorption < 400 nm)

Au

ref. Wakamiya, A.; Saeki, A.; Scott, L. T. et al. Hole transport layer
J. Am. Chem. Soc. 2015, 137, 15656

Perovskite

Electron transport layer
glass/ITO

R

NDI-C6 (R = alkyl) o h o NDILH(R=H)

Face-on orientation ??
Sheet-like structure:
Intermolecular N-H---O hydrogen bonds

Edge-on orientation “
In-plane mobility (OFET)
o

‘:R‘> Out-of-plane mobility (OLED & solar cells)
R=alkyl > H

ref. Shukla, D. et al. Chem. Mater: 2008, 20, 7486-7491.

— Results and Discussion

 Molecular Orientation Analysis

p-Polarized multipl gle incid r lution spectrometry (pMAIRS)
NDI-C6 (R = alkyl) on Si
A ‘ ~af
N = W N o
change in ?/, -
} dipole moment N
9 9 2\ SN
N w e~
R‘? long-axis H\:’ zhort-axis ERC out-of-plane
direction direction direction
\ /
%(C=0) & v,(C=0)" _|P (in-plane) 8 AC-H)
12 ?/ — OP (out-of-plane) Ty
R

Absorbance (a.u.)

1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 edge-on

Wavenumber [em-']

Two-dimensional grazing incidence X-ray diffraction (2D-GIXD)

?

coating deposition
L /— a0 —— LY

ITO substrate NDI on ITO/PEIE

000510 1.5 2.0

Gy [A1]
.

vapor ! NDI-C6 on Si NDI-C6 on ITO/PEIE
deposition [l A
j / Lo M OH lamella lamella
Si(100) substrate NDI on Si(100) & GC‘ o (edge-on) (edge-on)
PEIE
spin- PEIE vapor

000510 1.5 20
Gy [A1]

NDI-H (R = H) on Si
H
SN0 1,
H,
= i
0N 0*"N" 0
AN b
long-axis short-axis out-of-plane
direction direction direction

Absorbance (a.u.)

1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700
Wavenumber [cm]

face-on

Dr. T. Koganezawa (JASRI, Spring-8 BL19B2)

NDI-H on Si NDI-H on ITO/PEIE

n—n stacking 2.0 1 stacking
. (face-on) =15 (face-on)
= g.=2.0 A" JEET

32A [N annealing

(100° c)

0005 1.0 1.5 2.0
Gy [AT1]

00051015 20
Gy 1A1]

00051015 2.0
Gy (A1)

~HOMO & LUMO Energy levels

Experimental Calculations
R H
0y N..0 o _N_o
o~ \I‘J' 0 o \I‘!/\O
R (R = alkyl) H
NDI-R NDI-H
cB injection
_3.90eV LUMO KS-LUMO
— @ —4.04 eV -3.41eV KS-LUMO
C
TL-045 eV
.
3 blocking _356eV
21 vB
ui
-5.45eV
MAPbI, HOMO Ks-HOMO KS-HOMO
-
—7.04 6V = ey
-7.20eV

~ Applications to Perovskite Solar Cells

SEM image ove

Au

Spiro-OMeTAD (200 nm)

MAPbI, (460'nm)

NDI-H (40 nm#_

QL i
& 25 r
gE> 20 Au
< .
E 15 Jog = 18.9 mA cm-2 Spiro-OMeTAD
2 10| Voc=0.88V
2 FF =0.64 MAPbI,
€ 51 PCE=107%
€ NDI-H
£ o
£ \ PEIE
S 5
© "0 02 04 06 08 1 glass/ITO

Voltage [V]
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Highly Selective Direct Arylation Polymerization of
Bithiophene Derivatives
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Square Planar Complexes of Platinum(0)

Katsuhiko Takeuchi,® Hiro-omi Taguchi,” Ippei Tanigawa,* Shota Tsujimoto,®

Tsukosa Matsuo,* Hiromasa Tanaoka,* Kazunari Yoshizawe,* and Fumiyuki Ozawa®

1. Introduction — - 2 Background
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The Role of Chloride Additives on Tin Halide Perovskite

Solar Cells and Thin Films

o0 Aharen, Taketo Handa, Atsushi Wakamiya and Yoshihiko Kanemitsu
Institute for Chemical Research, Kyoto University

Introduction

Lead (Pb) based perovskite solar cell Group14
« Incredible performance over 22 % as polycrystalline thin film

solar cell (nttps://energy.gov/eere/sunshot/downloads/research-cell-efficiency-records) C

* High environmental impact is a major drawback

Tin (Sn) based perovskite solar cell as primary substitution Si
+ Similar chemistry (same family with Pb) el
« Instability of Sn(II) is a major drawback
« Additive required Usually Ge
e
Sn
[S—_—1
Pb
For crystal quality, Chloride (CI") inclusion works
for improvement on optical properties and crystallinity for Lead based
solar cells zhang, w. et al. Nature Commun. 6, 6142 (2015) : Tidhar, Y. et al.. J. Am. Chem. Soc. 136,

13249-13256 (2014),:Williams, S. T. et al.. ACS Nano 8, 10640-10654 (2014) :Moore, D. T. et al.. J. Am.
Chem. Soc. 137, 2350-2358,(2015)

— Could it be applicable for Sn analogues?

Key to make Sn-based solar cells workable to date

1 : Sn(II) excess and 2: some reducing condition

M. H. Kumar. et al, Adv. Mater., 26: 7122-7127 (2014), Tze-Bin Song et al, ACS Energy Lett., 2,
897-903 (2017)

So far, SnF, has been demonstrated as efficient additive but
still gives some problems (agglomeration etc)

SnCl, also meets excess Sn and moderate reducing condition
and offers combination with potential for improvement in crystal
quality

Optical Properties
PL energy for thin films with various SnCl2
ot

1”;
L]
.

Blue shift in PL energy
for all SnCl, additions
— Slight Cl inclusion
contribution(?)

ML L

-}

i

Particularly, samples
more than 20 mol %
SnCl, added show
greater blue shifts and
the devices based on
such composition

are workable

-3
mrr||1|r

PL lifetime for thin films with various SnCl,

ratio
Lifetime
(ns)
F20 5.0
cli0
Cl20
CI30
Cl40
CIs0

Longer lifetime
than SnF, additive|

Summary

SnCl, also works as effective additive and the trend was found in V.

vs SnCl, ratio. Optical measurements show longer lifetime with SnCl,,
supporting potential for comparable performance to SnF, additive version.
Diminishing the trading off between J. and V,. observed in device
performance seems working by solvent engineering.

Material Preparation
and Characterization

Compact TiO,
spray pyrolysis on patterned FTO,
TiCl, treatment and annealed at 500 C
Mesoporous TiO,
spincoating a diluted TiO, nanoparticle
paste on c-TiO, and annealed
Perovskite (FASNI3)
spincoating 1M perovskite precursor
solution (SnCl, additive included) and
annealed
SpiroOMeTAD
spin coating SpiroOMeTAD with additives
in chlorobenzene

. Au - Thermal evaporation

D

Per ék

c-/m-TiO,
FTO

Device Architecture
(standard cell)

|
e—— e o

l““".“.’.‘.‘

T t A
PXRD patterns for SnCl, 30 mol% added
(blue) and SnCl, 50 mol% added (red)
No additional phases observed

PXRD patterns for SnF, added (blue)
and SnCl, added (red) FASNI; films
are equivalent. No additional phases
observed

Device Performance
and characterization

Device performance with DMSO precursor solution
al | loecmacm | vocwv) | FF |

clio 12.89 0.06 0.14

Cl20 17.20 0.19 0.44

CI30 15.91 0.15 0.42

Cl40 16.45 0.23 0.45

CIs0 13.33 0.25 0.49

V,. increases as Cl addition increases

Device performance with DMF/DMSO precursor solution
-fabricated with toluene dripping

=_
=

Better V, kept with

higher SnCl, addition

Surface SEM images

» No severe

No TOL drippin: agglomeration
observed for Cl
addition
(surface SEM).
Surface coverage

o3 -

(DMF/DMSO)

TOL dripping partially improved by
changing solvent
mixture(!?)

E20 « Larger grain size

TOL dripping agglomeration ~ Obtained

(reducing boundary
x5000 X20000 area) for Cl additions

Acknowledgement
CREST and IRCCS for funding

Shimakawa Lab for access to XRD facility, Teranishi Lab and Matsuda Lab for access to SEM

113



Synthesis and structural analysis of Ag-Bi-I for solar cells

Anucha Koedtruad, Takashi Saito, Atsushi Wakamiya, and Yuichi Shimakawa
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan

— Introduction —— Experiments

Main components:
1) Solar absorber layers
2) Hole transport layers (HTL)

3) Electron transport layers (ETL) etalsiAl e

Raw materials were mixed and
sealed in a glass (10 mbar)

—

Working principle:

Photons captured by absorber materials activate
electrons in valence bands to conduction bands
producing electrons and holes. The charges then
are separated: Electrons are injected into and
transported through the ETL layer to an electrode,
while positive charge holes move to the HTL layer
and a counter electrode.

=
Valence
band

Asolar cell device and a working principle

(18

Pyrex glass tube

The key properties of solar absorbers: o
suitable band gap (1.1 - 1.55 eV), strong solar absorption, high charge carrier mobilities, close band 610°C, 1day
alignment with HTL and ETL, high stability and non-toxicity

350°C, 5 days

RT
Ag-Bi-| compounds were reported to be used as solar absorbers. The compounds are stable JSgRg"
and non-toxicity. * '.- <
- AgBil, (Agy sBiy5l,) and AgBi,l; (Agy ,0Big s;1,) with defect spinel structures
- Ag,Bil; (Ag,¢Biy 4,) and Ag;Bilg (AgBij 3l,) with CdCl,-type structures 1 .

Problems at the current stage: CdClytype structure

- It was difficult to obtain single phase samples.
- Actual chemical compositions for the compounds were not revealed.
- Detailed crystal structures were not clarified.

Mate
Aims of the research

- Synthesis of single phase of Ag-Bi-| compounds - Phase identification by XRD

- Analysis the chemical compositions and crystal structures i - ;ructure analvs;svwllth syr;chr;)tron XRID dalta by ph |
- Evaluation of physical and chemical properties s - Measurement of Valence ban energy levels by p otoelectron spectroscopy
- Measurement of band gap by UV-Vis spectroscopy

Ag-Bi-I compounds

s characterization

Defect spinel structure
Reference: Chem.Commun. 2017, 53, 20 - 44.

—— Results and discussion

The structure analysis with synchrotron X-ray
diffraction data revealed two distinct phases: the
defect spinel structure with the Fd3m space group and

Synchrotron X-ray diffraction and structural refinement

e e | the CdCl,-type structure with the R3m space group.
- o
i [atom | site | .
T e o dClptype “ 3a(000) CdCl,-type structure, R3m space group
B Zﬁ.lrl'ey | B | | - R3m space group T 32(000) Nearly single phase compositions :
E . phase 31 L_LJ = A P T 6c(002) :ﬁ,B“ll;zzt(x =h(alsSe6.;0|.65, y=0.45-0.48)
- — z=0.24762 MUY PREsE I AE
- L T T 3b(001/2)
-~ =
] - - ==

16c (000) Defect spinel, Fd3m space group

| s |
m 16¢(000) Nearly single phase compositions :
]

— -
| ' B 32e (xxx) Ag,Bil,(x=0.29-0.44,y=052-057)
S —— et X=0. Impurity phase : Bil;
] ey o

phase AT i

AR EEEEEE R R
— iy
Synchrotron X-ray diffraction spectra of Ag,Bi,l, (x=0.20~1.00, y = 0.33 - 0.60) Examples of structural refinement of samples with defect spinel and CdCl,-type structures
Valence band level (VB) measurements by photoelectron spectroscopy Energy gap (Eg) measurement by UV-Vis spectroscopy
10 q . " LE R
CdCl,-type : . 2 s
. gl The VB levels of the defect spinel and 2 e, Eg values were calculated from Tauc
3 CdCl,-type compounds are located P plot (Absorbance*hv)? vs. hv [1]
251  vB=-623ev - | e
e - between -6.1--6.3 eV Pepur )
= ol Eg values of the defect spinel and CdCl,-type
o -
0 VB levels of samples ! - :’mpounds were located between 1.6 - 1.8
4 45 5 55 6 65 7 [ il . S
» VB (eV) W B @ mow o T
] i i - e s
. Defect spinel-type ;’D Defect spinel-type Ago.u?'o.sz'z -6.19 Normalized absorbance spectra (left) and Tauc plot (right)
3 B B $ Ao35Biossly -6.12
% 10 § ABo.29Bios7ly -6.13 Eg values of samples
> VB=-6.12eV 3 Cdcl,-type Bi. .l -6.26 oV For both the defect spinel and CdCl,~type compounds, the top of the
QPX 2 ﬁgu 5 BiMS IZ _6.23 5 B - valence bands consist of | 5p states, and the bottom of the conduction
o BossBlo.aslz = Defect spinel  Agy 4,Biy sl 161 pands consists of Bi 6p and | 5p states. [1-2]
° P Agy5Biossl; 168 ot
C e ABozsBlosrl L5 ) ?;“;Eﬁ Mater. 2015, 27, 7137 - 7148,
Energy (eV) Cdcl,-type ABoesBioash 1.70 em. Mater. 2015, 27, -
X-ray photoelectron spectra of the samples with the defect spinel and CdCl,-type structures - Ago56Bio.agl 174 121 Angew.Chem.Int.£d . 2016, 5, 9586 - 9590.
Conclusions

* Ag,Bi,l, (x=0.20-1.00, y = 0.33 — 0.60) compounds have been prepared by solid state reaction.

