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OfEH Fa&'. v gE'. #EFT. B —4£" (1. 7EHAS)

® =z

16:15 ~ 16:35

[E1113-2vn-02]

NERBICKET ARRECFEL Y — AVUADILT O SV ZEFROEHFEREL T T
ILZEML

OATF s, Ee k', @ 5a. 2R E3". 82 (1.1HIX)

® x5

16:35 ~ 16:55

[E1113-2vn-03]

27V ERED DEALNESFEMEORBEEROT A AT FABEEBADIGA
OFFK'. Fay o7\ R g8d, v—Fr— UFv—R 2525 (1. BEHAZ (LFHZH)

®a%sE
16:55~17:15
[ET1113-2vn-04]

hﬁlé%uaa%gﬂ’it?éﬁd%hu RILT vty AMEORE
OXE R, WH EE'. & (1. RAK)
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[7h7Svo 70454 [BEE] |11 GRLY BEER(Y OFEBER |

B 202438198 (2K) 15:55 ~ 17:15 T E1121(11288 [2] 1121)

[E1121-2vn] 11. E#LF—1BEBHLEF
EE  PEHEF. ZEH MR

®a%sE

15:55 ~16:15

[E1121-2vn- 01]

RERRE— BE  FEOXRECFOME
O%ﬁmﬁth:fﬁtfuuﬁw AEEE (1. d6EEAS)
® =z

16:15 ~ 16:35

[E1121-2vn-02]

HmFEZAVWIERESLLO TR ECERIEDHANDIEA

OBa&A'. %85 A—". #F ®E°. Sheng HU?. Il —%23, e %2 (1 LARBRI. 2. 46K WPI-
ICReDD. 3.5k CIREDS)

\ &+

16:35~16:55

[E1121-2vn-03]

A Coordination Cage as a Crystalline Sponge

OWei He1, Hiroki Takezawa1, Makoto Fujita'+2 (1. The Univ. of Tokyo, 2. Institute for Molecular Science)
] y

® g4z

16:55~17:15

[E1121-2vn-04]

RUBAFR (T—LRYAOILY) IC&DEEA A VI T BMUBBERRWAEA C AIEEIR
NESBIAVESR . 9FFt0O

OEMFEE". A FH2. EFEEN'. BHAB— (1. 1HA. 2. FEIX)
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| 7AFIvo 70754 [BEE] | 12. BBLEY ERESR - BHFHY OEBEE |

B 2024438198 (1) 13:00 ~ 15:30 T E1123(112 88 [2%] 1123)

[E1123-2pm] 12. ER{tFE—BBESR - BOFLFE

BER © OBk BF—. WA RS

®a%sE

13:00 ~ 13:20

[E1123-2pm-01]
BEABEEREZRIVTEZ7 NS UERDEIE

ORF EA'. MR E2. 2k A3, BBEYN MEARZ(. SMIART. 2. SMIAET. 3. 8ARKEH
B4 AR

®B%sE

13:20 ~13:40

[E1123-2pm-02]

ZHMT Y TR FRBDRET MG | FRETREIRRNLE R DEIR
OmmE&E". MERE'. # EXAR (1. SMIRKST)

® BxzE

13:40 ~ 14:00

[E1123-2pm-03]

7V RIENHEIGR D FIEER | SO & A O BT
OXF £18". B E2. M EAS? (1. BNIARI. 2. 8T AET)
® =

14:10 ~ 14:30

[E1123-2pm-04]

RONRBFOEHMICED < EAMROERRKR OIS
ORfE#E'. Ak RE'. BB X2 (1. HRAY)

L J=F =

14:30 ~ 14:50

[E1123-2pm-05]
ELZTERPAINERREBAEDERERBCES
OEmE#'. mE " MR BN M H— (1. 8EX)

® 5&:E

14:50 ~ 15:10

[E1123-2pm-06]

6fiIfE&fia-CDH 5 DB FIEERDIER CBERER T X 7ILICX 9 5 :Z RV EE
OFRMAEH'., FR 854S, Justine Kalaw., B} &', AH &2 (1. ABRAF)

®

15:10 ~ 15:30

[E1123-2pm-07]

A Friedel-Crafts acylation way towards multi-bridge-functionalized large pillar[n]arenes

OTanhao Shi1, Shunsuke Ohtani1, Kenichi Kato1, Tomoki Ogoshi1'2 (1. Grad. Sch. Eng., Kyoto Univ., 2. WPI-
NanoLSI, Kanazawa Univ.)
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ﬁ2024$3ﬁ19E|(K) 13:00 ~ 15:10ﬁE1131(11%ﬁE [3F&11131)

[E1131-2pm] 12. ER{tFE—BBESR - BOFLFE

BR:EX & BAFZN

® BxE

13:00 ~ 13:20

[E1131-2pm-01]

FURRILT 4 )2 ET R RFOERDTBECERICK DFIE TN DD FET!

OAT Hz'. REME" 2 k¥ 562 (1. CERRAEERT, 2. BA HRAEREICESTEFSL/ v By
BHls)

\ &+

13:20 ~ 13:40

[E1131-2pm-02]

Controlling the helicity of dynamic helical tricobalt(lll) cryptands by tuning the diamine
chain length at the aperture

OSk Asif Ikbal1, Shigehisa Akine':2 (1. WPI-Nano Life Science Institute, Kanazawa University, 2. Graduate School
of Natural Science and Technology, Kanazawa University)

L J=bis
13:40 ~ 14:00
[E1131-2pm-03]

B8 - B TOH IRESBERC{MO3,} NEBZERIAND S X e

OB kB, B & REFE'. t9 BB 2. IE =R 2 (1. bAKREE. 2. LARMIREE)
=z

14:10 ~ 14:30

[ET131-2pm-04]

KREFAO—FRZEM BV Y NIJEOByFaiE

OmEE D, PEEE'. 75 @2 2L EB% RAER. BE > (1. mBRRT. 2. AP AEESRTH
RISHZRRR. 3. 9 FRZMER. 4. BAEESEH)

® 5:E

14:30 ~ 14:50

[E1131-2pm-05]

TARDFICEZBEBCEEH TEILOEEEROBEY & FDEBEEH:

OB aME". BN FizN'. FRH—" (1. BARKEL)
=z
14:50 ~ 15:10

[ET131-2pm-06]
7 I ROKEGEEZHA L AEERMDiels-Alder IR D R

OfER'. AR @' (1. ME)IAS)
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& 2024%F3H198(X) 13:00 ~ 15:10 it E1132(115 88 [3F&] 1132)

[E1132-2pm] 13. ERLF—RICHEME - SfLF - BRILF
BE : BE R, B

L J=F =

13:00 ~13:20

[E1132-2pm-01]

HAOL HRDERRR Y2 VZERDDFR—EIBDH

OBFHEAN. KT LA, Pema’ (1. BAET)

®B%sE

13:20 ~ 13:40

[ET132-2pm-02]
ZODRIKZBBEEHDZWVWIS P HILEZH ODRERAL TP HILOREINE NS

OmRE B!, b8 BA%. B RAL WA MTL. WEME? (1. XREHA. 2. EAA)

A J=E2

13:40 ~ 14:00

[E1132-2pm-03]

TS/ FAT I VERBEOER E—BIEDH

OmA xA'. BHEA. Jems' (1. BAET)

© zzE

14:10 ~ 14:30

[E1132-2pm-04]

C-F Functionalization by Defluorinative Coupling of Trifluoromethyl Compounds

OChung-Yang Dennis Huang1,Amit Kumar Jaiswal’, Priya Saha' (1. Hokkaido University)

L JI=Fis

14:30 ~ 14:50

[E1132-2pm-05]

7%/ OME - BGARE E L TOEESER

OXEM'? LB EZ3. BHER?. EBEH 2 (. ABAZEHF RSB Y2 —. 2. APRFAFEIY
BzERL 3. BRI S 4EMOLFEX)

L J=F =

14:50 ~15:10

[E1132-2pm-06]

WERNT L FEREDERAAEICKZRIL I« VT L —BEERLBRICE T ZmESR
A4 F U XD

BmIE BR. B EEEL. AR AEL AN RS OFE E—" (1. EILAREL. 2. REARIE)
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[E1133-2vn] 14. ELE—FEEK - ERER - NTOAERFLLEY
EE : BABEE. WL EN

® =z
15:55 ~16:15
[E1133-2vn-01]

b REIFZ A /uTJZcEy‘EL*Ll Rt R D FORFE

Oty —#'. #ABRE'. P EN (1. RIMARIE)
\ &+
16:15~16:35

[E1133-2vn-02]
FAT T VETHRELIETILZVOEK EEE « FEBENMURIGEDORAE
ORERe'. #xmE'. FEN (1. RIHARTE)

© mzz

16:35 ~ 16:55

[E1133-2vn-03]

2EBINOF VEEHEERICKZ 7051 ROWBIRICH T3 EBESEORE
OmigE 22, A "2, mRESE'. $AsE BUSE"2(1. 9FH. 2. 8Hk)

L 2 e

16:55~17:15

[E1133-2vn-04]

ET7vER/N\OAT LT T72LVOER « E@EEE - D FEHEE{EA
OKXIF k"2, KA B2, Za R 2Bl sshsgsE'. BLUEE" 2. DFH. 2. 8HX)
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B 202438198 (2K) 15:55 ~ 17:15 Ik E1142(11 288 [4F£] 1142)

[E1142-2vn] 14. ELE—FEEL - ERER - NTOAERFLLEY
EE : SHMEE. 315 EXER

®

15:55~16:15

[E1142-2vn-01]

FRS-SRATOBFBREILN T« >0 70Y I DR

Omig gett'. BREBA'. FtmEA'. AR HE% 8EE% B ELS. REE . L0 B8 (1. REEX
2. 2 RERATE)

©

16:15~16:35

[E1142-2vn-02]

BVWEEMEETEIATHFIESYUILIZ YOG CRUEE

ORB X', BB HE' (1. ERARAERTERAER)

©

16:35~16:55

[E1142-2vn-03]

BR-NTORFREEANDHEINAIAR/ 1 ROBAILL ZRILARIGDBHH

OB EC'. BAAB 2, it g2 (1. BEIAEREBEL. 2. RTALER

® x5

16:55~17:15

[E1142-2vn-04]

ZRAA Y R—IILFEERERZIBA LTCO, TP NI T ZA VK DREET IV > Ot
N7 —=ILAIREILLE

OSuvankar Debbarma’'2, Saeesh R. Mangaonkar'2, # ##" 2, #% 3. grE B 23, £2 82 (1. 46X
WPI-ICReDD. 2.JST-ERATO. 3.dtKzIE)
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| 7AF3v o 70754 [BEE] |16 XRAMEFE - I ALNIAOY—  OEBHE |

& 20244381 9H(X) 13:00 ~ 14:50 it H933(95 88 [3F&] 933)

[H933-2pm] 16. XAYMLE « T AINAFAOD—
R : ME @A, SHFMA

® x5

13:00 ~ 13:20

[H933-2pm-01]

MEBABIX NS OPRERRFETEEZDOE/JIILAVIILE oL/ RETHSGRh,
DNERAVEEE - }FELE

OAB #@E"2, mlEF 3. NG #E2Y B B2, AR Fz 2 mEEgE" 2, $HA EB23 (1. IKERY A%
PSR RERIERIFLR. 2 AUESEERELY 22—, 3. BEARS T3, 4. BEEERZAS)

® x:

13:20 ~ 13:40

[H933-2pm-02]
HINIRAOYVA-DDISLRT—ILERK

OB F#'. BF AR, ZHE2 (1. @EARI. 2. #EAEt)

®B%sE

13:50 ~ 14:10

[H933-2pm-03]

FREROAVRF—IERODEREDHE L E2ERADILH

O A% kg 2 —8" (1. BRRKEE)

L J=F =

14110 ~ 14:30

[H933-2pm-04]
Cristaxenicin A D& RLAAZE

OFmA M. AEHTF. ME BN, 85 £1:2 (1. LAERL. 2. LK)

©

14:30 ~ 14:50

[H933-2pm-05]

BEDT /N T T HEERKAYILagunamide C DERLIC & DHEIEETIE

Ot B8R, BE #BL SHEFA Al EX (1. KgAK REWE. 2. FiRAY BIFHER)
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| 7AF3v o 70754 [BEE] |16 XRAMETE - I HALNIAOY—  OEBHE |

& 20244381 9H(X) 13:00 ~ 15:40 it H935(95 88 [3F&] 935)

[H935-2pm] 16. KAYMLE « T AINAFAOD—
R K#H ZF. I #—8F

L J=F 51

13:00 ~ 13:20

[H935-2pm-01]

KAZHEBEIZDT = HIL) THA I K 2RIV E YV EEGRERFDFEIRBER OREH

Osm @', 2%E' . =5, EA X2 (1. BbARE, 2. BltAREHRS)

® %3

13:20 ~13:40

[H935-2pm-02]

R A X =2 VOB RN R Y F U IR FDRAFKE

OB# 58", BensonSam?*. Vendrell Marc*, 3B f—ER?. Fith fit'3 (1. KBRAZFE. 2. AMKAF. 3. KIRAF &
BEIOVTATHRELYZ— 4. ITT71 Y NTKF)

® %3

13:50~14:10

[H935-2pm-03]

EMBEA X =22 T DIcHDBRKENA A Y RZ—FEEREALTO—T DR

Ot B B2, LA 02 &%, B 23, Ht Mw>3, | B—' (1. AXRE, 2. RART. 3.5
®70)

® %3

14:10 ~ 14:30

[H935-2pm-04]

Synthesis of Alcaligenes faecalis Lipid A Conjugates with Tumor-Associated Carbohydrate Tn
Antigen Towards the Develoment of Self-Adjuvanting Vaccine

ODavie Kenneth1,Yusuke Yamanaka1,Atsushi Shimoyamau, Koichi Fukase'+2 (1. Department of Chemistry,

Graduate School of Science, Osaka University, 2. Forefront Research Centre (FRC), Graduate School of Science,
Osaka University)

® 5:E

14:40 ~ 15:00

[H935-2pm-05]

DFRAT7HEFRIRRIGEZFA LD AR TORAYIZBERSBIZE

OFs —1B'. 757472 7oN3' AP m#' 2 (1. ERIEAY - WEEITYE - BALER. 2. BLPHR
PR - BIRERZSASES « EREAIEE S BL R E)

L ¥
15:00 ~ 15:20
[H935-2pm-06]

EZRISICK D ESTBMDURRNZRZE T BHEHT S XX —0FDREHE

OWm L', ML HHh 02, bR BFHEFL. BN EHAFL I5F0 72 7N BERE. Ah=a’2(1.
ERTEAY - MEBTYR - SALER. 2. BILPHEA - MIRHEAD - A4S RS RIL2RER)

L J=Fies

15:20 ~ 15:40

[H935-2pm-07]

MDBAEES TILRVEREERIE) VB ENAXAZTHELEREEERZZEL T S
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R). 2. BCEHAER BESEREHEtEY2-)
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| 7A7F3vo 70754 [BEE] |17 £ABEEELT - N1470./00—  OEBHEE |

B8 2024438198 (k) 9:00 ~ 11:30 I H932(92 88 [3M£] 932)

[H932-2am] 17. £ BEERSELE - N1 T/ AP —
EE : 215 H—mB. [ Fie

L J=F s

9:00 ~ 9:20

[H932-2am-01]

REEMEEE 95 L cparallelBPNAIC & 22ARBEDNAND 1 > R— 3 >

OZA E&'. LM’ B w—n'. fELAK AR EG'. #7 &= (1. AT EARBEIIAZEE
LHEAD)

L J=Fies

9:20 ~ 9:40

[H932-2am-02]

KA M- MEEERZHA L B FRIRGEED R
OxE &7 2, @i B2 kxs'? (1. "t ASTH. 2. RILARE)

® 5:E

9:40 ~ 10:00

[H932-2am-03]

BREA ) ODNAICK R |OXFH VB & £ DR INEAD 7 FO—F

OBEME2, RFEANRZ KB s2r "2, LUHF®F'. kx £12 (1. BILAZTH. 2. BitARE)

® x5

10:10 ~10:30

[H932-2am-04]

RS /RRAT7T— FDNAD T Ow I EBEDREL
OBEaT . mEEs'. £E—#'. M E (. ZERERAY)

L &3

10:30 ~ 10:50

[H932-2am-05]

ALIREL-aTNADREBRRERICZEBIE LT I AL 17— 3 > D RISHEIEERENT

OmmEoab!, FuEA. 2BE2 (1. 2ART)

® wzm

10:50 ~ 11:10

[H932-2am-06]

New Data Science in Nucleic Acids Chemistry (10): Quantitative analysis for factors
affecting i-motif formation in living cells estimated by the pseudo-cellular system

OKun Chen’, Hisae Tateishi-Karimata', Naoki Sugimoto1'2 (1. Frontier Institute for Biomolecular Engineering

Research (FIBER), Konan University, 2. Graduate School of Frontiers of Innovative Research in Science and
Technology (FIRST), Konan University)

L

11:10 ~11:30

[H932-2am-07]

Rt F DNew Data Science (11): G-HESHA LI-EF—7BEDEHEN L I=H AR
IZE T B EREHITEEE D fZRE
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OBA &1/, IR &®TF2 & —=23, BREEZE HxBEE 2 (1. BEAY SBESTHHER (FBER). 2.
HEARY 70V74 71TV XAERFIRST). 3. FIBARERBXAT 1 HILAIE Y Z—. 4. FERREERFHE

B)

| 7HFIvo 70954 [BEE] |17 EHRERELY - \1270/0—  OEBHE |

88 2024438198 () 9:00 ~ 11:00 I H936(92 88 [38£] 936)

[H936-2am] 17. £{FBEERSEILE - N1 T/ AP —
ER  #E RH. &E &t

A B2

9:00 ~ 9:20

[H936-2am-01]

TERBERRICEDVWIEMET 7L — bRIGORAHE

OfEE =2 Pl AR . XE #RE2. BA SBT3, R EE2 AF EE"2 (1. RARE., 2 ERER
B 3. RARRI)

® g5

9:20 ~ 9:40

[H936-2am-02]

HIRED IO DINDFHRA Yy FREEEALIEDE] S

OB RIB'. B A%, SHE2'. AR A REBEH?. FLIITY Farl HESE'. SNE. A E
W' ORFA B CERETN MAINA RE®?S S ES (1L 2TART. 2. 2ART. 3. 2AKES /. 4.
HART)

L

9:40 ~ 10:00

[H936-2am-03]

BRRVT7IVERMUFZEIBZIPANT 1 FMeEMZFABLIBRIELN RV NIBE T+ —)L
T

O =X, #wE &18"2 (1. BT ABRI. 2.KISTEC)

L J=F5-2

10:00 ~10:20

[H936-2am-04]

TS ZIIVEER BT SPAFEEZRIOSK. BEEEHMEE BXFEOFIA

OFm &', o E—"0 NI BIRe. BHEHE3 (1. EEA. 2. KRATA. 3. HiLX)

® gz

10:20 ~ 10:40

[H936-2am-05]

ZUR)ARATEFEETICET B Methylosinus trichosporium OB3bDJ') £ O—)LIZ &K %
EMEXN=ZXL

Ot 31, @l 3", F RIE" (1 RRIEARS)

\ &+

10:40 ~ 11:00

[H936-2am-06]

Dramatic enhancement of cytochrome c catalytic activity associated with a Rh coordination
cage

OBenjamin Le Ouay’, Yuri Kanzaki', Purna Kanta Boruah', Masaaki Ohba' (1. Kyushu University)
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[H931-2vn] 17. £4HEERELE - NIrFTo /0D —
EE : A XE. BBE #EN

®a%sE
15:55 ~16:15
[H931-2vn-01]

HREREHZ R TAINTI T —DORRE
OB N2, HEBRE'. ON—k TR (1. BERAS., 2. RS EHERLE)

® g5

16:15~16:35

[H931-2vn-02]

FA=ILZBWEAY TILR 7y EAICEDCMRFP 1 BFIRXT 77— E AR DOR
3

#)Ee'. O s BER SN BE &R (1. mERAY)

® x:E

16:35~16:55

[H931-2vn-03]

DNAF /BEFRTEBELIALIIYNN— XY FTOBEA T — KRG

OM ', 45 182, Zhang Shiwei'. FE 8. HH £ (1. RK IRLF—BIFRAEH. 2. R AFRIRIL
* —HFHREH)
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[H934-2vn] 17. £4HEERELE - NrFTo /O —
EE: EHE&X. K IEE

L J=F s

15:55~16:15

[H934-2vn-01]

AENIGEM TRV EZ B T3\ FAOYIILEBEBOER A > TJ ) vEfRRAE L=
RIGAN E SRR a3 ADIGHE

OFM X', =@ &', MWIF s (1. RARI)

A J=ESS

16:15~16:35

[H934-2vn-02]
BOFEERERMERIGICK REBERSM') /> B Oin situG i E D AMIZIEIERE

Ofpx EE'. RAFABR'. A5 B, Mg #35" (1. RABRI)

®a%sE

16:35 ~ 16:55

[H934-2vn-03]

RRT7FJILA /S b—JL3,4,5-= 1) VEEPIP3) % YEIE T2 Y —IILOBERE EIHA

OLm &X' (1. B RLRERZRAR)

®a%sE
16:55~17:15
[H934-2vn-04]

d—X brmEkZFA LIt ZRISHDHEE
OMill &£'. RA XF' (1. LDEAF)
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[D341-2vn] 18. BHF

ER:FREHR. EPNHE

®a%sE
15:55 ~16:15
[D341—2vn—01]

REILT SRR T—2RB LIS F7 L OEEYEHE

gy Bk BA—. BLES. TR FE OSYHRE (1. AFTAZAER)

L ¥

16:15 ~ 16:35

[D341-2vn-02]

Bt O LRAIEBREICERLIZRY (4-EZ)LEVD>—Exa045 YY) HEEGEKTS
DI & B ESIEFERENMESGE

OR AyE', ==’ LA #%E (1. /BRAD)

® x5

16:35~16:55

[D341-2vn-03]

EFHCFEABEDTFENFEII 2L -2 a3 0RE BREBMIEICK Z2BELER) v —
ERDT-HDFLWT TO—F

OB Eie'. ExEf'. ) TA (1. "ILARE. 2. WALKFIEKH)

©

16:55 ~ 17:15

[D341-2vn-04]

Mild Catalytic Degradation of Crystalline Polyethylenes in Solid State Assisted by Carboxylic
Acid Groups

OBin Lu', Kohei Takahashi', Jian Zhou?, Shintaro Nakagawaz, Naoko Yoshie?, Kyoko Nozaki' (1. Grad. Sch. of
Eng., The Univ. of Tokyo, 2. Inst. of Industrial Sci., The Univ. of Tokyo)
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Rapid Saponification of Rapeseed Oil and its Practical Application in the Classroom

(NS COSME CO., LTD, *Kagawa Prefectural Sanbonmatsu High School, Graduate School
of Human and Social Sciences, Hiroshima University) OTakaaki Obara,' Ken-ichi Sakai,
Kiichi Amimoto®

In general, the reaction rate of fat and oil saponification is slow, while using dipropylene
glycol as a solvent accelerated the reaction up to 500 times faster than without the use of
dipropylene glycol. In this work, we describe the soap preparation from rapeseed oil using this
rapid saponification method, and also report the results of a practical class at a senior high
school.

Keywords : Saponification, Fat and Oil; Dipropylene Glycol; Classroom Practice
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2) /NEFM, AilroOIETT 5, Patent No. 7038271 (2020).

© The Chemical Society of Japan - A1456-2pm-01 -



A1456-2pm-02 BALSS B104BSES (2024)

BEBRARBFETOI S L RICEREICEHT SHSOEMR
CPERBEEE | - F3AEHE D OMIT B - AR Sk - Bl Ak

Experimental Learning Program for Pre-service Teacher Education: A conceptual
understanding of reaction rate (‘The United Graduate School of Education, Tokyo Gakugei
University, *Faculty of Education, Tokyo Gakugei University) OTakashi Hosoe', Akira Ikuo?,
Hisao Kokusen®

We are trying to develop the experimental learning program" for teacher training on hydrogen
peroxide decomposition reaction. There are (1) a plan of an appropriate experimental procedure
to obtain the reaction rate, (2) obtain the time course of hydrogen peroxide concentration by
titration, and calculation of its reaction rate, (3) calculation of apparent activation energy by
experiment with changing temperature.

The program was practiced and conducted a survey on the degree of comprehension of the
concept of “apparent activation energy”. Based on the results, when trying to improve the text
using the image diagram, the degree of comprehension became high. Students who took
physics and chemistry in high school science tended to have a higher level of understanding
than those who took biology and chemistry. In the learners' understanding of the reaction rate

derivation of the activation energy, a connection with mathematical skills was seen.
Keywords: pre-service teacher education; experimental learning program, reaction rate;
hydrogen peroxide
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Experimental Learning Program
H,0, — H,0+1/2 0,}
3+

Fe

The learner does three things (1) to (3)

o

Acquisition of experimental skills, knowledge and understanding

*Determination of rate constant
=Verification of first-order rate law

1) Design of Chemistry Laboratory Course. I. Instruction of “Reaction Rate” Experiment. Teratani, S.,
Bull. Tokyo Gakugei Univ. Sect.4. 1990, 42, 35-59.
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(B S E AR ERE R ) ORIl 5AE!
Practical Report of Science Experiment as General Education in Secondary Education of Kosen
-Reform of Department of Chemistry and Global Education-
(* Meikei High school)  oHiromi Uchiyama®

National Kosen is consist of 3years technical high school (secondary education) and 2years technical
school( post-secondary education). This presentation focuses on the secondary education of Kosen, and
reports the science experiment as general education (outside of technical education).Department of
Chemistry in that school was integrated with other departments by reform, and the science experiment for
1st year chemical students was closed. The reporter discoverd that experiment ,and teach it using
English.This is Kosen’s first attempt as global education, and students responses were good.
Keywords : Reform of Department of Chemistry, Secondary Education, Science Experiment,

Global Education
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Theoretical analysis of proton transfer and molecular motion in proton-

conducting molecular crystals using first-principle calculations
(!University of Tsukuba, *Tohoku University, *The University of Tokyo) OYuta Hori,! Hiroki
Ogura,* Shun Dekura,> Hatsumi Mori,? Yasuteru Shigeta!

Some molecular crystals comprising acid-base pairs exhibit relatively high proton
conductivities despite their crystalline nature; thus, the proton conduction mechanism of these
crystals has garnered significant attention. We performed first-principles calculations to
investigate the proton conduction mechanism in imidazolium succinate (Im-Suc) crystals and
found that (1) the acid—base hydrogen bond structure, (2) rotational motion of molecules, and
(3) intermolecular proton transfer contribute to the proton conduction.” In this study, to
understand the general proton conduction mechanism in acid-base molecular crystals, we
performed first-principles calculations on imidazolium and 1,2,4-triazolium methanesulfonates.
The analysis revealed that proton conduction occurs by rotational motion of molecules and
intermolecular proton transfer as in Im-Suc. It was also suggested that the difference in pK,
between the acid and base affects the stability of the crystals, intermolecular proton transfer,
and molecular rotational motion.

Keywords : Proton Conduction, First-Principles Calculation; Imidazole; Triazole;
Methanesulfonic acid
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1) Y. Hori, S. Dekura, Y. Sunairi, T. Ida, M. Mizuno, H.
Mori, and Y. Shigeta, J. Chem. Phys. Lett., 2021, 12, 5390.

RS 1.44 b

© The Chemical Society of Japan -H937-2pm-01 -



H937-2pm-02 The 104th CSJ Annual Meeting

Comparison between a superconducting-type quantum computer
and a trapped-ion-type quantum computer for the simulation of
spin dynamics

('School of Science, The University of Tokyo, ’Institute for Attosecond Laser Facility, The
University of Tokyo) Erik Lotstedt,! OKaoru Yamanouchi'~
Keywords: Quantum simulation, NISQ device, Heisenberg spin model

While accurate quantum computing of large molecules requires fault-tolerant quantum
computers, there are already several types of noisy intermediate-scale quantum computers
available to researchers. Given the many alternatives for practical quantum computing, it is
worthy to compare the performances of different quantum computers.

We have simulated the time evolution

=
o

of a three-site spin chain described by the a o5 —=— ibm_prague (a)
Heisenberg XXX Hamiltonian' using two c H1-1 .
types of quantum computers: IBM’s IS 081 No noise
ibm_prague,’ a superconducting-qubit type ~ ® %4

. >
quantum computer having a prototype ng_— 0.2
Heron processor, and Quantinuum’s H1-1,? 0.0
a trapped-ion type quantum computer. The g5 )
time evolution is accomplished by the £ Vs

- 0.00 /\W‘\"‘-l’.- - e Ve

Suzuki-Trotter approximation, 00 o5 10 15 a0 a5 30
N tH Time (units of AJ~1)
|l//(t)> ~ Hexp[—l —j| l/I(O)>, (1) Figure 1. (a) Time-dependent population in the [110)
n=1 AN state. (b) Error defined as E = |p11o—p110(No noise)|.
where H is the Hamiltonian, |y(0)) = |110) is the initial state corresponding to the spin state
NAT) and N = 8 is the number of the Suzuki-Trotter steps. The short-time propagator,
exp(—itH/hN), is implemented as a quantum circuit having six CNOT gates. The time-
dependent population pi10(t) = [(110|yA?))|* in the state [110) is shown in Fig. 1. The curve for
ibm_prague was obtained by applying the error suppression techniques of Pauli twirling,
dynamical decoupling, and spurious-state discarding, while only spurious-state discarding was
applied for H1-1. We can see in Fig. 1(a) that accurate spin-state populations can be obtained
using both types of quantum computers. The error, defined as the averaged difference between
the simulated population and the ideal and noise-free population is smaller than 0.05 for both
devices as can be seen in Fig. 1(b). We conclude that both superconducting type and trapped-
ion type quantum computers are promising devices for the simulation of time-dependent
quantum systems.
References: 1) E. Loétstedt and K. Yamanouchi, Chem. Phys. Lett. 836, 140975 (2024). 2)

ibm.com/quantum, 3) quantinuum.com
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Time-dependent rovibronic wavefunction of Hx™ by
multiconfiguration theory

('School of Science, The University of Tokyo, “Institute for Attosecond Laser Facility, The
University of Tokyo) OEFrik Lotstedt,' Tsuyoshi Kato,' Kaoru Yamanouchi'-
Keywords: Time-dependent multiconfiguration methods; Laser-molecule interaction

When molecules are exposed to an intense laser pulse, electronic, vibrational and
rotational excitations as well as ionization proceed simultaneously. However, there are no
efficient theoretical methods where all the electronic, vibrational, and rotational degrees of

freedom are included in the simulation. 3 04 ‘ ‘ , 7
Here we show that the complete time- % ozl
dependent rovibronic wave function of a § 0
molecule, including the three-dimensional %_02_
motion of both electrons and nuclei, can be é 04+
simulated using a time-dependent =y — Multiconfig. (K = 21) o)
multiconfiguration method.! We apply the N R Close-coupling
multiconfiguration method to Hy" and write N% ~BO approx.
the time-dependent wave function as AT
K ~ 0
YrRY=D 04Ty RY )
e S0t :
in the spherical coordinate system, where r is 0 50 100 150 200 250

. . . . Time (a.u.
the electronic coordinate, R is the separation ) (a.u.) .
Figure 1. (a) Induced dipole moment, (b) expectation

vector of the two protons, ¢ and y; are time- value of the total angular momentum squared, and (c)
dependent orbitals, and C; are time-dependent the laser field adopted in the simulation.

expansion coefficients. We simulate the interaction of H," with an intense ultrashort laser pulse
(2.4 fs, 400 nm, 5x10'* W/cm?). As shown in Fig. 1, the curves for the induced dipole moment
and the expectation value of the squared total angular momentum (L*)/4* obtained by the
multiconfiguration method agree well with those obtained by a reference close-coupling
method.? On the other hand, as can also be seen in Fig. 1, when the standard two-state Born-
Oppenheimer (BO) approximation is adopted, in which only the two lowest electronic *X," and
23, states are included, the induced dipole moment is suppressed in the peak regions of the
laser field amplitude and (L?)/4* is largely overestimated. These discrepancies can be ascribed
to the omission of higher-lying excited states in the BO approximation. Our results show that
time-dependent multiconfiguration methods are promising for the simulation of the
simultaneous electronic, vibrational, and rotational excitation of molecules irradiated with an
intense laser pulse.

1) T. Kato and K. Yamanouchi, J. Chem. Phys. 131, 164118 (2009). 2) J. Feist et al., Phys. Rev. A 77,
043420 (2008).
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Constructing extended Hubbard models of short polyenes toward efficient quantum computing
(‘Center for Quantum Information and Quantum Biology, Osaka University, *Center for

Emergent Matter Science, RIKEN, *Graduate School of Engineering Science, Osaka
University) OYuichiro Yoshida,' Nayuta Takemori,"* Wataru Mizukami, ">

A quantum computer is expected to reveal the electronic structure of a molecule that is
challenging to unveil using its classical counterpart. The computation of excited states is
relatively not easier than that of the ground state and maybe a meaningful task for a quantum
computer. It can be considered that it is important to reduce the electronic structure Hamiltonian
to the simple form as much as possible to utilize a quantum computer in the developing stage.
In this research, toward efficient quantum computation, we construct extended Hubbard models
of polyenes with short conjugation lengths using the ab initio downfolding method. As a result,
the vertical excitation energies of our models are in good agreement with the experimental
values and the results of the precise quantum chemical computations. We also discuss the
quantum computational cost using our models and classically simulate the quantum
computation of the excited states.

Keywords : Quantum Chemistry, Quantum Computing, Conjugated System
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PDHPLTWBRETH D L EZ BN TWD, — LT, FR@R EORTa Ea—23,
J A RO L0 BEHEREAE A IEMICATO ZENE L BT VY MUT B HIRA
BB, ZDID I FOE—HENIV =T aREER D T &L BRG] A R E
BLER TR,

ZOMBE~OT Tu—F L LT, 3 FOEFANAINV =T UE 0 EHREAD
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BEFFROEICHT T, BB Y T T+ — T 4 L THE P O RADIGH
TR Ir T, MGSRE UTEEEAR Y = 00 F 28O, LR /S — N 2 55 — B AY I
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[1] F. Aryasetiawan et al., Phys. Rev. B 2004, 70, 195104.

[2] K. Nakamura et al., Comput. Phys. Commun. 2021, 261, 107781.
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Electrolyte adsorption study on the different types of layered
cathode surfaces of lithium-ion batteries with computational
chemistry methods

('Research Initiative for Supra-Materials, O Attila Taborosi,'
Michihisa Koyama,' Nobuyuki Zettsu,'
Keywords: lithium-ion batteries, layered cathode material, electrolyte adsorption, cathode

electrolyte interface, computational chemistry

Shinshu  University)

One of the most promising cathode materials for lithium-ion batteries (LIBs) is
LiNixMn,Co,0, (NCM) with different composition of Ni, Co, and Mn in the transition
metal (TM) layer. The performance of LIBs is strongly influenced by the properties of the
solid electrolyte interface (SEI), which is formed by the reaction between the electrolyte and
electrode surface. Understanding the first step of SEI formation, thus the adsorption of
different electrolyte molecules either on the cathode or anode surface is crucial in the later
examination of the decomposition of electrolyte and formation of SEI.

In our study we compared and analyzed the effect on the surface energies through
changing the Ni content in the TM layer of NCM going from low to high Ni content (523,
622, 811) and to define the energetically preferable surface planes considering the synthetic
conditions and stoichiometric (ST) and non-stoichiometric (NST) terminations with the
usage of density functional theory (DFT). Considering the limitations during the electrolyte
adsorption of the DFT method we applied Universal Neural Network Potential (UNNP),
where the recreation of NNPs and datasets of each structure of interest is not necessary. We
validated the UNNP based on the results of DFT such as the surface energies and TM/Li-O
distances in the surface layers. We extended the investigation space and studied several
initial adsorption structures of ethylene carbonate (EC) and dimethyl carbonate (DMC) for
the energetically most preferable surfaces and the effect of Ni content and delithation on
these adsorption configurations with UNNP method.
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Emergence of Quasi-Irreversibility and Pathway Selection in Fully
Reversible Chemical Reaction Networks

(‘Graduate School of Arts and Sciences, The University of Tokyo, *Graduate School of
Engineering, Kyoto University, *Fukui Institute for Fundamental Chemistry, Kyoto University)
OSatoshi Takahashi,' Tsukasa Abe,' Hirofumi Sato,>* Shuichi Hiraoka!

Keywords: Molecular Self-Assembly; Chemical Master Equation; Kinetic Control

Consequence of chemical reactions represented with the network composed only of
reversible elementary reactions is governed by thermodynamics, and thus kinetics and pathway
selection have not been discussed well. However, in nature, unexpected metastable species
called kinetic traps can be obtained, as in protein folding and molecular self-assembly.
Understanding of their formation has been mainly explained by the kinetic stability of
themselves, but in the cases with reversible elementary reactions alone, the direction to which
each reaction proceeds is determined via adaptation to the surrounding environment, and the
general idea of what principle is used to select the reaction pathway has not yet been established.
In this study, we have clarified through numerical simulations that the emergence of quasi-
irreversibility is the key to the pathway selection in fully reversible chemical reaction networks.

To see how the emergence of quasi-irreversibility leads to reaction pathway selection, we
performed simulations in the network for [Pds14]'** truncated tetrahedron complex, whose self-
assembly pathways can be classified into two groups. Pathway analysis revealed the main
reaction pathway, showing an appearance of quasi-irreversibility in spite of almost the same
rate constants for forward and backward processes (k- = k). The elementary reaction on the
other path with the same parameters behaved reversibly, with the direction reversed over time.
It was found that the behavior of each elementary reaction is determined by the network
structure, not by the rate constant alone.!
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1) S. Takahashi, T. Abe, H. Sato, S. Hiraoka, Chem 2023, 9,2971-2982. 10.1016/j.chempr.2023.06.015.
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Electron Density Distribution analysis of MgsBN3 High Pressure
Phase via Modified Three-Dimensional Discrete Cosine
Transform and Maximum Entropy Method

('The Institution of Professional Engineers, Japan) OHideo Hiraguchi !
Keywords: Mg;BN; (H), Modified Discrete Cosine Transform, Maximum Entropy Method

In the previous research, it turned out that the electron density distribution of
Mg;BN;(H)D (Orthorhombic Pmmm) could be calculated via the Maximum Entropy
method (ME method>-)) incorporating the normal 3 dimensional Discrete Cosine Transform
(B3D-DCT)? for the crystal having both symmetrical planes and an center of symmetry.
Therefore, in this paper, the ME method incorporating the 3D-Modified DCT (3D-MDCT)
4 for the crystal having both a glide plane and a center of symmetry was prepared. Then a
comparison between the maps (73x73x145) via the ME method incorporating the 3D-DCT
(Fig.1) and 3D-MDCT (Fig.2) was performed. As a result, the obtained maps of Fig.1 and
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DCT- ME crystal structure factors  [F |_m()|kf)] and
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Fig. 2 An Electron density distribution map calculated by Maximum F DCT.ME(hkl) and F MDCT.ME(th ) Wwere
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partially different in spite of the same C.
1) HHIRAGUCHI, O.SAKATA, H.HASHIZUME, A. TAKENAKA, O.FUKUNAGA.(1990). J. Cryst. Soc.Jp. OB-11,
32.2) H. HIRAGUCHI, H. HASHIZUME, O. FUKUNAGA, A. TAKENAKA, M. SAKATA.(1991). J. Appl. Cryst. 24.
3) H. HIRAGUCHI, H. HASHIZUME, S. SASAKI, S. NAKANO, O. FUKUNAGA. (1993). Acta Cryst. B49. 4)H.
HIRAGUCHLI, (2021).J.4ppl.Cryst. 5) M. Sakata & M. Sato, Acta Cryst. A46, 263-270, 1990. 6) M. Sakata, R. Mori, S.
Kumazawa, M. Takata & H. Toraya, J. Appl. Crvst. 23, 526-534, 1990. 7) H.Hiraguchi, [UCr2023 in Melbourne.
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In-situ spectroscopic study of CO2 hydrogenation on the
Pd/Cu(111) single atom model catalyst under near-ambient
conditions

(!The Institute for Solid State Physics, The University of Tokyo, *Kyoto University, 3Tohoku
University) OWataru Osada!, Fumihiko Ozaki!, Masafumi Horio!, Shunsuke Tanaka!, Kozo
Mukai!, Takanori Koitaya?, Susumu Yamamoto®, Iwao Matsuda', Jun Yoshinobu!

Keywords: Carbon dioxide; Hydrogen; Single atom alloy catalysts; Methanol synthesis

Chemical recycling of carbon dioxide (CO») into valuable chemical feedstocks is one
of the promising strategies to realize a sustainable society. Methanol synthesis via CO»
hydrogenation is an attractive reaction because of its high versatility in the modern chemical
industry. The reaction process is typically operated at 220-300 °C and 50-100 bar using Cu-Zn-
based catalysts.! Because of its exothermic reaction(AH=-49.5 kJ mol ™), operation at lower
temperatures is favorable. Thus, developing highly effective catalysts for CO, hydrogenation
has been demanded. The current Cu-based catalysts show a low activity for hydrogen
dissociation, although atomic hydrogen is always involved in any hydrogenation steps on the
catalyst surface. Several recent studies have revealed that single atom alloy catalysts (SAACs),
where active metal atoms are highly dispersed and isolated from each other on an inert metal
substrate, show high activity for H, dissociation and hydrogenation reactions.? In this study, we
investigated the chemical processes of CO; and H» on the single atom alloy model catalyst
Pd/Cu(111) under millibar conditions.

Near-ambient pressure X-ray photoelectron spectroscopy (NAP-XPS) was performed
at SPring-8 BLO7LSU. C Is and O 1s spectra showed that carbonate (C 1s: 288.4 and 289.0, O
Is: 531.1 eV) and atomic oxygen (529.3 and 529.8 eV) species were formed under 1 mbar of
CO» at room temperature, indicating that dissociation and disproportion of CO» occurred.’
When H, was added to the reactant gas (total pressure increased up to 3.4 mbar), the
components of formate (C 1s: 287.7 €V) and methoxy (C 1s: 285.8, O 1s: 530.8 V) appeared.*
Heating to 380 K, these species are further developed. The chemical shift of Pd 3ds), indicates
that the single atom Pd site acts as an H; dissociation site.> Thus, we concluded that H, was
dissociated at the Pd site and the hydrogen atoms spilled over onto the Cu substrate to promote
CO; hydrogenation even at room temperature. The present results may provide a guiding
principle for the low-temperature synthesis of methanol.

1) J. Zhong et al., Chem. Soc. Rev. 2020, 49, 1385. 2) R. T. Hannagan et al., Chem. Rev. 2020, 120,

12044. 3) T. Koitaya et al., Top. Catal. 2016, 59, 526. 4) 1. Orozco et al., J. Phys. Chem. C 2021, 125,
558.5) W. Osada et al., Phys. Chem. Chem. Phys. 2022, 24, 21705.
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Excess Potential of Anion Adsorption/desorption at Binary Ionic Liquid/electrode Interfaces
(‘Dept. Mater. Sci. Eng., Tokyo Tech., *Dept. Chem., Shanghai Univ., * Dept. Phys., Sogang
Univ.) OTakashi Iwahashi,! Wei Zhou,> Doseok Kim?3, Yukio Ouchi'

Room temperature ionic liquids (RTILs), salts in a liquid phase at room temperature, provide
the characteristic electrochemical properties and reactions. The RTIL/electrode interfaces
exhibit the hysteresis behavior in the ion adsorption/desorption; the applied potential response
of ion adsorption/desorption differs with respect to the potential sequence direction. This
indicates that the ion adsorption/desorption requires an excess potential, which is needed to
overcome the activation energy for ion desorption. In this study, we examined the anion
adsorption/desorption at the RTIL/Pt electrode interface by infrared-visible sum-frequency
generation (IV-SFG) vibrational spectroscopy. The hysteretic potential response at the neat
RTIL/Pt interface was compared with that at the binary RTIL/Pt interface to elucidate the
factors determining the excess potential for anion desorption/adsorption.

Keywords : lonic Liquid; Hysteresis; Electric Double Layer; Electrode Interface
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Fig. 1. Potential response of SF
signals from [TFSA]~ and [OTf]~
(open and filled symbols).

1) Hysteretic potential response of anion ads./des. has been
reported. W. Zhou et al., Electrochem. Commun. 2010, 12, 672.
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Operando Multimodal Measurements of Oxygen Species on Pt
Nanoparticles at Pt/C Cathode in Practical Polymer Electrolyte
Fuel cell

(nnovation Research Center for Fuel Cells, The University of Electro-Communication, *

Faculty of Systems Engineering, Wakayama University, *Japan Synchrotron Radiation
Research Institute, *Graduate School of Frontier Sciences, The University of Tokyo) OHiroko
Ariga-Miwa,! Takefumi Yoshida,> Tomoya Uruga,' Takehiko Sasaki,* Takuma Kaneko,
Tomohiro Sakata,®> Kotaro Higashi,®> Oki Sekizawa,? Yasuhiro Iwasawa, !

Keywords: Polymer Electrolyte Fuel cell (PEFC); Pt nanoparticle; HERFD-XANES; DFT

calculation

Polymer Electrolyte Fuel Cell (PEFC) is one of the most promising power sources especially
for heavy-duty vehicles to achieve low or even zero emissions. Cost, performance and
durability of cathode electrocatalysts usually composed of Pt or Pt-based nanoparticles
dispersed on carbon are crucial problems to be solved for a wide range of commercialization
of PEFC systems. Thus, obtaining atomistic insights of platinum nanoparticle catalysts during
PEFC operation condition are strongly required. Nevertheless, the nature and behavior of the
Pt electrocatalysts during practical PEFC operating conditions are still not clear. Thus, we have
conducted sequential multimodal measurements, including High Energy Resolution
Fluorescence Detected X-ray Absorption Near-Edge Structure (HERFD-XANES), Resonant
Inelastic X-ray Scattering (RIXS), Quick X-ray Absorption Fine Structure (QXAFS), and X-
ray Diffraction (XRD), for Pt/C cathode electrocatalysts in membrane-electrode assembly
(MEA) of PEFC under voltage operating conditions at BL36XU beamline constructed by us in
SPring-8. Figure 1 shows two-dimensional maps of HERFD-XANES difference spectra (b)
and RIXS difference spectra (c) during CV (a), and XRD Pt(111) peak intensities during CV
(a) are also shown in Figure 1 (d). The presence of four different oxygen adsorbed species in
the voltage range of 0.4—1.0-0.4 V is suggested by the two-dimensional HERFD-XANES map,
and the decrease in the XRD intensity near 1.0 V implies surface reconstruction due to strong
oxygen adsorption, whereas adsorbed oxygen species below 0.9 V did not bring about any
surface reconstruction. The Pt-O bonding state for the oxygen species at 1.0 V was observed
around 3.0 eV below Fermi level by means of RIXS (Figure 1 (¢)).

44 @ % [ T ‘ W o717 Figure. () CV, (b) 2D HERFD-
S / " ' . , . XANES map, (c) 2D RIXS map,
£ 101t ‘_.._ C 2 Ee =% and (d) XRD Pt(111) intensity
S & Lt . ' ~ change. (b—d): during the CV.

~A | ¥ \ R THE || RN L4 Difference spectra at Pt Li-edge:

protonsnergy (key) (U elen 7R R against the spectrum at 0.4 V.
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Interaction between deep-UV plasmon of indium nanoparticles and adsorbed molecules
(!Graduate School of Science, Kyoto University, *Faculty of Liberal Arts, The Open University

of Japan) Naoki Nagatsuka,! Ryoto Matsuguchi,! Hiroshi Okuyama,' Tomokazu Yasuike, >
Takanori Koitaya,! OKazuya Watanabe '

We study the plexciton formation in the vacuum ultraviolet region under ultrahigh vacuum
conditions by using indium (In) clusters. Indium deposition on graphene sheet supported on a
Rh(111) single crystal leads to a strong absorption band at 6 — 7 eV. This is due to the localized
plasmon of In clusters with a diameter of a few tens of nanometers confirmed by scanning
tunneling microscopy. Adsorption of water molecules on the In clusters at 145 K results in the
spectral changes depicted in the figure and the features can be explained by theoretical model
calculations in which the plexciton coupling is approximated by a dipole-dipole coupling.

Keywords: metal clusters, localized surface plasmon, light-matter strong coupling
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STM imaging of Ferrocene single molecules on crown ether films and 2D crystal growth
(Graduate School of Engineering, Chiba Univ., 2Chiral Research Center. Chiba Univ., *Taiwan
Tsing Hua Univ.) OToyo Kazu Yamada'? and Masaki Horie?

Ferrocene has a unique structure consisting of two cyclopentadienyl rings bound to a central
iron (Fe) atom, showing redox property (Fe2+/Fe3+). Although it has been challenging to
image single Ferrocene (Fc) molecules on atomically flat noble metal substrates, Fc
decomposed on the surface at 300 K or formed two-dimensional films even at cryogenic
temperatures. In this study, we succeeded in direct visualization of Fc¢ single molecules at 300
K using a crown ether ring molecular film. All experiments used a home-built ultrahigh vacuum
low-temperature scanning tunneling microscopy (STM) setup. An ordered array of crown ether
ring molecules (4,4',5,5'-tetrabromodibenzo[18]crown-6 ether (BrCR)) was prepared on
Cu(111) at room temperature in ultrahigh vacuum (UHV) . Because of the pliable ring, the
BrCR could trap guest atoms or molecules ?. We succeeded in trapping single Ferrocene
molecules using the BrCR and also followed the growth of the 2D crystal.

Keywords : Ferrocene; Crown Ether; Scanning Tunneling Microscopy
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1) Well-Ordered Monolayer Growth of Crown-Ether Ring Molecules on Cu(111) in Ultra-High Vacuum:
A STM, UPS, and DFT Study. R. Nemoto, P. Krueger, A. N. P. Hartini, T. Hosokai, M. Horie, S. Kera,
T K. Yamada, J. Phys. Chem. C 2019, 123, 18939.

2) On-Surface Growth of Transition-Metal Cobalt Nanoclusters Using 2D Crown-Ether Array. T. K.
Yamada, R. Nemoto, F. Nishino, T. Hosokai, C. H. Wang, M. Horie, Y. Hasegawa, S. Kera, and P. Kriiger,
Journal of Materials Chemistry C 2024, DOI: 10.1039/D3TC03339B.
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Topological analysis for revealing the structure of water confined
in sub-nanospaces

('Graduate School of Science and Technology, Shinshu University, ’AD’ALL Co.,LTD,
3Faculty of Science, Shinshu University) O Yasuhiro Sugiyama', Tomoyasu Nakano?, Taku
liyama3, Ryusuke Futamura3

Keywords: Water; Adsorption; Porous carbon; X-ray scattering,; Topological analysis

Water, the most familiar liquid on the Earth, is called a "complex liquid" because of its
numerous anomalies related to the unique hydrogen bonding nature. In addition to bulk
water, the behaviors of water confined in nanospace are also of interests since the physical
and chemical properties are markedly different from those of bulk. It is also important to
elucidate the behaviors of water adsorbed on nanoporous materials from the viewpoints of
the industrial uses for gas storage and molecular separation under humid conditions.

We have previously reported that the density of water confined in sub-nanometer pores
(i.e., pore width, w < 1 nm) of an activated carbon (A7, AD’ALL Co.) is sparser (p =0.72 g
cm) than that of bulk ice (p = 0.92 g cm™) even at room temperature from in-sifu small
angle X-ray scattering (SAXS) measurements' 2. In this study, we performed Hybrid
Reverse Monte Carlo (HRMC) Simulation-aided wide angle X-ray scattering in order to
determine the detailed intermolecular structure of the "sparse water" formed in the
sub-nanospace. Furthermore, we applied Persistent Homology (PH) analysis® for the 3D
structure which we obtained from HRMC simulation to extract the information of

medium-range ordered structure. 1

Fig. 1 shows a comparison between the X-ray 0.8
structure factor (balck) and the calculated one (red) _ 06
from HRMC simulation for water confined in A7 =z 04
pores at room temperature. The fairly good 0.2
agreements between the experiment and the _02 | ‘ , |
simulation ensure the validity of the detailed T 20 40 60 80 100
structural interpretation from the following ¢ /nm™
topological analysis. The PH analysis for the Fig. 1 Experiment (black) and
confined water revealed that water molecules form simulated (red) X-ray structure
a mixture of the six-membered rings as in Ice-I; and ~ factors of confined water in A7 at
of the triangular configuration with interpenetrating 298 K. (inset) A snapshot of the
hydrogen bonds as in ice-VI of high-pressure phase confined ~ water ~ which s
(Fig. 1 inset), resulting in the low packing density in composed by six-membered rings
the sub-nanometer pores. and triangular configuration.

1) R. Futamura, et. al., Phys. Chem. Chem. Phys. 2012, 14, 981-986
2) Y. Sugiyama, R. Futamura, T. liyama, Chem. Lett. 2022, 51, 760-764
3) Obayashi I et. al., J Phys Soc Japan., 2022;91:091013.
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Physicochemical Properties of Inclusion-compound-type Molecular Capsule Using 1D
Organic Nanochannels and Vitamin E (‘Faculty of Arts and Sciences at Fujiyoshida, Showa
University, *College of Humanities and Sciences, Nihon University, >Department of
Pharmaceutical Sciences, Division of Bioanalytical Chemistry, Showa University School of
Pharmacy, *Department of Biomaterials and Engineering, Showa University School of

Dentistry) O Hirokazu Kobayashi,! Hidehiko Honda,! Masato Yamamoto,! Fumiyasu
Iwahori,? Mariko Noguchi,? Hiroki Fujimori,? Yuki Odanaka,’ Reina Tanaka,* Yo Shibata*

Inclusion compounds (ICs) have the potential to act as drug carriers. In this study, an IC
of (#)-a-tocopherol (vitamin E; VE) incorporated into 2,4,6-tris(4-chlorophenoxy)-1,3,5-
triazine (CLPOT) was synthesized. The inclusion of VE into CLPOT nanochannels was
confirmed using thermogravimetry-differential thermal analysis (TG-DTA) and solid-state '*C
magic angle spinning (MAS) nuclear magnetic resonance (NMR) spectroscopy. The results
suggest that CLPOT could be used as a stable microscopic carrier of biomaterials, even for oily
biomaterials such as VE.

Keywords : Inclusion Compound; Solid-state >C MAS NMR; TG-DTA; Drug Delivery System;
Vitamin E
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1) TG-DTA of IC of acetaminophen incorporated into 1D nanochannels of 2,4,6-tris(4-chlorophenoxy)-
1,3,5-triazine has been reported. H. Kobayashi, et al., Thermochim. Acta 2021, 702, 178981.
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New Functionalities in Pseudohalide-Based Complexes

OOlaf Stefanczyk!, Guanping Li', Kunal Kumar', Kenta Imoto’, Koji Nakabayashi 1, Shin-ichi
Ohkoshi ' (1. The Univ. of Tokyo)
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Direct observation of magnetic domain and magnetization reversal
on prussian blue-based magnetic films

('University of Tsukuba, >The University of Tokyo) OS.Nagashima,'Y. Yahagi,' S. Ohkoshi,> H. Tokoro'
Keywords: Molecule-based magnet, Magnetic domain, Magnetic force microscopy

Introduction: Molecule-based magnets have interesting characteristic to design magnetic
functionalities.! While magnetic domains are fundamental to magnetic materials, the magnetic domains
in molecule-based magnets have not been studied. Herein, we study the surface magnetization of two
iron/chromium hexacyanidochromate Fe,Cr; ,[Cr(CN)s]2/3-5H20 (x =0 for 1 and x = 0.2 for 2).2
Experiment: The target samples were prepared by electrochemically reducing aqueous solutions containing
FeCls, CrCls, and K3[Cr(CN)g], and then deposited as thin films on SiO»-coated grass electrodes. Magnetic
properties were measured by a SQUID magnetometer and surface magnetization was observed using
magnetic force microscopy (MFM).

Result: The magnetization vs temperature curve of 1 showed Curie temperature (7c) of 244 K. From
MFM measurement, 1 revealed a magnetic domain below 7¢ with a maze pattern, and the magnetic
domain exhibited a size 0of 0.67 + 0.35 pm in width and 2.50 + 0.72 um in length. The magnetization vs
temperature curve of 2 showed 7¢ =222 K and the compensation temperature (7comp) of 134 K (Fig. 1a).
MFM measurement revealed that positive magnetic polarization appears below Tc, and magnetization
becomes zero at a particular temperature (7, = 146 K), changing magnetic polarization to negative (Fig.
1b). Monte Carlo calculations implied that 7}, is Tcomp, indicating temperature-induced magnetization
reversal was achieved through a gradual change from positive to demagnetization and finally to negative.
At 114 K, the magnetic domain of 2 exhibited a width of 0.61 + 0.27 pm and a length of 2.12 + 1.13 pm.
They were slightly smaller than the sizes of 1 due to stronger thermal fluctuations in 2 compared to 1.

(a) Magnetization vs. temperature curve (b) MFM observation
100

293 K \

Il | Detected-frequency (counts)

1

3

Magnetization (Oe cm mol )

Te=222K
Toomp = 134 K
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-300
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10 Qe 100 K+ - — 2
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Fig. 1 (a) Magnetization vs temperature curve of 2. (b) MFM observation for 2. Insets are the MFM

images measured at various temperatures.

-500

References: (1) S. Ohkoshi, K. Nakagawa, K. Imoto, H. Tokoro, Y. Shibata, K. Okamoto, Y. Miyamoto,
M. Komine, M. Yoshikiyo, A. Namai, Nature Chem., 12, 338 (2020). (2) S. Ohkoshi, A. Fujishima, K.
Hashimoto, J. Am. Chem. Soc., 120, 5349 (1998). (3) S. Nagashima, Y. Yahagi, M. Nishino, T. Yamaoka,
K. Nakagawa, J. Wang, S. Ohkoshi, H. Tokoro, J. Am. Chem. Soc., 145, 22934 (2023).

© The Chemical Society of Japan -A1441-2am-01 -



A1441-2am-02 BAlLE2 $104EFES (2024)

AEvriR—IL FHMBEADICHAZEBE LT TTF FE2A L FATCNQ
BANSHEDNFHES/ 24 IVOIER & BHNFHE

(RILKRBEL "« BORAM? « IKRERBEEE Y « BALRZ Sohl * « AL RE )

O] Buv ' M 522 IR A30°, JRIEAT 4 hArEaE°

Preparation and Electromagnetic Properties of Molecular Nanocoils Composed of TTF
Derivatives and F4ATCNQ Complexes for Application in Scaffold. (‘Tokyo University of
Agriculture and Technology, *The Univ. of Tokyo, *Hiroshima University, *Tohoku University,
Hokkaido University) O Yoko Tatewaki', Tsuyoshi Minami®, Sadafumi Nishihara®, Tomoyuki
Akutagawa®, Takayoshi Nakamura®

Research on low-dimensional materials composed of organic conductive derivatives has
been carried out in a large number of studies. On the other hand, the development of
multifunctional scaffold materials is required in research in the field of regenerative medicine
and engineering. In this study, we prepared a new scaffold material that promote cell
proliferation efficiently composed of molecular nanocoils of charge transfer complexes
obtained by mixing TTF derivatives (S-, R-TTF-4UM) and acceptors. The molecular nanocoils
were formed on a mica substrate, and showed semiconducting conducting behavior. They also
generated an induced electromotive force of 1.4 mV under the application of a magnetic field,
and this electromagnetic property was used to culture osteoblasts (Saos-2) (Fig. 1). After 24
hours of culture with the magnetic field induced, the cell proliferation rate was approximately
doubled compared to that without the magnetic field.

Keywords : Nanocoils, Charge Transfer Complexes, Electromagnetic properties; Scaffold
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Stability and Electronic Structure of Polyacene Crystals (School of Medicine, Nihon
University) OKomatsu, Tokutaro

The prediction that polyacene (PA) may be a 1000 K - class superconductor” has attracted
many theoretical chemists.? As successful synthesis of PA has been reported in 2023%, PA-
based organic conductor / superconductor becomes much realistic. Since the theoretical studies
have been limited to one PA chain, stability and the electric structure of aggregated PA are
wanted to realistic design of PA-based conductors. DFT calculations on a single PA reproduced
the band structure of non-magnetic semimetal'?, however, antiferromagnetic semiconductor
was more stable. Therefore, isolated PA will not show metallic conductivity. A stable structure
derived from 20 candidates is shown in Fig. 1, with the band dispersion and the density of
states. In addition to the details of the calculation, results of modified PA will be presented.
Keywords :  density-functional theory, polyacene, electronic structure, stability
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1) S. Kivelson et al, Phys. Rev. B 1983, 28, 7236.

2) A.Mishima et al., Synt. Met. 1985, 11, 75., Y. Otsuka et al., J. Phys. Soc. Jpn. 2009, 78, 024713., G.
Karakonstantakis et al., Phys. Rev. B 2013.

3) T.Kitao et al., Nat. Synth. 2023, 2, 848.
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Low temperature physical properties of quantum spin liquid
candidate k-(ET)2Cu[Au(CN)]CI

(‘Graduate School of Science, Kyoto University, *Graduate School of Science, Nagoya
University) OYuki Tanaka,! Mitsuhiko Maesato,' Shinya Tomeno,' Yukihiro Yoshida,'
Yasuhiro Shimizu,” Hiroshi Kitagawa'

Keywords: ET; Quantum spin liquid; Transport measurements; ESR; Frustration

Quantum spin liquids (QSLs) have attracted much attention because they are exotic
quantum states of matter where long-range magnetic ordering is suppressed by strong spin
frustration even at low temperature. Several QSL candidates with triangular lattice have
been reported in organic conductors so far.'” However, all the reported organic QSL
candidates have some disorders in their crystal structures. In addition, recent research
pointed out the influence of magnetic impurity in QSL.? Although such structural disorders
and impurities have been discussed as one of the key factors for realizing QSL, the intrinsic
role of them remains elusive.

Here we report the recent investigation of the QSL candidate x-(ET).Cu[Au(CN),]Cl.
This salt has a nearly regular triangular lattice (¢/=1.19) and is considered as the first
organic QSL candidate with disorder-free polyanion layers (Fig).* To reveal the ground state
of this material, we have performed the detailed study of ESR at low temperatures. The spin
susceptibility obtained by ESR shows the absence of spin gap at least down to 4 K,
indicating a gapless QSL. The 'H NMR spectra also show no magnetic transition down to
0.45 K, which is more than two orders of magnitude lower than the exchange interaction
Jlks = 210 K estimated by SQUID. On the other hand, the existence of magnetic impurity
Cu*" is revealed by ESR. It was found that & spins on ET dimers are influenced by Cu**
spins. We will discuss the effect of magnetic impurity on a gapless QSL.

Sy
&

Fig. Crystal structure and magnetic susceptibility of x-(ET),Cu[Au(CN),]Cl

1) Y. Zhou, K. Kanoda, T. Ng, Rev. Mod. Phys., 2017, 89, 025003.

2) M. Maesato, Recent Topics on Organic Spin Liquid Candidates. In: Nishimura K., Murase M.,
Yoshimura K. (eds) Creative Complex Systems. Creative Economy, 2019, Springer, Singapore.

3) B. Miksch, et al., Science, 372, 276 (2021).

4) S. Tomeno et al., Inorg. Chem., 2020, 59, 8647.
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New Functionalities in Pseudohalide-Based Complexes

(‘Dept. of Chemistry, School of Science, The Univ. of Tokyo) OOlaf Stefanczyk,' Guanping
Li,' Kunal Kumar,' Kenta Imoto,' Koji Nakabayashi,' Shin-ichi Ohkoshi'

Keywords: Functional Materials; Terahertz Absorption; Raman Scattering; Thermometric
Properties; Nanolayers

Thiocyanate- and selenocyanate-bridged materials provide increased stability, versatile
coordination modes, and unique redox properties compared to cyanide-bridged materials
due to stronger metal-pseudohalide bonds, diverse coordination modes, and sulfur/selenium
involvement in redox processes. These differences provide advantages in durability, design
flexibility, and specialized functions, making SCN/SeCN-bridged materials attractive for a
variety of scientific and technological applications.!”> The choice between these materials
ultimately depends on the specific needs of different fields, taking into account their

different properties and

functionalities.
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luminescence Fig. 1. Functionalities in pseudohalide-based complexes.
thermometers based on Ln-[Au(ECN),] compounds,’ and IR, Raman and optical
thermometers constructed of L-Fe-[Hg(ECN)4] will be presented (Fig. 1).* Moreover, the
perspectives in the mechanical exfoliation of nanosheets on an example of L-Fe-[Hg(SCN)4]
systems will be discussed as a step forward in 2D materials.’

1) G. Li, O. Stefanczyk, K. Kumar, Y. Mineo, K. Nakabayashi, S. Ohkoshi, Angew. Chem., Int. Ed.
2023, 62,¢202214673. 2) G. Li, O. Stefanczyk, K. Kumar, K. Nakabayashi, S. Ohkoshi, /norg. Chem.
2023, 62, 3278. 3) K. Kumar, O. Stefanczyk, S. Chorazy, K. Nakabayashi, S. Ohkoshi, Adv. Opt.
Mater. 2022, 10, 2201675. 4) G. Li, O. Stefanczyk, K. Kumar, K. Imoto, K. Nakabayashi, S. Ohkoshi,
Chem. Mater. 2023, 35, 9613. 5) G. Li, O. Stefanczyk, F. Jia, S. Nagashima, K. Kumar, K. Imoto, H.
Tokoro, S. Ohkoshi, J. Phys. Chem. Lett. 2023, 14, 10420.
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Femtosecond nanospectroscopy of single copper phthalocyanine fiber (Graduate School of
Science and Engineering, Ehime University) Yuto Shiraishi, Miyu Morita,
OYukihide Ishibashi, and Tsuyoshi Asahi

Recently, we have separately fabricated copper phthalocyanine fibers (CuPc-Fs, 1-5 pm in
length and 40 nm in width) with different crystalline phases of 3- and n-forms with the laser
ablation method. This study examined the exciton relaxation process of - and n-CuPc-Fs at a
single particle level using a femtosecond transient absorption microspectroscopy. As a result,
the rate of bimolecular annihilation in 1n-CuPc-F, which strongly correlated with the exciton
diffusion rate, was statistically faster than that in B-CuPc-F. At the presentation, we will present
the detailed exciton diffusion process, including the results of the size effect.