+ Nearly single phase compounds were obtained for samples with x = 0.29 -0.44 and y = 0.52 — 0.57 compositions for the defect spinel-type structure
and x = 0.56 -0.65 and y = 0.45 — 0.48 compositions for the Cdl,-type structure.

* The VB levels of defect spinel and CdCl,-type compounds are between -6.1—-6.3 eV.

* The Eg of the compounds are between 1.6 — 1.8 eV.
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DFT and AFIR Study on the Mechanism and the Origin of Enantioselectivity
in Iron-Catalyzed Cross-Coupling Reactions

Akhilesh K. Sharmat, W. M. C. Sameera$, Masayoshi Jin#, Laksmikanta Adak?*, Chiemi Okuzono?, Takahiro Iwamoto?,
Masako Kato$, Keiji Morokuma®™ and oMasaharu Nakamura**

t FIFC, Kyoto University, § Hokkaido University, # Daiichi Sankyo Co., Ltd., ¥ IRCELS, ICR, Kyoto University, Uji

Computational Methods

% Use of Fe-catalyst in different reactions is increased recently due to its non-toxic 4 Recently developed Artificial Force Induced Reaction (AFIR) method (implemented in

nature and abundance. GRRM) is useful in finding approximate TSs without initial guess.?
+ Recently, first Fe-catalyzed enantioselective cross-coupling reaction is developed. * # AFIR is very effective for finding different conformational TSs, which is necessary
& Mechanism of Fe-catalyzed cross-coupling reaction is of recent debate, and not while dealing with stereoselective reactions.*
roperly understood. 2 :
properly M MC-AFIR : GRRM Program with Gaussian 09
R ONIOM(B3LYP-D3:PM6-D3)/SDD(Fe), 3-21G(all atoms except Fe)
s
o '.L-"="'E~. }'" Optimization: Gaussian 09 RevisionD.01
PhbGD = )\_mpH _ be e PCM,,+/B3LYP-D3BJ/SDD(Fe,Br); 6-31+G**(0, Mg, P, Cl); 6-31G*(H, C)
I e . Energies: PCMy,/B3LYP-D3BJ/SDD(Fe, Br); cc-PVTZ (H, C, O, Mg, P, Cl)

53 InmaihviELEZ o Energies are in kcal/mol at 25°C temperature.

Active Species Generation

™ gl
g | e Gr% ] [ e,
Transmetalation P S e O M i
Hass

R =Theptyl, X =Ph or Cl, P~P = BenzP*

Activation Barriers (Gibbs free

. b s ot T e o e
S~ B 'S ” __energy)for CClactivation
fenns

Fe! Fe!

Trighe ‘J__.- o, el iAo Zpen 198 1, 15
— e e '; R TR 2pna 258 1, 5.0
i - kighe — n 52 383 Fel
P, 2 LT Y \ cict
e g s o Wy o ;
e [ . ; ._.,."]._L_. - [:'i"‘ 93,00 503
P Mgt I--"L:' —p 1 | oo
. . L ez """ s T R PP o
o B T iy g Ty -
Comp 1 A = - -
portionation | | oA
ars i il ) - Py
o Curtcod Lo R [T
i ] S ' - .
b 3 s B B rmn 5 " | wvation fi RY P ble. s 1361V
e & f ';. GO - e % C-Cl activation from Fe' (*1,) is more favorable.
iy e i S A . " .
Elimination/ P a0 NP e % C-Cl activation from Fe' (*1,,) is less likely, as low concentration of
C-CCoupling | sy, * e it Grignard reagent is maintained during reaction.
T
"IZ-:'.H A Energies of Fg(l) and Fe(ll) species are & c.c| activation from from Fe' (as proposed) will be slow due to high
almost same. activation barrier.

Free Energy Profile for Favorable

«* Reaction of Fe' species (2p,) With £ B | ¥ Mechanism - -
ester radical is more feasible than with e ,:.. T B oor —_ Activation K " fation
Eell. 5 - ruta, o . 1 ) i
. [T - P . o — ,I- LH L o
¢ Reaction occurs through inner-sphere el TR = ‘.,_ Fat T Wt e = e
mechanism in quartet spin state. RO . L o Hhas coupling [
w, ] i e % o FeC
« >50 TSs for C-Fe and TSs for C-C RE -y 1 L ‘)n' Lo g b Coordination
A L)
bond formation were studied though — __ o0 8 L
MC-AFIR to explore enantioselectivity. "™ " T (e, T— P L
. = L - T
#CC bond formation step is (il oot d "o Frisat ——— L —
enantioselectivity determining. S L :-..'F f gt = S Tr—
“*More deformation in TS2 is outofcage Cri-n | in-Cage ! Ty ey =
responsible for enantioselectivity. [t =1y M - - T L T A e P
T v Sy e {Ravrvmt T i i 3 X "
Conformations of radical and Fe' used for MC-AFIR Calculation Enantioselectivity Y N
= a Enantiomeric Ratio (er) £ . - ™
iy R i Exp. er:90:10 LT
» Calc. er: 955 S Fs LT 1,
L3 : i, e
LWL 0
s e s
[ N -y
so —
- e = on T e ———— [ g rr——y = 2—— e
h -
o B a . . N . .
- I\r i =Py IR e « Fe!/Fe''/Fe!" mechanism is found to be operating in Fe-Phosphine catalyzed C-C
v ol > F.a Major Product Minor Product coupling reaction. ®

Conclusion References

(1) Jin, M.; Adak, L.; Nakamura, M. J. Am. Chem. Soc. 2015, 137, 7128.

# C—Cl activation occurs from iron (I) species [Fe'Cl(BenzP*)] and not from iron(ll)
(2) Bedford, R. B. Acc. Chem. Res. 2015, 48, 1485.
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# Radical species (S,) formed after C-Cl activation will react with Fe(ll), (4) Sameera, W. M. C.; Hatanaka, M.; Kitanosono, T.; Kobayashi, S.; Morokuma, K. J. Am. Chem.
[Fe''PhCI(BenzP*)] leading to the formation of Fe(lll) and followed by C-C coupling by Soc. 2015, 137, 11085.
reductive elimination in quartet spin state. (5) Sharma, A. K.; Sameera, W. M. C.; Jin, M.; Adak, L.; Okuzono, C.; lwamoto, T.; Kato, M.;
# The reaction of radical species with [Fe!'Ph,(BenzP*)] will mainly lead to bipheny! Nakamura, M.; Morokuma, K. J. Am. Chem. Soc. 2017, 139, 16117-16125.
formation, hence, slow addition of Grignard reagent is required during the reaction Acknowlegment
& C—C bond formation is enantioselectivity determining. Research Center for Computational Science and Kyoto University for Supercomputing facility.

Prof. Satoshi Maeda for the development version of the GRRM program.
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Molecular Understanding of Adhe

KYUSHU

{IMCE, Kyushu University)

1. Fiber Reinforced Plastics/Polymer (FRP)

Epoxy resin{adhesive)
+
Glwss fiber (Rainforang matennd)

\

Progerty: mechanically strong, waler-resistant
Exampies: ships, cars, bathiubs, helmets

sion at Silica Surface/Epoxy Resin Interface:

Effects of Interfacial Water Molecules

HIGUCHI, Chisa; TANAKA, Hirgmasa; YOSHIZAWA, Kazunari

2. Possible mechanisms of adhesive interaction 1)
+ Mechanical intedocking
Effective on porous or rough surfaces
sych a8 wood, textile, paper.
* Elpctronic adhasion
Very weak inberaciion
+ Dillusion {oohesion)
Effective on palymers and rubbers
= Primary bond {chemecal bond)
Covalen. jonic, mnd metallic bonds

e e

Machanical
be

of FRF are controfed
fiilsiss.

inlarfacaal Bahessn

L)
riesin and

— 3. Models

= Secondary bond (inlermolecular interaction)
van der \Waals lorce, hydrogen bond, acid-base interaction

| ) Mambosch, & 30 Moo, S, 08, T100 1780

— 5. Optimized structures

*Epoxy Resin  Froduced by palymanzaton of iuphens &
| P TPERL N 1o EEE) WOV S0 Y 1 el o ity 1

gt OO OffCren

s\Water Layer

Withoud waler, monolayer® |5 molecules),

bilayar {10 molocubes)

*Eairface concendration (monolayer] 768 wmol M0 [2)

*Glass Surface

: ; an-cristobabite (0 0 1)
Interfacial mogeancl groups are formed on the surface 3]
10 = 10 = 53 AT vecuum 40 AY
J3 KV Culling, V. B e ey, A W D, 10T O Slesaags, 18 s Silia, O )] Cllina, J
Cindboel! Proiwd o i, 390 V50§ 20008,
I3 A 5 1FSoupa, 1 (0 Pasiwsey, §, A Covim, S, B2, 1785 1598

4. Computational method
+ Molecular dynamics (MDO) * Density functional theory (DFT)
Prograrm: Forciln Program: CASTER
Ensemble: NYT Mathod: GGA-PBE
Tempaermiure: 300 K LMrasah Pasudopotential
Time slap: 1.01s Cut off: 380 eV
Crynamics time: 100 ps k-palnt: 0.05 A"

Dizpersion comection: D2 by Grmme

Glass surface
Glass surface directly inberacts mieracts vith resin
wilh resin throwgh H-bonds. via water layer

6. Adhesive force calculation

Enargy-distance plots Farce-distance curves

E-Ar plats were nicely approximated by Morse potential
»  Burface waler signeficantly reduces adhesve force.

1,38 GPa (Without watar) [— Eipenmantal valus

- F_ s} P
S (Ps—=mts £ 408 GPa (Monolayer) | 7T ”W" =
0.95 GPa (Bilayer) « Impuiity contaminiation
8t Muamum mlbosive stioss + Intemal stress
¥t Munimum sdbesive foeoe « Hligter lormaton

A, Rarlsce nrea po wnid

1. The adhesive molecule was daplaced pependicular
1o the surface and the enegias wera plotied
as a funclion of displascement Ar

1

2. The energy-displacement (E-Ar) plols ware

approximated by Morme polential curves
E=fil=-e™f

3. Potential curves were diferentiated io obtaimn
fores-displacement (F-Af cunes

dE

diwr

4, Mmximum adhesive stress 5, was calculated from F

T Seiradii, Y Tesp K Yosbatasia S P Chesi ©, TES TE00 20018
T, Semon, ¥ Tesp K Vindivawi, Ball. Chem, Koo Sy BE 672 02012)
T Sowrwis, ¥ Tosg |1 Tanaba, swl K Veabrama, . Pon Chem O, 07T, 20060 20000

F=

7. Conclusions
Thie adhesion interface betwean glass surface and apoxy resin has
been invesigated wilh DFT calculabons
*Hydrogon bonds work as the primary force of adhesive mteraction
at the adhesion inlarface.
*Surface waler molecules significantly reduce adhesive forcs
sThe catculated 5, would comespond fo an “idesi” sxpermental

B A Setmli. & Cwmier, bp . sl s Ao 3T, fell §

adhesion stress n the perlect intertacial conditions

T
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%\ifé@ Theoretical Study of the Influence of Water

= on the Adhesion Phenomena
KYUSHU (IMCE, Kyushu University) oHiroyuki Murata, Hiromasa Tanaka,
URIVEESITY Kazunari Yoshizawa

—
-O£O- 48

Epoxy resin Metal aluminurn

1
\ [The origin of adhesion
interaction is

Chemical bond
|Intermulecular force |
L]

Mechanisms of adhesion

E B B

Mechanical Coupling  Electrostatic Force  Molecular Diffusion

B -
B .
A ) Kinkoch, J Mader

N .

Purpose of This Research

To investigate the role of water molecular layer
in adhesion by quantum chemical approach

F = dEMdAr = 20 qe= ] -¢u)

ey

3. Adhesion stress was oblained by FIA.
Hydramylated v-aluming (00 1) st SFEIb Madel !

(4 cross-sectional area of calculation model)

Chermical Bond Intermolecular force o110

[}
2. Calculation Method | 2.2 Methods
_ : Program DFTB+ (Materials Studio 6.1)

2. 1. Models | Slater-Koster library  matsci

Adhesive molecule: epaxy resin : k-point se 111

Adherend surface: hydroxylated alumina surface , Charge a

with or without adsorbed water 1 Spin Multiplicity 1

Aloms: 1586, 17768, 1986 funit call : 2. 3. Adhesive force calculation —

Parameter. 2= 2784 b=252A ! 1. The adhesive molecules were displaced perpendicular

. to the surface and the energies were platted. =
1 Pl - 9 i
@ B I v.f»fmﬁ_;ﬁﬁr_g- i The energy-displacement (E-Ar) plols were ¢
1nes s = ! approximated to potential curves. T
Unit call of Epoy resin (5 molecules) 1 E=D0f1 - entrg il
0364 1 %‘.}fﬁ | 2. Potential curves were differentiated to cbtain "I
_— i force-displacement (F-Ar) curves. F_ is defined =
‘Water molecular layer : as the maximum value of F. : f

]
(]
[ ]
]
]

Optimized structures

T \HHW

Awr=1.04 {::3"”. \r-5DA
Model 3

T
I
I
I
I
I
i
I
I
I
I
I
I
I
I

Model 1 Meodel 2 Model 3 Model 4 :
I
I
I
I
I
i
I
I
i
I
I
i
I
I
i

(thickness: 0A)  (thickness: 3A)  (thickness 6 A)  (thickness: 9 A) =
HE g
Binding energy 3 I
1. Resinetal (Mo water) = .
2. Resinfiater + Mata Table. Binding Energy (keal'mol) 3 § :
3. Resin + 'Ha13rﬂ~'labal - q
Model] Egy | E. B -
1_|319.8
2 - |288.6)|355.3 T
3 | - |e57.5]347.1 S
; e ::ﬁ_ - Total Energy — displacement  Adhesive Stress - displacement
5 S48 7 plots curve

4. Conclusions

1. Hydrogen bonds play an important role for the adhesion between aluminum oxide surface and epoxy resin.

2. The interaction energy between epoxy resin and water is smaller than that between epoxy resin and aluminum oxide surface.