Keywords : Exciton dynamics; Transient microspectroscopy; Copper phthalocyanine fibers
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Figure 1. a) Molecular structure of copper phthalocyanine (CuPc) and SEM image [3-CuPc-Fs fabricated with the
laser ablation method in liquid. Similar shapes of 1n-CuPc-Fs was observed (image are not shown). b) and c)
Representative time profiles of the transient absorption at 530 nm of single - and n-CuPc-F, respectively. Excitation
intensity was set to 2.2 pJ/pulse. The thin red line in each figure was the time profile obtained at low excitation
intensity of 0.23 pJ/pulse. d) Histograms of the bimolecular annihilation rate constants of - and n-CuPc-Fs.
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Excited State dynamics of Solid-states of Dibenzoylmethanato Boron Difluoride Complex with
Aggregation-Induced Emission ('Graduate School of Science and Technology, Shinshu
University, *Graduate School of Science and Engineering, Ehime University, *Institute of
Education, Shinshu University) O Yushi Fujimoto,' Yukihide Ishibashi,> Tsuyoshi Asahi,’
Fuyuki Ito'?

The understanding of the excited-state dynamics of organic molecules in the solid state is
important to improve their photophysical properties significantly for application as organic
solid-state luminescent materials. Many organic luminescent molecules exhibit strong
luminescence in the solution state, but weak luminescence in the solid state. Therefore, organic
molecules with aggregation-induced emission (AIE) properties have attracted much attention
in the field of solid-state light-emitting materials. This study focused on a
dibenzoylmethanatoboron difluoride complex derivative (2amBF») with AIE properties. We
evaluated the excited-state dynamics of 2amBF; in the crystalline state by using time-resolved
microspectroscopy.

Keywords : Dibenzoylmethanato boron difluoride, Aggregation-induced emission, excited-state
dynamics, time-resolved microspectroscopy
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Absorption-wavelength characteristics and reversible photoreaction of retinal photo-isomerase
rhodopsins (! The Institute for Solid State Physics, The University of Tokyo)

Naoya Morimoto!, OTakashi Nagata', Keiichi Inoue'

Rhodopsin, a photo-sensitive membrane protein, binds retinal as a chromophore. In
vertebrate visual rhodopsin, light absorption induces isomerization from 11-cis-retinal (11cR)
to all-trans-retinal (atR). Subsequently, rhodopsin releases atR and binds new 11cR to receive
light repeatedly. Hence, the supply of 11cR is critical for the function of visual rhodopsin.
Recently, Retinal G-Protein-Coupled Receptor (RGR) was shown to function as a retinal photo-
isomerase that converts atR to 11cR in the eye. However, the absorption spectra have only been
investigated in bovine RGR. To understand the common properties and diversity of RGRs, in
this study, we newly investigated the absorption characteristics of six RGRs and found that
most of them are blue-absorbing pigments. We also found that RGRs exhibit reversible
photoreactions”. In the presentation, the relevance of these properties of RGRs to their photo-
isomerase function will be discussed.

Keywords : photoisomerization; photo-sensitive protein, rhodopsin, vision; retinal
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1) N. Morimoto, T. Nagata, K. Inoue, Biochemistry, 2023, 62, 1429.
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Tracking the Photoisomerization Dynamics of Hemiindigo by Femtosecond Transient
Absorption Spectroscopy ('Life Sciences, Ritsumeikan University, *Energy Science, Kyoto
University, *Radiation Sciences, Osaka University) OYutaka Nagasawa,! Yamato Higashi,'
Takayuki Murai,! Yu Kihara,' Risa Kojima,' Takahiro Teramoto>3

Hemiindigo is a photochromic dye, that exhibits E-Z isomerization by visible light
irradiation, with a structure in which half indigo and half stilbene are connected together (See
the figure below). In the case of indigo derivatives, the two carbonyl groups face each other in
the cis-form, resulting in electrostatic repulsion that causes the cis-form to be unstable, that
naturally returns to the trans-form even in the dark (T-type photochromism). In the case of
hemiindigo with only one carbonyl group both the £ and Z-forms are stable (P-type
photochromism). In this study, femtosecond transient absorption (TA) spectra were measured
in order to compare and examine these photoisomerization dynamics. As a result, it was found
that hemiindigo, like indigo derivatives, exhibits a characteristic strong TA band derived from
the indoxyl group at 600-750 nm". However, this absorption band became unclear in methanol
solution, suggesting the influence of hydrogen bonding with the solvent.

Keywords : Photoisomerization;, Photochromism, Hemiindigo, Ultrafast Spectroscopy;
Transient Absorption Spectroscopy
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1) Y. Kihara, et al., J. Phys. Chem. B 2022, 126, 3539.

© The Chemical Society of Japan - A1454-2am-04 -



A1454-2am-05 AZ(b2a B1045SE2 (2024)

TCNQ DRIEEIREE « BVEMLEBERN, ERBERE. LU
FRMED N

(M T KBt T.) Ahatashamul Islam * &R - OBRARE L

Excited states of TCNQ : Thermally activated delayed fluorescence, charge transfer state, and
symmetry breaking (Department of Sciences and Informatics, Graduate School of Engineering,
Muroran Institute of Technology) Ahatashamul Islam, Kensuke Syundo, O Toshifumi Iimori

A family of tetracyanoquinodimethane (TCNQ) analogues has been recognized as part of
the important molecules in a fertile field of organic electronics and materials chemistry. TCNQ
is the simplest molecule in the family of TCNQ analogues and can be regarded as the model
system for them. We have reported the fluorescence spectra and solvatochromism of TCNQ in
a variety of solvents. Here, the electroabsorption spectroscopy and quantum chemical
calculations have been employed to characterize the dark nonemissive state which is
responsible for the observed photophysical properties. The nonemissive state was assigned to
the intramolecular charge transfer state which was produced through the symmetry breaking.
Keywords : Symmetry Breaking, Stark Spectroscopy; Photochemical Reaction Dynamics;
Tetracyanoquinodimethane; Quinodimethane
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1) H. Tamaya, H. Nakano, T. limori, J. Lumin. 2017, 192, 203-207.; 2) H. Tamaya, Y. Torii, T. Ishikawa,
H. Nakano, T. limori, ChemPhysChem 2019, 20, 2531-2538.; 3) T. limori, et al., Chem. Phys. Lett. 2020,
738, 136911-136915.; 4) T. limori, Y. Torii, T. Ishikawa, N. Tamai, J. Phys. Chem. B 2020, 124, 7918-
7928.N.; 5) Chaki, et al., ChemPhysChem 2019, 20, 996-1000.; 6) S. Muramatsu, et al., RSC Advances
2021, /1,22381-22389.; 7) T. limori, Comput. Theor. Chem. 2021, 1199,113211.; 8) A. Islam, K. Syundo,
T. limori, Phys. Chem. Chem. Phys. 2023, 25,21317-21323.
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Development of spectral retrieval method for ultrafast photoelectron spectroscopy of liquids
and elucidation of charge recombination dynamics via structural diffusion of aqueous OH
(Graduate School of Science, Kyoto University) (OYo-ichi Yamamoto, Toshinori Suzuki

UV ultrafast photoelectron spectroscopy of liquids is one of the best methods to study
electron dynamics in liquids, while spectral distortions by electron inelastic scattering hinder
extracting complete information of the dynamics. We have developed spectral retrieval (SR)
method to remove the distortion and applied it to charge transfer reaction of OH" in an aqueous
solution. SR method enabled us to discuss the geminate recombination, solvation of the excess
electrons, and solvent relaxation, which revealed an exceptionally fast recombination dynamics
compared with similar reactions in halide anion solutions. The results were consistent with an
ultrafast geminate recombination mechanism with “structural diffusion” of OH radical which
is facilitated by H-atom transfer between OH radical and solvent water.

Keywords : Ultrafast Photoelectron Spectroscopy of Liquids, Spectral Retrieval; Charge
Recombination,; Structural Diffusion; Hydroxide
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1) Y. Yamamoto, T. Suzuki, J. Phys. Chem. A 2023, 127, 2440— 2452. 2) H. Iglev, S. K. Kolev, H.
Rossmadl. P. St. Petkov, G. N. Vayssilov, J. Phys. Chem. Lett. 2015, 6, 986— 992.
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lonization of asymmetric top water molecule in an intense laser field

(! Graduate School of Arts and Sciences, The Univ. of Tokyo, * Komaba Institute for Science,
The Univ. of Tokyo) O Shinichi Fukahori,'* [samu Kikuchi,! Hirokazu Hasegawa,'-?
Keywords: Ionization in an intense laser field; Rotational wave packet; Asymmetric top
molecules; Water

When molecules are irradiated with an intense laser field, ionization is induced by electron
emission dominantly from the highest occupied molecular orbital (HOMO).! Recently, we
recorded the yield of H,O" as a function of the delay time between pump and probe
femtosecond laser pulses when a rotational wave packet of H,O is created by the pump pulse
and H,O is ionized by the probe pulse.? We found that ionization of H,O is enhanced when the
molecular ¢ axis, which is perpendicular to the molecular plane of H»O, is parallel to the laser
polarization direction and that the photoelectrons are emitted dominantly from the 1b; HOMO
of H>O in the (>, geometry. In the present study, on the basis of theoretical simulation on the
time evolution of the rotational wave packet of asymmetric top H,O, we discuss the
contribution from the electron emission from the lower-lying orbitals of H,O.?

We numerically calculated the time evolution of the rotational wave packet of H,O by
solving the time-dependent Schrédinger equation for the interaction between H,O (25 K) and
the pump laser pulse (35 TW/cm?, 130 fs).>? Figure 1(a) shows the Fourier transform (FT)
spectra of the time variation of the expectation values of cos?0z, and cos?0z. after the pump
laser irradiation, where 8z is angle between the laser polarization Z axis and the molecular b
axis (C> symmetry axis) and 0 is angle between the Z and ¢ axes. We found that the spectrum
for the b axis exhibits the peak at 38 cm™! assigned to 21,-119 while that for the ¢ axis does not
exhibit this peak. As shown in Fig. 1(b), the FT spectrum of the delay dependent H,O" yield

recorded previously® exhibits only a small 0 a) Bos-Tor <<c0s26., >3
peak at 38 cm ™!, indicating that the angular 8- 5 4 \5 oo
dependence of the ionization probability of 6- Doy 0 NG T <<COS 67,>>

H>0 is close to cos’0z and that electrons
are emitted from the 1b; HOMO. However,
the relative intensities of two peaks around
112 cm™' are different between the FT
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spectrum for the ¢ axis and that of the H,O" 2+

yield. This discrepancy can be explained by (1)' ' JL J BV

the small contribution from the ionization 100 150 200
induced by the electron emission from the Wavenumber / cm’”

3a; HOMO-1, whose angle-dependent Fig. 1 Fourier transform (FT) spectra of (a) time
variation of expectatlon values of co0s’0z (blue

probability is close to cos’6z. dotted) and cos’0z (red solid) and (b) delay
dependent H,O" yield.

1) D. Pavicic, K. F. Lee, D. M. Rayner, P. B. Corkum and D. M. Villeneuve, Phys. Rev. Lett. 2007, 98,

243001. 2) I. Kikuchi, S. Fukahori and H. Hasegawa, Phys. Rev. A 2023, 108,013101. 3) S. Fukahori, I.

Kikuchi and H. Hasegawa, Chem. Phys. Lett. 2023, 833, 140912.
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Evaporative cooling and freezing of water droplets in vacuum in the homogeneous freezing
regime (Graduate School of Science, Kyushu University) O Takefumi Handa, Masashi
Arakawa, Takuya Horio, Akira Terasaki

The size of water droplets during evaporative cooling was probed by the whispering gallery
modes observed in the OH stretching band of the Raman scattering spectrum. The droplet
size as a function of time showed damping oscillation of quadrupolar distortion and shrinkage
due to evaporation. Subsequent freezing events were monitored by a high-speed camera,
which enabled discussion on the homogeneous nucleation rate and the ice-crystal growth
process. Fragmentation of water droplets was induced even for sizes as small as 50 pm.

Keywords : Homogeneous ice nucleation, supercooled water, whispering gallery mode, water
droplet
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[1] C. Goy et al. Phys. Rev. Lett. 120, 015501 (2018).

[2] H. Laksmono et al., J. Phys. Chem. Lett. 6, 2826 (2015).
[3] S. Wildeman et al. Phys. Rev. Lett., 118, 084101 (2017).
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Size-dependent chemical reactivity of Ni encapsulating
Si nanoclusters deposited on organic surfaces

(‘Facalty of Science and Technology, Keio University) O Ayaka Sasaki,' Takumi Ichikawa,'
Atsushi Nakajima'
Keywords: Nanoclusters; Silicon; Nickel; Superatom; Metal-atom encapsulation

Encapsulation of transition metal atoms stabilizes pure silicon nanoclusters which are
chemically reactive. Using various transition metal atoms as the central metal in M@Si,
nanoclusters allows for the tailored design of their chemical and physical properties. From an
experimental point of view, M@Siis nanoclusters containing group 3 to 5 metal atoms exhibit
superatomic behavior depending on various factors, such as electronic characteristics of the
deposition substrate, changes in the total number of valence electrons, and the atomic radius of
the central metal atom". Although it is supposed to be less stable as the atomic radius of the
central metal atom becomes smaller, Ni@Siis becomes more stable compared to other M@Siis
nanoclusters containing iron or cobalt as the central metal atom. While it has been observed
that Ta@Si, nanoclusters deposited on a Cg substrate exhibit size-dependent oxidative
stability”, there is little experimental evidence for metal-encapsulating silicon nanoclusters
containing later group transition metal such as Ni. It remains unclear that the correlation
between the stability of Ni@Si, nanoclusters and the variation in the number of silicon atoms.

In this study, Ni@Si, (n = 10-13, 16) nanoclusters were deposited onto organic substrates
and exposed to O, gas. The size-dependent oxidative reactivity of Ni@Si, was explored using
X-ray photoelectron spectroscopy (XPS). Figure 1 shows the relative oxidative reactivities,
depicting XPS peak changes of Si 2p for Ni@Si, 50
(n=10-13, 16) on a Ceo substrate before and after
exposing 10000 Langmuir (L; 1L = 1.00 X 10
Torr X 1s = 1.33 X 10* PaX 1s) O, gas. It has
been revealed that Ni@Si, exhibits relatively
higher stability compared to the others. This can

-y
o
T

(]
o
T

N
o
T

be attributed to both the geometric packing and

A(Relative oxidized ratio)%
s

the electronic stability (58 electron shell closing).

. . . . . o
This study also indicates that oxidative Ni@Si,, Ni@Si,, Ni@Sir; Ni@Sir, Ni@Sirg
reactivities can be controlled by changing the Fig. 1. The XPS peak difference of Si 2p
.. between 0 L and 10000 L O, exposure
type of deposition substrate. for Ni@Si, (n = 10-13, 16) on Ce.

1) Kamoshida, T., Shibuta, M., Ohta, T., Eguchi, T., & Nakajima, A., J. Phys. Chem. C, 2022, 126, 10889.
2) Shibuta, M., Huber, M., Kamoshida, T., Terasaka, K., Hatanaka, M., Niedner-Schatteburg, G., &
Nakajima, A., J. Phys. Chem. C, 2022, 126, 4423.
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Guest lon Dependence of Isomerization Reaction Rate in Dibenzo-
Crown Ether Complexes with Alkali Metal lons

(Graduate School of Science, Tohoku University)
ORyosuke Ito, Keijiro Ohshimo, Fuminori Misaizu
Keywords: Crown Ether; Isomerization Reaction; lon Mobility—Mass Spectrometry

Crown ethers play an important role in host-guest chemistry owing to their ability to
encapsulate guest ions efficiently and selectively. Previously, we studied the conformations of
dibenzo-24-crown-8 (DB24C8) complexes with K, Rb", and Cs" ions using ion mobility—mass
spectrometry (IM-MS) and confirmed the coexistence of two conformers with long and short
distances between the two benzene rings in a molecule.' Besides, isomerization between these
conformers of the K'(DB24C8) was observed in our previous study with variable temperature
cryogenic IM-MS.> Among the studies on these complexes, the ultraviolet photodissociation
spectroscopy revealed that only the 9
open conformer has a long benzene- ] I\ ° ‘/3 IQ/)
benzene distance in the K™ complex, . (&rj\ J/
whereas the open and boat conformers "X

(Fig. 1) have such structures in the Rb* ~ closed open
Fig 1. The most stable closed, open, and boat

conformers of Rb"(DB24C8) obtained by MO05-
2X/6-311++G(d,p) level with the Stuttgart RLC
ECP for the Rb atom. Hydrogen atoms are not

and Cs' complexes.® In this study, we
investigate the guest ion dependence of
the isomerization reaction rate in
DB24C8 complexes with K, Rb", and
Cs" ions.
Fig. 2 shows the arrival time distributions (ATDs) of N L

M'(DB24C8) measured at 86 K. The bands with short and %, (a) K'(DB24C8)
long arrival times correspond to the conformers with short

shown for clarity.

and long benzene-benzene distances, respectively. lons
between the two bands observed in the K’ complex
indicates the multiple isomerization processes within about

lon intensity

2 ms. In contrast, fewer ions were observed between the

two bands in the Rb" complex. This means that the
isomerization rate in the Rb" complex was slower than that

in the K" complex. This rate difference was due to the fact
that the open and boat conformers coexist in the Rb" Arrival time / ms

Fig 2. ATDs of M"(DB24C8)
band with longer arrival time in the ATD of the K* complex. (M =Kand Rb) at 86 K.

1) K. Ohshimo, X. He, R. Tto, K. Tsunoda, S. Tainaka, F. Misaizu, EPJ Tech. Instrum. 2023, 10, 11.

2) R. Ito, X. He, K. Ohshimo, F. Misaizu, J. Phys. Chem. A 2022, 126, 4359.

3) M. Kida, T. Ujihira, M. Kubo, S. Muramatsu, T. Ebata, Y. Inokuchi, J. Phys. Chem. A 2023, 127,3210.

complex, while the open conformer is predominant in the
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Proton Transfer Reactions of Bimolecular Ions in Gas Phase
(*Graduate School of Nanobioscience, Yokohama City University, Japan)
(OShinji Nonose, ' Soju Tomiyama, ' Kuga Ishii, ' Koki Sasano, ' Sogo Yoshino'

Time-, temperature-, and OPIG-DC voltage-resolved proton transfer reactions of multiply-
protonated biomolecular ions to 1,5-pentanediamine (Peda) were examined in the gas phase.
Pressure of buffer gas in the collision cell, He or Ne, was also changed. Absolute reaction rate
constants for proton transfer were determined from intensities of precursor and product ions in
the mass spectra. With changes of direct current (DC) voltage to put octapole ion guide (OPIG)
in the collision cell, Vpc, remarkable change was observed for distribution of the ions and
reaction rate constants of proton transfer. The results indicate that conformation changes on
ions at OPIG-DC voltage range, which relate with complex formation. An issue that is
attracting considerable attention is their conformations might resemble structural evolution that
originated from internal energy in the gas phase.

Keywords: Biomolecular ion; Proton transfer reaction; OPIG-DC; Pressure of buffer gas
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Figure 1. Mass spectra of cytochrome c ion,
[M + 13H]"*, reacted with Peda in various Vpc.

1) Temperature-Resolved Proton Transfer Reactions of Biomolecular Tons, S. Nonose, Mass

Spectrometry, 2020, 9, A0083.
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Development of single molecule detection method for methylation-modified microRNA
analysis ('Osaka University, ISIR) OTakahito Ohshiro', Yuki Komoto', Masateru Taniguchi'

In this study, we developed a biomolecule detection and analysis technique using the nano-
gap single-molecule measurement method. This approach, utilizing precision microfabrication
technology, detects the unique electronic states of single molecules through electrical properties
across a nano-gap. The nano-gap generates unique signals based on the properties of molecules
passing through it. This allows for the individual identification and detailed analysis of
biomolecules such as DNA, RNA, amino-acid, proteins, and so on. The technique has potential
applications in medical diagnostics, biosensors, and molecular biology research, enabling high
sensitivity and precision in biomolecule detection.

Keywords : DNA; Amino acid, Single-Molecule Detection; Tunnel-Current, Epigentics
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1) Single-Molecule RNA Sequencing for Simultaneous Detection of m6A and 5SmC, Ohshiro T, Konno
M, Asai A, Komoto Y, Satoh T, Eguchi H, Doki Y, Taniguchi M, Ishii H, Sci. Rep. 2021, 11, 19304
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Synthesis of ultra-bright Raman probes for multicolor detection of intracellular biomolecules
(‘The Univ. of Tokyo, *Stanford Univ.,*Univ. of Copenhagen, *Indiana Univ., *Kyushu Univ.,
SUCLA, "Wuhan Univ.)) O Kei Furuya,' Ryo Nishiyama,! Phillip Mccann,' Laura
Kace1112611715kaite,1’2 Bo Laursen,® Amar H. Flood,* Tianben Ding,' Kotaro Hiramatsu, '~ Keisuke
Goda ™

Chemical probes enable the specific detection of MERdor

various biomarkers by binding to biomolecules in cells.
In recent years, Raman probes have attracted attention

Intensity [a.u.]

for their capability of multicolor measurement,
surpassing fluorescent probes in the detection of iy
biomolecules in cells. However, Raman probes exhibit
significantly weaker signal intensities compared to 400 600 800 1000
fluorescent probes, making the enhancement of their Raman shift[om "]
brightness a crucial challenge for effective Figure 1. Raman spectra of MERdots and
biomolecule detection. To address this, we have conventional Raman tags at the same dye
synthesized MERdot (Macrocycle-enhanced Raman  concentration.

dot), an ultra-bright Raman tag consisting of Raman dyes and cyclic molecules encapsulated
in polystyrene particles of several tens nm". The Raman signal intensity of MERdot was over
three times stronger than that of conventional Raman tags (Fig. 1) V. In this presentation, I will
describe the synthesis method of MERdot, its measurement results, and the progress in
developing a Raman probe using MERdot for intracellular biomolecular measurements.
Keywords : Raman Spectroscopy, Molecular Spectroscopy, Chemical Probe; Multi-Mode
Measurement; High-Sensitivity Measurement

Conventional
Raman tag (Rdot)

b7 v —71%, MBENOEERS FITHEIEDZ IR0 e A F~—T
— DR R Z ATEE S 5, IE T, Ml OERSF ORI W T, 30k
T —T7 EERDEZEHEDICHNRFRR T~ T u—T7 N ER SN TS, LL,
Fwrra—7 3w e —7 L U TEERENE LW, EERD T O
HICHW S 72T T a— T O EASREE 20, 22 TR X7 v aFEb &
CERRSFE2H+ nm ORY AF VR FICEALTLBEEBES v 27 Th b
MERdot (Macrocycle-enhanced Raman dot) % &% L 72, MERdot ® 7~ > HIEZ1T-> 7=
LA, TORBEREIINEKRD T~ X 7D 3 5L EOE 5 %7~ Li=(Fig. 1)V,
AT TlX MERdot DG RLFIER L OVIER R, & OISR FRIEIC WIS 72
MERdot & W72 7~ o 7'm — 7 BAFE D HL Y AT DN TR~ D,

1) R. Nishiyama, K. Furuya, P. McCann, et al. Boosting the Brightness of Raman Tags Using Cyanostar
Macrocycles. Analytical Chemistry, 2023, 95.34: 12835-12841.
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In vivo quantification of hepatic glycogen by Raman endoscopy

(! Department of Chemistry, School of Science, The University of Tokyo, > Department of
Chemistry and Biological Science, College of Science and Engineering, Aoyama Gakuin
University) OShohei Matsushita,' Yoshibumi Ueda,' Hideaki Yoshimura,' Rintaro Shimada,’
Takeaki Ozawa '

Keywords: Raman spectroscopy; Endoscopy; Glycogen; Multivariate analysis;

Glycogen plays a vital role in regulating glucose metabolism homeostasis and serves as
an energy reservoir in organs such as liver and muscles. Dysregulation of these processes is
closely linked to diabetes. Developing a method to quantify temporal changes in glycogen
levels in living organisms could provide valuable insights for understanding and diagnosing
diseases like diabetes. Conventional methods, such as biochemical assays, however, are not
applicable to the real-time monitoring of glycogen in living organisms because of their
destructive nature. MRI, which enables in vivo measurements, faces limitations due to
expensive equipment and low selectivity. In contrast, Raman spectroscopy offers non-
destructive and molecule-specific quantitative analysis. In addition, Raman spectroscopy can
be mounted on endoscopes to measure the spectra inside living organisms. This research aimed
to develop a novel method for monitoring hepatic glycogen in living mice by combining
endoscopy with Raman spectroscopy.

Five samples of homogenized mice livers were prepared with different glycogen
concentrations. Raman spectra of each sample were measured and analyzed using Singular
Value Decomposition (SVD) and Independent Component Analysis (ICA). One of the obtained
component spectra matched the Raman spectrum of glycogen, and its weights correlated
linearly with glycogen concentration. Based on the weights, a calibration curve of glycogen
concentration and the weights was created. Next, an analysis of the glycogen concentration of
non-destructive liver samples was performed. Liver tissues were extracted from mice under
different feeding conditions, and Raman spectra were measured on the liver surface. The
weights of the glycogen component extracted by the multivariate analysis were plotted on the
calibration curve to estimate glycogen concentration. The calculated glycogen concentration
showed a linear relationship with glycogen quantities in paste samples, demonstrating the
potential of Raman endoscopy for the surface measurements. Also, comparison of the results
from Raman endoscopy and those from a colorimetric assay of glycogen showed a linear
relationship, indicating comparable quantitative ability. Finally, we conducted glycogen
quantification using Raman endoscopy in living mice. Under glucagon administration,
depletion of glycogen was detected, consistent with its role in promoting glycogen breakdown.

In conclusion, a Raman endoscopy system was established, which has the potential to
monitor glycogen changes quantitatively in the liver of living mice. The quantitative ability of
the Raman endoscopy system is comparable to existing biochemical colorimetry. Using this
system, the physiological phenomena of glucagon-induced glycogenolysis were monitored by
glycogen depletion. This new method opens opportunities for studying glycogen-related
metabolism in vivo at high temporal resolution and high quantitative ability.
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High-speed, multiplex Raman tag quantification enabled by
time-domain molecular vibration analysis

(The University of Tokyo, *Kyushu University, *RIKEN, *Columbia University, SUCLA,
SWuhan University) O Ryo Nishiyama', Kotaro Hiramatsu'?, Kei Furuya!, Shintaro
Kawamura®, Kosuke Dodo?, Wei Min*, Ding Tianben', Mikiko Sodeoka®, Keisuke Goda'~>¢
Keywords: Raman spectroscopy; Chemical probe; Flow cytometry; Imaging; Raman tag

Recently, Raman tags have attracted considerable interest as a molecular label capable
of multicolor measurements in imaging [1] and flow cytometry [2], surpassing those of
fluorescent tags. This stems from the fact that Raman spectra exhibit narrower line widths
compared to fluorescence spectra, facilitating the differentiation between various tags.
However, a notable challenge with Raman tags is their relatively weaker signal intensity
compared to fluorescent tags, which has hindered their widespread applications.

In this study, we synthesized bright Raman tags by encapsulating resonance-enhanced
Raman-active dyes in polymer nanoparticles. Their molecular vibration signal in the time
domain were measured with a Fourier-transform coherent anti-Stokes Raman scattering
(FT-CARS) spectroscopy [3], aiming to achieve rapid and highly sensitive detection of
these tags (see Fig. la). The obtained time-domain signal (see Fig. lb) was fit with
reference time-domain signal obtained from the Raman tags as a basis set, demonstrating a
higher Raman tag quantification accuracy and a potential high-speed Raman tag detection
capability, which is applicable for high-speed super-multiplex imaging and flow cytometry.
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Figure 1. Schematic and measurement results for time-domain molecular vibration signals.
(a) Schematic of the FT-CARS spectrometer for time-domain vibration signal acquisition. (b)
FT-CARS measurement results for 3 different resonance-enhanced dye species.

1) L. Wei et al. Nature 544, 465-470 (2017). 2) R. Nishiyama et al. PNAS Nexus. 2, pgad001 (2023).
3) K. Hiramatsu et al. Science Advances 5, eaau0241 (2019).
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Ultra-sensitive SERS at Single-protein Level via a New Delivery
Technique for Analytes into Hotspots

(‘Graduate School of Life Science, Hokkaido University, *RIES, Hokkaido University, *CRIS,
Hokkaido University) O Tianxu Gao,' Hideyuki Mitomo,> Xu Shi,®> Yusuke Yonamine,’
Kuniharu Ijiro

Keywords: Surface-enhanced Raman spectroscopy; Localized surface plasmon resonance;
Tunable structure; Protein detection; Stimuli-responsive hydrogel

The surface-enhanced Raman spectroscopy (SERS) is a powerful tool in sensitive analyte
detection, with the localized-enhanced optical near field (hotspot) in a narrow gap area.
However, normal SERS active structures are unsuitable for detecting proteins, as protein’s large
volume hinders their approach to narrow hotspots. Based on our previous researches,' in this
study, we fabricated an Au nanoTriangle plate Arrangement on Gel (AuTAG) as a gap distance
tunable SERS substrates with gold nanotriangle plates (AuNTs) and thermo-responsive
poly(N,N-diethylacrylamide) (pDEAA) hydrogel. A novel strategy was further proposed for
better delivery of analyte proteins to hotspots.

The AuTAG substrates were fabricated by transferring a packed AuNT monolayer onto
pDEAA surface (Fig. 1a). Due to the thermo-sensitivity of pDEAA, the shrinkage or swelling
of hydrogel changed inter-AuNT distance under the temperature control. In particular, AuNTs
were coated with ligands to prevent non-specific protein adsorption on particle surfaces. The
Gel Filter Trapping (GFT) method was designed to deliver proteins into the hotspots
specifically for highly sensitive SERS (Fig. 1b). In GFT method, a local water flow generated
by water adsorption of the hydrogel that delivers proteins into nanogap areas in AuNT arrays.
After nanogaps were closed by heating, SERS measurements were performed. Significant
signals of proteins (e.g. hemoglobin) were identified until their single-molecule level
concentration (10° mg/ml), indicating the fact that proteins were effectively delivered into the
hotspots. These results demonstrate the ultra-sensitivity of AuTAG substrates with GFT method
in protein detection.

(a) Au nanoTriangle plate Arrangement on Gel (AuTAG)  (b) Gel Filter Trapping (GFT)

Au nanoTriangle i Hydrogel i
late (AuN
plate (AuNT) shrinkage
=
Gap

closed

Water flow

Thermo-responsive
hydrogel [. Protein © Water ]

Fig. 1 (a) Structure of AuTAG substrate and its inter-particle distance tuning process. (b)
illustration of GFT method.
1) Y. Osada, Adv. Mater., 2012, 24, 5243-5248. 2) H. Mitomo, K. Ijiro, Adv. Optical Mater., 2016, 4,
259-263. 3) H. Mitomo, K. Ijiro, Nanoscale Adv., 2019, 1, 1731-1739
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Development of a near-infrared luminescence method for detecting
protein-protein interaction and cell fusion events in deep tissues

(‘Annalytical Chemistry, Department of Chemistry, School of Science, The University of
Tokyo)

OYiling Li!, Genki Kawamura', Qiaojing Li!, Takeaki Ozawa'

Keywords: Akaluc, Near-infrared light, Split luciferase reconstitution, Protein-protein

interaction, Cell fusion Ligand
GPCR \\ GPCR
Cell membrane
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[ Introduction ] Akaluc is an wum iumgggggggggg J&MLLLLL,LJ,M,LLLJLJML
artificial mutant of firefly luciferase prorrestin %
(Fluc), that emits near-infrared light - Aka'ucc o g .
. . . . I Al i o P
which can penetrate biological tissues ”W UG Bice
‘AkalucN

efficiently.! This study aims to develop a
near-infrared  luminescence detection  Fig. 1. Scheme of detecting GPCR/B-arrestin
method for detecting cellular events in interaction by split Akaluc complementation.

deep tissues using Akaluc-based split luciferase (A) [T s onatn [0 (N-probe)
complementation?, demonstrated by GPCR/B-arrestin

interactions and myogenic cell fusion events as "Dnatc |crnksH [ETETEMET (C-probe)
examples. .

[ Results and discussion] To observe the Protein splicing onatn [EY
GPCR/B-arrestin interaction, the N- and C-terminal [onac |
fragments of Akaluc (AkalucN and AkalucC) are DAkalueN) SIS Aaluce Myc |
fused with B-arrestin and GPCR, respectively. The (Reconstituted Akaluc)
ligand-induced ~GPCR/B-arrestin interaction was ®)
detected via the bioluminescence generated by split == &5 5 Akalumine
Akaluc  complementation (Fig. 1). Increased o el = 5=
luminescence was confirmed using stable cell lines go/_éﬁ} Cell fusion 2'2'
expressed GPCR-AkalucC and AkalucN-B-arrestin. 2=, e

For the myogenic cell fusion observation, i
myogenic cell fusion indicators (N-probe and Fig. 2. Design of the myogenesis
C-probe) were developed based on  assay system. (A) Process of

i . . . protein trans-splicing-based split
trans-splicing-based split luciferase complementation Akaluc complementation. (B)

using split Ssp DnaE inteins (Fig. 2A). The cell fusion The principle for monitoring cell
among the mixture of the N- and C-cell, that fusion events.
respectively express N- and C-probe, were detected
through the bioluminescence generated by the Akaluc reconstitution (Fig. 2B). The
spontaneous Akaluc reconstitution was confirmed by the luminescence intensity correlated
with myogenesis progression.

In conclusion, split Akaluc reconstitution provides a valuable method to detect
GPCR/B-arrestin interaction and cell fusion events. Moreover, it will be a bioengineered
analytical method to spur scientific, medical, and industrial applications.