3. Water molecules have an important influence on the adhesion between aluminum oxide surface and epoxy resin.

4. The adhesion stress of the interface between epoxy resin and alumina surface decrease as the thickness of water molecular
layer increases,
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"‘\\\WZ’ Theoretical Study of Methane Activation
at the Dicopper Site of pMMO

KYUSHU Shuhei ltoyarma’, Kazuki Doitomi?, Yoshihito Shiota', Kazunari Yoshizawa'?
NIVERSITY IMCE Kyushu University!, ESCIB Kyoto University?
II 1. Introductions
Methane Monooxygenase (MAMO) Peroxo state of other dicopper proteins
MmO dirgct cormmarsion
L& — H
AL R GHgOH tHaH | physiclogical condition Hemocyanin Tyrosinase ' &
{Oygen transport) {Cycase]) k,_i: ]
Particulate Methane Monooxygenase (pMMO) . ';r""' o
P
X-Ray crystal structure w s - ANy
; -rﬁuﬂ: AN S o
A T A L T
Ny Active site - Jeme o 8T A
@ o Rssting stabe Peroa ot B g E
ot - .:amn:m- PD& ::J::f B [— :u:
L (PDE:10KY]

1 A reaction mechanism for methane ark
activation catalyzed by pMMO This
5 5 + Calculate pMMO at real system by QMMM calculation
Resting stote e - e — * Proposethe peroxo structure of pMMO
(POB: TYEW) = z’h “_/'q“‘o}h d w‘“u);: Tl
Listerran of al = bt
Mato 2008, 434, 177 Sioln etal o Chem, G011 &2 TOOT

'I 2. Computational Method ,l
QM/MM Method

Computational Procedure

Program Digcovary Studio 3.5
Foree Field CHARKmM
«pKa predicton al pH 8 (Discovery Shudio and PROPKA)
*Relaxing
Heating (S0-200 K, 15 ps)
Equilibration (300 ps, time step 115, SHAKE algorithm)

*Enengy minamization {OG mathod, 5000 steps) P : ;
L o
L DL-POLY J [ CHLIANA et ] [ TURBOMOLE ]

MM region

«TheeCu atrrs arohine st arediroion s e wess ChamShatl
. force fial ' ILYP
kepttoacd srg rrmzacread VD STUBONE CHARM force field Hecbottalic smbedding BILYPITIVP

[l 3. Resulls }

The dicopper site in the resting state The dicopper site in the peroxo state

g [y AN »
Cu-Cu Cu-Cu r b‘ o
‘.ﬁ 255 A 258 A & N | \[
! ©:0 1 A: :0&\_ ol
13 5 = )
MMM resuit Xeray crystal structure ¢ 1\ L 5 e ::’
Why the Cu-Cu is s0 near?
pMMO Hemocyanin Tyrasinase
! ORABAM result ¥-ray crystal structure
#
! - interact with HisX3
\ AspTo ! w = pMMD  Hemocyanin Tyrosinase
v @ 45 Cu-Cu (&) A58 350 3.48
g Leurs interrupt the moving of Hisad
t His33 -0l 1.44 1.4 1.48 similar values
enforce the Cu-Cu clogaly ! Cud0Cu {7 14994 1564 1452

- L
fl 4. Conclusions |
- Resting and peroxo states of pMMO were calculated by using the QMMM method.

- The optimized structure in the resting state is consistent with X-ray crystal structures,
- Possable reason of the short Cu=Cu distance inthe resting state is interaction of His33 with Leurs and Asp7g,
= Tha optimized structure in the peroxo state is similar to other dicopper structures (eug. Hemocyanin and Tyrosinase).
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KYUSHU

UNIVERSITY

1. Introduction

1-1. Protonation of CR

using solid acid

("IMCE, Kyushu Univ “Shizuoka Univ)
() Nobuyuki Hirosawa," Yoshihito Shiota, Yoshiumi Kohno,? Ryuma Asaba,? Kazunari Yoshizawa'

1-2. CR with solid acid

Experimental study

At + SO

fe

-
.

M-doped mescporous silica

* (M= AP, Fe¥, Ga¥, BY)

CR

Absorplicn wirikenglh

Theoretical study on absorption wavelength control of B-carotene

Why do CR with solid acids indicate
the red-shifted absorplion spectra?

B Protonation of CR (3-1, 3-2)

{Lewis acid, Bransted acid)

2-1. Computational Method

i
I
I
I
i
I
I Solid acid models (3-3)
1
1
1

A Of CR corresponds to the HOMO - LUMOD
transition.
TpCrak W Sosem J H J Agne Food Cham HEZ 40 401

3-1. Protonation of CR

mn 4 . &

= I

Position of protonation

Relative Energy (AE, kealimal), maximum abserplion
wavelength (A_,,, nm), Relative maximum absoapbion
wavelength (Ah_,. nm)

Pasition AE {kcal'mol) Aeaw (M) Al (NM)
[ FFF] o
CR2H" 434 &HT 53
CR4-H" /T <52 18
CREH" BTE 24 180
CRE-H' 32 242 -2
CRT-H" 6554 556 122
CREH 1885 420 15
CR&-H" 128 532 EQ
CRA0H" 145 450 8
CR11-H" 2y 511 &7

M = &8, Fe™, Ga™, B™

HOMO-LUMD gap (o)

bt Previous work . O !
aw | e Bues ‘ Solvent - | Program Gaussian0d
% 1 CIH'! SO0 400 800 TO0 8O0 80 Fe Al :
: 2 CyHy+ CF,CO0H s ! Functional CAM-BILYP
oy 1
FECECEL) 3 CHCl+ CF,CO0H 1 M-doped mesoporous silica indicate red-shift ! Basis get 6-31G"
BT | rE of absorption peak. 1
Worscralon, ¥ .- Kipert, L0 L Shem. Soc., Pericn Trone. 1A, 7, 501 :
3-2. Bond alternation
Optimization and TDDFT calculation of CR | = Bond alternation HOMO-LUMD
! 15 r
. g lExpT 348 Am) | E ° — - CR 750 |  CRI-H"
] : EE E ﬁ5ﬂ‘i : ':.Ra"H'
Pt e eewme 1 3 €0l
“HE Ironr Wi - . =) *vv e
R e /| (3§ 450 | e
= e .Mm: ol m ) |
S i § 3;551.5 2.0 25 3.0
1
1

M = AP Fe™*, Ga™, B>

(HO);SiQ OSHOH);

M
(HO)SIC, OSi(OH);
H*

{HO):8I0  DSIOH),

M
Qs OSi{OH),

Brensted acid model (B)

Computational search for the sliding
along CR (L + CR-H")

Lewis acid model (L)

Calculated UV-Vis spectra
(L + CR-H*)

A= -
s B0 R 44

A (nm)

- 8B EEEE

Al ]

Fe Ga
Elemantal spacies

4. Conclusions

* DFT calculations show that protonation of CR is likely to occur in the 1, 3 sites of CR. The two
protonated CRs show a large peak shift as well as relative energetic stability.

* The combinations of the protonated CR and Lewis acids as a model of M-doped mesoporous
silica are consistent with experimental observations.
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Asymmetric Synthesis of Highly Functionalized Silacyclopentanes

Kazunobu Ilgawa, Daisuke Yoshihiro, Akihiro Kuroo, Yusuke Abe, Katsuhiko Tomooka
IMCE, and IRCCS, Kyushu University, Japan

Background
Asymmetric Synthesis of Chiral Silicon Compound

close but not the same Cﬁ

A/Sci\;’ﬂ

Chiral Carbon Chiral Silicon

natural chiral molecules unnatural chiral molecules

Chemical Bond Properties of C
C-C: 1.53 A (80 kcal/mol)
C-H: 1.09 A (100 keal/mol)
C-0:1.41 A (81 kcal/mol)

Chemical Bond Properties of Si
Si~C: 1.89 A (88 keal/mol)
Si~H: 1.48 A (90 keal/mol)
Si~0: 1.63 A (128 kcal/mol)

Electronegativity of Si g 1.74 Electronegativity of Sixg;: 1.74

First Report of Enantio-enriched Chiral Silicon Molecule: F. S. Kipping, J. Chem. Soc. 1907,209.
Review: Brook, M. A. Silicon in Organic, Organometallic, and Polymer Chemistry, 2000.

This Work

—Hy R‘\ B
""" > S
Hp ==~ Re

R1\ base* R‘\ o
\\S<>O4> Si 3 "> base*
R2 R? ; :5—/ R OH R FG!
: LI ¥ —
R —
R R? g2
FGs

Results

Preparation of Substrate

P O~ MgBr PN ./ Grbbsisteat TN\ o~ moPBA TN\ PhQ .
Ny TEn A omon A Ggpes  SUPO SUE
sy’ i gy’ Y CHLCLrt o CHCl, 0°C o B

97% 96% syn, 46% anti, 39%
Enantioselective p-Elimination .
base* 3.0 eq l“ l
ase X E b ]
Ph\ DBU 6.0 eq. Ph\ Q/OH -
o —> Si
toluene, 0 °C
Bu Bu
u
base* X-ray analysis
- Ph
H NLi
A oo O LD
A S ¢/ o J.
u { L ht L

28%, 33% ee (45, S)  94%, 53% ee (45, S)  quant., 38% ee (4, A)

quant., 88% ee (S, S)  quant, 91% ee (4S, S)

Stereoselective Transformation
CO,Me

Phy CO,Me
g
Bu”

aq. NaOH

1) CICO,Me then aq. HCI
Bulaalio tiod

2) Pdy(dba);

Rl H P(o-tolyl)s 82%, >98% dr 77%, >98% dr
\SO’D NaCH(CO,Me),
g o /0\‘[,
~_ DEAD, PPhg I( aq. HCI Ph_ /" COH

mCPBA J

R} H with
\‘S\
)

RI=Ph, Re=Bu: 81%, >08% dr ™
R'=fBu, R2=Ph: 78%, >98% dr  “ith ~

R'=Me, R?=Ph: 95%, >98% dr

Phy o~ o~
rB:}SI\) ° - :Bu‘"s‘\)

49%, >98% dr 87%, >98% dr

Ph, o
NoHgH,0 /
2H4"Ho \SI\J
SN
Bu
93%, >98% dr

<
Ph, N
o O
Bu”
o

65%, >98% dr

BF;-OEt,
\/\OH
RL OH  RhCI(PPhg); P H Bu, H Ph, H
$s\ _DABCo | h\_S\ TSi fs\
R H  thenag. HCI By H PR H Me™ H
6 HO HO HO
J 61%, >98% dr 64%, >98% dr 51%, >98% dr
IC5p: 6.4 LM? ICso: >100 uM? ICs0: >100 uM?

“Binding inhibition activity for the specific binding of 5-HT, with lysergic acid diethylamide

Previous Works

Diastereoselectve 1,4-Ar migration

‘HyOH RIOH l/kA'

O\ /Ar acid cat. O\ -\ORS
/SI\ E— /S\\
RZ  CAr RZ  "Ar
X=NR1, 0 >99% dr
) ) - o
0
- 1
NP R3LI /L* RS
s si
rZ Yo r? “Ro

up to 84% ee

Enantioselective Hydrosilylation ©

R H
N

cat. M*
si
RZ H
up to 86% ee
1) K. Tomooka, A. Nakazaki, T. Nakai, J. Am. Chem. Soc. 2000, 122, 408.
2) A Nakazaki. J. Usuki. K. Tomooka, Synletr 2008, 206

PK. Igawa, ], fa. T. Shimono, K. Tomooka, J. Am. Chen. Soc. 2008, 130, 1613.
K. Igawa., D. Yoshihiro, N. Ichikawa, N. Kokan, K. Tomooka, Angew. Chem. Int. Ed. 2012, 51, 12745,

Related Report
Carbocycle System@

WNL/\ Ve,
b -
S e = L)
- ~~oH e AN

N
X=150, DBU = 1.65 eq. 86%, 89% ee
X=20,LDA=1.0eq., DBU=6.0eq. 89%, 94% ee

Silacycle System®

Li -/
X mol%
THF, it

(+)-trans-195A

N 1) mCPBA
OH  2) RLior RMgX

Ny 3)TBHP, KH
\ =

s
Ph

Ph
e
Ph
78%, 95% ee

@ 1) M. Asami, T. Suga, K. Honda, S. Inoue, Tetraliedron Lett. 1997, 38, 64253 2) M. Asami, J. Synth. Org. Chem., Jpn. 1996, 54, 188
?N. Holub, J. Neidn6fer, S. Blechert, Org. Letr. 2005, 7, 1227.€ D. Liu, S. A. Kozmin, Angew. Chem. Int. Ed. 2001, 40, 4757.4M.J.
Stsdergren, P. G. Andersson, J. Am. Chem. Soc. 1998, 120, 10760,

Scope and Limitation

1.5 eq.
DBU-THF, 78 °C

OH OH

oD
Li
3.0eq.
toluene-DBU, 0 °C

OH Ar OH Ph OH
./ N
SO oy
_ S —

Bu BuO"”

quant. quant. quant. 82%
91% ee (;S,9)? >98% ee (g;S,5)? 87% ee (S,9)? 93% ee®
93%, 84% ee b (Ar = 3,5-Me;CeHg)

OH OH OH OH
!E!u\S Me\ ) IBu\ Vs BnO\ Vs
5 i 5 i

ph phY N AN Bu

83% quant. 66% 70%
95% ee (gS,5)2 93% ee® >98% ee® 93% ee®

(Ar = 3,5-Me,CeHg)
“Absolute configuration was determined by X-ray Analysis.
¥Chiral amine 5 mol%, PhLi 3.0 eq.

¢Absolute configuration was assigned by analogy in the sense of stereoselectivity.

DFT Calculation

z o

AEa = 65kcal -mol™@

(X JON N ]
o E s

@

TS, for (5,5)-2b TS, for (5iR,RA)-2b

“Zero-pointvibratonal energy calculated at B3LYP/6-311+G(d p) kevelof theory .

Summary
stereoselective
OH ransformation J:OH
OH

HO
up to >98% ee bioactive Si* molecule
K. Igawa, D. Yoshihiro, Y. Abe, K. Tomooka, Angew. Chem. Int. Ed. 2016, 55, 5814.

K. Igawa, A. Kuroo, D. Yoshihiro, Y. Yamanaka, K. Tomooka, Synlett 2017, 28, 2445.
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Efficient Synthesis of Multi-Functionalized DACN
and Its Application

Yuuya Kawasaki,! Shin Aoyama,? Takeru Kashiwagi,' Kazunobu Igawa'2 and Katsuhiko Tomooka'-2

1institute for Materials Chemistry and Engineering, 2Department of Molecular and Material Sciences, Kyushu University

Background
Click Chemistry?

“Click Chemistry: Diverse Chemical Function from a Few Good Reactions™

click reaction
Mol! — + )—Molﬂ —  Nol' — )— Mol2

“H.C. Kolb, M. G. Finn, K. B. Sharpless, Angew. Chem. Int. Ed. 2001, 40,2001

wide in scope, high yield, generate only inoffensive byproducts,
simple reaction condition, rapid completion, high selectivity, etc.

Huisgen Reaction »

Evolution of Click Reaction Device
Problems {

1st generation: terminal alkyne
At

N3z— Mol? $
Mol — —_—

) / *x x 00O
[Cu] catalyst Mol

2nd generation: cyclooctyne

= N3— Mol? =
. OAAA X
[Cu] free
Mol

Mol
) cyclooctyne
[Cu] catalyst ® N’ N L
+  Ng—MoP - 3rd generation: 4,8-diazacyclononynes (DACN) N
N-"Mol®
Mol = —
Ny— Moi®
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» Huisgen.G. Sveimies, L. Mobius, Chem fer, 1967, 100, 2 [Cu] free
“1)C.W.R. Tomge, C. Christensen, M. Meldal J. Org rmm 2002.07.309
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Result
— Sy is of DACN — | ivity and Stability of DACN
(0C);Co—=Co(CO); (00)3(3)028100'3 (0C)3CaCo(CO)
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synthesis / Ho oM ey A N3-Bn(1.0 eq) — OR
CD4CN, 25 °C
= Ts—N, N—Ts
— double Nicholas reaction /_\ 5mM N
ST XN N-Y =
Ho OH A 5.50x 1072 M-s™! 2.40x103 M s
DACN Ts—N, N—Ts
one-pot X=NH  HN-Y Thermal Stability®
synthesis Co5(CO)g N CAN / 80 °C in toluene
> > for 2 weeks
idi no
BFyOEt, pyridine Tolerance for Thiol®
double Nicholas reaction Tol-SH (1.0 eq, 10 mM)
25 °C in toluene
= = = for 2 weeks
1 '
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K. Tgawa, S. Aoyama. Y. Kavasaki, . Kashivagi, Y. Scto, R. Ni, N. Mitsuda. K. Tomooka, Syett 2017, 28, 2110. “R.van Geel. G.J. M. Pruin.F. L. van Delf. W. C. Boclens. Bioconjugate Chern. 2012. 23, 392
— Synthesis and Reaction of DACN Peptide — Collaboration with Tanaka Group in Nagoya Univ.
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“Observed by MALDITORMS.

o
“novel electrochemical catalyst”
N. Mihara, Y. Yamada, H. Takaya, Y. Kitagawa, S. Aoyama, K. Igawa, K. Tomooka, K. Tanaka, Chem. Eur. /. 2017, 23,705,

— Collaboration with N: i Group in Tohoku Univ.
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with DBCO; K. Onizuka, F. Nagatsugi, Y. o, H. Abe, J. Am. Chem. Soc. 2014, 136,7201

— Summary

Mol' —N

= o SRR =
@N— Mol? '.;)"’% b?.-

"~ -
L e

DACN

High Synthetic Efficiency
One-pot synthesis with double Nicholas approach was achieved.

High Thermal Stability
No reaction was observed at 80 °C for 2 weeks.

High Bioorthogonality
No reaction was observed with thiol at 25 °C for 2 weeks.

High Functional Diversity

A variety of functional units were introduced to endocyclic nitrogens.
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Formation of Pseudo-symmetric Functional Molecules and Crystals by Using Chirality

(IMCE, Kyushu Univ.)Shinji Kanegawa and Osamu Sato

E-mail: kanegawa@cm.kyushu-u.ac.jp
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Solid State Phase-sransition of Borylated 2-Phenylpyridines
(WASHH, RIXEEH OFE #ir. B E 0. AW &3, JMEESAX]
(Kyushu Univ., Titech) Yusuke YOSHIGOE, Yoichiro KUNINOBU, Yuji SUZAKI, Kohtaro OSAKADA

]
% Summary
Phase A

-1‘: Solid-state Fluorescent Spectra
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nbensity {ar. wnd)

(B BEE)
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Observation of Hyperbranched Polymer/Metal Nanoparticle
Composite Materials

@ Creation of new business using hyperbranched
polymers(HBP) through collaboration with Kyushu

University.

@ Studies on functionalization of HBP.
@ Applications of functionalized HBP to new materials.

¥

@ Elucidation of the structure of HBP and HBP/metal
composites.
@ Applications.

2Hideo Nagashima

Introduction

1Katsumi Chikama, Keisuke Kojima, 1Yudai Morimoto,

INissan Chemical Industries, LTD., 2Kyushu University

Classification of branched polymers.
- Star polymer, Dendritic polymer, Hyperbranched polymer

Hyperbranched polymer(HBP) : Irregular branching architecture
Pseude spherical polymer with many functional groups.
Different properties from linear and crosslinked polymer.

Characteristic features of our HBP
#Nano-sized pseudo spherical structure with
« Low viscosity
- Little entanglement of polymer chains
« High dispersibility to various solvents
+ High mobility in the solid matrix
#Existence of large number of terminal functional groups, which can
be chemically modified with ease.
+ The functional group modification makes possible control of
physical properties of HBP, e.g. compatibility and dispersibility.
+ Control compatibility and solubility.
Metal- HBP composites
High dispersion stability by HBP
High catalytic reactivity of metal nanoparticles

Visualiuzation of HBP by TEM,AFM/STM and STEM-HAADF

TEM, AFM and STM image (HBP)

At

Star Polymer Dendric Polymer

ool o
X

B BA. é BA. B
n Aﬂ - Axﬁ‘\ﬁ ﬁ»\ﬁ‘{
vhanl o
=
Hyperbranched Polymer(HBP)

backborn (HBP):
polystyrene, polyacrylate, etc

STEM-HAADF image (metal@HBP nanoparticle comosite)

TEM
: Transmission Electron Microscope
AFM

: Atomic Force Microscope
STM
: Scanning Tunneling Microscope
TEM image
polystyrene type HBP

STM image(polystyrene type HBP)

TEM image
H-8000 (HITACHI,200kV, x700000)

Samples
- polystyrene type HBP

- polyacrylate type HBP Sample

Substrate
HBP(Mw~20000): it
several ~10nm(pseudo spherical shape)

AFM image(polystyrene type HBP)

AFM/STM image
nanoscope IV (Veeco Instruments)
probe: Si(AFM), W-In(STM)
mode: tapping

polystyrene type HBP

STEM-HAADF

: Scanning Transmission Electron Microscope High-Angle-Annular-Dark-Field
- Heavy elements are dark in the STEM image, bright in the STEM-HAADF image
—Contrast proportional to atomic weight (Z) is obtained

section analysis

ection analysis

STEM-HAADF image
JEM2100F(JEOL)
200 kV(FE)

samples
Au or PA@HBP(polystyrene type)

Application of HBP/metal composite

HBP/metal composites (metal = Pt, Ru, Pd, etc.) are applicable to catalysts for organic reactions

and electroless plating.
Development of Pd@HBP ink useful for inkjet, flexo, and other printing techniques.

Chemical reaction catalyst (Hydrogeneration reaction, etc)

L o TR e

v 1 AgHE L L

PRS- . B o

Electroless plating (Cu pattern plating)

' ﬁ
inkjet printing drying electroless plating annealing
(flexo ete) (Cu. Ni etc)

Ink Jet printhing
(Cu plating on PI film)
L/S = 25um/25um

NCI process

HBP is polymers with unique physical properties, of which features are different from linear polymers.

HBP well disperses various metal nanoparticles, and the composites are stable enough to industrial applications.

The resulting HBP/metal nanoparticle composite materials can be used as the catalysts for various organic reactions.
They are also applicable to the catalysts for electroless plating by using a variety of printing methods.

The electroless plating technology has a promising feature for industrial applications to flexible electronics.
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Efficient and Selective Hydrogenation of Nitroarenes using Platinum Nanoparticle

Catalysts Supported by Ammonium Salts of Hyperbranched Polystyrene

i
EEE Hideo Nagashima, Yuma Yamamoto, Yuki Maeda, Lei Gao, Arada Chaiyanurakkul
R
EXUSIIU  {nstitute for Materials Chemistry and Engineering ,Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580
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Atom Transfer Radical Polymerization by Solvent-stabilized
(Me,;TACN)FeX,: A Practical Access to Reusable Iron (ll) Catalysts

So-Ichiro Nakanishi,' Atsushi Tahara,> Mitsunobu Kawamura,? Yusuke Sunada,? Hideo Nagashima'-23

!Graduate School of Engineering Sciences, Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580
2Institute for Materials Chemistry and Engineering, Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580

3CREST, Japan Science and Technology Agency (JST), Gobancho 7, Chiyoda-ku, Tokyo, 102-0076

|

_|

Introduction [

“Narrow Molecular Weight Distribution.
+Functionalization by changing
Monomer / Initiator

i1

O

T

(4-OMe)BnsTACN | c-Pent, TACN

Previous Work : ATRP catalyzed by a series of (R;TACN)FeX, |

Atom Transfer Radical Polymerization (ATRP) R R © R
) N
N X, N
cat M, R' @) Magassewski, K Xia, . Chem. Rex 2001, N FeCl NN R A5
N R MREX —— m RMX 101,521 b) K, M Ard.T: S, i & r{ ANZA — AN
o em. Rev ' ©) Matyjaszewski, K. rRUR FeBr,  MeCN, rt, 4h N TN
[monomen]  [initiator] [polymer] ~ Macromolecules 2012, 45, 4015, = { X
R'" R' ! Highly- RsTACN fonic Dinuclear Complex Neutral Mononuclear
x . i Highly-controlled ATRP shows. toni Dinuclear complox, % Monon

c-HeptTACN PrsTACN BusTACN

) [R = Me] S Nibayashi, .
Hayakawa, R-J. Jin, H. Naga
shima, Chem. Commun., 2007,

BR=PIM Kovamurs, |
. Sunads, H. K, N. Koike,A. |
Hamad, .ok, R-H. |

s S|

. Sunada, H. Nagashima, Chem. |
Eur 1. 201,21

- Highly-reactive and highly-controlled ATRP

-Control of Radical Density.
“Substrate Scope

Efficient Removal of Metal Residue.
-Reusability of the Catalysts.

Neutral Mononuclear Complex (R : bulky)

iron catalysts were synthesized by using

lonic Dinuclear Complex
X Substrate scope was limited
X Low Reactivity (120 °C, 18h)

) R' R! ~Block Copolymerization.
R?: R . (Late Stage Functionalization) | MesTACN
l AR H"/’"" ! problem s lonic Dinuclear Complex (R : small)
<R = Me: sterically small>

<R="P

<R = cyclopentyl: sterically medium>

LNILN
Me” SFel Me
L

commercially-avail
*Substrate scope

lable MeTACN ligands.

*Reusability of catalysts

-Both lonic and neutral Complex
Wide Substrate scope
© High reactivity & stable

“Neutral Mononuclear Complex
© Wide Substrate scope
A High reactivity (ah) but instable

© Easy separation of metals by MeOH  © Easy separation of M by MeOH

X Impossible to separate by MeOH

X
Neutral Mononuclear

|Me; TACNFeX, Complex

stabilized by solvent L

+Removal of metal residue from polymer
In situ generation from FeX, / Me;TACN /
CNMe.