1) Iwano S et al. Science. 359: 935-9. 2018. 2) Misawa N et al. Anal Chem. 82: 2552-60. 2010.
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Novel Optogenetic System to Achieve Deep Tissue Insulin
Signaling Control in Living Animals

(‘Graduate School of Science, The University of Tokyo)
OQi Dong,1 Mizuku Endo,' Takeaki Ozawa'
Keywords: Optogenetics; Insulin Receptor; In vivo

Insulin and insulin receptor (INSR) play a key role in the hormonal regulation system to

maintain glucose homeostasis.' Secreted by the pancreatic islet beta cells, insulin is released

into the bloodstream in several different temporal patterns.” To date, the detailed functional role

regards to insulin secretion patterns are yet to be confirmed due to the constraint of the

conventional methods. In this work, we report an opto-insulin receptor (optoINSR) system that

enables the optical activation of insulin signaling using blue light illumination in vivo.

Activation of the insulin signaling cascade begins with the binding of insulin to the o

subunits of INSR. Subsequently, the structural rearrangement brings the B subunit close

together to activate downstream signaling cascades. Simulating this process, optoINSR

consists of the B subunit of the INSR that is connected to the photoreceptorAureochromela
(AU1) from Vaucheria frigida.® Upon blue light illumination, AU1 will bring the fused B
subunit closer together mimicking the action of insulin binding to INSR. To confirm the

activation of optoINSR upon light stimulation, mammalian cells transiently expressing
optoINSR were illuminated with blue LED light (~440 nm, 10 s min-1). The western blotting
analysis demonstrated an increase in phosphorylation of downstream molecules upon

illumination, which confirmed the activation of optoINSR by light. To further apply optoINSR

in in vivo mouse model, adenovirus harboring optoINSR gene was injected into BALB/c mice.

The liver of infected mice was exposed and illuminated with blue LED light then subsequently

excised and homogenized for western blotting analysis. Results demonstrated the increase in

phosphorylation of downstream molecules upon illumination. Taken altogether, optoINSR

controls the insulin-mediated signaling by blue light illumination both in cultured cells and in

living mouse liver.
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1) C.J. Hedeskov, Physiol. Rev. 1980, 60 (2), 442-509. 2) H. Kubota, Cell Syst. 2018, 7 (1), 118-128.
3) F. Takahashi, Proc. Natl. Acad. Sci. U. S. A. 2007, 104 (49), 19625-19630.
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Tunable Optical Properties of Newly Developed Ag-Mn-Sn-S
Quantum Dots through Precise Composition Control

(!Graduate School of Engineering, Nagoya University) OChang Jiang,' Kazutaka Akiyoshi,!
Tatsuya Kameyama,' Naoki Banno,' Hiroshi Yukawa,' Yoshinobu Baba,' Tsukasa Torimoto'
Keywords: Quantum dots; Colloidal synthesis; Composition-dependent optical properties

I-1I-IV-V14 semiconductors comprised of abundant and less toxic elements, such as
Cu2ZnSnS4, have attracted attention as photovoltaic materials owning to their suitable bandgap
and high absorption coefficient (10* cm™!). Another recent focus involves AgMnSnSs (AMTS),
which exhibits comparable optical properties with CuZnSnSs4. The energy gap of bulk AMTS
was reported to ca. 2.0 eV', making them suitable for solar light conversion systems. Moreover,
it is expected that Mn doping imparts magnetic properties derived from unpaired 3d electrons
in Mn ions. On the other hand, intensive research has been conducted to decrease the size of
semiconductor particles to the nanoscale for the preparation of quantum dots (QDs), offering
controllable optoelectronic properties based on size and composition. In this study, we report
the colloidal preparation of AMTS QDs by a heating-up method and their optical properties
depending on their chemical composition.

The precursors of Ag(OAc), Mn(OAc), Sn(OAc)s, and sulfur powder dissolved in
oleylamine (OLA)/1-dodecanethiol (DDT) solution were reacted at 250 °C for 10 min under
N, atmosphere. The resulting solution was subjected to centrifugation to remove large
precipitates. Thus-obtained AMTS QDs were isolated from the supernatant by adding methanol
as a non-solvent. The Ag/metal ratio in the precursors was changed from 0.50 to 0.05.

The optical bandgap determined from the absorption onset monotonously decreased from
2.4 eV to 2.0 eV with a decrease in the Ag/metal ratio (Fig 1a). The electronic energy structure
of AMTS QDs was determined by the photoemission yield spectroscopy in air (PYSA). The
change in the QD composition resulted in the shift of conduction band minimum from —-3.5 eV
to —3.1 eV (Fig 1b). Furthermore, by coating QDs with a ZnS shell followed by the ligand
exchange with 3-mercaptopropionic acid, the resulting hydrophilic AMTS@ZnS QDs were
uniformly dispersed in aqueous solutions without changing their optical properties and
chemical composition. These findings open up the possibilities for utilizing ATMS QDs in
various applications such as photocatalysis and bioimaging in aqueous media.
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Fig 1. (a) UV-vis absorption spectra of AMTS QDs prepared with different Ag/metal ratio. (b) Electronic
energy structure of AMTS QDs.

1) F. N. Keutsch, et al., Mineral. Mag., 2019, 83, 2.
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Aluminosilicate Construction from Spiro-5-Type
Molecular Precursors with tert-Butoxy Group

(‘Graduate School of Science and Engineering, Chuo University, *Faculty of Science and
Engineering, Chuo University, *Institute of Innovative Research, Tokyo Institute of
Technology) O Akira Imaizumi,' Akinori Honda,? Toshiyuki Yokoi,> Ho-Chol Chang?
Keywords: Molecular Precursor; Aluminosilicate; Solid Acid Catalyst; Pore; ter-Butoxide

Construction of aluminosilicates from structurally and compositionally well-defined
molecular precursors (MPs) is a promising and stoichiometric method contrary to the
conventional processes using discrete Al and Si sources. However, the MP method often
suffer from several drawbacks such as the decomposition of a core structure in the presence
of solvent, acid, or base during the activation of leaving groups. Herein we present the
synthesis of novel spiro-5-type MPs with Si~O’Bu bonds, which can be thermally converted
to Si—-OH bonds,' C*[AlSis]” (C* = PyH" and Na®), and its conversion into aluminosilicate
solid acid catalysts by direct heating or solvothermal treatment (Fig. a).

PyH'[AISis]” showed steep weight loss from 100 °C in its TG diagram under a flow of
N,, and the total weight loss upon heating to 180 °C reached 60%, which is almost
consistent with the theoretical value (59%) for the desorption of the pyridine and 8
equivalents of isobutene (Fig. b). Na'[AlSis]” exhibited the elimination of solvated H,O
below 100 °C, accompanied by a

a)

steep weight loss of 51% upon o i o

heating to 300 °C. IR spectra of NS A

the heated product of Na'[AlSis] ’BO;UZ e \O'SE;O'BU <

to 300 °C showed a disappearance B CHAISI,I - o

of vibrational bands at 2900 cm™ Cr= é‘j o Nat Soﬁéu;\";%oggf;fsts
and an increase at 3500 cm™ (Fig. b o o

c), supporting the conversion of o NatASIE | 1
S)i—O’];II info Si-OH  bonds. 2l NI“ \Uﬂ'%"
Noteworthily, heated products to % “ Hestedose0e \
700 °C showed good catalytic £ Hea‘emﬁﬁv \
activity toward a ring-opening ™ UM‘
reaction of styrene oxide (> 80% I - e e

yield), indicating the introduction Figure. a) Molecular structure of spiro-5-type C*[AlSi4]~
of MP-derived Al-OH-Si acid (C" = PyH' and Na’) and a plausible scheme of its
sites. Solvothermal conversion of  conversion into aluminosilicates, b) TG diagram of
the MPs into aluminosilicates will  C*[AlSis]- (C* = PyH": solid, Na": dotted), and ¢) IR
also be discussed. spectra of Na*[AlSis]~ and its heated products.

References 1) Fujdala, K. L.; Tilley, T. D. J. Catal. 2003, 216, 265.
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Frustrated Lewis Pair reactivities of phosphino-phosphenium
cations

(‘Department of Chemistry, University of Toronto) O Hyehwang Kim,' Douglas W.
Stephan'
Keywords: Phosphorus; Frustrated Lewis Pairs; Phosphenium

The field of frustrated Lewis pair (FLP) chemistry began in 2006 with the Stephan
group’s landmark report on reversible H, activation by a main group compound.' Since then,
the field has grown immensely by showing how main group compounds can activate small
molecules such as CO, and CO.? FLPs are principally based on Lewis acids and bases that
are sterically precluded from adduct formation. Recently, FLP chemistry has also been
demonstrated from equilibrium access to the free Lewis acid and base, thus showing that it
is not necessary for the Lewis acid and base to be sterically “frustrated”.’

With this in mind, we present our work on the FLP chemistry of
phosphino-phosphenium cations (PPCs) of the forms [R,PCIPR’;]" and [R3PPR’;]".
Intrigued by reports of these cations undergoing phosphine exchange,* we proposed that the
labile dative bond in phosphino-phosphenium cations would provide access to the Lewis
basic phosphine and Lewis acidic phosphenium moieties in FLP chemistry. In the first part
of this presentation, we report the reactions of PPCs with terminal alkynes which resulted in
FLP addition products. This methodology was adapted for the synthesis of several
dissymmetric cis-olefin-linked bidentate phosphines, thus avoiding the conventional use of
radicals, transition metals, or pyrophoric lithium reagents. In the second part, we report the
cleavage of N=N double bonds in azobenzene using PPCs as FLPs, and the
functionalization of the resulting four-membered phosphorus-nitrogen heterocycles.

©
R, |Gacl)
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1@ ® VRN
RePPR [GaCl]® === ReP1”[Gacll® + PRy PINNPR 1o 7 y-ph
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1) G. C. Welch, R. R. S. Juan, J. D. Masuda, D. W. Stephan, Science 2006, 314, 1124. 2) D. W.
Stephan, Science 2016, 354, aaf7229. 3) T. C. Johnstone, G. N. J. H. Wee, D. W. Stephan, Angew.
Chem. Int. Ed. 2018, 57, 5881. 4) N. Burford, T. S. Cameron, P. J. Ragogna, J. Am. Chem. Soc. 2001,
123,7947.
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Analysis of dendrimer template effect in ligand-protected Au
cluster synthesis

(‘Tokyo Institute of Technology, *JST-ERATO) O Hisanori Muramatsu', Tetsuya Kambe'?,
Takamasa Tsukamoto'?, Takane Imaoka'?, Kimihisa Yamamoto'*
Keywords: cluster; gold; dendrimer; Ligand protection

Metal clusters, which consist of several to dozens of metal atoms, have discrete electron
configurations, unlike bulk bodies. Therefore, metal clusters may exhibit properties different
from those of bulk states or nanoparticles. In recent years, Au clusters have attracted attention
as superatoms that can be synthesized not only in the gas phase but also in the liquid phase. In
particular, various reports of Au clusters have been reported since Brust and Schiffrin et al.
reported a liquid phase synthesis method for thiol-protected Au clusters.! Furthermore, many
examples of combinations of different elements have been studied, and various combinations
of different elements, mainly noble metals such as Pd, Pt, Cu, Ni, Ag, Cd, and Hg, have been
reported. Though Au clusters and those with different elements can be synthesized with high-
yields, those require many steps and a lot of derived from etching and exchange reactions. **

On the other hand, there is a method for liquid phase synthesis of metal clusters that uses
dendrimers as templates. This method allows direct synthesis because the elements clustered
into the dendrimer can be collected in advance. Recently, Aus(SR)1s has been synthesized
using the dendrimers (TPM G4)*.

We verified the effect of the dendrimer by changing the number of Au salts accumulated
in TPM G4 (Fig.1). It was suggested that the tendency may differ depending on the number of
imine generations in the dendrimer. In the case of different element combinations, the
MAW4(SR) 15 synthesis was confirmed from MS spectra and STEM/EDS for many of the
elements studied. Details of the results will be reported on the day.

1) Brust, M.; Schiffrin, D. J.; et W, {\*iniﬁ o
al., J Chem Soc Chem Commun % % & é %‘m 5 5 9*:\‘
1994, 0, 801802, R sy Nl g
2) Zhu, M.; et al., J. Am. Chem. Reduct'°" Red“°"°“

Soc., 2008, 130, 5883-5885.

3) Dharmaratne, A. C.; er al., J.
Am. Chem. Soc., 2009, 131
(38), 13604-13605.

Reductlon Reduction Reduction

Energy
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4) Muramatsu, H.; Kambe, T.; fhisnyd
=
Yamamoto, K. et al,

Fig. 1. Image of the difference in the number of clusters
Molecules, 2022, 27, 3398.  produced by the number of nuclei of Au precursors that
(Cover article) accumulate in TPM G4. (Note: This image differs from the
actual one.)
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MaHRZFIA L -BERA~D Pd +/ BIFEELEZDR A I K
BIE~DER L BERO >ES~DIGH

(BRBET) OL3E B - JE% &5 - ek By - 8 SO - AR it - Il
Immobilization of Pd nanoparticles on polymer substrates by the method using radiation
applied to polyimide resins and its application to electroless plating (Graduate School of
Engineering, Osaka University) O Naoto Uegaki, Satoshi Seino, Rikuya Sato, Fumiyasu
Ishiguro, Yuji Ohkubo, Takashi Nakagawa

Pd nanoparticles can be immobilized on various substrates by the method using radiation".
Electroless plating film was obtained by using immobilized Pd nanoparticles as catalysts. In
this study, we examined its application to polyimide (PI) as substrate materials for flexible
printed circuit boards. PI film was enclosed in aqueous solutions of Pd ion. The solution was
irradiated and Pd nanoparticles were immobilized. The obtained samples were characterized
by SEM, ICP-AES, XPS and so on. Figure 1 shows SEM image of prepared resin plate surface.
It was observed that the Pd nanoparticles were immobilized on the PI film. The amount of Pd
immobilized on the PI film surface was 54 ng-Pd/mm?-PI, which was comparable to that of
ABS used as the polymer substrates. In addition, the immobilized Pd nanoparticles showed
activity as an electroless plating catalyst. The relationship between the surface morphology and
chemical state of the obtained samples and the adhesion of the plating film were discussed.

Keywords : Radiation, Nanoparticles, Polyimide, Electroless Plating
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Pl 7 4 VNI 2 RS L, Pd T/ ki 7% : : .
BTk Lz, S5 7-i kL SEM, ICP-AES,  Figure 1. SEM image of prepared Pd
XPS 7 & CHHT Uiz, B b skl fioo SEM  nanoparticles on PI film.
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1) N. Uegaki et al., Nanomaterials. 2022, 12, 4106.
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Anisotropic Etching of TiO2(110) Single-Crystal Surface with
Aniline Solution Immersion for Step Direction Control

(‘Graduate School of Humanities and Sciences, Ochanomizu University, *Graduate School
of Science and Technology, Kumamoto University, *Institute of Industrial Nanomaterials,
Kumamoto University) OMami Takahari,' Taiga Goto,” Soichiro Yoshimoro,’ Toshihiro
Kondo,!

Keywords: Aniline (AN); TiO»(110) Single-Crystal Surface; Solution Immersion; Step
direction control; Photocatalytic reaction

TiO,(110) single-crystal surface have been used as a model surface for photocatalytic
reactions. It is important to control of a step direction on TiO»(110) surface because
photocatalytic reactions depend on the step direction. However, there are few reports to
control. In this study, we found TiO»(110) surface was etched and a uniform step structure
in the [001] direction formed after immersing of the clean TiO(110) single-crystal substrate
in an ethanol solution containing aniline.

It is known that AN is uniformly adsorbed on the TiO»(110) surface when it was
vacuum deposited. However, AN was not adsorbed on the TiO»(110) surface from the
solution. Nevertheless, its surface morphology was significantly different before and after
the immersion into the ethanol solution containing AN (Fig. 1). Zigzag steps in the [112]
direction with many kinks were observed in the sample prepared by immersion into the
solution without AN (sample Et), whereas linear [001] direction steps were observed when
the sample was immersed in the solution containing AN (sample AN). Since Ti was detected
in the solution after immersion, it was concluded that the etching was promoted by the
formation of TiO,-AN complex and its desorption as a result of adsorption of AN to step
edged Ti.

(a) nm () nm

500 nm 500 nm
Figure 1 ~AFM images of (a) sample Et and (b) sample AN (2 um x 2 um) V.

1) M. Takahari, T. Goto, S. Yoshimoto, T. Kondo, Chem. Lett. 2023, 52, 823.
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WFAUEZr EERZEADR Y B L DETFIL & 1B KEE
(JURPBZHE D) OFRME KA - L= NPy~ e KA 21 ki ERE !

Cationic Zr-based Coordination Cages as Photosensitizers for Polyoxometalate-based
Catalysis ('Graduate School of Science, Kyushu University) OYuta Sueda,! Benjamin Le
Ouay,' Ryo Ohtani,! Masaaki Ohba!

Polyoxometalates are industrially important catalysts and widely used for organic synthesis.
However, most of noble-metal free POMs have wide band gap and therefore need high energy
to be photo-excited and low accessibility hinder the use as heterogeneous catalysts. We
prepared a cationic Zr-based coordination cage with light absorption maximum at 390nm and
significant absorption in the visible domain. Self-assembly of the cationic cages with anionic
POMs resulted in porous composites, with cages and POMs in close proximity allowing a
transfer of excitation. The composite acted as a potent photocatalyst for the decomposition of
Rhodamine B in water, thanks to the combination of efficient transfer of photo-excitation, high
accessibility to the POM surface, and dye accumulation in the pore network.

Keywords : Metal-Organic Polyhedra; Polyoxometalates; Self-assembly,; photocatalysis

Keggin MHEIEICRERIND~T 2R Y BRI%, TEMICEERAEE U THEARK
REFHENTVS, LL, BEEREZBZERWVWARY BRI AN FFE vy v T RJRNT
DI AR Tl ST, S HICARE— il & U CTHWESEIZIET 7 B Ak
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Elucidation of the Photodecomposition Mechanism of Perfluoroalkyl Substances by ZnS
Nanocrystals (' Ritsumeikan Univ., “PRESTO JST) O Yauto Toyota,' Yoshinori Okayasu,' Yuki
Nagai,' Yoichi Kobayashi'?

Perfluoroalkyl substances (PFAS) are practically used in various industries. On the other
hand, their extremely high stability causes serious environmental persistence and
bioaccumulation, and no practical decomposition method has been established. In this study,
we report that PFAS can be decomposed into fluoride ions using near-UV LED light irradiation
to zinc sulfide nanocrystals (ZnS NCs) at room temperature under atmospheric pressure.
Irradiation of 365-nm LED light to the aqueous solution containing ZnS NCs,
perfluorooctanesulfonic acid (PFOS, Fig 1a), and triethanolamine (TEOA) results in 99% of
PFOS removal efficiency after 72 hours (Fig. 1b).

Keywords : Organic Fluoride Compounds; Zinc Sulfide; Perfluorooctanesulfonic Acid;
Semiconductor Nanocrystals, Photocatalysts
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Fig. 1 (a) Molecular structure of
PFOS, (b) PFOS decomposition
by 365-nm UV light irradiation
(690 mW, 10 W/ecm?) to 1 mol%
Cu-doped ZnS NCs.
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Prediction of photocurrent density of various photoanodes using
machine learning with feature extraction from analytical data.

(*Chuo University) OYuya Nagai,! Zhenhua Pan,' Kenji Katayama!
Keywords: Machine learning, Photoanode, Photocurrent

Photoanodes are promising for solar-driven hydrogen evolution, yet their performance
(photocurrent) varies despite identical preparation conditions. This suggests that the
unidentified factors could affect the photocurrent of the photoanodes. To clarify the factors,
we have developed a scheme to predict the material performance using machine learning
(ML) from analytical data, including X-ray diffraction (XRD), Raman spectroscopy,
UV/Vis absorption spectroscopy, and photoelectrochemical impedance spectroscopy (PEIS).
The analytical data provided features, such as peak intensities or positions, which were used
to predict photocurrent values. Then, the ML process identified the dominant factors for
performance. This scheme was applied to hematite and bismuth vanadate photoanodes.?
Additionally, we adjusted the operational parameter for the sample preparation based on the
dominant factors through ML to enhance the photoanode activity.®

In our previous studies, we were unable to determine the contributions of the dominant
descriptors to the performance because we used various ML methods. In addition, the use of
multiple ML functions could negatively impact the robustness of our scheme when applied
to various material data with target values. To address these issues, we have developed a
comprehensive and robust approach that encompasses data preprocessing, ML computations,
descriptor selection, and importance analysis of the dominant descriptors. The
accompanying figure illustrates our recent ML methodology. In this presentation, we
explain the calculation scheme and present the results of its application to hematite, bismuth
vanadate, and various photoanodes.
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Figure. Overall ML scheme for descriptor selection and contribution analysis are shown.

1) Y. Nagai, et al. The Analyst, 2022, 147, 1313. 2) K. Kobayashi, et al. J. Photochem.
Photobiol. Chem., 2023, 440, 114651. 3) T. Idei, et al. ACS Appl. Mater. Interfaces,
2023, 15, 55644.
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Convolutional Neural Network Prediction of the
photocurrent-voltage curve directly from scanning electron
microscopic image for BiVO4

(Chuo University) OKenji Katayama, Yuta Hayashi, Yuya Nagai, Zhenhua Pan
Keywords: CNN, BiVO4

In the race for efficient and sustainable energy conversion, the development of high-
performance photocatalytic devices holds great promise. These devices rely on a critical
characteristic called the photocurrent density vs applied voltage (JV) curve, which provides
essential insights into their functionality and performance. In this study, we present an exciting
breakthrough in predicting the JV curve for a promising photoanode material, BiVO4, using
convolutional neural networks (CNNs). The CNN was trained solely on conventional
scanning electron microscopy (SEM) images, making it an accessible and cost-effective

method. Our optimized methodology achieved an impressive curve match ratio of 98.9%,

paving the way for significant advancements in solar energy conversion.

Fabricating materials and devices takes a long time, and typically only dozens of

samples can be produced on a lab scale. Our method provided the good prediction of the
photoelectrochemical (PEC) performance only from dozens of data, even by using CNNs. It is
surprizing that the photocatalytic performance can be predicted only from a single SEM image,
which is a very common measurement in the study of photocatalysis. If we could find the
performance only from an image, the burden for the development/finding new photocatalytic

materials/devices could be potentially much reduced and would be a transition of the research

method.
Pooling  Convolution .-
RN,
=4000 “E1 s| .
SEI&BE| % R?> 0.95 A
Training % .| — 98.9% ¥ 'f '
) iss
Zos| S |
— I SRS
© fs—t H,F—e—-;-_'o"_.k
0.4 0.6 0.8 1 1.2 1.4
Voltage [V vs RHE]
Figure Scheme of this resaerch. The combination of SEM images (SEI and BEI) were used for the

prediction of the current — voltage curve using the convolutiona neural network. The prediction accuracy
for the test data reached 98.9 %.

1) Y. Hayashi, et al. J. Mater. Chem. A 2023, 11, 22522-22532.
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Reduction
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Title: Photocatalytic CO, Reduction Using Binary Metal-Porphyrins as Photosensitizer and Catalyst units

Sunghan CHOI, Sebastian Nybin Remello, Osamu Ishitani*

Photocatalytic CO; reduction consisting of both ZnTCPP and FeTCPP efficiently proceeded due to optimized
electron transfer within their close distance. Furthermore, employing a metal-organic framework (MOF)
containing ZnTCPP, FeTCPP linkers, and ZrO clusters exhibited substantial CO, reduction capabilities.
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HooG— \_‘}-N’“:N—" {_4coon
A A2
I
¢
v
doom
FeTCPP
CO + HCOOH
cO,

E* (zaTcPp)—1.50V '

E. (ZnTCPP) mmmpn .—1.47 VE,.{FeTCPPCI)
o )_'—1_m

e 7 (Fe TCPPCI
o7 eAreTerreD
~0.05V
FalBID 0.51V  E,(ZnTCPP)
E*,(ZuTCPP) 0.59 V 0.70V
E,(FeTCPPCI)

vs. Fct/Fe

© The Chemical Society of Japan - F1232-2vn-01 -



F1232-2vn-02 The 104th CSJ Annual Meeting

Electrocatalytic Reduction of Low Concentration CO: by Iron
Porphyrins

(‘Tokyo Institute of Technology, *Hiroshima University, *Cochin University of Science and
Technology) OSebastian Nybin Remello,'* Osamu Ishitani'
Keywords: Low Concentration CO, Reduction; Iron Porphyrin; Electrocatalytic reaction

Transition Metal Complexes are one of the effectively utilized systems for the selective
conversion of CO, with high efficiency, and most of these catalyst systems can function
effectively under electrochemical and photochemical conditions. For the practical realization
of these systems for the direct conversion of CO; in the flue gas, the catalyst should work under
low concentrations of CO,.! The Re(lI) complexes with a deprotonated triethanolamine are
efficient catalysts for direct reduction of low-concentration CO; the versatility of this system
is attributed to the fast CO; insertion reaction to the Re-O bond.? However, considering the
elemental strategy, we should identify other efficient catalysts based on earth-abundant
elements that can work under low CO» concentrations.

Porphyrin complexes of iron are efficient catalysts for CO, reduction under
electrochemical and photochemical conditions. Selective electrochemical reduction of CO, to
CO is observed in most iron porphyrin-based catalyst systems under pure CO, atmosphere
when a Bronsted acid is employed as an additive or prepositioned near the catalyst by ligand
modification.’ In this report, we could successfully observe CO formation using the
commercially available iron porphyrin catalyst Fe(Ill) tetraphenyl porphyrin (FeTPP), under
10% CO, concentration with a 91% faradic yield and 23 TON in the presence of phenol and
TEOA (trace,) indicating the possibility phenyl carbonate formation with FeTPP-Phenol
system (eq. 1). The formation of Fe-CO,-OPh was confirmed using FTIR by observing the
C=0 stretching upon CO, bubbling to the FeTPP-OPh complex. Another aspect is the
possibility of low-concentration CO; reduction in the presence of triethanolamine (TEOA); the
reaction produced HCOOH as the major product with a 52% faradic yield and 12 TON, in this
case also, the CO; inserted complex, Fe-CO.TEOA was observed using FTIR (eq. 2).

10% CO, -1.99V (vs Fc/Fc*)
o P co
=  DMSO/PhOH/TEOA GC Plate
- MN(CH,CH;0H),
o~ _N{CH;CH,0H),
< -2.07 (vs Fc/Fc*
Ph o 10% €0, Ph n {vs Fe/Fe’) HCOOH
) DMSO/TEOA GC Plate

(1) Yamazaki, Y. and Ishitani, O. et al., J. Am. Chem. Soc. 2022, 144, 6640-6660. (2) Kumagai,
H. and Ishitani, O. et al., Chem. Sci. 2019, 10, 1597-1606. (3) Costentin, C. and Savéant J. M.
et al., Science 2012, 338 (6103), 90-94.
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Cleavage of Carbon—Heteroatom Double Bonds by Iron Disilyl Complexes

(‘Graduate School of Engineering and *Institute of Industrial Science, The University of Tokyo)
OYuto Suga', Yusuke Sunada'-

Transition metal complexes bearing organosilyl ligands exhibit unique reactivity reflecting
the chemical properties of silicon moieties. For instance, coordinatively unsaturated and
electron-rich metal complexes could be facilely synthesized by introducing the organosilyl
ligands due to their strong electron donating properties as well as strong frans-influence. In
addition, oxophilic property of silicon moiety led to the effective activation of oxygen-
containing molecules such as carbonyl compounds. !

Herein, we synthesized a series of iron complexes 1-3 bearing bridging disilyl ligands
(Scheme 1-a). We found that 1-3 could cleave the C=E (E = O, NR) double bonds of the
substrates to afford cyclic compounds bearing silicon—heteroatom bonds (Scheme 1-b). A
similar reaction using 3 was previously reported by Nakazawa and Gladysz, but the applicable
substrates were limited to aldehydes.!? In contrast, both ketones and imines could be used in
our system. For instance, C=0O double bond of cyclopropenone was facilely cleaved by iron
complexes, giving cyclic siloxane in good yield. It should be emphasized here that an iron
complex bearing cyclopropenyl-1-ylidene ligand could also be isolated.

Keywords : Iron, Silicon, Carbene, Double Bond Cleavage
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Scheme 1. a) Synthesis of iron complexes 1-3.
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[1] M. T. Whited, B. L. H. Taylor, Comments Inorg. Chem. 2020, 40, 217.
[2] H. Nakazawa, D. L. Johnson, J. A. Gladysz, Organometallics 1983, 2, 1846.
[3] L. Vancea, W. A. G. Graham, Inorg. Chem. 1974, 13, 511.

b) Reaction of 1-3 and C=E-containing substrates.
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An Iron Porphyrin-Based Framework Catalyst for Highly Efficient
Photocatalytic CO2 Reduction

({Tokyo Institute of Technology, *Osaka University, *JST PRESTO) O Xianjun Li!, Kento
Kosugi?, Maho Imai?, Yutaka Saga?, Tetsuya Kambe?, Shigeyuki Masaoka?, Mio Kondo'*
Keywords: CO, Reduction; Photochemical Reaction; Iron Porphyrin; Self-Assembly;
Heterogeneous catalyst

To address both challenges of global warming and energy scarcity, visible-light driven
CO; reduction (e.g., CO, + 2H" + 2¢- — CO + H,0) can be a viable solution, and the
development of catalytic systems for the reaction is widely studied.

In this work, we aimed to construct a novel catalytic system for photochemical CO»
reduction. An iron porphyrin complex bearing carboxyl groups (-COOHs) at its peripheral
positions (Fe(III) meso-tetra(4-carboxyphenyl) porphyrin chloride), [FeCl(H4P)], Figure 1)
was employed as the basic unit.

Self-assembly of [FeCl(H4P)] afforded a framework catalyst, [Fe(H,P)]. (Figure 2),
which possesses fixed carboxylate groups and free carboxyl groups with a multifunctional
environment. [Fe(H2P)]. shows very high catalytic activity for a photocatalytic CO, reduction
to form CO at under visible-light irradiation in a CO»-saturated acetonitrile (MeCN) solution
containing Ir(ppy)s (Hppy = 2-phenylpyridine, 20 uM) as a photosensitizer, 1,3-dimethyl-2-
phenyl-2,3-dihydro-1H-benzo[d]imidazole (BIH, 0.2 M) as a sacrificial electron donor, and
trifluoroethanol (TFE, 0.2 M) as a proton source. During a 3-hours of photocatalytic experiment,
the amount of CO increased extremely fast while H> evolution was negligible (Figure 3). An
average production rate of CO reached 1.8x10° /umol g h™! with 100% of selectivity. This rate
is new record among molecule-based heterogeneous photocatalytic systems for CO; reduction
to produce CO reported up to now.

In the presentation, we will also show the detailed results of robustness tests, gas
adsorption results and investigation of proton conductivity.
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Figure 1. Chemical structure of
[FeCl(H,P)]
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Figure 2. Crystal packing structure of [Fe(H,P)],
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Figure 3. Production amounts of CO and H,
generated from CO, saturated MeCN solution,
which contained 16 pg [Fe(H,P)],, 20 pM Ir(ppy)s,
0.2 M BIH and 0.2 M TFE, being irradiated with a
Xe lamp (400 < A =750 nm) over 3 h at 20 °C.
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Chirality Induction of Luminous Tb Complexes on Silica Surface
Functionalized with Chiral Benzylamine Ligands

(!Dept. Chem. Grad. Sch. Sci., Nagoya Univ., *Dept. Energy Mater. Grad. Sch. Sci. Eng., Kindai

Univ. *RCMS, Nagoya Univ.)

(OSora Shirai,! Hisaki Matsui,? Satoshi Muratsugu,' Hidetaka Nakai,” Mizuki Tada'-

Keywords: Terbium Complex; Chirality; Chiral Ligand; Silica Surface; Circularly Polarized
Luminescence

Immobilization of chiral metal complexes on solid surfaces produces chiral metal
complexes on solid materials, which are applied to chiral sensors and heterogeneous
asymmetric catalysts etc. The preparation of new chiral molecular structures on SiO- surface
was investigated by the attachment of an achiral Tb complex on a SiO; surface modified with
chiral moieties and the chirality induction of an achiral Tb complex (*"11) on a SiO» surface
with chiral benzylamine ligands (Lxu2(R/S)/Si02) was successfully achieved.

A chiral ligand (Lnuoc(R/S)),
whose amine moiety was protected with
a t-butoxycarbonyl (Boc) group, was
newly synthesized and characterized by
'H NMR, FTIR, and ESI-MS.
LnuBoc(R/S) was attached to a SiO;
surface, and the Boc group was finally
deprotected to prepare Lanz2(R/S)/SiO;
(Figure 1). Solid-state CD spectra of Ph
Lau2(R/S)/Si0, showed inverted CD Ph,
peaks derived from the surface-attached
chiral benzylamine moieties, suggesting
the formation of a homo-chiral SiO»
surface with chiral benzylamine.

An Tb  complex with a
tetraazacyclododecane-based tetrakis-(2-phenyl-
phenoxide) ligand ("™,) was immobilized on
Lam2(R/S)/S10; (Figure 1). Tb Li-edge EXAFS of
P11/ Lan2(R/S)/Si0; were similar to that of P11y,
indicating that the coordination structure of the 0o 1 2 3 4 5 6

(A possible helical structure)

Lyu2(RIS)/SIO,

OX = OEt or siloxane

o-Si~ox

0
Ph1,/Lyz( RIS)/SIO,
Figure 1. Preparation of "M 1/Lan2(R/S)/SiOz.

achiral

FTIK 2(K)]

La2

© The Chemical Society of Japan

precursor "1, was maintained on the SiO, surface
(Figure 2). Solid-state CPL spectra of
P 1o/Lan2(R/S)/Si0; showed inverted CPL peaks
derived from f-f emissions of PM1qy,, strongly
suggesting that the chirality of ™1q, was
successfully induced on the attached SiO; surface
with the chiral benzylamine ligands.