<sebr> <fecl,>
& ) & ©
R ©m© R W e\ ! W ner J N
FoR / e | (AN Y [ R NS row | O N Y RoN
o {irmems = DO =B O s ROGH HBL =
12 R—d /Fe<x;ﬁe\—)JN—R X-(CH,CHR),[Init] R— x AU e L \~N/\ ot N J nh &N/\ b AN T &N\ of /NJ
| /
NooXON \ R MesTACN 4 6 (R=Me; 86%) Me;TACN 1 (lonic Trinuclear Complex) 5 [not isolated]
R 7 (R=Ph; 88%)
R <Molecular structure of 6 (R=Me) and 7 (R=Ph)> <VT-'H NMR of 1 in CD,CN: possibility of in situ generation of 5 (R=Me)>
Stable when R = small N O (CHCHR) i) S
(€AY . g \/m : -
Stable when R = bulky } Q/ N 2 - e e
L v P2,/c (#14)
- R R R, =00572 o Spactrad
P2, (133) 2
+L b R, =0.0643 WR"O"”
/ i 0631 —" e
X-(CH,CHR)pe1-{Init] . Fe-l Bru] 2571000 |
N X (CH,CHR ] b - Fer(2): 256787) o Speewss S
® \ FeN(1):2.183(d) ot
Fe-N(2): 2250(8) Fe-Br(1): 25424(15) W Fe-N(2) : 2233(3) R— A
- _ Fe-N(3): 2.287(7) Fe-Br(2): 2.6024(15) Fe-N(3) : 2.277(3) B -
—| Results & Discussion (2)
, [2] ATRP of Styrene (St), Methyl methacrylate (MMA) and Butyl acrylate (BA)
1] ATRP of Styrene catalyzed by Fe complexes N X_ N
o Y yzedby P NS \ Fooat
Fe cat. 7{’,‘*(’(72\737 Q A " Imonoriitca] CO,Me CO,"Bu
Ph Ph [monainitcat = 250:1:1]  FN Ph N X7 N N X n OMe o N /YO Bul | g OMe o M
nJ o+ K \ / TTemp., tme | Me0,C MeO,C
g o o o
X 120 °C, time 1(X=Cl) 4(X=Br) 5(X=Cl) 6(X=Br)
Entry Cat. Time () Conv.%) W, (exp.) W, (Calcd.) WM, Entry | Monomer | Catalyst | Cat./init./monomer | Solvent® | Time (h) | Conv. (%) | M, (exp.) | M, (calcd.) |M,, / M,
1 1 ) o5 21,500 25,000 130 1 St 6 (in situ) 1717500 Toluene (1/1) | 12 % 51,000 | 47,000 | 1.32
2 6 (in situ) 1/1/1,000 |Toluene(1/1)| 30 92 99,000 | 92,000 | 1.32
2 5 (in situ) 8 9 23,600 23,500 127 [
3 6 (in situ) 1/171500 | Toluene(1/1)| 30 86 | 133,600 | 129,000 | 139
3 4 28 93 23,900 25,000 125 7 & (in sita) 17172000 | Toluene(1/1) | 30 50 | 157,400 | 180,000 | 158
4 6 (isolated) 8 94 24,600 23,500 119 5 6 (in situ) 1/1/5,000 Toluene (1/1) 30 92 175,600 | 460,000 162
B 6 (in situ) 8 >95 24,000 25,000 120 3 MMA 1 1717250 Bulk 5 90 | 30,000 | 22,500 | 180
6 7 (isolated) 8 595 25,100 25,000 121 7 5 (in situ) 1717250 Bulk 13 94 | 30,000 | 23500 | 190
5 7 si) 5 2 34000 33,000 o1 g 5 {in situ) 1717250 MeCN (1/0.2) | 10 88 24,900 | 22,000 | 132
9 7 1717250 Bulk B 90 | 24900 | 22,500 | 165
e o e © St | 171770 k| 5 | 9 [ 2w | mow | 1%
11 6 (in situ) 0.1/1/250 MeCN (1/0.2) | 10 92 25000 | 23,000 | 1.37
. In([M]y/[M]) plot of 1and 5 (X=CI) (b) . In([M]/[M]) plot of 4 and 6 (X=Br /. vs. M, ple . M, /M, plot of 4and 6.
@ e NI/ plot of  and 5 (X=CO)-(0)tme v. (VI /IM) plot of dand 6 (X=Br) () conv.vs My plot/vs. M./, plotof dand e, 1 & (in sita) 0.05/1/250 | MeCN(1/02) | 24 57 | 23,600 | 23,000 | 133
i . u 3 6 (in situ) T/1/1000 | Toluene (1/1)| 30 86 89700 | 86000 | 1.38
L
' - ¥ Ty T BA 7 1717250 Bulk 20 595 | 42,000 | 25000 | 2.01
o . ik I: 15 6 (in situ) 1/1/250 MeCN (1/1) 60 74 17,800 | 18,500 138
i . - s | I—

h’l s - . i 16 6 (in situ) 1717250 MeCN(1/03)| 48 88 24,900 | 22,000 | 1.32
) - X . | il Ehtd B
1 [T s = = i 17 6 (in situ) 025/1/250 |MeCN(1/03)| 50 595 | 24,900 | 25000 | 136
LR - e ® . - 18 6 (in situ) 0.125/1/250 |MeCN(1/03)| 120 92 27,900 | 23,000 178

gt .t .
L] I i = . L - M 1 L] .oy = *Polymerizations were carried out by using methyl 2-bromoisobutylate s the initiator at 90°C. Figures in parenthesis are the ratio of the monomer 1o the solvent (v /).
[3] Removal of Catalysts and its reusability [4] Block Copolymerization of Stand MMA.  [5] ATRP of St and MMA by easy preparable FeBr, / Me;TACN / MeCN
- - F—
sty <purification of polymer by MeOH> Entry | Monomer| Recycle |Time (h)| Conv. (%) | M, (exp.) | M, (Calcd.) | M/M, | castysuinitioorimonomer s
o ey 511205
- MeCN 02 1 st st 10 >95 24,500 25,000 1,24 | s performed a 120°C by using 1-
. 2 2nd 10 89 | 20,400 | 23,000 | 1.26 | jemelmmenete
¥ 3 3rd 10 89 22,700 | 23,200 | 1.4 | DMMAIMEN-1-0200)uas
e e carried outat 90°C sing methyl 2+
[Fomoralof e n vacwon] rvsossn . 4 | MMmA 1ot s 595 | 23,600 | 25,000 | 135 | bomosobuvissas e mior
e 548 mmen 5 2nd 8 %0 21,500 | 23,000 | 133 | MeON-1:03 ()] was camied
6 3rd 8 92 | 25500 | 23,000 | 134 | emscmuyios o e

PR

String for 11 a1 257G

After urification (<0.3 pprm‘)

| o 02—
prociphates ‘Removal of MeOH
T E—
polystyrene. “(Me;TACN)FeBr;"
Entry | Monomer | Recycle | Time(h] | Conv.(%] | M 3 [ M,/ M,
St° 10 >95 ,500 25,00( .
2nd 1 92 ,201 23,00(
3rd 1 93 , 701 23,20
MMA® 1st >95 ,501 25,001
5 2nd 92 , 50 23,001
6 3rd 92 28,601 23,001 1.
7 BAY Tst 90 23,301 22,501 1.
g 7nd 50 505 | 42,500 | 25,00 3.

were

bl

ligands.

v'Reusability of catalysts

v'Removal of metal residue from polymer
vBlock copolymerization of St. and MMA was achieved
¥In situ generation from FeX, / Me,TACN / CNMe.

¥ Highly-reactive and highly-controlled ATRP iron catalysts
ized by using ilable Me;TACN

V'ATRP of Styrene, Methyl methacrylate and Butyl acrylate
was achieved by solvent-stabilized iron complex 6.

Nakanishi, S.; Kawamura, M.; Suanada, Y.; Nagashima, H.
Polymm. Chem. 2016, 7, 1037-1048. [Selected as cover]
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Intreduction
& Hydrosilylation of alkenes is an important reaction for...

(Dsynthetic intermediates

(ex) ‘Tamao-Fleming

SiR, Oxidation

R/_/ /_/

Ptcat.
+  H-SiR —

H3SiPh, H,SiPh,, HSiMe;Ph
HSiMe(OR),

@Industrial production of organosilicon compounds
Silane coupling reagents

Ptcat.

(RO);SI—H + CH,=CH (RO);Si—CH,CH,—FG
FG

Modified silicone fluids

e [ Me
Me;S|—O-SiH—{0-Si——OSiMe, + CHy=CH
H Hlnl wmeln H
el [ Me
Ptcat Me,Si—10-Si-—0-Si——O0SiMe,
- H H L e ln H
FG  FG FG

Cross-linked silicone gels

ME
MeZSA‘ o—§\ s osm2
ol Meln
MEZS\{O s%»% +oste,
P ol Meln

Most commonly used catalyst

HoP(Cl 6(H;0) O’S Fé'*o”g TV ;,:2

P2

—> cross-linking

Photo credit: Shin-Etsu Chemical Co., Ltd.

{Fe, Ceo...)

Speier's catalyst Karstedt's catalyst

@ High catalytic activity @ High and volatile price
@ Eosy fo handle @ The lack of natural resources

Earth-abundant
metal catalyst

@ Cobalt or iron catalysts for alkene hydrosilylation

Y
Coz(CO)g oc” !
H J.F., Chalk, A.J.
armd}Acs'ws; ) (terpy)FeX;
Et;SiH, PhCI,SiH.. Organometalics 2012
(E10)3SiH, (MeO)3SiH Nakazawa, H.
Organometallcs 2012
PhSiH; Ph,SiH,,PhMe,SiH
(Me3SiO),SiMeH(Chirik)

Fe(CO)s
Wrighton, M. S. N
JomcC 1977 N/
—rg
N
Fes(CO)rz RN rapr
Murai, S. dimer R=Me, Et
JOMC 1993 (RPDI)Fe(Nz),
(dehydrogenative Chirik, P. J.
silylation) Science 2012

R

EtsSiH PhSiH;, Ph,SiH, EtsSiH
(E10)sSiH
MeSiO);SiMeH
Modification and cross-linking
of hydrosiloxane polymer

Chirk, P. J. JACS 2012
(dehydrogenative

silylation)

PhMeSiH,
Me;SiOSiMe;H,
(Me;SiO),SiMeH

-
R

Holland, P. L
ACIE 2012

PhSiH;
(E10)sSiH

N-pMes

Me;Six, o, _SiMe,

v
Marciniec, Me,Si  SiMe,
Appl.Cat. A 2014
(dehydrogenative

silylation)
(Me3Si0);SiMeH

Fout, A.R.
ACS Catal. 2016
PhySiHy, PhMe,SiH
(E1O)SiH,
(Me3SiO);SiMeH

Deng, L.
JACS 2017
(E10)3SiH, (EtO),SiMeH

A
w

A
of B M

Br

N ’N Mes

T

Lee, K.
Me ACIE 2017
Deng, L. Ph,MeSiH, PhMe,SiH
ACIE 2013 Chirik, P. J. (Et0),SiMeH, (E10)SiMe,H
ACS Catal. 2016
(EO);SiH, (EtO);SiMeH,
(E10)SiMeH
Me;SiOSiMe,H,
(Me;SiO),SiMeH

Mes N

PhSiHg cross-linking

of hydrosiloxane polymer

Me;SiOSiMe;H, (Me3SiO);SiMeH

i applicable to Tamao-Fleming oxidation (green), alkoxysilane (red), siloxane (blue) 3

# Previous work

Efficient and convenient catalyst systems

+ @NC + [ HSI(OEt); or HSIMe(OEY),

Alkoxysilanes
Isocyanide Ligand
2

(Activator)
Metal Carboxylates j Am_ Chem. Soc. 2016, 138, 2480-2483,,

o

4 Up to TON = 9700 (Fe), 1840 (Co)
4 Modification and cross-linking of silicone polymers

- Catalytic active species ? ..

(RNC)Fe(®)  (RNC) el
(©c)Fel

(RNC),Co-Co(CNR), or

(RNC),Co—H (RNC),Co—Si

Chem. 1977, 128, 345.

N\, etal norg. Chem. 1980, 19, 3858

(0C),Co—H + (OC),Co—

, Proposed active species for
hydrosilylation catalyzed by
Fe(CO), or Co,(CO),

Si

Fe(CO);; Wrighton, M. S. et al J. Organomet.

C0,(CO)y; Chalk, A. J.; Harrod, J. F. /. Am.
Chem. Soc. 1967, 89, 1640 Wrighton, M. S.

This Werk

Cox(CNR)g
or

Fe(CNR)s
R, R SiMe,0SiMe;

(R = Ad, 'Bu, Mes)

4 Comparison with M(OPiv),/CNR systems (M = Co, Fe)
4 Comparison with Co,(CO); or Fe,(CO),,
4 Modification of silicone fluids

4 Cross-linking of silicone polymers

# Synthesis of cobalt and iron isocyanide complexes

Col, + CNR KCq

20eq

THF

Coz(CNR)g

4eq R ='Bu; 57%
Ad; 47%

Mes; 66%

Fe(CNR)s

='Bu; 57%
Ad; 70%
Mes; 23%

R=
IRATR)V(CN) =

R=Ad
= 1647 (bridge), =
21012000, 1954 (terminal) IRATRI O = 2108

'
! Reductant = Na-Hg;(Co)Woodward, P. etal. J. Chem. Soc., Chem. Commun. |
11977, 256. (Fe) G. A. Stone, et al. J. Chem. Soc., Chem. Commun., 1977, 853 i
! K Naphthalenide: Cooper, N. J. etal J. Am. Chiem. Soc. 1994, 116, 8566. '
' i
| Co,(CO), + CNR — C0,(CNR),; Yamamoto, Y.; Yamazaki, H. . Organomet. |
ey b i

H

Na silica gel was also applicable as a reductant.

Coly + Na silica gel ———»

THF
RT, 12h

CNBu + Cos(CN'Bu)g.

4eq 5eq

Na silica gel (stage I); 48%
NaK, silica gel (stage 1); 31%

Na silica gel; .. Am. Chem. Soc. 2005, 127, 9338
Commercially available (Aldrich)

4 Iron-catalyzed hydrosilylation of styrene with PMDS

~dol
4r0-q Focsahst
#o b T neat
PMDS  Temp. 24h
13eq

# Substrate scope

Co,(CNIBU)s

(1 mol% Co)

akene + PMDS — >  hydrosiylation product
neat

13eq 50°C24h

Substrates Products Yield(%)* Substrates  Products

Yield(%)”

Catalyst
loading
(mol% Fe
atom)
Fe(CNAd); 80 >99 81 9
Fe(CNAd); 50 >99  >99(95) <1
Fe(CNAd); RT 7 7 <1
Fe(CNAd); . 50 >99 97 1
Fe(CNMes)s RT 9 < 5
Fe(CO); 50 46 417
Fe,(CO)s 50 >99 30 38
8 FeyCO), 1 50 45 13 14
aNMR yield. b Isolated yield

Fe(OPiv),/CNAd system

13eq

. Yield(%)*
Entry (eog?

Catalyst Conv.(%)

b

Fe(OPiv); (1 mol%)
CNAd (X mol%)
(EtO);MeSiH (8 mol%) si
DME (100 L) ©A/
RT, 181
GNAd (2 mol%)
CNAd (3 mol%)
CNAd (4 mol%)
Catalytic activity
Fe(CNR); < Fe(OPiv),/CNR

@ Cobalt-catalyzed hydrosilylation of a-methylstyrene with PMDS

Co catalyst

neat
Temp. Time

@/K ~ euns

13eq

(j)\/s;

Si = SiMe,(OSIMe;)

NN NS 599 (96)

N/_\
NNAF . N AN Q

>99 (97)

o

Do
O o8
O, si

Ab;b'

99 (94)
83(75)

94 (86)
e NN
si

Si = SiMe,(OSIMe;)

99 (91)

'si
>99 (99)°

>99 (89)"

3) NMR yield (Isolated yield). b) RT, Cop(CNMes)s (1 mol% Co). ¢) 60 °C, Co,(CNAd)s (1 mol% Co). d) RT.

4 Modification of silicon polymers
VA YAV,
n=18

13eq
(to SiH bond)

Cou(CNAG),
(0.1 mol% Co atom) L }

>99%

neat, 50°C,24h  PI

05(CNAd)g
(1 mol% Co __(1 mol% Coatom)

neat, 50 °C, 24 h

P p ;
o

13eq >99%
(to Si-H bond)

H
VELYAYVERY,

n=27

Cop(CNtBU)s

(1 mol% Co atom) s (/
(A molh Coatom) - &/
neat, 50 °C, 24 h

13eq >99%
(to Si-H bond)

Catalyst loading Temp.

Entry (mol% Co atom) (°C)

Catalyst Time (h) Conv.(%) Yield(%)*

Co,(CNAd); 1 RT
Co,(CNAd); 0.1 80
Co,(CNBu) 0.1 80

Co,(CNMes), 1 RT

Co,(CNMes), 001 RT

>99
>99 (96)°

Co,(CO), 1 RT
7 Co,(CO)s 0.1 80

2 NMR yield. b Isolated yield
Co(OPiv),/CNAd system
Co(OPiv), (1 mol%)
CNAA (3 mol%)
(E10),MeSiH (7 mol%) ©)\/5r
RT 16%
50°C 0%

THF (100 L)
Temp, 24 h

Catalytic activity
Co,(CNR); > Co(OPiv),/CNR

*C linking of silicon
2 tsfo‘ﬁs‘/\ . s Of
AAVA

n=ca. 47

Coy(CNAd)s
(1 mol% Co atm)

neat, 120 °C, 3 h

n=cas Cross-

R/\/S\ Ls\ }Swwk

ST

linked.

siloxane polymers

olefin/Si-H = 1:1

+ Proposed reaction mechanism
Colls + H-si
Si-CofL)y
HeColl)s

|
FolL), |
| L=CNR

)/LCNR \(HS' /_/,
/—/ /!

. .

ol
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Iridium-catalyzed Syntheses of 7~Conjugated Enamines bearing Acceptor Units

KYUSHU

UNIVERSITY

Atsushi Tahara, Ikumi Kitahara, Hideo Nagashima

and Their Application into Donor-Acceptor Compounds

!Institute for Materials Chemistry and Engineering ,Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580

Introduction

@Previous Work :

@Donor-Acceptor (D-A) compounds

Red light emission dye’

8e

N(&-MeCeHy)

Organic EL emission material

NR;
Acceptor

®8lue shift of absorb / emission @ Large stokes shift

(1) M. Shimire, tal Teahedron Lt 201, 52,4084 () 2 Tng, o, Py
(30 W Rt etsl. . Phs. hem. A. 2007 11, 2035

@ ~-Conjugated Enamines as Donors

photoreceptor Hole transport material Xerography

o

Non-linear optical material®

@ solvatochromism

Chem, Chm. Py, 2015, 17,

)

reduction of N, \-

0.1~0.01 mol% 1a
Qs
N/\

26q. TNDS

toluene, 25°C

reduction of N,

" toluene, 25°C

(R = Me, Ph) (R = Me, Ph)

2eq. TMDS

Ir-catalyzed Syntheses of aldenamines

A~
C

N

Commun, 09,1574

fog

(1) Moogam, Y Aoki, M Taksoka, N Ao, R Nagashima, . e
(@) Tabara, A Migamoto, ¥ Aok, R Shiget, K ; Une, ¥; Sunada, Y. Motoyama, Y. Nagashins, H. Organomealcs, 2015, 34, 895
@This Work
1aor1b r R
2 eq THDS FG = EWG shch as.

oSV

toluene, 25°C

1

1

I

1

1

1

I 0520001 mon 8
I ©Ym g
1

1

I

1

1

1

I

1

1

eV e

Halogen (F, Cl, Br, I)
Carbony (ketone, ester, etc.)

(2) Adolfsson’s work (Mo(CO); & TMDS)

5 mol% Mo(CO)g -

N
N
NR; = o a6
So
N
Q 91%
oN
o~

Barde, G Chiret, A. . J. A, Chem Soc. 2008, 130,15,

@Chemoselective Hydrosilane Reduction of Amides
catalyzed by Vaska's complex (1) Charette’s work (Hantzsch Ester)
H H
EtO,C. CO,Et
, Py GO | ]
a= Pl
o pph, o Mo N e o
@5eq)
NR
15 (CoFORPS €O 1.16q.T,0
1" ™poceFs), CH,Cly, t, 1h

_4eaTMDS OMe; 73%

N R=NO, ; failed

THF, 80°C P R=CN :failed
R

F i, A, olkov, T Stgbrand,H. Adolson, g, Chen. . . 016,55 4562,

10 mol% BPh;
2 eq. PhMesiH,

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

R = COMe; 85%

o cat. 1(0. m mo\%
e s
o LS NN
Y™ uens 05 L
Ph ‘ )
[ a

Yield®

Aldehyde + Amide (2a)

cat. 1(0.01 mol%)

@r©\ﬂ

13%

269, TMDS ©/
—_—p
toluens (0.5 mL) .

Pd(OA:)zl DPPP
s, T Colkin, D,

(3) Cross-coupling reaction
4

96%

eV Ne
O

(4) Syntheses from Phenylacetic acids

Pd(PPhy);
t0lEOH, 80°C, 20n

K,COy

B

[BMIMJBF,], 115°C, 15h

L0
s

3e (>99%)
[0.05 mol% 1b, 0.5n]

ReUNe

A Hartvie 15 1. Cham, Soc. 2006, 125,4976

1
1
I
I
1
1
I
I
1
1
I
58% I
1
1
I
1
I
I
I
1
I
I
I
'

~
N N 0,
Other EWG (CN, NOj etc) /@\ oD,Cl, 25°C /©)<\ N’ notreported
[Ee— Heterocycle R
Synthetic Metals, 2008, 158, 993. MA 6314 v‘ 7 - Mukherjee, D St S Mashima, K. da. ). 2016 13326,
l @Synthese of Amides 2 having EWG @Hydrosilane Reduction of Amides 2a-2j catalyzed by 1a or 1b
@ Competitive Reduction of Amides and EWGs (1) a-Arylation of zinc amide enolates (Hartwig) : N
‘o . o taorth o B ; PhyP. _CO ;
L0 e CLUORQ | [OOSR Q| e e
0.01mol% taor 1b A THF, -78°C. 1h Br - AN : ;
Fo 2eq. TMDS Fo toluene, 25°C, time :
©/ . i = . + ©\ @znci,  Pabal apos wose N\ | pe (COFOUPS, CO
NPh;  toluene, 25°C, time 2 NPh, HF, 10 min.  THF. 2a-2) WSy sa-3 H 17 POCHFs)
Conva 0% >99% 40% (FG=CN), 42%(FG=NO,) : !
s, T Culkin, D. A Hai. 1 .J A Che, Soc. 2006, 12,4976
FG= F(1a)Cita) [ 'R Br
Br (1a), I(1a) e (2) Acylation of p-Bromophenylacetamide O @\)n\ Q @\)n\ Q ©\)H\ Q @\)\ /©
CN (1b), NO, (1b) Br. o Z N Z N Z N Z N
Ketone + Amide (2a) 3a (-00%) 30 (-99%) 3¢ (-00%) 3d (-99%)

0.0 mol% 1b, 0.5n) 0.0 mol% 1b, 0.5n)

fou o

3f (>99%)
025 mol% 1a, 2h]

QU0

)
a0
&

39 (>99%)
[0.05 mol% 1a, 0.5h]

e
3 (>909%) @

at 1.0 x 105 M, Relative to quinine sulfite in 0.5M sulfuric acid. "Absolute FL quantum yield

at 1.0 x 10 M, “Relative to quinine sulfite in 0.5M sulfuric acid. ®Absolute FL quantum yield

|<uv> <FL>

FLincansty

Nomatzes

toluene  THF

Hexane

<Previous Report>

Cattir

11 (in Chioroform) !

Toluene

@=0.

2

53 (in Nitrobenzene) 2 @,= 0.29 (in THF) *

0.50 mol% 1b
_2eaTMOs

toluene, 25°C, 6h

3k (in Toluene)

O%N’
‘ 413 nm
vt =550 nm

3m (>99%)
[no emission]

31 (>99%)
{no emission]

“@%O
O

o @ =064

99%)

femission in toluene]

X
a0ec, 201 " o « . (nsoe @\/‘i Q 3n p99%) 5 oo
Yieldr 23% 90% O e o © Chemoselective hydrosilane reduction of amides into enamines
+Detomined by 'H NMR using an aniol s an el sandard were achieved
: |
_| Propertles I @Photochemical Property of 3i (NO,) @Photochemical Property of 3j (Benzothiadiazole)
@Photochemical Property of 3f (Ketone) Solvent igp (nm) P o (M) g (M) Prire”  Ppians” Solventiiaps (nm) e e (M) e (M) Pri®  Peians”
Solvent e (nm) e e (M) Jp (M) @ @y ® Hexane® 404 26,000 405 474 0.02 0.02 Hexane 419 10,000 430 500 0.96 0.37
Hexane® - - - - - Toluene 424 21,700 420 522 0.64 0.54 Toluene 426 12,100 430 552 0.39 0.61
Toluene 381 25,000 390 433 0.01 0.01 THF 431 30,200 430 549 0.56 0.65 THF 425 11,600 430 589 0.04 0.26
THF 379 25,000 390 428,453,469 0.02 0.02 CHCly 439 24,200 440 576 0.03 0.09 CHCl3 426 11,500 430 592 0.02 0.08
CHCl3 389 32,000 390 01 <0.01 CH,Cl 438 22,200 440 586 0.01 0.05 CHCly 422 9,600 430 603 0.01 0.04
CHCly 386 44,000 390 483 0.01 <0.01 DMF 446 22,400 445 591 0.01 0.03 DMF 422 10,000 430 = - 0.01
DMF 388 22,000 390 481 0.03 0.06 at 1.0 x 10°° M, *Relative to quinine sulfite in 0.5M sulfuric acid. *Absolute FL quantum yield

Hexane  Toluen

@Aplication (2) : Synthesis of D-A-D Compound

O

o
I

PA(PPhy)q , K;CO;5
{OI/EIOH, 80°C, 200

e

n

0.50 moi% 1b
2eq. TMDS

toluene, rt, 6h

Jeaps (NM) 464
(nm) 571

465

e 605




Theoretical Studies of the Catalytic Hydrogenation of Alkenes by Disilametallacyclic

&“’7/4
Bt Tah:

UNI R TY

ara, A.;! Hoshi, K.;! Sunada, Y.;2 Tanaka, H.;! Shiota, Y.;' Yoshizawa, K.;! Nagashima, H.!
KYUSHU !Institute for Materials Chemistry and Engineering, Kyushu University, 6-1, Kasugakoen, Kasuga-shi, Fukuoka, 816-8580

2Institute of Industrial Science, The University of Tokyo, 4-6-1, Komaba, Meguro-ku, Tokyo, 153-8505

Complexes bearing cis- and trans-Dicarbonyl Ligands (M = Fe, Ru, Os)

—‘ Introduction

Hydrogenation of Alkenes

Syntheses of complexes 1, 2

<Fe complex>

(6) A Metal-Ligand

< Hysrogenaton)

o
ERn —
b (L,

chik

8

(sacs, 1978, 5816)
~Hard reaction condition

ey

%

eR,

Angew: Chem. It Ed. 2002, 41,2008,
<well-defined Fe-complexes for alkene hydrogenation>

(bl

(ACS. 2008, 15704)  (inorg. Chem. 2008, 7474)