R0 nm

Figure 2. k’-weighted Tb Lm-edge
EXAFS Fourier transforms (k = 30 —
105 nm') of PMp,  (black),
Ph11p/Lnm2(R)/SiO; (blue), and
PR 1p/Lan2(S)/Si02 (red) (at 20 K).
Solid lines: magnitude; dotted lines:
imaginary parts.
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Structures and Magnetic Properties of Three Types of Complexes
Prepared from Squarate and Erbium Nitrate

(The University of Electro-Communications, *Osaka University) O Rina Takano,! Koki
Masuda,? Yasutaka Kitagawa, Takayuki Ishida!

Keywords: Heavy Lanthanide Ions; Multi Nuclear Complexes; Magnetic Properties;
Computation Chemistry

Single ion magnets are expected to show high-performance magnetic properties. To
develop such magnets, it is necessary to characterize the properties of each single ion, such as
the crystal field and electronic environment. Squaric acid (Hzsq) is well known as a versatile
ligand to produce several types of complexes from mononuclear to polymer'». We obtained
three types of structures from erbium(III) nitrate and squaric acid by means of hydrothermal
synthesis. Oxalate (0x*) appeared as a decomposed product from squarate. The structures of
[Er(sq)(Hsq)(H20)6]- (H20), [Era(sq)s(H20)s]s," [Era(sq)2(0x) (H20)4], were confirmed to be
discrete mononuclear (Fig. (a)), double-layer two-dimensional polynuclear, and three-
dimensional polynuclear (Fig. (b)), respectively.

DC magnetic results indicate negligible magnetic interaction among lanthanide ions. In
the AC magnetic measurements, all the compounds showed frequency dependence when a bias-
field was applied. From the Arrhenius plots, the magnetization relaxation barriers were
determined as 27(2), 14(1), and 20.6(9) K for [Er(sq)(Hsq)(H20)s]:(H.O) (Fig. (c)),
[Era(sq)3(H20)s]s, and [Era(sq)2(0ox)(H20)4]s, respectively. The CASSCF calculations are
ongoing by using the crystal structures determined. The relationship between magnetic
properties and crystal structure will be discussed.

(b) (©)

T T T T T T T
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X' %%, 10 Hz ]
16 -’5 Mo X Hoc = 1000 Oe
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<
o
T

Fig. (a) Crystal structures of [Er(sq)(Hsq)(H20)s]- (H20) and (b) [Er2(sq)2(ox)(H20)4], viewed along the
b axis. (c)AC magnetic susceptibility result of [Er(sq)(Hsq)(H20)s]- (H20).

Ref. 1) R. Takano et al., Dalton Trans. 2023, 52, 8873. 2) . F. Petit et al, Inorg. Chim. Acta

1990, /67, 51. 3) S. Biswas et al., Inorg. Chem. 2013, 53, 3926. 4) L. Wang et al., Aust. J.
Chem. 2011, 64, 1373.
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Understanding of photodecomposition mechanisms of -diketonate ligand and improving the
photodurability of lanthanide complexes

(!College of Life Sciences, Ritsumeikan Univ., 2PRESTO JST)OYoshinori Okayasu,' Yoichi
Kobayashi'*

Suppression of photodegradation is important for applications in sensors and organic light-
emitting devices. Although energy transfer processes from ligands to lanthanide ions have been
extensively studied in recent years, more detailed investigations of the excited-state dynamics
are necessary for unveiling the photodegradation mechanism. In this study, we synthesized
mono- and dinuclear Eu(IIl) complexes with B-diketonate ligands (Eu(PhDK); and Eux(BTP)s)
and investigated the excited state dynamics in detail using femtosecond to millisecond time-
resolved spectroscopic measurements.

The sub-millisecond transient absorption spectra of Eu(PhDK); in acetonitrile show a positive
signal at 320 nm immediately after the excitation. This signal was not observed for Y(PhDK)3,
suggesting that it originated from electron transfer from the ligand to the Eu(Ill) ion.
Eu(PhDK); is more decomposed than Y(PhDK)s, and the electron transfer process promotes
photodecomposition.

Keywords: Lanthanide complex; p-diketonate ligand; Photostability; Photodegradation, Time-
resolved spectroscopy
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Fig.1 (a) Chemical structure of the
Eu(Ill) complexes. (b) Transient
absorption spectra of Eu(PhDK); in
acetonitrile (10 uM) on sub-
millisecond timescales with a 355 nm
nanosecond laser pulse (2.5 m]
pulse ') under a nitrogen atmosphere at
room temperature.
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Formation of Multinuclear Europium(Ill) Complexes with a New Pentakis(/#-diketone)-Type
Corannulene Ligand ('Division of Materials Science, Nara Institute of Science and Technology)
OMihoko Yamada,' Taiga Matsumoto,' Haruka Kano,' Tsuyoshi Kawai'

Emission of Eu complex is enhanced by the antenna effect of the ligands having large
absorption coefficient. Cs-Symmetric curved aromatic corannulene with a large absorption
coefficient is a promising motif for enhancement of emission of Eu(Ill) complexes. It has been
found that Eu(Ill) complex, which has a large diversity of coordination geometries, is
effectively stabilized by forming the closed structure. In this work, focusing on the stability of
the closed structure and the charge balance, we studied formation behavior of multinuclear
Eu(IIl) complexes with a new pentakis(S-diketone)-type ligand having a corannulene skeleton.
Keywords : Europium Complex; Corannulene; Multinuclear Complex; Closed Structure;
Emission
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1) Y. B. Tan, et al., J. Am. Chem. Soc. 2020, 142, 17653-17661.
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Green Synthesis of a Flexible Metal-Organic Framework [Cu(BF4),(4,4"-bipyridine),] (ELM-11)

for Selective CO, Adsorption

OShivakumar Kilingaru Ishwara', Shin-ichiro Noro! (1. Hokkaido University)
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Isotropic Expansion of a Polyaromatic Capsule and its Multi-
Guest Binding Ability

(Lab. for Chem. & Life Sci., Tokyo Tech) Ryuki Sumida, Ryuto Nabata, Michito
Yoshizawa

Keywords: Polyaromatic capsule; Isotropic expansion; Large cavity; Binding ability;
Pairwise encapsulation

Higher fullerenes, which are expanded analogues of fullerene Ceo, provide closed,
large polyaromatic cavities. Whereas the isotropic expansion of spherical MLz, cages
has been achieved using metal ions and elongated wire-like ligands, its host properties
remain unclear because of large openings.['l Here we report the synthesis of an
isotropically expanded polyaromatic capsule and its binding abilities.

Expanded capsule 1 was obtained by the treatment of Pd(ll) ions and tri-
anthracene-based bent ligand 2 in DMSO (Figure, top). When capsule 1 and higher
fullerene ScsN@Csg were stirred in 1:3 HoO/CH3sCN at 80 °C, the solution color was
changed from pale yellow to brown (Figure, bottom left), due to the quantitative
formation of 1:1 host-guest complex 1:ScsN@Cg. In the similar way, capsule 1
quantitatively bound four 1-methylpyrene (MP) molecules in the cavity of 1 (Figure,
bottom middle). In addition, capsule 1 encapsulated two Cu(ll)-phthalocyanines
(CuPc) to give a blue solution of 1¢+(CuPc).. The combination of 1+(CuPc). and MP
gave rise to 1+(MP-CuPc-MP) as a bluish green solution (Figure, bottom right). UV-
visible, ESI-TOF MS, and theoretical studies indicated the selective formation of an
unusual sandwich-like stack MP+-CuPc+-MP within 1.

(R =-OCH,CH,0CH3)
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[1] K. Harris, D. Fujita, M. Fujita, Chem. Commun. 2013, 49, 6703—6712.
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Construction of a two-dimensional metal-organic framework
composed of C1-symmetric macrocyclic ligands and interlayer
arrangement control of functional small molecules

(‘Graduate School of Science, The University of Tokyo, *College of Science, Rikkyo
University) OKeiichi NAKAGAWA,' Shohei TASHIRO,' So YOKOMORI,? Nobuyuki
MATSUSHITA,” Mitsuhiko SHIONOYA'

Keywords: Porous crystal; Molecular recognition; Metal-organic framework; Macrocycle;
Molecular arrangement

Metal-organic frameworks (MOFs) exhibit highly excellent molecular adsorption
capacity due to their high porosity and molecular recognition ability. In particular, 2D
MOFs have attracted much attention because their dimensionally restricted arrangement of
guest molecules allows them to be applied to various functions such as template synthesis,
separation, and sensing. For precise arrangement of guest molecules, it is important to
construct multiple binding sites on the 2D MOFs. However, it remained difficult because
conventional MOFs use simple, flat-shaped ligands to control their dimensionality,
providing only a few interaction points for molecular recognition.

In this studyy, a 2D MOF with multiple guest binding sites,
metal-benzimidazole[3]arene framework-3 (MBAF-3, [Agi.17L](OTs)1.17), was developed
based on a Cj-symmetric macrocyclic ligand ((P/M)-benzimidazole[3]arene, L) and AgOTs.
In the crystal structure of MBAF-3, three (P)- or (M)-L molecules are tricoordinated with
two Ag" ions, forming homochiral trimers [Ag>((P/M)-L);]*". These are further connected
with two-coordinate Ag" to form enantiomeric (P)- and (M)-layers, which are stacked
alternately to form a crystal. Crystallographic analysis revealed that the enantiomeric layers
with multiple binding sites enable helical and diastereoselective arrangement of TTF (=
tetrathiafulvalene) using (—)-menthol as a chiral auxiliary. (—)-Menthol was only introduced
into the (M)-layers of MBAF-3 by hydrogen bonding, and TTF molecules were adsorbed to
the (P)-layers to form a right-handed helical cluster.

Enantiomeric (P/M)- layers

S, S
Es>=(s] e
OH %'& 4
—O( (-)-menthol g

70 °C, overnight

g%

3 H 200m
Benzimidazole[3]arene (L)
(Cy-symmetry) Trimer structure Multlple bmdmg sites
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Green Synthesis of a Flexible Metal-Organic Framework

[Cu(BF4)2(4,4 -bipyridine)2] (ELM-11) for Selective CO2 Adsorption

(Faculty of Env. Earth Sci., Hokkaido Univ.) OXKilingaru I. Shivakumar, Shin-ichiro Noro
Keywords: Green Chemistry; Metal-Organic Framework; CO, Capture; Gas Separation

Developing cost-effective and eco-friendly adsorbents is crucial for reaching the 2050 carbon
neutrality goal. Elastic Layer-structured Metal-organic framework-11 (ELM-11), a flexible
MOF with the formula [Cu(BF.)2(bpy)2] (bpy = 4,4 -bipyridine), exhibits energy-efficient
carbon capture potential with high working capacity and intrinsic thermal management.?
However, the conventional synthesis of its precursor, pre-ELM-11 [Cu(BF4)2(bpy)(H20).]-bpy,
involves organic solvents in addition to H2O. In this research, we achieved pre-ELM-11
synthesis using only H,O at room temperature and studied the CO; adsorption and CO2/N- gas

separation behaviors of its dehydrated form ELM-11.

The pre-ELM-11 was synthesized in 85-87% yield at 25 °C using only H,O as the reaction
solvent and as the washing solvent during filtration. The CO, uptake of H,O-synthesized ELM-
lower than 85 c¢cm’(STP)-g! for MeOH/H,O-
synthesized ELM-11 (Fig. 1a). Both samples exhibited high selectively for CO, adsorption
over N, at 298 K under mixed CO»/N» gas condition (Fig. 1b). Moreover, the H,O-synthesized
ELM-11 showed a slightly lower gate-opening pressure compared to MeOH/H,O-synthesized
ELM-11 (Fig. 1a). Our synthetic method is economical and environmentally friendly for

11 was 78 cm’(STP)-g"! at 298 K, slightly

scalable, real-world CO; sequestration applications.
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Fig. 1 (a) COz sorption isotherms measured at 298 K for ELM-11 samples synthesized from MeOH/H20 and H:O.
(b) Single gas (CO2 and N2) and mixed gas (CO2:N2 = 1:9) sorption isotherms measured at 298 K for ELM-11

sample synthesized from HO.

1)a)D. Li, K. Kaneko, Chem. Phys. Lett. 2001, 335, 50. b) A. Kondo, H. Noguchi, S. Ohnishi, H. Kajiro,
A. Tohdoh, Y. Hattori, W.-C. Xu, H. Tanaka, H. Kanoh, K. Kaneko, Nano Lett. 2006, 6, 2581. c¢) S.
Hiraide, Y. Sakanaka, H. Kajiro, S. Kawaguchi, M. T. Miyahara, H. Tanaka, Nat. Commun. 2020, 11,

3867.
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Highly Selective Separation of Isoprene from C5 Hydrocarbons Mixture
Using Pyridyl-based Metal-Organic Frameworks containing copper(I)
iodide cluster

(!School of Science, Tokyo Institute of Technology, *ENEOS Corporation) oJoonsik Kim,!
Pavel M Usov,' Yuki Wada,! Hiroyoshi Ohtsu,! Takaya Matsumoto,'* Masaki Kawano'
Keywords: Metal-organic frameworks; Hydrocarbon separation; X-ray crystallography,
Structural optimization calculations

Unsaturated hydrocarbons are widely used in industry as raw materials, but they typically
require the use of extractive distillation processes for purification, which consume large
amounts of energy. To address this challenge, several metal-organic frameworks (MOFs) based
on copper iodide were developed.' The presence of accessible pores inside these frameworks
could be used for separating and isolating specific molecules from hydrocarbon mixtures.
However, there have not been many studies on the separation of olefin mixtures, especially
including diene. Therefore, several pyridyl-based ligands were employed for MOF formation,
providing promising candidates with high selectivity for olefins.

Three pyridyl-based (3- and 4-pyridyl) metal-organic frameworks (MOF) with copper(I)
iodide cluster were used to selectively separate three structurally related C5 hydrocarbons
(isoprene, 2-methyl-1-butene and 2-methylbutane). The separation is especially challenging
due to close similarity of the molecules geometric shapes and have not been investigated in
detail in the past. One of those MOF displayed over 3267 times higher selectivity for adsorption
of isoprene over 2-methylbutane making it a promising candidate for industrial scale separation.
Structural optimization calculations using Matlantis software, an atomistic simulator, revealed
the reason of the high affinity for isoprene.

Table 1. Guest uptake and selectivity of each MOFs.

IAST Selectivity at 50 kPa
Material Isoprene uptake, )\/ J\/ Reference
mmol/g IP : 2MB
MOF1 1.7 3267 :1 This work
MOF2 0.65 327:1 Previous work
MOF3 1.4 95:1 Previous work
MIL-125 4.4 1.1:1 2
NH>-MIL-125 4.6 1.1:1 2

1) R. Robson, J. Am. Chem Soc. 1989, 111, 5962-5964.
2) S. Kim, W. Ahn, Catalysis Today. 2013, 204, 85-93.
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Efficient and Selective Synthesis of Sterically Hindered Secondary Amines by Rare-Earth-
Catalyzed Sequential Imidoyl C-H Alkylation and Hydrosilylation of Aldimines

Ozhou Sun'2, Murahashi Nishiura?, Feng Xue Cong?, Tetsuro Murahashi’, Min Zhao Hou? (1.
Tokyo Institute of Technology, 2. Riken)
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Synthesis of Multi-substituted Cyclopentadiene Derivatives from
3,3-Disubstituted Cyclopropenes and Internal Alkynes Catalyzed
by Low-valent Niobium Complexes

(*Graduate School of Engineering Science, Osaka University, *Graduate School of
Pharmaceutical Science, Osaka University) O Takuya Akiyama,! Kazushi Mashima,’
Tetsuro Kusamoto,' Hayato Tsurugi'

Keywords: Niobium; Cyclopentadiene; Cycloaddition; Alkyne Complex; Cyclopropene

Cyclopentadienes are the important class of carbocyclic compounds due to their
applicability as cyclopentadienyl (Cp) ligands for organometallic complexes. Transition
metal-catalyzed [2+2+1]-cycloaddition reactions of two simple alkynes and one carbene
precursor are a powerful tool for synthesizing a wide variety of multi-substituted
cyclopenadienes in atom- and step-economical manners, though suitable carbene precursors
are still limited in this catalytic transformation.! Herein, we report an unprecedented
[2+2+1]-cycloaddition reaction of 3,3-disubstituted cyclopropenes 1 and two equiv. of
dialkyl/diarylacetylenes 2 leading to multi-substituted cyclopentadienes 3—5 as an isomeric
mixture of the cyclopentadiene moiety, where a combination of an in situ-generated
low-valent niobium species and PPh; exhibits high catalytic activity. 'H NMR monitoring
of the reaction products during the cyclopentadiene formation revealed that the reaction
provides 4 and 5 as initial products, and subsequent proton migration via 1,5-sigmatropic
hydrogen shift results in a thermodynamically controlled ratio of 3/4/5 in the reaction
mixture. An isolated mixture of 3—35 is converted to lithium cyclopentadienide 6 as a sole
product by treating with n-butyllithium in THF. The reaction mechanism of this
unprecedented catalytic reaction was clarified by DFT calculation. The initial step is a
formation of cyclopropane-fused metallacyclopentenes via 1,2-insertion of 1 into
(n?-alkyne)niobium species, and subsequent ring-opening of the fused cyclopropene ring
provides niobium dienylcarbene species. Enyne metathesis of the niobium dienylcarbene
species with the second alkyne forms metallacyclohexadiene whose reductive elimination
after or without 1,5-proton transfer gives 4 or 5 as the products. We will disclose an
applicability of the lithium cyclopentadienide for (cyclopentadienyl)metal complexes.

R! R?

1 1 1 R1
X cat. NbCl R R R
; cat.Si-Me-CHD Z R2 ZOR2 Z R2 Lt # R?
. cat. PPh3 R3 R3+ R3 R3 R R3 R3 "BulLi R3 R3
2 RB—R3 toluene THF
RS R R® RO R® RO R®
3 4 5

) 80°C, 18 h - butane R3
6

SiMe;
quant.
MesSi 15 examples (R', R?, R® = alkyl, aryl),

% yiel 3-5
Si-Me-CHD up to overall 93% yield for

1) Frei, A. Chem. Eur. J. 2019, 25, 7074.
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Enantioselective [3+2] Annulation of Aromatic Aldimines with

Alkynes via C-H Activation by Half-Sandwich Scandium Catalyst

(Advanced Catalysis Research Group, RIKEN Center for Sustainable Resource Science)

O Aniket Mishra,' Masayoshi Nishiura,'! Zhaomin Hou'

Keywords: C—H activation, Annulation, Scandium, Rare-earth-metal, Asymmetric
synthesis

Chiral 1-aminoindenes and its derivatives are important components in a wide array of
natural products, pharmaceuticals, bioactive molecules, and functional materials. Therefore,
the development of efficient protocols for the asymmetric synthesis of chiral 1-aminoindenes
bearing a stereodefined amino functionality is of great interest and much importance. Ideally,
formal asymmetric [3+2] annulation of aldimines with alkynes via the catalytic C—H activation
represents the most straightforward and 100% atom-efficient route for the construction of
densely functionalized chiral 1-aminoindenes. However, such an approach has remained
unsuccessful, presumably due to the lack of suitable chiral catalysts. Recently, we have found
that half-sandwich rare-earth-alkyl complexes can serve as efficient catalysts for the [3+2]
annulation of aldimines and alkenes via C—H activation.! These studies invoked us to examine
the feasibility of the asymmetric annulation of aldimines with alkynes by using chiral half-
sandwich rare-earth-alkyl catalyst.

Herein, we report for the first time the enantioselective [3+2] annulation of a wide range
of aldimines with internal alkynes via ortho- aryl C(sp?)-H activation by a novel chiral half-
sandwich scandium complex derived from a tert-butyl substituted chiral binaphthyl-bearing Cp.
This protocol offers an efficient and selective route for the synthesis of a new family of chiral
I-aminoindenes in high yields with high regio- and enantioselectivity. Intriguingly, attractive
noncovalent interaction such as C—H-- 7 interaction plays a crucial role for determining the
high level of enantioselectivity in an unprecedented manner, established by the DFT studies.

NR2 3
[Sc]* B
EEE——
|y " Il I//
S 1
S " S
up to 99:1 er N

1) (a) X. Cong, G. Zhan, Z. Mo, M. Nishiura, Z. Hou, J. Am. Chem. Soc. 2020, 143, 5531. (b) A. Mishra,
X. Cong, M. Nishiura, Z. Hou, J. Am. Chem. Soc. 2023, 145, 17468.
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Efficient and Selective Synthesis of Sterically Hindered Secondary
Amines by Rare-Earth-Catalyzed Sequential Imidoyl C-H Alkylation
and Hydrosilylation of Aldimines

("Advanced Catalysis Research Group, RIKEN Center for Sustainable Resource
Science, *Organometallic Chemistry Laboratory, RIKEN Cluster for Pioneering
Research, 2-1 Hirosawa, Wako, Saitama 351-0198) oZhou Sun', Masayoshi
Nishiura 2, Xuefeng Cong’', Zhaomin Hou '?

Keywords: C-H alkylation, aldimines, rare-earth catalyst, hydrosilylation

Sterically Hindered Secondary Amines are an important class of compounds that
constitute the major body of bioactive natural products and pharmaceuticals!!l. The
catalytic imidoyl C-H alkylation of aldimines with alkenes is an effective way to
construct diverse sterically hindered ketimines which after hydrosilylation reaction
can be converted to corresponding secondary amines. However, such transformation
has remained a challenge to date because of the lack of suitable catalysts[2-3l. Here
we report for the first time sequential imidoyl C-H alkylation of aldimines with alkenes
followed by hydrosilylation of aldimines by half-sandwich rare-earth catalysts.

This protocol offers a straightforward and step-economical route for the synthesis
of a series of sterically hindered secondary amines from easily accessible aliphatic
or aromatic aldimines and alkenes (Fig.1). When R= secondary alkyl or aryl,
R'=secondary alkyl, imidoyl C-H alkylation of aldimines with styrenes exclusively
afforded corresponding ketimines through the 2,1-insertion of a styrene unit by half-
sandwich scandium catalysts and then after yttrium catalyzed reduction reaction can
convert to different sterically hindered secondary amines, featuring excellent yields
(70%-86%), broad substrate scope, high chemo- and regioselectivity under simple

reaction conditions.
| R ~=
RO ()

R’
N
)I\ R)I\/\Rz ) R/K/\R2 \N/‘Lrl%

R H /\RQ PhSIH3 -

R = aryl, alkyl (secondary)
R' = alkyl (secondary)

Fig.1 Rare-Earth-Catalyzed Sequential Imidoyl C-H Alkylation and Hydrosilylation of Aldimines
References:
[1] R. N. Salvatore, C. H. Yoon, K. W. Jung, Tetrahedron 2001, 57, 7785 — 7811.

[2] X. Cong, Q. Zhuo, N. Hao, Z. Mo, G. Zhan, M. Nishiura, Z. Hou. J. Am. Chem. Soc., 2022, 61, €202
[3] Dixneuf. P. H. et al, ACS Catal. 2011, 1, 122.
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Selective Synthesis of 4-Sulfonylindoles by Gold-catalyzed
Consecutive Cyclization-Sulfonyl Migration

(*Graduate School of Science, Tohoku University)
OChunbo Jia,' Masahiro Terada,' Itaru Nakamura'

Keywords: Gold catalyst; Indole; Rearrangement; Cyclization; Alkyne

n-Lewis acid-catalyzed cyclization reactions of ortho-alkynylanilines have been widely
used to synthesize indole derivatives that are difficult to be synthesized by direct electrophilic
substitution of indole substrates.!* Previously, our group reported AuBrs-catalyzed
cycloisomerization reactions of ortho-alkynyl-N-sulfonylanilines to form 3-sulfonylindoles
with high efficiency,’ along with small amounts of 4- and 6- sulfonylated byproducts (Scheme
1). The presence of 4-sulfonylindoles aroused our interest, because 4-substituted indole
skeleton is presented in various bioactive molecules, while it is hard to synthesize due to poor
electron density at C4 position and generally requires additional directing groups to
accomplish.®

In this work, we report that 4-sulfonylindole can be obtained as the main product by using
cationic gold catalyst and controlling reaction conditions (Scheme 2). Factors influencing the
product selectivity and a mechanism based on DFT calculations and control experiments will
be discussed.

| SO,R 5
SO,R i \_gi ;
AuBr; g N Rt | N :(1)
: 2 !
(Previous work) N + ! R :
R2 , !
R’ (main) i /©E\>7 R
Z ' RO,S N , 5
I R |
/SOZR e e = a
22 (byproducts)
Cationic gold SOzR
catalyst
(This work) N
R2
(main)

1) C. Praveen, K. Karthikeyan and P. T. Perumal, Tetrahedron, 2009, 65, 9244-9255. 2) A. Fiirstner and
P. W. Davies, J. Am. Chem. Soc., 2005, 127, 15024-15025. 3) T. Shimada, I. Nakamura and Y.
Yamamoto, J. Am. Chem. Soc., 2004, 126, 10546-10547. 4) S. Cacchi, G. Fabrizi and L. Moro,
Tetrahedron Lett., 1998, 39, 5101-5104. 5) 1. Nakamura, U. Yamagishi, D. Song, S. Konta and Y.
Yamamoto, Angew. Chem. Int. Ed., 2007, 46, 2284-2287. 6) J. Kalepu, P. Gandeepan, L. Ackermann
and L. T. Pilarski, Chem. Sci, 2018, 9, 4203-4216.
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Silver-Catalyzed Asymmetric Aldol Reaction and Michael Reaction
of Activated Isocyanides

(! Department of Chemistry, Faculty of Science, Hokkaido University, > Department of
Chemistry, Graduate School of Science, Kyoto University, > WPI-ICReDD) O Satoshi Sakai,!
Kei Uchiyama,! Kazuna Yato,! Koji Imai,! Kosuke Higashida,> Yohei Shimizu,'?® Masaya
Sawamura'-

Keywords: Silver Catalysis; Isocyanide; Asymmetric Aldol Reaction; Asymmetric Michael
Addition Reaction; DFT Calculation

Asymmetric aldol reactions are powerful carbon-carbon bond formation reactions.
Especially, the asymmetric aldol reactions of isocyanoacetic acid derivatives proceed with
successive cyclization to produce chiral oxazolines, which can be transformed into $-hydroxy-
a-amino acids by hydrolysis. While the reactions using aryl ketones or sterically accessible
dialkyl ketones were reported,' the reaction using sterically and electronically unbiassed
ketones was elusive.

Our original chiral prolinol-phosphine ligands enable promotion and stereocontrol of aldol
reactions with aldehydes by forming multiple hydrogen bonds with the carbonyl group of the
substrates.? The newly developed ligands bearing a secondary amino group showed excellent
performance in the asymmetric aldol reactions of isocyanoacetoamides with various ketones.
In particular, bulky dialkyl ketones such as pinacolone were competent giving the products in
highly diastereo- and enantioselective manner. Furthermore, the same catalytic system can be
applied to the asymmetric Michael reactions of a-substituted isocyanoacetates with a,p-
unsaturated ketones, affording the cyclized products with high stereoselectivity.

Computational analysis suggested that multiple hydrogen bonds and dispersive
interactions between the ligand and substrates contribute to stabilization of the transition states

to increase the reactivity and stereoselectivity.
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1) a) R. Campa, I. Ortin, D. J. Dixon, Angew. Chem. Int. Ed. 2015, 127, 4977. b) P. Martinez-Pardo,
G. Blay, M. C. Munoz, J. R. Pedro, A. Sanz-Marco, C. Vila, Chem. Comuun. 2018, 54, 2862.
2) Sakai, S.; Fujioka, A.; Imai, K.; Uchiyama, K.; Shimizu, Y.; Higashida, K.; Sawamura, M. Adv. Synth.
Catal. 2022, 364, 2333.
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Synthesis and Optical Evaluation of Gallium-Fused Azobenzene Complexes
(Graduate School of Engineering, Kyoto University) O Chiaki Hotta, Masashi Nakamura,
Masayuki Gon, Kazuo Tanaka

Azobenzene is known as a non-emissive molecule due to its highly efficient
photoisomerization, and therefore luminescent materials based on the azobenzene moiety have
been hardly reported. Kawashima ef al. found that the coordination of boron atom to the
azobenzene scaffold suppressed the photoisomerization and permitted the electronic transitions,
resulting in excellent fluorescence. We have developed typical element complexes with the
ring-fused structure based on the tridentate azobenzene ligand. These complexes exhibited
unique electronic states and fluorescent properties originating from heteroatom-specific
structures. Boron-fused azobenzene complexes showed unique solid state luminescence
derived from the four-coordinated tetrahedron structure. In addition, tin-fused complexes
expressed the outstanding narrow energy gap originating from 3c—4e bond and Sn—N
coordination, and exhibited vapochromic luminescence triggered by alteration of the
coordination number from five to six at the tin atom. In this work, we focus on gallium, one of
the high periodic elements of the group 13, and will explain the synthesis and optical property
of the luminescent gallium-fused azobenzene complex.

Keywords : Gallium; Azobenzene; Fluorescence; m-Conjugated system
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1) J. Yoshino, N. Kano and T. Kawashima, Chem. Commun. 2007, 559-561.

2) M. Gon, K. Tanaka, Y. Chujo, Angew. Chem. Int. Ed. 2018, 57, 6546—6551.
3) M. Gon, K. Tanaka, Y. Chujo, Chem. — Eur. J. 2021, 27, 7561-7571.
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Solvent-directed, pressure-controllable chemosensor: A case of helical
anthracene dimer
(‘\Department of Chemistry, Tokyo Institute of Technology) OTomokazu Kinoshita,! Kota

Watanabe,' Eiji Tsurumaki,' Shinji Toyota,' Gaku Fukuhara'
Keywords: Pressure-Responsive Chemosensor; Hydrostatic Pressure Spectroscopy;

Anthracene

The exploration of a o
pressure-responsive chemosensor is of : < S ER Y %\5‘}’}5
particular significance in current gy < 1S O -)‘-’,_
multidisciplinary chemistry from the _\-:_/-: S
viewpoints of mechanoscience. So far, N

we have developed such chemosensors [4]HA [2]HA;
that are susceptible to hydrostatic @ @

pressure in solutions.! Of these, an
anthracene-fused  helicene, [4]HA

12001

3
(Fig. la), shows ratiometric % ‘:
pressure-responsive fluorescence | g
changes upon the  hydrostatic ) ‘
pressurization. The ratiometry in foo™ B
[4]HA is caused by the [4+4] wavetenath fom Frvee
photocyclodimerization of the

Figure 1. Chemical structures of helical

intramolecularly . T stacked anthracenes ((a) [4]JHA and (b) [2]HA2). (¢)
anthracenes.? In this study, we focused  Flyorescence spectra  of [2]JHA, in

on a pseudo-helicene dimer, [2]HA,  dichloromethane (lex 412 nm, 57 pM) at room

(Fig 1b) that is linked with two fused temperature, r_neasured in.a high-pressure cell.
(d) Hydrostatic pressure-induced Al (lo.impa -

anthracene skeletons (J[2]HA) via a
I280MmPa).

single bond, which is believed to

exhibit a solvation-dependent pressure sensitivity. Interestingly, as shown in Fig. 1c, [2]HA»
showed a distinctive pressure-induced fluorescence response. The fluorescence responses in
some solvents are strongly dependent on solvent polarity estimated by Er value; the
response sign (Al) inverted at the border of Et as 40 kcal mol™”, shown in Fig. 1d. The
excited-state dynamics (kr and k) of [2]JHA:» under hydrostatic pressures supports the
origins controlling pressure-induced solvation-driven transition states. It should be therefore
noted that such interesting chemosensory responses are originated from the excited-state
dynamics greatly involving pressure-induced microenvironmental polarities.

1) Mizuno, H.; Fukuhara, G. Acc. Chem. Res. 2022, 55, 1748-1762. 2) Kinoshita, T.;
Fujise, K.; Tsurumaki, E.; Toyota, S.; Fukuhara, G. Chem. Commun. 2022, 58, 3290-3293.
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Development of Squaraine-Based Hole-Collecting Monolayer
Materials for Perovskite Solar Cells

(‘Institute for Chemical Research, Kyoto University) OShota Hira,' Minh Anh Truong,'
Tomoya Nakamura,' Richard Murdey,' Atsushi Wakamiya'

Keywords: Perovskite Solar Cell; Hole-Collecting Material; Monolayer; Squaraine;
Chemisorption

Recently, chemically adsorbed hole-collecting monolayers (HCMs) with their ease of
processing and high performance, have attracted great attention in order to further improve
the performance of perovskite solar cells (PSCs).'*

In this study, we designed and synthesized a series of half-squaraine derivatives
(HS-OEt-CA, HS-OEt-PA, and HS-OH-PA, Figure 1a) as HCM materials. The cyclic
voltammetry measurements in DMF solution revealed that compared to ethoxy-substituted
HS-OEt-CA and HS-OEt-PA, hydroxyl-contained HS-OH-PA shows a lower oxidation
potential, indicating the existence of an anionic form generated from the deprotonation of
the squaric acid moiety. These molecules were found to adsorb on the surface of transparent
conductive metal oxide electrodes to form a monolayer. According to photoelectron yield
spectroscopy, the ionization potentials of HS-OEt-CA, HS-OEt-PA, and HS-OH-PA
adsorbed ITO were estimated to be 5.54, 5.50, and 5.33 eV, respectively, which are
shallower than the valence band (VB) of the perovskite material
(Cso0.05FA0.30MAy.15Pbl2.75Bro2s, VB = 5.56 eV). PSCs using these half-squaraine derivatives
as HCMs were fabricated and evaluated. All devices showed high power conversion
efficiencies of over 21% (Figure 1b). HS-OEt-CA-based devices exhibit suppressed
interfacial non-radiative recombination and higher open-circuit voltage (Voc) than devices
using phosphonic acid-substituted HCMSs. In this presentation, molecular design,
characterization, and device evaluation will be discussed in detail.