Hydrogenation of Alkenes catalyzed by Fe- or Ru-(CNMes)2 Complex

H,, high

“Mechanistic studies are difficult due to the high spin state of iron complexes

| |
| |
(01 Proposad -CAM Mocharism v R R cat. 1 0r 2 (X mol%)
(E=C.8.Sictc) 1 ST | .
1 @*diﬁo 1 (1atm) toluene, 25°C, time
— -
pentane, hv, Si7- olefin
| Tt 24h 4 |
Cat 1 Cat.2
1 1 Alkenes
| . mol% _time(h) Yield(%) TON  mol% _time(h) Yield(%) TON
| <R complec R 025 2 509 400 1 6 599 100
/ .
| & 8, PSSy P 1 >99 100 5 6 >99 20
g Chm I 4 201, 45,258 L Crn — .
” = Si” pentane, hv,
1 § Si e 1 ©/\ 1 2 >99 100 5 6 >99 20
[Tee— 1 1
. 1 6 >09 20 5 6 >99 20
Cloco 1 1
(@AY | <complex 1,2 showed catalytic act | o 5 4 >99 20 5 6 >99 20
- Hydrosilane reduction of carbonyl d o
| Hycrosiane reducton of carbony| compounds Y 5 o 09 2 s " 200 2
RS, 2014, 8550) g -t drostyistion f alksnes | SN
d are required - -
e require [ Hydrogenation of alkenes (under Latm of t, rt) | . b 5 6 20 4 5 6 5 1

<This work> |

Results (1)

) Comparison of the Structures obtained experimentally and theoretically I Isomerization and Ligand Exchenage

*Theoretica study forthe property of complex, |- . o 1

2 and catalytic cycles for alkene hydrogenation [Fe] X-ray l i [Ru] X-ray . Intratomic disances (4 |

«Estimation of Os analogues W lIr e ~ * Ot Hy

— [T -BDSB

<Condition of the calculation> 1 Y &;’_t% 1

«For Optimization: M06 / SDD, 6-31G** } = F{ ¥ oW £l - 1 R:Z\S'\\//wg:

“For Energy Calculation: MO6 / SDD, 6-311+G**/ | 2= "1-.\ [ ¢ ®uco 1521926 | 5

- Zaya S
PCM (toluene) - 1 o ] I st 0= e, 00 keatimoly Fov 50 kcatina) [y o
o Thulkom 1 Measured "H NMR of 1: ~10.21 /g, = 13.2 Hz) Measured 'H NMR of 2: 7.3 (Jg., = 16.8 Hz) 1 G152y (M = Ru, +4.0 kealimol) ot v ey o

<Publications> c =

B . Soclety 1

For Fe: .'-:'_‘ ! [Fejcalc. Rucac. @ oo 4 [R——
J. Org. Chem. 2016, ] 1
81,10900-10911. 1 : : QQ'R“ & !.0 1 e

P Ay
“For Ru: 1 & as " ’ % ? 1 o0se
Bull. Chem. Soc. Jpn. B % W
S, 1 8y s T Sl
90, - 1 o Bond Length (A) rans2 1 et = P 222 ol
BCS) award . Simulated 'H NMR of 1: ~10.71 (Jy,, = 12.2 Hz) Simulated H NMR of 2: -5.60 (Jy, = 16.3 Hz) N

6
AT (+7.4 keallmol)  A1™ (+6.1 kcallmol)

B1%* (+10.9 kealimol)
B1% (+10.0 kealimol)

C17* (+4.6 kealimol)
G (+4.9 kealimol)

—

Results (2)

@;

e ——————

o
o
e

%

conversion of Si-H band

|

am P
5 '@ 605 S
1526 e

L tomyto e

step (c)
I

+t

Ase

48

conversion of Si-H bond
from

-to -

A%
e

step (c)

Suggested catalytic Cycles for Alkene Hydrogenation by 1, 2 p B
-Sif
cisr" rans17-3 1 e T)
- <808 Y
+Hy +H; \ - \ -BDSB I 3 "
CaHe b5 | SN
e cl
N, __stop ()+(6) |
CHy  Coftg % 1 ©
; At T Az
\%C‘H‘ 1 0.0(00) 126(028) —02(+12)
-,
\ -
step (a) step (b)
- \ (a)Cycle A L \ 7
¢ co clevage of agostic
o step (@] TSamm™ Tosans
A4M | BaM é, ‘ c
N
Sis
step (o) S.rv step () 5‘ step () AN
3 S
e co PN co ™
N A c3
o w W
Sy s i « (\: rearrangement
of goometry
© AV ° B3 [step (e] | step (a) step (b)
Optimized structures of the intermediates for Ru (b) Cycle B

TSaame ™
4153

e A
-
¥ & o = - TSazms. "
; e ) =k
a - 3 [step a] H-H & Ru-Si
in coplaner
s s e s e e arein cop
[step b] C=C & Ru-H —
iy are in coplaner o0
[step c] Si-H & Ru-C step (a) + (b) step (d) step (¢) step (c)
- - “ are in coplaner (c) Cycle C |
i - — ¥ — TSexer
a 3 = osFe 222
[ ar~ [ o~ [
arpm e
vansz-
- (step a] & [step b] 22 -
- - W occurs at same time T s las ooy = care
s -Change of the BE
.4 try i ired
e -~ i pre geometry is require —
| 74
Estimation of Os analogues ] < nmpa 5o of the reactivity of Fe, Ru and Os complexes toward H-H bond cleavage by Mayer bond order analyses>
I ™ ™
*trans-isomer I - = .
is more stable I = .
S 3183 0O R 1 ]: St
(@ » wooncasonests | 1 ‘. s 1
3 e 1l o X
* % I -
L4 1
1
“Fe &Ru: H-H bond is
I cleaved with the formation
1 of C-H bond (via one Ts)
1 +0s : H-H bond is cleaved
followed by the formation of
acd o wwcorsmrosn C-H bond (via two T5)
e '
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Synthesis of Syn-Substituted Triptycenes Using Triple-Cycloadditions of

I .v. Z Arynes to Ynolates and their Transformations
KYUSHU OTakayuki lwata,* Tatsuro Yoshinaga,? Takumi Fujiwara,? Takuto Fukami,? Mitsuru Shindo?!
UNIVERSTY 1ynstitute for Materials Chemistry and Engineering, Kyushu University, 2Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
. Triptycene Amiged - - )
Introduction Dy symmetry D ®y | ST e
- Rigid three-dimentional molecule 1) _{ =1 \'CLé': — R =
D:':éﬁfne' Firstly synthesized by Bartlett 1 s 4 3 2 —_ ‘,’:,:;( L ¢ .:,._EEE =
+ @\ —_— 0 O Usually synthesized by DA reaction vy pro-complox
P. D. Bartlett, et al., ). Am. Chem. Soc. 1942, 64, 2649. .« o N . o . . .
anthracenes  benzynes triptycene . Wittg, et o, Angew. Chem. 1956, 68, 40. Origin of regioselectivity: negative hyperconjugation
. are o increased &+ = larger angle
ynolate-aryne triple cycloaddition reaction Y Nu -

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

Nu
5 Nu
# 0 0

Q : 5 J Q V
K ! 0 Me Me Me Me "
LiO - //, Structural and Electronically More stable meta-
ynolates bfnzynoes g Q X =H: 37-69% o @/ \@ electronic distortion favorable TS carbanion Su‘?ztl;tlﬁfd
X =H, OMe Lio X = OMe: 27-52% hyperconjugation p

2 2]l yZ OMe in benzyne importance of negative hyperconjugation = ¢*c.x
w407

OMe OMe OMe OMe OLi OMe/ OMe This work

OMe i
o, * Variety of silyl-substituted triptycenes were synthesized
’ O "[2+2]" [4+2] utilizing the ynolate-aryne triple cycloaddition reaction.
R

Li
R * Transformations of the triptycenes were investigated.

Dewar anthracene anthracene
. . . . 1 -
1. Synthesis and transformations of silyl triptycenes . SRs[ SRy
F.
. o 1
™S TMS]  |dihedral angle Si-O interatomic distance X \© -»\@ SR30 SR
21.7°
F A | (60eq) or O‘O
-] 1234 +| Sum of Van der Waals radius ; \ sec-Buli (5.0 eq)
» 0:152A +Si: 210 A L N\ 0°C.1h R3S Rysi R H
Me ® szg)BuLi (5.0 eq) =362A ' v triptycene anthrone
. ] VA )
N ——— Jsi v 1198 iyl :
i 0°C,1h " ; ;
oui 399 Si-0 3.08 A Pentacoordinated silicon ! R SiR’y triptycene anthrone
A I ;
distorted trlptycene Xeray analysis : Et SiMe, (TMS) 12% b
TMS-| halogen exchange 1 i-Pr SiMe, (TMS) _a 10%
: n-Bu SiMe, (TMS) 15% b
I t-Bu SiMe, (TMS) - 13%
™S Me ™S 'V'e 'V'e "cr "Br" g | Me |1  hexyl SiMe, (TMS) 11% b
| 7 0, b
NCS NBS icl 7 bQ o Me SiEtMe, 48%
(12eq) (20eq) (2.0eq) HO | Me SiEty (TES) 52% -
DMF DMF — CH,Cl; | (Br 1 Me Sit-BuMe, (TBS 50% b
X =Cl:NCS (1.2 eq), 76% (4.0 eq), 71% (20 eq), 79% 60°C  60°C t X it-BuMe, (TBS) 0
X =Br:NBS (1.2 eq), 86% (4.0 eq), 72% (25 eq), 98% 76% 67% 87% | a:notobtained, b: not determined
X=1 ICI(1.1eq), 57%  (2.1eq),52% (4.0 eq), 76% °
1) Mel (4.0 eq)
_ NaH (3.0 eq)
O B(OH), 5ea) DMF, rt, 90%
e
(18 eq) Pd(OAG); (50 m?)l%) ZB(pin) (18 eq) 2) styrene (18 eq)
Pd(OAc), (25 mol%) Mephos (100 mol%) Pd(OAc), (25 mol%) G’Slsjbbsl‘;“) cat.
Xphos (50 mol%) Cul (25 mol%) | Xphos (50 mol%) ( mol%)
THF/K,CO3 aq = 2/1 THF/K,CO3 aq = 2/1 THF/K,CO3 aq = 2/1 toluene
60 °C, 24 h 85°C, 24 h 60 °C, 24 h reflux, 24 h
85% 83% 81% N 69%

2. Generation of triptycyne (triptycene-aryne)

o.
OMe OMe
F Fi F NaH HMPA (2.0 eq) \@/
| (4 eq) s-BuLi (1.3 eq) (19 eq)
THF

Mel i
Me, F MeO' Me n-BuLi
\ (6eq) n-BuLi (5 eq) ‘ (3 eq) 78°C,2h (1.2 eq)
_nBuli(Seq) o, _qeea
\oLi addition over 30min  F o O r'tD"th E then I, (2.1 eq) Et,0
p ] 1t, 1 h, 76% 20°C
20°C, 30% MeO Ml F g o 200C
tript:
1) TBAF (1.1 eq) o riptycyne 41%
OMe OTIPS oMe THF, 0 °C, 5 min, 98% N
(60eq) 2)1, (3.0 eq), 2
Mel (4 eq) EtyN (8.0 eq) (20 eq)
Bu F OoTIPS MeO B NaH (3 eq) DMF, 0 °C, 30 min MeO n-BuLi
\ _Buki(e0eq) T\PSO Y H2° (“8eq) o Bu e B“ (1.2€9) | MeO
\ oTips = MeO, oTf
T DMF LTI -omes 3 ) THO (1.25 eq) THE
t1h MeG rt, 40 min 100 DIPEA (1.25eq) Med M MeO . 20°C e}
25% 46% MeO " Med CH,Cly, -78 °C 30 min
10 min, 86%
Conclusion | Future plan |
- Silyl-substituted triptycenes were successfully - Triptycyne will be applied for the vnolate-arvne triple

synthesized utilizing the ynolate-aryne triple cycloaddition reaction. ’ - ~
cycloaddition reaction even when using steric ‘ \ /
silyl group. CZ Q.,O ,,,,,,,,,,, o

« Triptycynes was also successfully generated "~ Ho """""" - / \
from two types of triptycenes. @\ cyclododeciptycene
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Switching Photomechanical Property by Structural Transformation
Kenta Goto and Fumito Tani

Institute for Materials Chemistry and Engineering (IMCE), Kyushu University
g2k@ms.ifoc.kyushu-u.ac.jp

Introduction

Materials that are capable of change their shape and size, or of
actuation by physical stimuli are of particular importance as media

for conversion energy to mechanical work. Such mechanically e & '%:l

responsive or actuating materials are promising candidates as o A o 9

dynamically active elements providing a wide range of applications N 7~NIN\

such as artificial muscles, actuators, and electromechanical devices. If N ‘; Q % P L P '%:l P
1 d

physical stimulus is photo-irradiation, mechanical response materials
are classified into three mechanisms. One is cis-trans isomerization,
the others are ring opening and closure reactions, and cycloaddition
reactions.!

We recently found the photochemical reaction of naphthalene
diimides (NDI) having alkylamino side chains in the solid states.?
Upon irradiation of light (. = 370 nm), the compound 1 showed color
change from to yellow to black (Fig. 1b). This came from the
formation of radical anion of 1 as evidenced by UV-Vis-Nir
spectroscopy. Furthermore, the crystal 1 showed photo-mechanical
motion (Fig. 1c).

X-ray structure of 2

Viewed along b axis

Fig.1 a) Chemical structure of 1 and 1-b) Color change
of the crystal 1 upon photo-irradiation (1 = 370 nm) ¢}
Photomechanical motion of the crystal 1.

[1] Nath, N. K; Panda, M. K. Sahoo, S. C.; Naumoy,

CrystEngComm, 2014, 16, 1850-1858.

[2] Matsunaga, Y.; Goto, K.; Kubono, K.; Sako, K.; Shinmyozu, T.

Chemistry-A European Journal, 2014, 20, 7309-7316.

Objective

We suggested that the photo-mechanical motion of 1 originated
from the electrostatic repulsion among 1-1-, 1-1-, and 1-1".
When we spatially separate the donor group of NR, from the
acceptor imide moiety by long alkyl chain, van der Waals force
would be dominant or interplay with electrostatic interactions.
NDI having long alkylamino chain would give an answer as to the
question "how long we can separate the donor group of NR; from
core moiety.” Solution for these problems have possibilities of
controlling photo-mechanical motion by chemical modification.

# >
2C4 ‘é\/\gg\MNMez
O, O
= fjé\/‘gw\/\/\/NMez

Driving force of photo-

P. mechanical response

c6 é“\/\ﬁﬁ\/\/\/\we €2 : Electrostatic interactions

o 0
C7 g Q<>

e N :

" S e 2 Cn:van der Waals force and
. electrostatic interactions
as AR

I T

Thermal analysis and structural data

DTA rate: 5 °C'mint

CP MAS 3C NMR 400 MHz, 15 kHz

. "
2 T~ —— N ——. 2
[._? {__} > s - I
]
e e im0 (A1 (203) 2H
Temperature / °C ' Y
VT-XRD 20: 3-25%; rate: 5 °C-mint ;:iz;ﬁ;:;i‘::hﬁmm A
Viewed along a axis Armoiety in the next layer s orthogonally stacked. |
.
N 1
3 u
| 158150 °C . = T T T
% s "
] st
2:CoeHNiO 5 | (hki)(20-1)
a=8.1678(1 g E gme Reference 1
837260107, | wnc ‘
130:5:"\ & % v W20-228"d=389A :
0.0622 (1> 2(0}), wR; = 0.1445 (allreflections). ¢ ® 2031 ::‘;::c"i:;:‘:;";:;:‘::y:;::;':::h“‘"’ : =~ {
bt 5 50 SR A R conformations from the Ar ring ¥ .
20/* P
. . . .
Structural transformation Kinetic analysis
Uv-Vis spectrum: thin layer 2 (o; prep. 2000 rpm, 30 sec) and heat treated 2-H (A ; 120 °C, 10 min) B+qSC B Radical anion dimer
c+qp C : Mixed valence species Observed Calculated
/ q : quencher o 2AD
A VN Structural =1 | s ® 2-HAD l 2
s s i " transformation ks 1 b ——
] .
< - Mass valance [q]o = [q] = [C] +2[D] e .
i ‘ osc [Blo — [B] = [C] + [D] §,, ¥ e
i -0 .':. - j; Reaction description %: ta(Blial < “ 4 .
“am,, H-aggregate J-aggregate dlc] a3
. — 2 2H & = falBlla] - kz[Clq] 4 oo2mv
HO M0 W W e W h 8] K-1 of A2HMV
L €)= — 1_(7) [B] 2 4 & & W “
k-1 [Blo Time 1 10* Sac
Photochemical reaction " -
- Conditions
P oto-mechanica response Irradiation: Ay = 370 nm, 30 sec, in the air
Upon > 3 Immediately 2ndirradn.  7thirradn.  8th irradn.
irradiation ® s Nressed
A=370nm & 3
2 gl b
£ £ i
€ £ dark, air
2 2
v - .
500 1000 1500 2000 2500
/om 3
Decay after g e
irradn. for = 2 . $ .
30 min g g 1.
& & ] .
2 £ .
: 3
500 1000 1500 2000 %0 } ; . .
“. ’ -' et m o
Summary Acknowledgements

The crystals of 2 were found to have the thermal transition at 105.7 °C as observed by DTA. The crystals and thin layer of 2 were fully
converted to be 2-H by heat treatment at 120 °C for 10 min. Above the transition point, 2 was completely transformed by changing their
ordered structure from H-aggregate to J-aggregate. The photochemical reaction of 2 and 2-H showed that the decay process was different
between each other. Assuming the presence of a quencher, the kinetic equation was resolved. The ratio of the reaction rate (k) of 2-H
was smaller than that of 2. The delay in the decay of 2-H may reflect in photo-mechanical response. While the crystals of 2 showed
immediately mechanical response, the crystals of 2-H slowly responded bending, and sometimes swing. Using thin layered 2 and 2-H
would reveal these photo-mechanical response more clearly.

Taisuke Matsumoto (XRD, IMCE); Keiko Ideta (CP MAS NMR,
IMCE); Dr. Shinji Kanegawa & Prof. Osamu Sato (IR, IMCE);
Prof. Yoshihito Shiota & Prof. Kazunari Yoshizawa (Theoretical
Calculation, IMCE)
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Research(C) (no. 16K05699) from the Ministry of Education,
Culture, Sports, Science and Technology, Japan.
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Molecularly Fingerprinted Oxide Nanowires
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) K. Nagashima', Y. He', A. Inoue’, H. Yoshida?,
WIES G, Zhang', T. Takahashi', S. Takeda? and T. Yanagida'

"IMCE, Kyushu Univ. 2ISIR, Osaka Univ.

Breath component

Introduction

Breath Analysis by Molecule Recognition Electronics

molecule
recognition sensor

-
T

Various similar molecules

Electrical detection by interaction with functional group

Problem
Blood test

Our Approach

Nanowire discriminator
g assisted sensor system

Non-invasive, Real-time, Repeatable self-diagnosis

Biomarkers in Breath Breath molecules vs. Health condition

Volatile Organic Compounds (VOCs)
Over species

h Res 8 014001 (2014)

closely related to serious disease

Innovative technology toward early discover of
serious diseases & self medication!!

Experimental

ZnO nanowires
P

. Hydrothermal ZnO nanowire growth
Sisubstrate  ZnO seed layer

RF sputter by 5
50W 0.3Pa amin  Water 100mI HMTA,
Zinc nitrate (Zn(NO,),6H,

2 Solvent: 2-propanol 970uL
Polyethyleneimine (PEI),

i
HN), 2.5mM 95°C, 24hrs
Sol-gel mechanism: metal alkoxide reaction | Pretreatment for moleculary fingerprinted oxide nanowires

Characterization

Inherent difficulty to electrically discriminate similar molecules

Key point is
‘Molecule Recognition’ & ‘Robustness’

2. Moleculary fingerprinted oxide sol-gel coating

Bu), 67yl Target: Benzaldehyde 10mg

60°C, 1hr

Bal Cross-sectional view

Recognitic

Aim of this study

=9

Conventional Sensor
. Moleculary
imprinted polymer

Robustness
Low

No
meaning

Objective

B g6t molecule

Benzaldehyde
Molecule selection (Lung cancer marker)
& condensation .

Molecule recognition + Thermal robustness
Fabricat

of moleculary fingerprinted oxide nanowir

step 1 important | Step2 wilo TiO, layer

200 nanowires 2ZnO-TiO, nanowires gel nanowires  ZnO-sol-gel nanowi

Cross-sectional view

20O nanowires

in coat: 4000rpm, 1min
| Cross-sectional view

Cross-sectional view:
130°C 1h—400°C, 1hr Bk R ey T

ld emission scanning electron microscopy

(FESEM)

~Energy dispersive x-ray spectroscopy (EDS)

Tio, based tingl
scaffold - G

Dehycraton
& polymerization

+Fourier transform infrared sj

Results & Discussion

Characterization of Molecular Fingerprinted Oxide Nanowires
FESEM image STEM image-EDS mapping

100nm

100nm 1000m

Zn+Ti

To 010 amorphous

100

Intensity (a.u)

N
[fartim

LR 0750 100 150 200 250
Distance (m)

Moleculary fingerprinted layer is amorphous (Zn,Ti )0

Intensity (a.u.)

«Transmission electron microscopy (TEM)
chromatograph mass spectroscopy (GCMS)

copy (FTIR)

Zn0 nanowires dissolve withoug TiO, layer by byproduct

TiCl, + 2H,0-TiO, +@HC~ ZnO dissolve

Evaluation of ‘Molecule collection ability’ & ‘Robustness’

Evaluation of Benzaldehyde adsorption Cycle thermal stress measurement

GCMS spectra  miz 106

520ppb 30min
300K

>600cycles

Normalized peak area
Peak area

Target: Benzaldehyde
Thermal stress: 400°C 5min/cycle

200 400 600
Number of cycles

Retention time (min) 800 1000

nt molecule collection
by moleculary fingerprinted nanowires

Excellent thermal robustness of
molecular fingerprint
(vs. no sol-gel film)

Moleculary fingerprinted oxide nanowires with ‘Efficient molecule collection ability’+‘High thermal robustness’

Recognition Mechanism of Molecule Fingerprin

Target molecule-fingerprint interaction FTIR spectra for molecule adsorbed nanowires

Benzaldehyde liquid ~After adsorption  Before adsorption
Fingerprinted

$25C Non-fingerprinted
nanowires

nanowires

83.1C
’

mz106

Intensity (a.u.)

s () Tompoats () ),
T H #
p o1 T

"
&t L
Interaction at C=0 & Aromatic C-H

Transmittance or Absorbance (-)

60

T,(=T)

B Mol 2 — 2000 1500 1000

T,67)
& oz T
Wavenumber ()

Absolute & partial

Benzaldehyde
Several adsorption states

How does it recognize? L » )
Multi-point recognition mechanism

Normalzed peak arca

Molecule Recognition from Molecule Blend

Structurally & Chemically
similar molecules

Molecule blend

Target

Hexanal anal

Molecule recognition by desorption process

Fingerprinted Nanowires. Non-fingerprinted Nanowires

) tept Step2
Adsorption | o T desorption  High T desorption

Normalized peak area

Toluene desorption Target desorption

Desorption profile 2 step desorption process

Excellent recognition by molecule fingerprint S

Structural & Chemical recognition Y.~ -
Is it possible to discriminate from toluene?

Highly reliable molecule recognition ability of moleculary fingerprinted oxide nanowires

Summary

We successfully synthesized &

Isolation of target molecule by controlling
desorption temperature

moleculary fingerprinted oxide nanowires

Structural & Chemical molecule recognition | Thermal robustness 400°C >600 cycles




Impacts of Thermal Annealing on Electrical Properties of Hydrothermally Grown Zn0O Nanowires:
Nanowire Resistivity, Contact Resistance and Their Long-term Stability

Introduction
Metal Oxide Nanowire

Ag Grawn
Nanawire

Annealed
Hanowire

* To Investigate Impacts of Thermal Annealing
on Electrical Property of Zn0 Nanowires

* To Establish the Strategy Ensuring
Long-term Stability

Growth of Zn0 Nanowire eali Measurements

Results and Discussion
Mor ph ulogy tSEMj Optncal Froperty (PL) Eleclrica_l r;:ha racte

R, Chargs Fase (%)

Etching effect was not ohserved.

Crystallinity (XRD)

z

Future Plan

- Long-term stability of PL and electrical characteristics of ZnO Physicallchemical origin of the degradation
nanowires was improved by thermal annealing. will be clarified through experiments

« Chemical stability of ZnQ nanowires is considered to be enhanced which are stability evaluations
by atomic reconstruction during thermal annealing. under controlled atmosphere and/or by TEM.
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Effect of Tungsten Doping on Hydrothermal ZnO Nanowire growth

"interdiciplinary Graduate School of
Engineering Sciences OHiroki Yamashita®, Kazuki Nagashima'? , Daiki Sakai®, Tsunaki Takahashi?,

fInstitute for Materials Chemistry and  7hang Guozhu? , Masaki Kanai? and Takeshi Yanagida'?
Engineering

po— h - What's " Flux-window principle”?
L |
Punung Ranowine's orfical nudiegtnn rong irapid growe. procest]
by changing tha dise o plirs | and diameter [m-pane) of
Manoraies i i coadiilest dlemes [2n'] cone

Crystal growth can be considered that correspond
There e varionis pdvamis W e to each crystal plane c-plane - m-plane

Imprrily d'nﬁlhg Substitute m
Clarification of growth mechanism in
liquid phase

]

W don't know how chermical specyes relate 1o nunowine prowth reaction

A Ry lanie distribution

L p= AR
111 I & ructural valldation

. Hanimlip gt
WO, BOC) vutatipte W chpaac i e Daping validation
ks 4 &
HATTH & BN oo AMN, & BHERO —_— . i
R puties e riiibra i
Taigeil  Te Baie persune | LA X TD%Ra| phi o el Bl
Tapetd < dnd) e presissy ;0. 6Pa) La®' & ANH s PPN,
AF Poass 1 100/50{W]  Ratation 1 | 200 i+ EiON)
Brnition - 90/ frmi Tirne : Ti-lein, Fnl- Smin

ERlRMY, — Znid + N6

Result & Discussion
W ration change elfect

As the amount of W Increases, the length is
shorter and the diameter is larger

Ihere is ulmast no inflocnce on Sn-derived chemicnl specics
distribaption by adeliiion of W

Sucheuiinn ooenc s nama with W & =il

W il samp b eswwrs af e b oo sl

Soemario 2 isn'i clear

It is considered to be Scenario 3 from this result 1
rewth

m We could successful to clarify 'I|‘|L E,rm'.th mechanism

We'll measure EDS of W amount changing condition

Increasing the cone. of PEI returned to Nanowire shape even il W was added (a little addition)
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