(a) (b)
25 -
o o) (o] —
o o o ¥ o | Forward scan
2 ) T\ g (from Jsg to Voo )
OEt OEt oH <
S e e g
>
z e Jo Ve FF PCE
S 10 A (mAcm=2) (V) (%)
©
COOH o. o. b HS-OEt-CA 232 1.12 081 21.2
P P ® 5 | 245 1.09 0.80
12 el Ho' OH a HS-OH-PA 243 107 081 21.1
HS-OEt-CA HS-OEt-PA HS-OH-PA 0 . . ; . . ,
00 02 04 06 08 10 12
Voltage (V)

Figure 1. (a) Chemical structures of the half-squaraine derivatives. (b) J—V curves of the
perovskite solar cells using the half-squaraine derivatives.

1) A. Al-Ashouri, S. Albrecht et al., Science 2020, 370, 1300.
2) M. A. Truong, A. Wakamiya et al., J. Am. Chem. Soc. 2023, 145, 7528.
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Development of Organic Triboluminescence Materials Based on Polar Crystals
(Grad. Sch. of Eng., Osaka Metro. Univ.) OTakuya Ogaki, Yasunori Matsui, Hiroshi Tkeda

Triboluminescence (TL) is a luminescent phenomenon induced by mechanical stimuli. TL
materials require both highly-luminescent properties in the solid state and organic polar crystals
with a spontaneous polarization. However, it is difficult to rationally design such organic
materials. To overcome the difficulty, we have developed organic TL polar crystals based on a
host-dopant system.' As an alternative strategy to develop organic TL materials, in this work,
we focused on the crystal symmetry and comprehensively explored organic TL materials
among solid-state luminescent materials. Among various asymmetric diaryl keto-enols 1-R
(Fig. 1b), crystals of 1-n-Pr with n-Pr group exhibit yellow TL upon mechanical stimuli (Fig.
1¢) and belong to polar crystal with a space group of P2; (Fig. 1d). Moreover, TL-active polar
crystals were newly found among other solid-state luminescent materials such as organoboron
complexes. From these findings, it is found out that it is important to focus on both the solid-
state luminescence and the crystal symmetry for developing new organic TL materials.
Keywords:  Triboluminescence;, Mechanoluminescence; Polar  Crystals;  Solid-state
Luminescence,; Organoboron Complexes

FUARL IRy A (TL, Fig la) &, BEWAHIHIC K2R AB R TH L. A
TL MEHZIZEARE TOmWIEIENEICINZ T, BREOmE b oamEEsS  (Fig.
la) WULEEE INDD, TOX D MBI OABIRGHI—KICNETH D, ZORE
IZxF LT, FAIIHIEARA b~ RF— 30 N REH TL BB L2 A TIE S
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O TL MBI ORISR 21T o T2 2 OFER, IExtFry 7 U —v s b= /7 —/L 1-R (Fig.
1b) D56, n-PriZHT 2 1-n-Pr OGS IIHEARIIZ L0 356 TL 2~ L (Fig.
lc), P2y DZERIFE%Z b OMMEREICET 5 2 ERbhoTz (Fig. 1d). £72, ZoOfl
(AR O REER L & OO BRI EIOF N D b, BT 22 A1 TL 0B /Lo
Sl THDDOHREND, Hil-a A TL MPEBRRICIE, BEIARTSERE & b O X FR
MOMBGIZEBTDHIEREETHDL Z ENbhoTz.

(a) \ (b) H

| iNeag et

Triboluminescence (TL) 1-R

v Solid-state luminescence R) = H, Me, Et, n-Pr, n-Bu efc.
v Polar crystal

4

P2, space group
{ upon rubbing TL-active polar crystal

Fig. 1. (a) An illustration and fundamental requirements of organic TL materials, (b) molecular structure of 1-R, (c)
photographs of photoluminescence (PL) and TL of 1-n-Pr, and (d) the packing structure of 1-n-Pr.

1) K, B, wHlH, AALFRF 103 FFFL(2023) P4, K603-1pm-05, 2023.
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Direct evidence for a carbonecarbon one-electron o-bond and its nature (*Faculty of Science,
Hokkaido University, *Creative Research Institution, Hokkaido University) O Takuya
Shimajiri,"? Soki Kawaguchi,? Takanori Suzuki,' Yusuke Ishigaki'

As early as 1931, Pauling postulated the existence of one-electron bonds.! However, in
striking contrast to the large body of work on electron-pair bonds, the paucity of examples with
one-electron bonds is remarkable,>* which is most likely due to their intrinsic weakness. In this
work, we disclose the synthesis and isolation of radical cation salt with a carbonecarbon one-
electron o-bond (2.921(3) A at 100 K). The presence of the bond was demonstrated by
experimental and theoretical investigations. Such a carbonecarbon one-electron bond can
induce near-infrared-absorbing properties even with just one o-bond in contrast to common
organic near-infrared-absorbing materials.

Keywords : One-electron bond; X-ray analysis; Raman spectroscopy; Near-infrared absorption
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First experimental confirmation of
the presence of a C+C one-electron a-bond

1) L. Pauling, J. Am. Chem. Soc. 1931, 53,3225.; 2) G. Bertrand et al., Science 1998, 279, 2080.; 3) J. C. Peters et
al., J. Am. Chem. Soc. 2013, 135,3792.; 4) M. Wagner et al., Angew. Chem. Int. Ed. 2014, 53, 4832.
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Predicting Solid Mixing Ratios Using Image-based Machine
Learning and Application to Chemical Reaction Analysis

(‘Grad. Sch. Eng., Hokkaido Univ., *WPI-ICReDD, Hokkaido Univ., *CIREDS, Kyoto Univ.)
OHayato Shirakura,' Taichi Sano,' Yuki Ide,” Sheng Hu,? Ichigaku Takigawa,>’
Yasuhide Inokuma'?

Keywords: Machine Learning; Enantiomer Ratio; Mixing Ratio Prediction; Reaction Yield
Prediction; Organic Crystal

Machine learning is recently used as a powerful tool for discovering relationships between
complex chemical parameters, and enabling predictions in chemical reactions and molecular
design. Our laboratory recently reported machine learning systems that instantly predicts
mixing ratios of sugar and dietary salt from their images'. Image-based prediction has
potentials to analyze objects that are difficult to identify with human eyes. In this research, we
explored the practical applicability of this machine learning system for chemical research.

Crystal polymorphs are defined as different crystal structures of the same compound, and
instrumental analysis methods are limited to the solid state. It was assumed that glycine with
different crystalline polymorphs of a- and y-from can be visually distinguished. Machine
learning model built from 300 images of 200 mg a- and y-glycine mixtures and their mixing
ratios (training data) can predict mixing ratios from images with an error of 4.0% (Figure 1a).
Prediction of the enantiomeric ratio of D-/L-tartaric acid was also possible, although the
difference between the crystals was more difficult to distinguish with naked eyes. Furthermore,
yield prediction was conducted as an application to chemical reaction. Reaction yield
prediction of m-aminophenol obtained by solid-state decarboxylation for p-aminosalicylic acid
was achieved with an error of 5.7% by using sample images and "H NMR yields (Figure 1b).
As an example of more practical systems in chemical research, we attempted to predict the
mixing ratios using sample solutions. The enantiomeric ratio was predicted from evaporated
solid-state images of solutions containing (R)- or (S)-1,1'-binaphthyl with an error of 6.8%
(Figure 1c).

(a) o ML modelak i s of e 04 (b) DOH . ) © D CO
HN A, J ) HZNQOH o HzN/@[w CO ¢

p-aminosalicylic
acid

8

8

3

8

m-aminophenol  (R)-binaphthyl (S)-binaphthyl

Predicted value by ML (%)
8

a-form y-form

°

6 20 40 60 80 100
True value (%)

Mixing ratio prediction

Figure 1. (a) Crystal polymorph mixing ratio prediction results from a- and y-glycine crystal images.
(b) Yield prediction using solid-state reaction images. (c) Enantiomeric ratio prediction using droplet

drying images.

1) Y. Ide, H. Shirakura, T. Sano, M. Murugavel, Y. Inaba, S. Hu, I. Takigawa, Y. Inokuma,
Ind. Eng. Chem. Res. 2023, 62, 13790.

© The Chemical Society of Japan -E1121-2vn-02 -



E1121-2vn-03 The 104th CSJ Annual Meeting

A Coordination Cage as a Crystalline Sponge

(‘Graduate School of Engineering, The University of Tokyo, *Division of Advanced Molecular
Science, Institute for Molecular Science, *UTIAS, The University of Tokyo)

OWei He,' Hiroki Takezawa,' Makoto Fujita'**

Keywords: Coordination Cage, Molecular Recognition, Crystalline Sponge

The crystalline sponge (CS) method has emerged as an innovative X-ray technique for
single-crystal diffraction analysis, eliminating the need for the traditional crystallization of
analytes.! However, certain limitations persist, including constraints on the molecular size and
polarity of analytes. In this study, we employ an MsL4 cage, a self-assembled molecular host
with well-established host-guest chemistry,” as an enhanced CS to address the limitations of
the original method. Large aromatic polysulfonates, or "sticker" anions, significantly facilitate
the crystallization of the cage and circumvent the issue of static guest disorder encountered in
crystallographic analysis by producing crystals in a low space group symmetry (typically, P-
1). Benefiting from the large cavity of the cage coupled with its strong guest-binding properties,
the enhanced CS allows for the analysis of a broader spectrum of analytes, including rare
synthetic molecules, water-soluble molecules, and large amphiphilic molecules with a
molecular weight up to ~1200.
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Fig.1. (a) Crystallization of an MsL4 cage into a potent crystalline sponge. (b) Crystal structures of guests

were determined using an MsL4 cage as a crystalline sponge.
1) Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, M.
Fujita, Nature. 2013, 496, 461. 2) H. Takezawa, M. Fujita, Bull. Chem. Soc. Jpn. 2021, 94, 2351.
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Regioselective coordination toward metal ion and regioselective metal ions exchange by
Pentakis(armed-cyclen)s: Molecular Othello (*Department of Chemistry and ?Research Center for
Materials with Integrated Properties, Toho University, *Department of Chemistry, Education
Center, Chiba Institute of Technology) OHiroki Horita,® Mari lkeda,® Shunsuke Kuwahara,?
Yoichi Habata'?

L1 (Fig. 1), which consists of three tetra-armed cyclens, coordinates regioselectively to Ag* by
the electron density of the aromatic side arms. * In this study, we designed L2 (Fig. 1) which has
more cyclen moieties, and aimed to develop a molecule that exhibits unprecedented complexation
behavior by regioselective coordination to Ag* and metal ions exchange.

We added metal ions to L2 and confirmed the complexation behavior by *H and *°F NMR. When
Ag* was added, the central three cyclens with MeO groups formed complexes with Ag* by
regioselective coordination. When Hg?" was added, the cyclens at both ends that had not formed
complexes coordinated to Hg?* first, and metal ions exchange (Ag*—Hg?*) occurred in the three
cyclens in the center after adding more Hg?*. This behavior is similar to that of a disk's front and
back sides in an Othello game, indicating that L2 behaves as a "Molecular Othello".

Keywords: Cyclen; Regioselective Coordination; Electron Density; Silver lon; Metal lons
Exchange
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NEDDL L REFEHTHY, L2 A ta] ELTRDES ZLnbroT.

[1] H. Horita et al. Inorg. Chem., 2023, 62 (31), 12272-12282.
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Univ., 2. WPI-NanoLSI, Kanazawa Univ.)

© 2024 RNEHEEABERCES



E1123-2pm-01 BAL¥2 H104EFER (2024)

ERMEEZEIRT 27 oo ERDAIR

(BN TRPETL '« @A LRI ? - BRBTRG R - FRELY) ofiily A - )2
% - Ok KM - BY OAAZE Y - AR IEKRER?

An Anthracene Crystal for Its Giant Thermal Expansion (' Graduate School of Engineering,

Kochi University of Technology, *School of Engineering Science, Kochi University of

Technology, *Graduate School of Integrated Science and Technology, Shizuoka University,

*Faculty of Science, Shizuoka University) OYuto Hino,' Takumi Matsuo,” Daiki Korenaga,’

Tomohiro Seki,* Shotaro Hayashi?

The design for thermal expansion in a molecular crystal has attracted much interest in the
sensors and actuators because the molecular motion in the solid state plays an important role
in understanding the physical properties changes in solid materials". Here, we designed and
synthesized structurally rod-like anthracene molecules bearing phenyl group with a bulky tert-
butyl substituent on the 2 and 6 positions. Interestingly, in a crystal structure, array order and
disorder coexist was obtained by the stator moiety derived from the anthracene, phenyl groups,
and the rotor moiety from the tert-butyl group. This molecular structure allowed giant thermal
expansion and reversible stretching behavior. In this presentation, we report the detailed crystal
structure and its thermal expansion observation.

Keywords : Anthracene; Molecular Rotor; Thermal Expansion; Reversible; Single-Crystal-to-
Single-Crystal Phase Transition

ARG OBMEIRIL, /0 TEENC IS < EERM Bt O A b & BRiF3 5 ECEE
RED—>ThHdH D, KFETIE, EE\ tert-7 FNIEEET D7 2 =)VH%E 2,6 fif
TG LT v T 2AE L, famiEs & BUREEEZRE L., TR, 7T
N7 2= VIRICHET D AT — X — L L tert-T7 FOLIIC K B a— & —i
POAZ K o TR & SLAV S 77 Lo d i 3 G DT, IR E 2 is % LT,
HHBECTERBIZIELZ R L, fsaR O e 2 g8 2R Lz, AFETIL.
D OFEM 7 A db A & BMEIRMEIC O W TR T 5,

Low. Temp. (303 K)
phenyl group O \

anthracene group

High\Temp'(413]K
Rotor moiety Stator moiety {10 1] G )

1) (a) M. K. Panda, T. Runcevski, S. C. Sahoo, A. A. Belik, N. K. Nath, R. E. Dinnebier, P. Naumov,
Nat. Commun. 2014, 5, 4811. (b) K. Kato, T. Seki, H. Ito, Inorg. Chem. 2021, 60, 10849-10856.
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Design and Composition Control of Flexible Anthracene Molecular Mixed Crystals :
Realization of Low-Loss Optical Waveguides Based on FRET ('Graduate School of
Engineering, Kochi University of Technologe, *School of Engineering Science, Kochi
University of Technology) OKoki Ikeda,' Takumi Matsuo,” Shotaro Hayashi®

Molecular crystals composed of a pitched n-stack structure show elastic bending flexibility.
Fluorescent elastic molecular crystals are attracted in the application of flexible optical
waveguides. However, an increased optical loss (o) because of self-absorption makes it difficult
to give efficient flexible optical waveguides. Herein, we have successfully demonstrated the
development of flexible and low-loss optical waveguides based on an energy transfer approach
by creating flexible mixed crystals. The mixed crystals exhibited elastic deformation and highly
efficient optical waveguide characteristics. In this presentation, we will also discuss other
mixed crystals based on anthracene derivatives as a guest molecule.

Keywords : ; Organic Miexed Crystals, Forster Resonance Energy Transfer, Optical
Waveguide, Anthracene, Elastic

Fo 2 VXL Sy RS SR 23 50 - @ pitched m—stack fEIEIZ Lo THEILINDHZ L 2R L
Too —J7 BNMEDO ML G5 DG £ DOFIRRICER K OB ER 4T
Do LU, EOCHIRINIC & 5 0eHH k% (a)@téﬂﬂuﬁ>ﬁﬁ FEL 720 | R M
WHOFEBIINETH D, 2T, FAITAEEES MCIZHER L=, MCI3dH 5%

TFATKF L THEMNIZ R—X0 M 212 5 2 & ThAF %0)7%%6&%??‘% %o ARMFFE TILHH

S FAER L IR D TR L R—= R b EINZH 2 LT MC ZERL, Fikoo=
RNF—RBENCEED RO BE OBRFRE 2 ik LT,

M T en & 72 5 9,10-dibromoanthracene (DBA) & 9,10-diformylanthracene (DFA)
ZHWTRS MCHE/ERLL 7= & Z 4 (Figure 1a), MC1 [ XA 2R L, ek
I% DBA fEEEIZ 3 L <K F L7z (Figure 1b,c), AFRE T T > b T U #FHE
Ka2T A NgT L LICRMIZONTHik 5,

a b C 1600

7

o ‘ 1200 ¢

800 |
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-
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Figure 1. a) Molecular structure of DBA and DFA. b) Mechanical deformation of DBA
crystal and MC1, scale bar 1 mm. c¢) Plot of a estimated for each doping ratio of DFA.

© The Chemical Society of Japan -E1123-2pm-02 -



E1123-2pm-03 BAfLE4 B104BFEL (2024)

JyRIbmHERSFER - LY E BT ORI

(B LTRBEL ' - @AM LKREETL %) OKE £E' - 2 F° - #k IERER?
Fluorinated n-Conjugated Molecular Crystals: Detailed Investigation of Their Photophysical
and Mechanical Properties. (' Graduate School of Engineering, Kochi University of Technology,
2Schoool of Science and Engineering, Kochi University of Technology) O Keigo Yano,'
Takumi Matsuo,” Shotaro Hayashi?

Molecular crystals with flexibilities and narrow bandgap are potential materials to
create flexible organic devices. We have previously developed that the repulsion-rich
n-1 stacking structure in crystals contributes to the elastic deformation. However, in
general n-conjugated molecules forms CH-rx interaction, thus; we need the molecular
design toward n-7 stacking. We report herein a new elastic molecular crystal of a DA—
type fluorinated n-conjugated molecules, BTFT. The crystals were prepared by vapor
diffusion process. The obtained crystals which formed a pitched n-stack structure in
the crystal showed yellow-luminescence and elastic deformation.

Keywords : Elastic Deformation, Fluorinated n—conjugated Molecules, DA-Type Structure,
Benzothiadiazole, Charge Transfer Interaction

G TAER SO RWEM G B L O Ry v TLIE 7 LR TV H#T
NARELELTORHIZER D, ZNETIZ, A F/REANDO o A ¥ v X7
BEN D FREmOMEICTE G T2 2R ML, LrL, —ixid7e o %R
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WAREZ: D, 22T, FTxlTmoFEMl~AT e lFZ2E8ATLHZ L1285
pitched n-stack F&EDHEB A B L7z, TO/RE., 7 v FE2EA Lo Xt
KDV FRE A ORIBUCER S L7 D, 22T, S HICDAM T v #Ek ok
%%+ BTFT Z % it L. T Ot I OBEMAERE 2 fiftT L7-,

BTFT | 3755 JL#57% (chloroform: n-hexane = 1:1) |2 X Y B EAFEIEMEO BE 7 dHiRAE
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LT, (001) BEL (100) HDOWT IO TH ML 47~ L7z (Figure 1), A%
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space group: P2,/c Ao
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Figure 1. a) Crystal structure and b) elastic deformation of BTFT crystal.
1) S. Hayashi, A. Asano, N. Kamiya, Y. Yokomori, T. Maeda, T. Koizumi, Sci. Rep. 2017, 7, 9453.
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Synthesis of Bowl-Shaped Molecules for Studies of Stacked
Gigantic -Systems

(‘Department of Chemistry, The University of Tokyo) O Yuzuka Onaka,' Koki Ikemoto,'
Hiroyuki Isobe'
Keywords: Bowl-Shaped Molecule; Nanocarbon; Stacking; Stoichiometry Inference

Bowl-shaped molecules are interesting synthetic targets that can serve as hosts for
supramolecular complexes. In this work, a gigantic bowl-shaped molecule, phenine
tridehydrosumanene (1), was designed and synthesized by devising a 12-step route from a
dibromobenzene derivative. Thus, a pentagonal unit 3 was synthesized from 2 in 8 steps and
was subjected to macrocyclization with Yamamoto coupling. Trimerization proceeded to afford
4 in 64% yield. The macrocycle (4) was then furnished with iodine handles, which was closed
by Yamamoto coupling to afford 1 in 18% yield. The gigantic bowl-shaped structure of 1 was
found suitable to accommodate C7, and the host-guest complexation was studied by NMR and
ITC experiments. The host-guest system was driven by van der Waals interactions, which
provided an interesting case for the stoichiometry inference studies. We introduced a novel
measure to elucidate the stoichiometry for this study and found that the 1:1 complex was
formed in solution. The structure of the 1:1 complex was unequivocally revealed by X-ray
crystallographic analysis of a single crystal.

Synthesis R Ni(cod),
R R R 22-bipyridine
= O 0 =2
Br Br -
2 22% DMF/toluene
(8 steps) 80°C,2h
R =tBu I I 64%
3
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,2"-bipyridine 4(X=H >
il ( ) [Ir(cod)(OMe)]o
DMF/toluene DTBPY, THF
80°C,2h 65 °C, 20 h, 75%

18% 5 (X =Bpin) aq. HI, Cul, NIS
DMF/toluene
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NMR titration/ 141 del
ITC experiments ’ U;O e
1 + Cp 1:2 model
o S.
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by multiple measures
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Kinetically controlled self-assembly of metastable Pd(II) ring complexes ( Graduate School of
Arts and Sciences, The University of Tokyo) (ONaoki Sanada, Tsukasa Abe, Keisuke Takeuchi,
Shuichi Hiraoka

Generally, coordination self-assembly proceeds under thermodynamic control due to reversible
coordination bonds. We have recently developed a method for the formation of all six types of
metastable heteroleptic Pd,Ls cages under kinetic control”. In this research, we employed this
method to prepare metastable triangular complexes (trans-[PdsL:Xs]®") from trans-PdCl X,
(X: leaving ligand) and ditopic ligand (L) with a 60° bite angle. The addition of one equivalent
of L in a solution of trans-[Pd;L;Xs]®" selectively afforded a metastable trans-[Pd;LsX4]®".
Keywords : coordination self-assembly, kinetic control; ring complex, supramolecule;

% < OENL H CEAIIENFE S O I & v B RR CHEIT S D, — L Tk
V385 PA(ID)-N BEAZAS & RITIBVD T, AR 3BT K 0 4 6 FEIDZ A5 PdLa 02 2
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ARG L R R WED, 1 O L OZND b EREREEDIEENE 2 5h
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[Pd:L:Xe]®) ZIERR L=, 1 HMBOL EZMZ5 &, —MAEHAC—>D L 2VMEA
ST EEIR (trans-[PdsLaXa]®) DAEARMICHE DT,
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Ao
"SR v tastable metastable
‘},( “ o9 metas
R PdCIX l!' < s
PdsLe 22 r Ko (,f/ >
A€ < Jod <4H
v;f L & 5/\
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1) T. Abe, N. Sanada, K. Takeuchi, A. Okazawa, S. Hiraoka J. Am. Chem. Soc. 2023, 145, 28061—
28074.
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Preparation of Supramolecular Structures from 6-O-Modified a-CD and Their Selective
Extraction Ability for Fatty Acid Esters ('Graduate School of Engineering, Osaka University)
OHaruya Ishida', Justine M. Kalaw', Momoka Miyasaka', Hajime Shigemitsu', Toshiyuki
Kida'

Cyclodextrins (CDs) are known to encapsulate appropriate guests in their internal
cavity, and adopt three types of assembly modes in the crystalline states: cage, channel,
and layer types. By selectively preparing CD assemblies with regulated molecular
arrangement, it is expected to precisely control the guest inclusion ability and create
supramolecular structures with various morphologies. In this study, we examined the
morphology of supramolecular structures formed from 6-O-modified a-CDs and the
assembly modes of the CD molecules that compose them. We also examined the ability
of these supramolecular assemblies to selectively extract cis- and trans-fatty acid esters
in acetonitrile.

Keywords : cyclodextrin, methylation, self-assembly, supramolecular structure, head-to-head
arrangement
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tail BT v  FNVEB RN DR SN D SATE T » RIRE S TGS R 28R 0 /ER
THZ LRI LD, ARWFZETIL. 6 fikiEEEd X C a2 &AL 7-a-CD z’)%ﬂ‘/ﬁjzé
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Figure 1. SEM images of supramolecular structures formed by (A) 6-Me-a-CD and (B) 2-Me-a-CD in a mixture
of methanol and cyclohexane.

1) Kalaw, J. M.; Kitagawa, M.; Shigemitsu, H.; Kida, T. Langmuir 2022, 38, 5149.
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A Friedel-Crafts acylation way towards multi-bridge-functionalized
large pillar[n]arenes

(!Graduate School of Engineering, Kyoto University, “WPI Nano Life Science Institute,
Kanazawa University.) OTanhao Shi', Shunsuke Ohtani', Kenichi Kato' and Tomoki
Ogoshi'?

Keywords: Supramolecular chemistry;  Friedel-Crafts reaction;  Pillar[n]arenes;
Macrocycles

Using FC alkylation, many macrocycles have been constructed, including calix[#n]arenes,
resorcin[n]arenes, calix[n]pyrroles, cyclotriveratrylene, and pillar[n]arenes. These
macrocycles all possess their own unique supramolecular properties. But there are
limitations from the reversible alkylation strategy. For example, selective synthesis of larger
pillar[n]arenes (n > 7), which are not thermodynamical stable under alkylation conditions,
has always been a challenging task. Moreover, inert methylene bridges are introduced from
the alkylation process, and the multi-functionalization of bridges have never been truly
tackled.

Herein, irreversible Friedel-Crafts acylation is used to prepare pillar[n]arenes. Via
acylation, connecting precursors bearing carboxyl acids and electron-rich arene rings results
in size-exclusive formation of pillar[r]arenes, in which the sizes are determined by the
precursor lengths. Moreover, methylene bridges have been installed with multiple carbonyl
groups, which can be easily converted to other subunits to afford bridge-functionalized
pillar[n]arenes. As many useful macrocyclic hosts are prepared from FC alkylation, we
anticipate that our FC acylation strategy can also be applied in creating those host molecules,
along with more delicate structures and sophisticated properties.
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Controlled molecular array in multi-component self-assembly of trisporphyrin and guests
(‘Graduate School of Advanced Science and Engineering, Hiroshima University, “WPI-SKCM?,
Hiroshima University) ONaoyuki Hisano,' Tomoki Kodama,'? Takeharu Haino'*

Our group developed a triple-layered trisporphyrin molecule 1 possessing two cleft cavities,
which encapsulated electron-deficient aromatic molecules in a negative cooperative fashion.'
In this study, we synthesized tris(zinc-porphyrin) 2, capturing donor and acceptor guests L1
and G1 driven by dative bonds and donor-acceptor interactions, respectively. Tris(zinc-
porphyrin) 1 showed homotropic negative cooperativity in the guest binding of G1 and L1.
The homotropic negative cooperativity led to the selective formation of a ternary host-guest
complex. Upon the addition of L2 into a solution of the ternary host-guest complex, a sequence-
controlled multi-component supramolecular complex (L1+2+G1),L2 was constructed.
Keywords : Molecular Recognition; Host—Guest Complex; Porphyrin
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Figure 1. Molecular structures of trisporphyrin, ternary host—guest complex G1+2+L1, and multi-component host-guest complex (L12+G1)2L2.

1) N. Hisano, T. Kodama, T. Haino, Chem. Eur. J. 2023, 29, ¢202300107.
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Controlling the helicity of dynamic helical tricobalt(lll) cryptands by
tuning the diamine chain length at the aperture

('Nano Life Science Institute, Kanazawa University, *Graduate School of Natural Science and
Technology, Kanazawa University) oSk Asif Tkbal,' Shigehisa Akine'”

Keywords: Helicity inversion, Dynamic structure conversion, Cobalt complex, Diamine,
Cryptand

Development of artificial dynamic helical molecules with controllable helix inversion rate
can be useful to make chiral memory materials." Most of the previous reports of stimuli-
responsive chiral molecules have been focused only on the equilibrium states before and after
stimulation but not on controlling the kinetics.' We have already demonstrated that the helicity
inversion kinetics of trinickel(Il) cryptands can be controlled by guest recognition in the
cryptand cavity.”? In this research, novel chiral tris(salen)-type tricobalt(III) cryptands with
diamines introduced at the aperture were synthesized. A series of diamines with different chain
length were used (short 1,5-pentanediamine to long 1,9-nonanediamine). The tricobalt(II)
complex is in dynamic equilibrium between P and M isomers in solution, preferring one isomer
in major concentration. However, in single crystals the complexes were stabilized in one
handed isomer (P isomer). We have investigated the time-dependent changes in the P/M ratios
by spectroscopic techniques. The details of the energy diagrams for the P/M inversion will be
discussed.

B

f Bu
(P,Rg) form (M,Rg) form
7N : NH,(CH,),NH, (n=5-9)

Equilibrated
(M-favored state)

Inversion
enabled

Time

Inversion
disabled

Helicity

Response
speed

Dissolution
of crystals

Scheme 1. Controlling the speed of helicity inversion by tuning the diamine chain length at the
aperture.

1) S. Akine, H. Miyake, Coord. Chem. Rev. 2022, 486, 214582. 2) S. Akine, M. Miyashita, S. Piao, T.
Nabeshima, Inorg. Chem. Front., 2014, 1, 53. 3) S. A. Ikbal, P. Zhao, M. Ehara, S. Akine Sci. Adv. 2023,
9, eadj5536.
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Guest Encapsulation within Metal Oxide Cage {Mois.} in Liquid and Solid Phases. ('Grad.

School of Env. Sci., Hokkaido Univ., *Fac. of Env. Earth Sci., Hokkaido Univ.) O Akari
Nakashuku,' Jaeseob Shin,! Chinatsu Murata,' Yukatsu Shichibu, * Katsuaki Konishi'*

Metal oxide cluster of {Moi32} has 20 pores on the surface and its inner wall is coordinated
with acetate ligands. Previous studies demonstrated the encapsulation of guest molecules
within {Moi3,} in solution phase. In this work, we performed such a guest encapsulation in
solid phase. We evaluated the efficiency of solid grinding method with guest molecules through
NMR measurements.

Keywords : Metal Oxide ; Guest Encapsulation; Solid State
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Fig. 1 Skeletal structure of {Moi32}.
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[1]A. Miiller et al., Chem. Soc. Rev. 2012, 41, 7431.
[2] R. Newman et al., Chem. Eur. J. 2016, 22, 15231.
[3] C. Murata et al., Chem. Commun. 2023, 59, 2441.
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Single protein encapsulation in well-defined cavities of spherical complexes ('Grad. School of
Engineering, The Univ. of Tokyo, *Inst. for integrated Radiation and Nuclear Science, Kyoto
Univ., *Inst. for Molecular Science, *UTIAS, The Univ. of Tokyo) oRisa Ebihara,' Takahiro
Nakama,' Ken Morishima?, Masaaki Sugiyama?, Maho Yagi-Utsumi®, Makoto Fujita'-**

Protein encapsulation within artificial hosts is useful for protein functional modulation and
stabilization, but precise control of encapsulation is difficult due to the inhomogeneity of host
cavities. In this work, we have reported single protein encapsulation in well-defined cavities of
Mi;L4 cages constructed by self-assembly of bis-pyridine ligands (L) and Pd(II) ions (M),
'H diffusion-ordered spectroscopy (DOSY) NMR and analytical ultracentrifugation (AUC)
verify precise protein encapsulation in a single-molecule state. By using different sizes of cages,
15 kinds of proteins with 3-6 nm diameter were encapsulated within the cage in a single-
molecule state. By isolating proteins within their cavity, the interactions and aggregation of the
proteins were inhibited, thus significantly stabilizing them against organic solvents.

Keywords : protein encapsulation, self-assembly, M;:L»4 cage, protein stabilization, nano space

ANLHRA S~DH 37 BaET, BER E X R0 BRERERIEIC A H7205, 7R
A NEMORE—PED To DIGE 72 BT L\, ARS8 Tk, BERERIREE RO —3K 2=
f~D & R EORS oL WwET 5, B (L) & PAIDA A M)D H CES
WL VT D Miola HZESERO2 (T BN FORFHIE DI RE I DR L —8M
IR NERZE (AR 4-6 nm) A AEEET D70, FEE RS /X BN FIRE Th D
(Fig. 12), '"HDOSY NMR 243 AT 1 Ly(AUC) DRI E D> B ES IR~ 1 537D % L 737 B
BIRACERE SN2 AR SN, dil L2 A XOERRESRZ V5 2 & TRoRER
3-6 nm DFfF 15 FifHAD & /37 H OB 045 % 2k LTz (Fig. 1b), @I Z v~
NRIBIR, F R EROMEAEN - BEESIIH S TREMEDNE LM E LT,

(b) 42 &
Lysozyme e - .
. : @ Stabilized within cage
1 = Trypsin #% )
e ,gf @ Encapsulated in cage
L) &
10 £y
—_ Cytoch RNase A = [
= ytoc .rome ¢ a %%: Py
= 9 Proteinase K 3
& T o7 ° -chymotrypi
=3 %;Elastase. ec-chyme! wp"?:.‘__
£ 8- ; .“' . CLE Lipase %"
g ) 2&' . s
2 o i
o Ubiquitin -~ 98« Thorombin
8 7 - | L ] ;\
. 2 ¢ GFP TR
Protein@MizLz4 cage Ligand 64 "% . '.s )
Insulin E‘“ ;) Thermolysi e
— lysin 3
L1: XPy= b= R=-H s * A e . _
= a-lactalbumin v
L2: X-Py= b=~ R=-H .
L3: X-Py= F=——» R = -CHeN*(CHzJsNOs- 4 T T T T T T T 1
- 3 4 5 6 7
L4: X-Py= p=—)—=—,» R=-CHzN'(CHJaNOs

Largest diameter [nm]

Fig. 1 (a) Protein encapsulated in M ;L4 cages. (b) Scope of single protein encapsulation in the cages.
1) D. Fujita, et al., Chem 2021, 7,2672. 2) T. Nakama, R. Ebihara, et al., Chem. Sci. 2023, 14, 2910.
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Guest-induced redistribution of conformational isomers of self-
assembled box-shaped capsule and their structural transformation

(‘Graduate School of Arts and Science, The University of Tokyo)
OHongye Chen,' Shinnosuke Horiuchi,' Shuichi Hiraoka,'
Keywords: amphiphile; self-assembly; induced-fit; structure transformation

Biological receptors such as enzymes are structurally flexible, which allows them to adapt
to target molecules. In contrast, most synthetic receptors are relatively rigid because rigid
building blocks are connected through strong and highly directional interactions. Previously,
our group reported box-shaped water-soluble capsules, nanocube,' assembled from six gear-
shaped amphiphiles (GSAs). Although only less directional, weak interactions exist between
the six GSAs, the nanocubes are thermally very stable but show adaptive properties, responding
to the size, shape, and charge state of the guest molecules in an induced-fit manner.’

In this study, we designed and synthesized a Ci-symmetric GSA (1**). Because of its
asymmetrical structure, the peripheral methyl groups can be placed at both the poles or the
equator when it assembles into the nanocube. As a result, a D>O solution of GSA showed a
complicated "H NMR spectrum, indicating the formation of a mixture of 16 possible isomers
of [15]'*". Upon the encapsulation of guest molecules (G), the 'H NMR spectrum became sharp,
indicating a single orientational isomer of (G,) C [16]'*". Upon the encapsulation of a couple of
anthracenes in the nanocube, two types of conformational isomers were produced and
photodimerization of the anthracenes in the nanocube induced one of the conformations.

dynamic mixture of [16]'2*

D20
conformational
isomers
Ci symmetric GSA (12¥) O

CI0)
OOO

D7 365
{17 nm

+

oy a o
O 0 single orientational
structural O OO isomer of (Gn)C[16]"2*

transformation

1) Y.-Y. Zhan et al. Commun. Chem. 2018, 1, 14.2) Y.-Y. Zhan et al. Nat. Commun. 2018, 9, 4530.

© The Chemical Society of Japan -E1131-2pm-05 -



ET1131-2pm-06 The 104th CSJ Annual Meeting

Regioselective Diels-Alder reaction using hydrogen bonding of amides

(Graduate School of Science, Kanagawa University) OWang-Bin Ni, Nobuhiro Kihara
Keywords: Diels-Alder reaction, hydrogen bonding, regioselectivity, reaction field,

molecular recognition

In the Diels-Alder reaction of a diene with an electron-donating group and a dienophile
with an electron-withdrawing group, one of the two possible regioisomers is formed selectively
because the overlap of frontier molecular orbitals controls the regioselectivity. Therefore, the
regioselective Diels-Alder reaction of diene 1 with dienophile 2 is difficult because ester and
amide functional groups in 2 exhibit similar electronic effects. When the Diels-Alder reaction
is carried out in the presence of xanthene derivative 3, a regioselective formation of 4 is
expected because 1 and 2 will be aligned on 3 by the hydrogen bonding between amides.
Formamide 1 was synthesized from 6 by the reductive amidation using formamide in the
pressure of formic acid. Diacylhydrazine 2 was synthesized by the acylation of formhydrazide
with the half ester derived from 7. Cu(I)-catalyzed condensation of 8 and uracil 9 afforded 3.
While direct Diels-Alder reaction of 1 and 2 did not occur, regio-selective Diels-Alder reaction
of 1 and 2 was investigated in the presence of 3.
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Intramolecular Singlet Fission of Cyclen-Centered Cyclic Pentacene Oligomers ('Faculty of
Science and Technology, Keio University) (OHayato Sakai,' Shion Mizuno,' Taku Hasobe'

Singlet fission (SF) is a photophysical process where two triplet excitons are generated from
one-photon absorption in two nearby chromophores. Many examples of SF using dimers and
oligomers have been reported, whereas the number of cyclic molecular systems is quite limited.
Moreover, the relationship between substituted position and SF properties in cyclic oligomers
has not yet been reported. Cyclenes, nitrogen-containing cyclic molecules, are capable of
regioselective molecular modification with respect to nitrogen units, and metal insertion allows
control of photophysical properties associated with structural changes. In this study, we newly
synthesized cyclen-centered pentacene oligomers to examine the SF properties.

Keywords : Pentacene; Cyclene; Singlet Fission; Oligomer
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Emission Properties of Stable Luminescent Radicals with Two Hydrocarbon Substituents or

Radical Groups ('Nara Institute of Science and Technology, *Ryukoku University) O Yohei

Hattori,' Ryota Kitajima,? Atsumi Baba,” Kohei Yamamoto,” Kingo Uchida?

Stable luminescent radicals have attracted much attention for applications such as highly
efficient OLED emitter.” We study derivatives of PyBTM? and F,PyBTM?, which are more
photostable than TTM. Suzuki-Miyaura reaction was developed to substitute chlorine atoms at
the para-position of the benzene rings of PyBTM.* Especially, when the chlorine atoms were
substituted to mesityl groups, photoluminescence quantum yield of the substituted F,PyBTM
in chloroform was as much as 69%.”’

Recently we have prepared stable luminescent radical derivatives with two types of
hydrocarbon substituents and diradicals with two radical units bridged by phenylene linker. We
will report luminescent properties of these molecules.

Keywords : Fluorescence; Luminescence, Radical; Diradical
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1) X. Ai, E. W. Evans, S. Dong, A. J. Gillett, H. Guo, Y. Chen, T. J. H. Hele, R. H. Friend, F. Li, Nature
2018, 563, 536.

2) Y. Hattori, T. Kusamoto, H. Nishihara, Angew. Chem. Int. Ed. 2014, 53, 11845.

3) Y. Hattori, T. Kusamoto, H. Nishihara, RSC Adv. 2015, 5, 64802.

4) S. Mattiello, F. Corsini, S. Mecca, M. Sassi, R. Ruffo, G. Mattioli, Y. Hattori, T. Kusamoto, G. Griffini,
L. Beverina, Mater. Adv. 2021, 2, 7369-7378.

5) Y. Hattori, R. Kitajima, W. Ota, R. Matsuoka, T. Kusamoto, T. Sato, K. Uchida, Chem. Sci. 2022, 13,
13418-13425.
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Syntheses and Singlet Fission of Tetracenothiophene Dimers (Faculty of Science and
Technology, Keio University) OTaiga Okamoto, Hayato Sakai, Taku Hasobe

Singlet fission (SF) is a multi-exciton generation process, in which uncoupled two triplet
excitons were generated after one-photon absorption in two nearby molecules. One of the
typical chromophores for SF is pentacene and many examples of SF systems utilizing
pentacene derivatives were reported, so far. On the other hand, tetracenothiophene (TTh) is one
of the pentacene analogs. However, the number of reports regarding singlet fission using TTh
is extremely limited as compared to pentacene. In this study, we synthesized a series of TTh
dimers linked at the o and f positions of TTh units and evaluated the detail photophysical
properties.

Keywords : Singlet Fission; Dimer; Tetracenothiophene
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1) M. B. Smith, J. Michl, Chem. Rev. 2010, 110, 6891.
2) L. M. Campos, M. Y. Sfeir, et al., J. Am. Chem. Soc. 2023, 145, 22058.
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C-F Functionalization by  Defluorinative  Coupling  of
Trifluoromethyl Compounds

(‘WPI-ICReDD, Hokkaido University) O Amit Kumar Jaiswal,' Priya Saha,! Dennis
Chung-Yang Huang'

Keywords: Fluorine Chemistry, Photoredox Catalysis, Hydrogen Atom Transfer, Base
Metal Catalysis, C—F Activation

Fluorine-containing compounds represent one of the most important classes of
molecules due to their unique properties, where trifluoromethyl group remains as a
prestigious motif. Recently, in the effort to expand the available chemical space, attention
has been shifted to difluoromethyl moieties. Defluorinative coupling from the abundant
trifluoromethyl compounds would be a natural strategy but is currently limited to a small
selection of viable mechanisms. Challenges in this approach include strong C—F bonds and
product selectivity regarding over-defluorination. Herein, we report two new methodologies
for constructing difluoromethyl groups containing C—heteroatom bonds. The first work
features a new hydrogen atom transfer (HAT) agent for hydrodefluorination reaction that
enables the synthesis of a wide array of molecules containing -CF,H moieties.' Mechanistic
studies provided insights on the key role of HAT agent. Secondly, we developed a protocol
involving base-metal photoredox catalysis that enables the direct C—F activation to afford
C—heteroatom bonds. We proposed that the catalyst serves dual roles in substrate activation
and bond-forging cross coupling. Overall, the new mechanism and activation mode point to
novel avenue towards general C—F functionalization enabling the expansion of chemical
space to unprecedented molecular structures.
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CF3 novel mechanism
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i  difficult to activate | i * novel properties

...............................................................

1) A. K. Jaiswal, B. B. Skjelstad, S. Maeda, C.-Y. Huang manuscript in preparation. 2) P. Saha, C.-Y.

Huang manuscript in preparation.
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Nonradiative Transitions as Phonon Emission and Absorption Processes (' Fukui Institute for
Fundamental Chemistry, Kyoto University, *Graduate School of Engineering, Kyoto University,
*MOLFEX, Inc.) OWataru Ota,"* Motoyuki Uejima,’ Naoki Haruta,"* Tohru Sato'?

An analytical expression for the nonradiative rate constant is derived based on Fermi’s
golden rule within the mixed-spin crude adiabatic (CA) approximation. The mixed-spin CA
basis is defined by a set of eigenstates for the electronic Hamiltonian that comprises the
nonrelativistic electronic Hamiltonian and spin-orbit coupling clumped at the reference nuclear
configuration. The mixed-spin basis differs from the pure-spin basis defined by a set of
eigenstates for the nonrelativistic electronic Hamiltonian. The mixed-spin CA representation
provides a unified view of the nonradiative transitions; both internal conversion and
intersystem crossing (ISC) are regarded as vibronically induced phonon emission and
absorption processes. The analytical expression enables us to determine important vibrational
modes responsible for phonon emission/absorption (promoting modes) and accepting
excitation energy (accepting modes) according to the selection rule of vibronic coupling. An
advantage of the CA representation is that the spatial distribution of vibronic coupling is
elucidated based on its density form, i.e., vibronic coupling density, which can be applied to
theoretical molecular design with controlled nonradiative processes. The calculated ISC rate
constant for tetracene reproduces the experimental result well.

Keywords : Internal Conversion, Intersystem Crossing,; Vibronic Coupling
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1) W. Ota, M. Uejima, N. Haruta, T. Sato, Bull. Chem. Soc. Jpn. in press.
2) B. R. Henry and W. Siebrand, J. Chem. Phys. 1971, 54, 1072.

3) T.Kato, N. Haruta, and T. Sato, Vibronic Coupling Density: Understanding Molecular Deformation
(Springer, 2021).
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Studies on photoexcitation dynamics in self-organized porphyrin array films by
near-infrared femtosecond time-resolved emission spectroscopy

(Grad. Sch. Sci. Eng., Univ. of Toyama,* Fac. Mol. Chem. Eng., Kyoto Inst. of Tech.?) Kenya
Shinozaki®, Minami Nakamura?, Mitsuhiko Morisue®, Munetaka Iwamura®, OKoichi Nozaki'

Keywor ds: porphyrin, aggregate, near-infrared luminescence, bar-coated thin film

Arylene-linked porphyrin arrays bearing elastic

i X bl e, . Y
3,4,5-tri((S)-3,7-dimethyl -octyl oxy)phenyl groups 3 @ TR ‘ =<

(Scheme 1) form amorphous molecular glasses containing M -
a partid crystaline  arrangement  due  to &~ W= ) 'Eés' ’53’ o
A b n

BDT  Ant Np

self-organization[1]. Neat films of the porphyrin arrays

; ; . Scheme 1. Arylene-linked
display a large split of the B (Soret) band at 400-500 hm porphyrin arrays.
and a bathochromic shift of the Q band at around 700 hm ey

due to exciton coupling in the J-type aggregates (Figure 2). il AP,

Iy
o4 !
'

Em(Ae = 489 nm)

Bar-coated films of the arrays exhibit fluorescence from
the Q states at 700-800 nm. Furthermore, near-infrared
(NIR) emissions with maxima at 795, 895, and 960 nm
were observed for the Nph, BDT, and Ant films,
respectively. The emission quantum yields of the films
were 5.8x107 (Nph), 1.6x10* (BDT), and 1.0x10° (Ant).
To understand the photoexcitation dynamics in the

0.015

-0.01

Absorbance

—0.005

Arsuayuy uorssiuy

self-organized porphyrin glasses, femtosecond os ;'\ Abs  EM(tg =537 nm)
fluorescence up-conversion measurements were carried out o4 "
for the BDT bar-coated films. Upon excitation into the B wap.
band at 420 nm, ultrafast B—>Q interna conversion (t < CTRo T el T 0 1)

Wavelength / nm

0.05 ps) was followed by relaxation within the Q states Figure 2. Absorption and

. . . emission spectra of bar-coated
with 0.1 ps. The Q-band emission at 740 nm decayed with  fjjms  of arylene-linked
lifetimes of 0.1 ps(29%) and 0.55ps(55%). The NIR  Porphyrinarrays.

emission a 920 nm appeared within 0.1 ps immediately

after the excitation, suggesting that the NIR-luminescent species are ascribed to excimers
resulting from self-trapping of the excitons in the aggregates. The NIR emission then decayed
with lifetimes of 1 ps (27%), 24 ps(59%), and 400 ps (13%).

1) M. Morisueet al., RSC Adv., 2017, 7, 22679.
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Development of Luminescent One-Dimensional Coordination
Polymers with Arsenic Ligands

(*Graduate School of Science and Technology, Kyoto Institute of Technology)

OKazuma Kikuchi,! Hiroaki Imoto,' Kensuke Naka'

Keywords: Coordination Polymer; Group 15 Element; Emissive Complexes; Arsenic;
Copper(I) halide

Copper(I) complexes, especially copper iodide (Cul) complexes, have been extensively
investigated as cost-effective luminescent materials, offering an alternative to
rare-metal-based complexes. Cul complexes are notable for their varied metal clusters,
which contribute to their chromic luminescence properties.! However, the sensitivity to
slight changes in external conditions limits their application in optical devices that require
emissive stability. To address this issue, there is growing interest in structurally robust
complexes, particularly one-dimensional coordination polymers (1D-CPs).?

Recently, arsine ligands have attracted much attention in the development of
luminescent Cul complexes,’® although phosphine and sulfide ligands are the conventional
choices. Arsine, a Group 15 element, not only exhibits characteristics similar to phosphine
but also offers several advantages. These benefits include stable handling in air due to its
high oxidation resistance, and enhanced phosphorescence owing to the heavy atom effect
from Spin-Orbit Coupling parameters. In our previous work, we reported the structural and
optical properties of luminescent Cul-based discrete complexes with dinuclear rhombic
metal clusters, using triphenylarsine (AsPhs) and N-heteroaromatic co-ligands.*

In this study, we successfully

Bidentate N-Ligands (L) @ AsPh
. N, ~ b, ASPRs
synthesized two types of Cul-based 1D-CPs OOCCO | | . AS/C“\./CU\"@ Q, D
. . . . prz bpy nap (. As« »As
with arsine ligands (Figure 1).> The 1D-CPs v || CublAsPhopyridine) o Rnila
g . . . . = _EQ EN Eur. J. Inorg. Chem. 2020, 37, 3548, AA-Ligands (n=1, 2)
exhibited intense emission even at room wE dETE
temperature, and the emission efficiencies of (71" (1 crossainkea with N-Ligand () 2 Crossinked with

these complexes were higher than those of L j) L P ol )
/ \l/ Npuridi
. . : Ph;AS pyridine (py)

the discrete complexes. In this presentation,
[Cuzl2(AsPha)a(L)]a [Cualy( )(pyridine)z]a

the structures, optical properties, and
external stimuli response of the 1D-CPs will ~ Figure 1. Two types of luminescent Cul-based
be discussed in detail. 1D-CPs using arsine ligands in this work.

1) J. Troyano, F. Zamora, S. Delgado, Chem. Soc. Rev. 2021, 50, 4606. 2) a) H. Araki, K. Tsuge, Y.
Sasaki, S. Ishizaka, N. Kitamura, Inorg. Chem. 2005, 44, 9667. b) W. Liu, Y. Fang, G. Z. Wei, S. J.
Teat, K. Xiong, Z. Hu, W. P. Lusting, J. Li, J. Am. Chem. Soc. 2015, 137, 9400. 3) A. V. Artem'ev, Y.
V. Demyanov, M. I. Rakhmanova, I. Y. Bagryanskaya, Dalton Trans. 2022, 51, 1048. 4) R.
Kobayashi, H. Imoto, K. Naka, Eur. J. Inorg. Chem. 2020, 37, 3548. 5) K. Kikuchi, H. Imoto, K.
Naka, Dalton Trans. 2023, 52, 11168.
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Synthesis of thieno-fused arsinines and investigation of their struc-
ture, aromaticity, and reactivity

(1Graduate School of Science and Technology, Kyoto Institute of Technology) O Akifumi Su-
mida!, Hiroaki Imoto', Kensuke Naka'
Keywords: Organoarsenic compound; Arsinine; Phosphinine; Heteroacene; Aromaticity

Aromatic compounds are among the most fundamental in organic chemistry and have been
extensively investigated due to their distinctive structural and electronic properties. Among
these, heterobenzenes are particularly intriguing. These are compounds in which a heteroatom
has been incorporated, resulting in unique properties stemming from the presence of this atom.
Typically, period Il main-group elements are used in their synthesis. However, recent develop-
ments have seen the introduction of higher-period group 14 and 15 elements into these com-
pounds. ! Despite these advancements, the synthesis of arsenic analogs, such as arsinines, re-
mains a challenging and unexplored area. There are only a few examples of stable, isolable
arsinine compounds %, and comprehensive studies on their structure and properties are scarce.
In this study, we investigated the properties of thieno-fused arsinines.

We synthesized benzo-thieno-fused arsinines via Sn-As exchange reactions. All the arsinines
were stable at room temperature. The structures of the arsinines were highly planar, with bond
lengths between the As-C and As=C bonds, indicating high aromaticity in the arsinine rings.
This is supported by a DFT analysis of NICS values and ACID analysis. UV-vis and lumines-
cence spectra of the benzothieno-fused arsinines showed the absorption and fluorescence bands
were longer wavelengths than those observed for phosphinines, indicating less effective con-
jugation. In contrast, both fluorescence bands were significantly longer in the solid state than
in the solution state, attributable to J-aggregation. Finally, the reactivity of arsinines and phos-
phinines to oxygen was examined. For arsinines, dehydrogenative dimerization occurred at the
C4 position while re-

.. o . v Synthesis of benzothieno-fused arsinine and phosphinine
taining aromaticity. In

contrast, for phos- e B

phinine OXidatiVe a-Arsaacene a-Phosphaacene
b
dearomatization led to SI \* pobry 0B eI e, o0 _ s Y s
Sn As Sn, L]
dimerization at the B-Arsaacene
v" Crystal structure v" Reactivi]
phosphorus atom. i ey

These differences are
attributed to the differ- 1
ing oxygen affinities of Molecuiar structure Packing stucture Oxidative dimerization

the pnictogen atoms.

[1] (a) Wakita, K. et al., J. Am. Chem. Soc., 2000, 122, 5648. (b) N. Nakata, et al., Organometallics,
2001, 20, 5507. (c¢) K. Matsuo, et al., Chem. Commun., 2022, 58, 13576. [2] (a) V. Kremlacek, et al.,
Chem. Eur. J. 2019, 25, 5668. (b) Dr. Dennis Rottschifer et al., Angew. Chem. Int. Ed. 2021 60, 15849.
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Impact of Linker Structure on Chloride-binding by Two-point
Halogen Bond Donors

(\Institute for Molecular Science, *SOKENDAI) oMasayuki Kato,'? Naoya Ohtsuka,'"
Yukina Nishioka,' Toshiyasu Suzuki,' Norie Momiyama'*
Keywords: Halogen Bonds; Perfluoroiodoarenes; Cocrystals; Catalysis; Mannich reaction

Halogen bond has been utilized in crystal engineering and currently applied in
molecular recognition and organocatalysis.'** Two- and multi-point halogen bond donors
have been designed to enhance their halogen bond donor ability compared to one-point
donors. In this study, we systematically investigated the effect of linker structure possessed
in two-point halogen bond donors, with a focus on perfluoroiodobenzene structures.
Halogen bond donors with a different linker were evaluated in binding constants K (M) for
chloride and reaction yields (%) in Mukaiyama-Mannich-type reaction of isoquinoline
through chloride-binding. The two-point halogen bond donor possessing a
tetrafluorophenylene linker exhibited the highest activity. Chloride-binding modes were
proposed based on Job’s plots and co-crystal structures with chloride. Computational study
was performed to elucidate the effect of linker on the activity. Finally, the utility of the
tetrafluorophenylene-linked two-point halogen bond donor was established in the
Mukaiyam-Mannich-type reaction involving various isoquinolines, chloroformates, and
silyl enol ethers.

- Cocrystals with chloride - Catalysis for chloride @
- Binding constants for chloride - Computational study

[1] Corradi, E.; Meille, S. V.; Messina, M,; Metrangolo, P.; Resnati, G. Angew. Chem. Int. Ed. 2000,
39, 1782-1786. [2] Brown, A.; Beer, P. D. Chem. Commun. 2016, 52, 8645-8658. [3] Bulfield, D.;
Huber, S. M. Chem. Eur. J. 2016, 22, 14434-14450.
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Perfluorohalogenated Naphthalene: Synthesis, Crystal Structure,
and Intermolecular Interaction

(\Institute for Molecular Science, *SSOKENDAI) ONaoya Ohtsuka,'” Hino Ota,? Satoshi
Sugiura,' Haruki Sugiyama,'* Toshiyasu Suzuki,' Norie Momiyama'~

Keywords: Naphthalene, Perfluorohalogenation, c-hole, n-hole, Crystal structure

Perfluorohalogenated arenes (PFXArs) are unique small molecules whose electronic
density distributions differ not only from those of simple arenes but also from
perfluoroarenes. The tip of halogen atoms (I, Br, and Cl) and the core of the aromatic ring in
PFXArs carry a positive charge due to the most electronegative fluorine atom on the
aromatic ring. Since 2000, non-covalent interaction associated with PFXArs have attracted
significant attention and evolved into a new field of material science, such as
supramolecular material and crystalline material.' Despite the utility of PFXArs is unveiled,
the reports are limited to commercially available or readily synthesized
perfluorohalogenated benzenes.

Perfluorohalogenated naphthalenes (PFXNaPs) are excellent candidates as mnovel
perfluorohalogenated arenes due to enhanced electron-withdrawing properties by
introducing a greater number of fluorine atoms onto the naphthalene ring. However,
PFXNaPs are commercially unavailable and challenging to synthesis. Although Kukushkin
and co-workers reported the synthesis of PEXNaPs (X =1, and Br) via C-F activation using
Fe-catalyst and Grignard reagent, the yields were less than 20% yield.> A practical and
versatile synthetic reaction is essential for yielding PFXNaPs.

We developed the synthetic protocol for PFXNaPs via halogenation reactions of
electron-deficient polyfluoronaphthalenes. We revealed that metalation-halogenation
sequences achieve the synthesis of PFXNaPs (X = I, Br, and Cl) in high yield. Furthermore,
crystallization of PFINaPs were succeeded. X-ray diffraction analysis clarified the unique
molecular arrangement. Here we report a detail of synthesis method, molecular crystal
structures, and intermolecular interactions of PEXNaPs.

@ Synthesis of PFXNaPs @ Crystal structure @ Intermoleculer Interaction
FOF FOF FOF
F FoOF Fox F . ¢
L, L, 0 ety
F X X X F X T l T
FOF FOF FOF

up to 93% yield *
X=1,Br,Cl

[1] G. Cavallo, P. Metrangolo, R. Milani, T. Pilati, A. Priimagi, G. Resnati, G. Terraneo Chem. Rev.
2016, /16, 2478-2601. [2] A. V. Rozhkov, A. A. Eliseeva, S. V. Baykov, B. Galmés, A. Frontera, V. Y.
Kukushkin Cryst. Growth Des. 2020, 20, 5908-5921. [3] N. Ohtsuka, H. Ota, S. Sugiura, S.
Kakinuma, H. Sugiyama, T. Suzuki, N. Momiyama CrystEngComm accepted (ChemRxiv:
http://dx.doi.org/10.26434/chemrxiv-2023-r2s6n-v2)
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Development of A Novel 5-5 Fused Heteroaromatic Ring Building
Block

(‘Graduate School of Advanced Science and Engineering, Waseda University, *Takeda
Pharmaceutical Company, *Institute for Advanced Study, Waseda University)

ORyuya Miyazaki,' Fumito Takada,' Takunari Kikuchi,' Yuya Oguro,> Makoto Kamata,’
Takahumi Yukawa,? Kei Muto,’ Junichiro Yamaguchi'

Keywords: Heteroaromatic Ring; 5-5 Fused Aromatic Ring; Building Block; Thiazole;
Triazole

Heteroaromatic rings are privileged structures frequently found in pharmaceuticals.
Adopting heteroatoms in an aromatic ring would not only affect physical/chemical
properties such as water solubility and polarity, but also control non-covalent interactions
with a protein of interest such as hydrogen bonding. To find a better molecular scaffold,
many pharmaceutical companies have developed novel heteroaromatic ring systems
including bicyclic ring to replace the aromatic moiety of a certain lead compound (scaffold
hopping).'

Herein, we have successfully synthesized thiazolo[4,5-d][1,2,3]triazoles as an
unprecedented 5-5 fused heteroaromatic building block. This skeleton was constructed from
aminobromo-1,2,3-triazoles and potassium ethylxantates, affording a desired
thiazolotriazole with a methyl sulfone on the thiazole ring.” Toward the use of this
heteroarene as a building block, we established various functionalization on the thiazole
ring by using the methyl sulfone as a leaving group. It was also found that the
functionalization of the triazole ring was possible.

— Synthesis

S=< S- i .
H methylation;
HN N, SK N =N, oxidation
J; N-PG — s=<X I N-PG O,ﬁ—(fI N-PG
N S N

thiazolo[4,5-d][1,2,3]triazole

Br

—— Functionalization
deprotection;

O,"—(/INPG —@> @—(INPG —@> @—(I/®

1) (a) Schneider, G.; Neidhart, W.; Giller, T.; Schmid, G. Angew. Chem., Int. Ed. 1999, 38, 2894—
2896. (b) Sun, H.; Tawa, G.; Wallqvist, A. Drug Discov. Today 2012, 17, 310-324.

2) Liu, L.; Zhu, N.; Gao, M.; Zhao, X.; Han, L.; Hong, H. Phosphorus, Sulfur Silicon Relat. Elem.
2016, 191, 699-701.
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Synthesis and Coordination Behavior of Hexakispyrazolylethane
with High Stability

(!Graduate School of Engineering, The University of Tokyo) O Yuta Takemasa,! Kyoko
Nozaki!
Keywords: Pyrazole, Hexaarylethane, Trityl radical, Ag complex, Polynuclear complex

Hexaphenylethane (HPE) is one of the most attractive compounds with riddles many
researchers have tried to solve for a long time.! It is known that there is an equilibrium between
hexaphenylethane (o,a-dimer) and trityl radical, which dimerizes to form another isomer,
thermally stable quinoidal dimer (a,p-dimer). To isolate the labile hexaphenylethane structure,
there have been reported two strategies. As one approach, the introduction of sterically bulky
substituents was successfully applied to stabilization of the o,a-dimer structure by London
dispersion interactions.>* Another strategy is bridging: Phenyl groups of each triarylmethyl unit
were covalently connected. We envisaged a novel approach to isolate non-bridged
hexaarylethane by introducing heterocycles. Herein, we report the synthesis and isolation of
hexakis(4-trimethylsilylpyrazol-1-yl)ethane (1tms) which shows much higher stability
compared with other non-bridged hexaarylethanes.

1tms was synthesized by the oxidative dimerization of tris(4-trimethylsilylpyrazol-1-
yl)methane (21ms). Single-crystal X-ray structural analysis of 1tvs showed that the ethane C—
C bond (1.623(4) A) is shorter than that in hexaphenylethane (1.67(3) A).? In solution, 1tvs
existed as a single species, contrastive that conventional hexaphenylethanes can keep the
central C—C bond only by the aid of additional bridges between the two triarylmethyl units.
Theoretical calculations indicated that the stabilization of the central carbon radical is much
less significant in case of pyrazolyl compared to phenyl, due to lack of delocalization.
Furthermore, introduction of pyrazole groups allowed additional bridging between the two
triarylmethyl moieties through metal coordination to the adjacent N atoms: 1tms exhibited
unique coordination to three Ag atoms affording a hexaarylethane analog bearing three N—Ag—
N bridges (1tms*Ags). In the crystal structure of 1tms*Ags, the ethane C—C bond (1.73(2) A)
was elongated from 11vs by coordination.

Ag*
MBS TMS A~ 2N TMS TMS 7 AN —TMS
\{\NN N " . \€NN W TMS \Q\N N/\' 1 —TMS
N’j\ Qxldalt"we N)/ Ag* N N
) = couplin N%—%
N ™S —uping, f/)N 9, P)—Ag=‘<§'

I 4
N i N
I o A SN SS
4 T™MS z T TMS 2N SIRTTMS

TMS T™MS \A:g +
2ms 11ms 1ms*Ags
Stable in Solution Silver Trinuclear Complex

1) J. M. Mcbride, Tetrahedron 1974, 30, 2009-2022. 2) M. Stein, W. Winter, A. Rieker, Angew. Chem.
— Int. Ed. 1978, 17, 692-694. 3) B. Kahr, D. V. Engen, K. Mislow, J. Am. Chem. Soc. 1986, 108, 26,
8305-8307. 4) G. Wittig, H. Petri, Justus. Liebigs. Ann. Chem. 1933, 505, 17-41.
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Ring Expansion of Heterocycles via Insertion of a Zinc Carbenoid
to Nitrogen-Heteroatom Bonds

(‘School of Life Science and Technology, Tokyo Institute of Technology, *Laboratory for
Chemistry and Life Science, Tokyo Institute of Technology) OMasato Tsuda,' Taiki Morita," 2
Hiroyuki Nakamura'-2

Keywords: 1,2-Azoles, Zinc-Carbenoid, Insertion, Ring Expansion

Recently, the skeletal transformation of heterocycles has attracted much attention
because it allows us to construct scaffolds that are not readily accessible by other means.
Current methods for ring-expansion via insertion into nitrogen-heteroatom bonds of
1,2-azoles rely on highly reactive species such as free carbenes" or transitional metal
carbenoids.” Another approach is rearrangement of azolium ylides which could be prepared
from azolium salts,” but it requires multi-step from 1,2-azoles.

We previously found that a zinc carbenoid inserted into nitrogen-oxygen bond of an
isoxazole derivative. Herein, we report the ring expansion of a wide variety of
heterocycles 1 which have nitrogen-heteroatom (X = NR, O, S) bonds to produce
corresponding methylene inserted products 2. The developed reaction employing a zinc
carbenoid could be applicable not only to 1,2-azoles, but also to cyclic oximes and saturated
heterocycles. Furthermore, we performed DFT calculations to elucidate the reaction
mechanisms, clarifying the distinct reaction paths among different types of rings.”

_ CH,l, P
X Et,Zn N™ X
R1'S')\R3 > 1&)\ 3
) Methylene Insertion R R
R (X=NR, O, S) R2
1 2
R Ts,
N-Q N-S N-N N-Q N-Q T\o
1,2-Azoles Cyclic Oximes  Saturated Heterocylces
0 NS NN R TS\NAO TS‘NAO

UUK) K) oY

1) Hyland, E. E.; Kelly, P. Q.; McKillop, A. M.; Dherange, B. D. I.; Levin, M. D. J. Am. Chem. Soc.
2022, 144, 19258-19264.

2) Li, L.; Ning, Y.; Chen. H.; Ning, Y.; Sivaguru, P.; Liao, P.; Zhu, Q.; Ji, Y.; de Ruiter, G.; Bi, X.
Angew. Chem. Int. Ed. 2023, €202313807.

3) Kashima, C.; Tsuda, Y.; Imada, S.; Nishio, T. J. Chem. Soc. Perkin Trans I. 1980, 1866-1869.

4) Tsuda, M.; Morita, T.; Nakamura, H. Chem. Commun. 2022, 58, 1942-1945.

5) Tsuda, M.; Morita, T.; Morita, Y.; Takaya, J.; Nakamura, H. Adv. Sci. 2023, DOLI:
10.1002/advs.202307563.
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Photoredox Catalysis for the Synthesis of Polycyclic Indole
Derivatives via Arylcarboxylation of Unactivated Alkenes with the
CO2 Radical Anion

(*WPI-ICReDD, Hokkaido Univ., *JST-ERATO, 3Fac. of Sci., Hokkaido Univ.) O Suvankar
Debbarma,'? Saeesh R. Mangaonkar,'? Hiroki Hayashi,'?> Wataru Kanna,® Satoshi Maeda,!**
Tsuyoshi Mita'*?

Keywords: Photoredox; Metalloformates; Alkene; Arylcarboxylation; Polycyclic Indole

The arylcarboxylation of alkenes has proven to be a promising method for introducing two
consecutive C—C bonds in a single transformation, providing a diverse range of substituted
carboxylic acids.! However, the photocatalyzed carboxylation of unactivated alkenes with CO,
presents a significant challenge, primarily attributed to the high reduction potentials of both
starting materials.

Metalloformates (HCO,M) are stand out as a renewable ore of carbon dioxide radical anion
(CO;™), which has been utilized as a potential C1 source of valuable synthetic carboxyl
intermediate.? Leveraging the reactive nucleophilic radical character of CO,™ in contemporary
organic chemistry,® we have developed an effective and robust photochemical method for the
arylcarboxylation of unactivated alkenes (reduction potential: —3.2 V). This 1,2-
dicarbofunctionalization of alkenes using the indole core and CO; radical anion (from HCO,K)
under visible light mediated photoredox-HAT conditions, employing fac-[Ir(dFppy)s] as
photoredox catalyst and DABCO as hydrogen atom transfer (HAT) source, delivers a diverse
array of polycyclic indole derivatives. Indoles bearing an alkene at an appropriate position
undergo a dearomative 6-exo-trig radical cyclization via the arylcarboxylation pathway. N-
Allyl substituted 2-phenylindoles and 1H-benzo[g]indole have been proven to be effective

substrates for this arylcarboxylation.

R
CL ¢ @ 0
N COzH
+ Hcof —/[ o \— 2 N
&‘\ O
O AN O formate salt o Me CO,H
N
in-situ-generated , . L
\\( radical anion 1,2-dicarbofunctionalization
Me polycyclic indole scaffold
indole scaffold 15 examples

1) Zhang, W.; Chen, Z.; Jiang, Y.-X.; Liao, L.-L.; Wang, W.; Ye, J.-H.; Yu, D.-G. Nat. Commun. 2023,
14, 3529. 2) Mangaonkar, S. R.; Hayashi, H.; Takano, H.; Kanna, W.; Maeda, S.; Mita, T. ACS Catal.
2023, /3, 2482—2488. 3) Alektiar, S. N.; Han, J.; Dang, Y.; Rubel, C. Z.; Wickens, Z. K. J. Am. Chem.
Soc. 2023, 145, 10991-10997.
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Efficient Isolation and Purification of Monoglucosyl Ginsenoside G-Rh,
with CNS Protective Activity from an Extract of Chikusetsu Ginseng

(‘United Graduate School of Drug Discovery and Medical Information Sciences, Gifu
University, *National Center for Geriatrics and Gerontology, *Faculty of Engineering, Gifu
University, *Gifu University of Medical Science) O Yoshiki Ooshima,'” Hiroko Koyama,'"
Aya Ogata,* Hiroshi Ikenuma,” Yasuyuki Kimura,' Takashi Kato,'* Masaaki Suzuki*’
Keywords: Ginsenoside; Cyclodextrin; Hydrolysis of sugar

Ginsenosides, active components of Korean ginseng as medicinal resources in traditional
Chinese medicine, have recently been considered as a potential therapy for central nervous
system diseases.! We planned to evaluate the brain uptake of highly active metabolites,
prosapogenols distinguished as Compound-K, Ginsenoside-Rh, (G-Rh,) and the sapogenin
20(S)-protopanaxadiol (PPD) by non-invasive molecular imaging technology positron
emission tomography. In this study, we attempted to synthesize and isolate enough amounts of
G-Rh; and PPD from ginseng extract, which contains various ginsenosides, in order to
synthesize the precursors for labeling.

Chikusetsusaponin III contained a three glucose residue in the structure, isolated from
Japanese ginseng (Panax japonicus C.A. Meyer), was used to optimize the conditions of
glucose hydrolysis. Following the reported conditions, PPD was obtained from
Chikusetsusaponin IIT at 90% yield under NaOH (40 eq)/1-butanol conditions at 90 °C for 24
hours.? To selectively obtain the partial hydrolysis intermediate G-Rh,, we controlled the
reaction rate by using co-solvent of non-protonic polar solvent, and protected the resulted
structure with cyclodextrin. Actually, the inclusion complex between Chikusetsusaponin 111
and methyl-B-cyclodextrin was reacted in the presence of NaOH (40 eq) in pyridine/isopentyl
alcohol (5:1, v/v) at 90 °C for 48 hours, resulted in the selective improvement and the 61%
isolation yield of objective G-Rhs.

1. Methyl-B-CD(5
eq), 50% aq.
MeOH, 100°C

2. NaOH (40 eq),
pyridine/isopent
yl alcohol =5 :1,
48 h 90 °C

Chikusetsusaponin Il 20(S)-G-Rg, 20(S)-G-Rh, 20(S)-PPD

1) H.-J. Kim, S.-W. Jung, S.-Y. Kim, I.-H. Cho, H.-C. Kim, H. Rhim, M. Kim, S.-Y. Nah, J. Ginseng
Res., 2018, 42, 401. 2) J.-F. Cui, S. Bystroem, P. Eneroth, I. Bjoerkhem, J. Org. Chem., 1994, 59, 8251.
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Gram-Scale Synthesis of Carbazomycin A-D

(‘Department of Chemical Science and Engineering, Kobe University, *Research Center for
Membrane and Film Technology, Kobe University) oYuxuan Feng,' Kentaro Okano,'
Atsunori Mori'?

Keywords: Carbazole alkaloids; Aryne intermediate; Regioselective demethylation;
Protecting-group-free synthesis

Carbazomycins A-D, isolated from Streptoverticillium ehimense by Nakamura
and co-workers in the 1980s, are the first class of antibiotics containing a carbazole
framework.' These compounds were characterized by a highly unsymmetrical structure, in
which one of the benzene rings carries four electron-donating groups to form the fully
substituted aromatic ring.

Herein, we achieved the total synthesis of carbazomycins A-D on gram scales.
lodination of the symmetrical trimethoxychlorobenzene and subsequent Suzuki—Miyaura
coupling sequence gave the aminobiaryl bearing the chlorine atom. Treatment of this
compound with six equivalents of n-BuLi led to the formation of the aryne, which
underwent the intramolecular nucleophilic addition with the lithium amide tether to
construct the carbazole framework. The use of the carbazole dianion enabled the synthesis
of 1-methylcarbazole without protecting groups. Carbazomycin A was obtained by
transforming the methoxy group at the C-2 position into the methyl group over three steps.’
Subsequently, carbazomycin D was provided via the regioselective methoxylation from
carbazomycin A over two steps. Finally, total synthesis of carbazomycins B and C was
achieved through the regioselective demethylation of carbazomycins A and D, respectively.

2-aminophenylboronic acid r 7
OMe  ZnCl, TMEDA OMe Pd(PPhg)4 (2 mol%) OMe OMe
MeO f H thenLiTMP  MeO f I TBAF-3H,0 MeO n-Buli (6 equiv) | Meo
then |, 1,4-dioxane O THF O .
MeO Cl THF MeO Cl 100 °C MeO Cl NH, —78 t0 —40 °C MeO 2 NHLi
—40 °C 93% L -
94% J
Meo,  OMe OMe 2 steps Meo, OMe 3 steps Meo, OMe CuCN-2LiCl meo,  OMe
O D —— wl O I D o | we C D
Me ~ Me ~— MeO _40°Ctort | MeO
N N N 83% ) N
Me H Me H Me H L Li Li |
Carbazomycin D Carbazomycin A

85% l regioselective demethylation 180%

MeO, OH OMe MeO OH
Me H Me H
Carbazomycin C Carbazomycin B
1) a) Sakano, K. -I.; Ishimaru, K.; Nakamura, S. J. Antibiot. 1980, 33, 683. b) Naid, T.; Kitahara, T.;

Kaneda, M.; Nakamura, S. J. Antibiot. 1987, 40, 157. c) Kndlker, H.-J.; Reddy, K. R. Chem. Rev. 2002,
102, 4303. 2) Feng, Y.; Yukioka, T.; Matsuyama, M.; Mori, A.; Okano, K. Org. Lett. 2023, 25, 3013.
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Development of Novel Synthetic Method for Hydroindole Skeleton and Its Application for
Total Synthesis of Natural Product (Graduate School of Integrated Basic Sciences, Nihon
University) OTomohiro Tsutsumi, Ryui Yamagami, Ichiro Hayakawa

Hydroindole skeleton which contains fused six membered ring and pyrrolidine ring is usually
prepared by using hypervalent iodine reagent. In this study, we developed the novel synthetic
method of hydroindole skeleton by dearomatization reaction using singlet oxygen and
cyclization cascade reaction. Moreover, we achieved the total synthesis of toussaintine C using
our synthetic method. We will report the optimization of reaction conditions and detail of
substrate scope of this synthetic method.

Keywords : Hydroindole; Dearomatization Reaction, Singlet Oxygen; Toussaintine C

t FoaAy R—=BRRIIAERL ) DUVBRMHERE LI-EETHY, 72/ —L
W2kt UCTRBIRE il 3 7 FRIEE WD AEERHE ST D Y, REIEIEEZ <O
WIEE DRI L T2 08, RIEEEIC X2 B LS SN D Z Enb, Fiiz/ek Fe
A2 R= VB OERRIEDOBRENEEN T\, SR 4 I1%, —HBEBREZ HV60
TERFECELDE FaA 2y F=VEROEGHRIEDREEITRSTOTHET 5,

N-Boc-L-F H2 > A F )T AT V()& AW, 0, %A F. Ruglikicx L THA
LED ZMBE4 252 & T, —HHEARBZEOREL 7 = /) — VOB FBRACS S EITL
VI ) U2 RS, 21T LT, ST A AN K A BRIEE LT o
e A, HEMELER ) Z /e Faf U R—AV3 28K THZ LN T,

CORKIEE NUT AT C@DOEAR~EA LT, T72bbT T I UHEK
S5IZKFLT, et Lim—HEREZEL AN 7 = ) — VORBEEFEE (LS EIT S 2 & T
ARHIRNAGEAKR L, G507 6 1ox LT, HEMSM CERALEIL 21T,
TEIKO NIV A T CO)BRRREER LT, BUE, 4 ORFEEMERTT LT
W5, ARIEE TSGR OR#ELE X OREEH#SEOEM 2 ST 5,

Ru(bpy)s(PFe)2 OH OH

/@/\(002'\"9 0,, pyridine CO,Me HCI
— > — CO,Me
HO NHBoc Blue LED mBoc ac:d:_c o N
o) condition H Boc
N-Boc-L-tyrosine 2

3
methyl ester (1) 42% in 2 steps, >99% ee

OH

Ph o Ph
m\ﬂj/ same as above Q/\ | Triton B
_— E——
HO o HN basic o N
0 ) condition H M\ Ph
° (6)

(0]
(+)-toussaintine C (4)
34% in 2 steps

1) Pierce, J. G.; Kasi, D.; Fushimi, M.; Cuzzupe, A.; Wipf, P. J. Org. Chem. 2008, 73, 7807.
2) Carson, M. C.; Orzolek, B. J.; Kozlowski, M. C. Org. Lett. 2022, 24, 7250.

melodamide A
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(AERBEkAl |« AERBEEE D) OIRPY ML ' - FAH 7' g - BB EFF2
Synthetic Studies on Cristaxenicin A (' Graduate School of Chemical Sciences and Engineering,
Hokkaido University, *Faculty of Science, Hokkaido University) O Wataru Kiuchi,'! Yuko
Tsunoda,! Kosuke Kato,' Keiji Tanino?

Cristaxenicin A (1) is a marine natural product which possesses the core structure consisting
of a nine-membered carbocycle and a trans-fused dihydropyran ring. For its high antiprotozoal
activity, this compound is anticipated to be a lead compound for a treatment drug against
leishmaniasis. Therefore, 1 has been considered as an attractive synthetic target.

We began our synthesis with readily available silyl enol ether 2 which was converted to five-
membered nitrile 3 having a geminal divinyl group. This nitrile was subjected to a sequential
Claisen-Cope rearrangement reactions to afford the key nine-membered nitrile 4. Then
compound 4 was converted to dihydropyran 5 through a stereoselective construction of a 9-5
fused bicyclic skeleton by an intramolecular Stetter reaction followed by an oxidative cleavage
of the five-membered ring.

Keywords : Total synthesis, Diterpenoid, Tandem reaction

CristaxenicinA (1) 1%, HEOIZ X o TRV > = X0 BLEE - BERE S 2
TN A R THY D, RFE I BELVE FrE T UMHEER L7 xenican Hi& I
CEBOMFEEREEZAET D, 11X, V—a~v=TEORRE RIS L CRWHIR
HIEMEZ RS Z &b, ZOREED Y — Meam & LTI STV D25, R
HORHEEIIMETH Y, EFMELHIISIZED 1R L20HHH D, ZD LD
BN AT, RMEAEM OB RIEDHENL A BHiE LTz,

RO v )= —FT L 2B L, 7T LR Tgem-PE=VEZHT DS
BR=FINLIEZAER LI, ZOLDEZAFATE T I RUAFAT X — L L
LIZHNZET 5 & | Eschenmoser-Claisen $2{ 5 its & . Cope #5723 EHGE I HETT L |
T NMUBEHZAETL29IBR= NI VARG LNT, BT, 3 TFHRRAT v & —ISIZ
K DNARBR 7L 9-5 MER'EH OMEL L 5 BEROMLIIHAZ 50 TR O LW %
BT, Ye Febt' I VBEE2AT 6% S OGRITHEEI LT,

CN OHC
OTMS g CN Taeeo OI\'I\ANTez 74 eN Moo ¥or
\ mOH : (0] e o
—> N = B NMe, —>
7 steps toluene, 160°C Y H Stetter reaction,
2 OTBS oT1BS oxidative cleavage
3 4 5 Cristaxenicin A (1)

1) Ishigami, S. et al. J. Org. Chem. 2012, 77, 10962.
2) Fumiyama, H. ef al. Bioorg. Med. Chem. Lett. 2016, 26, 4355.
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Synthesis and Structure Revision of Marine Cyanobacteria-
Derived Natural Product Lagunamide C

(Degree Programs in Pure and Applied Sciences, University of Tsukuba, *Faculty of Education,
University of the Ryukyus) OXazuki Hagimoto,' Toshiaki Teruya,”> Masahito Yoshida,' Hideo
Kigoshi!

Keywords: Natural Product; Total Synthesis; Peptide; Polyketide; Cyclodepsipeptide

Lagunamide C, a 27-membered cyclodepsipeptide, was isolated from the marine
cyanobacteria Lyngbya majuscule in 2011 by Tripathi et al." and exhibits potent cytotoxicity
against several cancer cells, comparable to that of the 26-membered analog lagunamide A.2 The
structural difference between the above compounds lies only in the presence or absence of a
methylene carbon in the aliphatic acid moiety. However, it is known that the biological activity
of cyclopeptides is strongly dependent on the conformation of their structure®. It should be
interesting that the lagunamide families show comparable cytotoxicity regardless of the
difference in the ring size of the cyclopeptide structure. Therefore, we planned the total
synthesis of lagunamide C to elucidate its relationships between conformation and biological
activity. In this presentation, we will report the total synthesis of the putative structure of
lagunamide C and structure revision of lagunamide C to the related analog odoamide.

o} OH
Lagunamide C (1, Putative structure) Lagunamide A ) Odoamide )
ICs 2.4 NM against A549 ICs 2.9 M against A549 (Revised structure of Lagunamide C)
Referrences

1) Tripathi, A.; Puddick, J.; Prinsep, M. R.; Rottmann, M.; Chan, K. P.; Chen, D. Y.; Tan, L. T.
Phytochemistry 2011, 72, 2369-2375. 2) a) (Isolation) Tripathi, A.; Puddick, J.; Prinsep, M. R.;
Rottmann, M.; Tan, L. T. J. Nat. Prod. 2010, 73, 1810-1814. b) (Biochemical study) Tripathi, A.; Fang,
W.; Leong, D. T.; Tan, L. T. Mar. Drugs 2012, 10, 1126—-1137. ¢) (Structure revision) Dai, L.; Chen, B.;
Lei, H.; Wang, Z.; Liu, Y.; Xu, Z.; Ye, T. Chem. Commun., 2012, 48, 8697-8699. 3) a) Kessler, H. Angew.
Chem. Int. Ed. 1982, 21, 512-523. b) Weide, T.; Modlinger, A.; Kesselar, H. Top. Curr. Chem. 2007, 272,
1-50. ¢) Jwad, R.; Weissberger, D.; Hunter, L. Chem. Rev. 2020, 120, 9743-9789.
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Development of selective inhibitors for plant hormone-related transcrlption factors based on
chemical redesigned intrinsically disordered region peptide (‘Graduate School of Science,
Tohoku University, *Graduate School of Life Sciences, Tohoku University) O Yousuke
Takaoka', Ruigi Liu,' Qi Li,' Minoru Ueda,'~

Plant hormones regulate various responses such as plant growth, differentiation or defense
by simultaneously controlling multiple transcription factors. Recent reports suggested that
intrinsically disordered regions (IDR), which can interact with multiple interacting partners
while changing their conformation, play important roles in these signaling pathways. We herein
developed selective inhibitors for plant hormone, Jasmonate (JA)-related transcription factors
based on the chemically redesigned IDR peptides.

Keywords : Plant hormone; Protein-protein interaction; Intrinsically disordered region,

Transcription factor
JAZ10-CMID (IDR)

TR K - AL e E ARl 5 Y g\
Y ATVER (JA) I, FEHAENTEE Y 7 =
LY —JAZ DO fREGIEE I ZE T, Reported ——— Unknown
BROEER T OTEMAL 2 — 55125 S 7?
29, JA O TIRTIE, HEmHE 2 fE é§?%2 1
HMYC 7 7 X U ==, il i 2 4
% EIN3/EIL1 73 EBEDEREIR T 75K || - | ‘c
HELTH Y S b R LRI \5(
MREL 720 . 2NNy a2 b—7 il l ><, l ! @/
Lo TN, T - IS AT Anti-Insect Anti-Pathogen 47%%

b5, BT AIL, JA B OBUBRIEIZBE
DOBHATTAANY Tk JAZ104 O
MYC & DfEA KA A > (CMID) ' "R
SRZEPERESL (IDR) THDHZ &, BLOMYC « EIN3 & b IZ[RIFLE DORE THAT 5
Z L ERBT HAER AT (Fig 1), £2C, CMID ® MYC3 & OfES 7 +— 24 )2
EFHNAEEZEE LI AT AT F RERGLiZE 2 A, MYC IEM 2 BRI B
THZ AR LTz, B3 LT F RiL, MYC RO 2 Z #iil79% —J5 T, EIN3
TWOIGEZTLEL, WFHEDOI/ B A =7 %8I0 51052 LIk L7z, MYC 77
RV I EL O M TEEIRIF SN TR Y \ AT F Y — U (3T %
R TIA 7 FTIVAREITIZA M7k — b2 o Z LR WIR S L 5,

Fig 1. RIRZEVEFHIK D JAZ10-CMID 73,
B ORER % [HET DA

1) Moreno, J.E. et al. Plant Physiol. 162, 1006-1017 (2013). 2) Takaoka, Y. ef al. J. Biol. Chem. 298,
1015404 (2022). 3) Zhang, F. et al. Proc. Natl. Acad. Sci. 114, 1720-1725 (2017).
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Development of Photoswitchable Fluorescent Molecules for
No-Wash Live Cell Imaging

(*Graduate School of Engineering, Osaka University, *The University of Edinburgh,
3Faculty of Science, Kyushu University, *Immunology Frontier Research Center, Osaka
University OKenji Torii,! Sam Benson,?> Marc Vendrell,? Yuichiro Hori,* Kazuya Kikuchi'*
Keywords: photoswitchable fluorescent molecules, fulgimide, protein labeling, FRET,
fluorogenicity

Photoswitchable fluorescent molecules (PSFMs) are valuable tools for tracking cellular
dynamics and super-resolution imaging due to their photoswitching ability upon light
irradiation. In recent years, photoswitchable cyanine' and diarylethene? have been applied to
super-resolution imaging. However, these molecules require high concentrations of
cytotoxic thiol for photoswitching or have poor cell membrane permeability, which hampers
live cell applications. Despite the high demand for PSFMs that are suitable for live-cell
imaging, no general method has been reported that enables reversible fluorescence control
on proteins of interest in living cells.

Herein, we have established a platform to realize reversible fluorescence switching in
living cells by adapting a protein labeling system. We have developed a new PSFM, named
HTL-Trp-BODIPY-FF, which exhibits strong fluorogenicity upon recognition of Halo-tag
protein and reversible fluorescence photoswitching in living cells (Figure 1). The
fluorogenicity helps to minimize the fluorescence from unlabeled HTL-Trp-BODIPY-FF
and allows no-wash labeling. As for the fluorescence photoswitching, we have used FF
(furylfulgimide) as a photochromic FRET quencher®*. The labeled HTL-Trp-BODIPY-FF
exhibited reversible fluorescence switching upon light irradiation with higher photostability
compared to the unlabeled one, assisted by the Halo-tag surface that prevents intermolecular
aggregation. This is the first example v' No-wash fluorogenic labeling v Reversible photoswitching

live cell

of a PSFM that can be applicable to a o aD

. (D
general-purpose  Halo-tag protein Halo-tag o
labeling system for no-wash live-cell O
imaging®. In this conference, we will TR =
report on the detailed molecular ¢
designs, photophysical properties,

and biological experiments of bl i siadd

HTL-Trp-BODIPY-FF. Figure 1. Schematic of this study

1) J. Kwon, et al. Sci. Rep. 2015, 5, 17804

2) (a) B. Roubinet, et al. Angew. Chem. Int. Ed. 2016, 55, 15429. 3. (b) K. Uno, et al. J. Am. Chem.
Soc. 2019, 141, 16471.

3) K. Torii, et al. Anal. Chem. 2023, 95, 8834.

4) K. Torii, et al. Chem. Sci. 2024 (in press) DOI: 10.1039/d3sc04953a
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Development of Hydrophobic Bioisostere Conjugated Fluorescent
Probes for Live-Cell Imaging

( "Graduate School of Science, Kyushu University, ?Graduate School of Engineering, Osaka
University, *Immunology Frontier Research Center, Osaka University) OTakuya KamikawaV),
Akari Hashimoto?, Nozomi Yamazaki?, Junya Adachi?, Kazuya Kikuchi*?, Yuichiro Hori"
Keywords: Bioisostere, Fluorescent probe, Live-cell imaging, PYP-tag, Halo tag

Protein-labeling probes with membrane permeability are important tools for the
visualization of intracellular protein of interests (POls). Cationic dye derivatives that show
favorable optical properties (e.g. high brightness and photostability) and water solubility are
useful scaffolds for the protein-labeling probes. Indeed, cationic probes using the derivatives
can be used as mitochondrial-targeting probes owing to their mitochondrial accumulation.
However, the mitochondrial accumulation caused serious artifacts in the visualization of non-
mitochondrial proteins. To suppress the artifacts, anionic groups such as carboxylate and
sulfonate groups are introduced into the probes; this strategy mostly leads to the decrease of
their membrane permeability. As a solution to this problem, anionic groups with relatively high
hydrophobicity are expected to maintain the membrane permeability of the probes, suppressing
nonspecific organelle accumulation. Based on this discussion, we focused on hydrophobic
bioisosteres of carboxylic acid as the introducing group to develop membrane-permeable
probes.

In this presentation, we will report a design strategy for bioisostere-conjugated probes that
enable intracellular protein imaging using protein tag labeling system. We successfully
developed several bioisostere-conjugated probes that show membrane permeability and
suppress non-specific accumulation in the mitochondria. In addition, our design strategy can
be applied to two different protein labeling systems, HaloTag and PYP-tag systems. We further
demonstrate that these probes can be used for the visualization of intracellular multiple
localizations of POls in living cells.

Bioisostere-conjugated probes  Protein
tag

Bioisostere-conjugated
probe

cationic probe

iPOI

Bioisostere

Cationic
x o :
2o
3D
Protein tag o g
ligand g
o
3
c

v" Membrane permeable
v" Low background

Figure (Left) Schematic illustration of the probe design strategy using a hydrophobic
bioisostere for intracellular protein imaging using protein tag labeling system. (Right)
Fluorescence images of HEK293T cells expressing nucleic proteins stained with bioisostere-
conjugated probe and cationic probe. Scale bar 10 um.
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Synthesis of Alcaligenes faecalis Lipid A Conjugates with Tumor-
Associated Carbohydrate Tn Antigen Towards the Development of
Self-Adjuvanting Vaccine

(!Department of Chemistry, Graduate School of Science, Osaka University, *Forefront
Research Center (FRC), Graduate School of Science, Osaka University) ODavie Kenneth',
Yusuke Yamanaka', Atsushi Shimoyama'~, Koichi Fukase!-?

Keywords: lipid A, adjuvant, self-adjuvanting vaccine, sugar chain mimic linker, Alcaligenes
faecalis

Lipopolysaccharide (LPS) and its active center, lipid A, of Gram-negative bacterial outer
membrane are representative innate immunostimulants which have potential to function as
vaccine adjuvants. However, canonical E. coli LPS and lipid A induce lethal toxicity due to
excessive inflammatory effects hence not safe for adjuvant utilization. We have revealed that
symbiotic Alcaligenes faecalis LPS and synthetic 4. faecalis lipid A (AfLA)' induce effective
antigen-specific IgA production without toxicity* hence promising adjuvant candidates.

Meanwhile, self-adjuvanting

. o . . O OBnOBny OBNOBNn
vaccine strategy, in which antigenand i NSNS,

. . Ph ’&&/Bno OBnOBn O OBnOBn
adjuvant are covalently linked has ~ B10Q é&/O o
. . = -0 BnO
recently been well studied especially Bnofg ,% Bno{; 2 OAllyl Bno"" o o” S
. MO
in the development of carbohydrate- o “’( Do B”O%uz{; Bn o%) °
. 10
based vaccines®®. The strategy h T
enhances active and simultaneous 1 S
uptake of antigen with the conjugated o oHonw oHon o 2
. . . . 2N H 4
innate immune ligand (adjuvant) by N : NM\H)\I/\ONHAC
. . OH OH O OH OH
same immune cell thereby promoting Ho@_ ég/o AN S=on
efficient antigen-specific immune M or nd o
responses. Hoighu O’_% {é o : S on
10 tR= 4: R= 3—P_
On the other hand, there are only o HRen Fom

(only a form)

few reports of lipid A-based self-
adjuvanting vaccines*’ because structural modiﬁcatlons often inactivate lipid A. Thus a simple
and universal conjugation method that can retain significant lipid A activity is required. Here
we conjugated A4 faecalis lipid As with tumor-associated carbohydrate Tn antigen by employing
a strategy which mimics natural LPS structure; linking 6’-position of lipid A to the antigen via
hydrophilic sugar-chain mimic linker based on D-mannitol. The synthetic process involved
azidation of 6’-position of 1 followed by 4’-phosphorlyation and then condensation of the
linker and allyl group cleavage to yield 2. Thereafter, the condensation of Tn-antigen to 2 was
followed by global deprotection to obtain conjugate 3. Meanwhile, condensation of the Tn
antigen to 2 was followed by anomeric phosphorylation and subsequently, global deprotection
was performed to synthesize conjugate 4. Both conjugates 3 and 4 showed significant IL-6
cytokine induction at the same level as the unmodified lipid As.

1) A. Shimoyama, et al., Angew. Chem. Int. Ed. 2021, 60, 10023. 2) K. Yoshii, et al., Microorganisms,

2020, 8, 1102. 3) K. Fukase, et al., Angew. Chem. Int. Ed., 2018, 57, 8219. 4) Z. Guo, et al., ACS Chem.
Biol. 2012, 7, 235. 5) J. Cod'ee, et al., J. Med. Chem. 2020, 63, 11691.
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Synthetic study of natural product derivative in cancer cells via intramolecular aza
electrocyclization ('School of Materials and Chemical Technology, Tokyo Institute of

Technology, *Biofunctional Synthetic Chemistry Laboratory, Cluster for Pioneering Research,
RIKEN,) OKazuki Terashima,' Ambara R. Pradipta,’ Katsunori Tanaka'*?

We have previously reported that cancer cells overexpress acrolein. Based on this finding,
we have developed a prodrug that takes advantage of the reaction between phenyl azide and
acrolein in cancer cells to deprotect the amino group on the drug molecule.' Our aim in the
present study is to synthesize a natural product derivative 3 with a zwitterionic bicyclic
backbone from an inactive precursor compound 2. This will be achieved by deprotecting the
amino group to induce a rapid intramolecular 6n-azaelectrocyclization directly in cancer cells.
We expect the final products to have anticancer activity. We will be presenting further details
about our findings at the symposium.

Keywords: Acrolein, Cycloaddition, Phenyl azide, In vivo synthesis, On-site synthesis
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1. A.R. Pradipta, P. Ahmadi, K. Terashima, K. Muguruma, M. Fujii, T. Ichino, S. Maeda, K. Tanaka,
Chem. Sci. 2021, 12, 5438-5449.
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Development of glyco-cluster molecule translocating in living mice trlggered by in vivo
chemical reaction. ('School of Materials and Chemical Technology, Tokyo Institute of
Technology, *Biofunctional Synthetic Chemistry Laboratory, Cluster for Pioneering Research,
RIKEN) O Kenshiro Yamada,' Akari Mukaimine,”> Akiko Nakamura,”> Yuriko Kusakari,
Ambara R. Pradipta,' Tsung-che Chang,' Katsunori Tanaka'*

N-type glycans are the biomolecules that have important role for interaction between cells
and proteins.Previously we have found glycoalbumin molecules modified with N-glycans on
albumin recognize various types of cancer cells depending on their glycan modification
patterns (glycan pattern recognition). Here, we developed an innovative glycoalbumin capable
of undergoing transformation and remodeling of its glycan pattern in vivo, which induced its
translocation from the initial target to a second one. In this presentation, we will describe an
investigation of pattern recognition remodeling by in vivo chemical reaction in living mice.

Keywords: Glycan pattern recognition; N-type glycan, In vivo synthesis
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FAMRS T T D, TRETICHRAIE, TAT A NI 10 5 7% (56 L 7=
R LT R LS, BSAMIEIDIC AR B 2 &, X B ICHOER s — e
I L ORI A 78 AN~ 5872 2 SR ORBTR (/5 5 — L 30 BB 5 Z L & RHIL,
BT LT T RO R ARIETIE ~ LR S TR | MRS — Rl
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1) K. Vong, T. Tahara, S. Urano, I. Nasibullin, K. Tsubokura, Y. Nakao, A. Kurbangalieva, H.
Onoe, Y. Watanabe, K. Tanaka, Sci. 4dv., 2021, 7, eabg4038.
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Antitumor diterpene glucoside stabilizes phosphorylation-dependent protein-protein
interactions of intrinsically disordered proteins (Institution of Agriculture, Shinshu University,
2 RIKEN Center for Sustainable Resource Science, RIKEN) ONanami Ogino', Makoto Muroi?,
Hiroyuki Osada?, Ken Matsumoto?, Minoru Yoshida?, Isao Kii', Junko ohkanda'

Fusicoccin (FC) is a diterpene glucoside that stabilizes protein-protein interactions (PPIs)
between 14-3-3 and phosphoproteins. While FC is inactive in cancer cells, 12-deoxy FC
exhibits significant antiproliferative activity. Here, we report the details of the mechanism of
action of 12-deoxy FC, which turns out to be shown to upregulate PPI between 14-3-3 and
GIGYF2, a highly intrinsically disordered scaffold of a mRNA translation repression complex.
12-Deoxy FC was also found to enhance binding of GIGYF2 to a mRNA binding protein TTP,
suggesting that the PPI between 14-3-3 and GIGYF?2 is necessary for the formation of the
repressive complex. Furthermore, the coimmunoprecipitation experiments using deletion
mutants of GIGYF2 identified that pS546 as the binding site of 12-deoxy FC and 14-3-3, which
locates near the TTP-binding site. These results clearly indicate that 12-deoxy FC upregulates
PPI of GIGYF2 and 14-3-3, suppresses protein synthesis, and inhibits proliferation. Since TTP-
dependent translational repression has been shown to be implicated in stress granules, the
results shown here suggest that 14-3-3 may play general roles in the regulation of cellular stress
responses. Keywords : Transient protein-protein interactions, Fusicoccin, 14-3-3 Proteins;
Intrinsically disordered proteins, posttranslational modification
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Engineering Research (FIBER), Konan University, 2. Graduate School of Frontiers of Innovative
Research in Science and Technology (FIRST), Konan University)
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Recognition of Double-Stranded DNA with Multiple Pairs of Shifted Parallel PNAs (! Graduate
School of Science, Nagoya University, >) ONaoya Mochizuki,' Masanari Shibata,' Yuichiro
Aiba,' Kota Ito,' Shinya Ariyasu,! Osami Shoji'

Peptide nucleic acid (PNA) M is a type of artificial nucleic acid in which the sugar-phosphate
backbone of DNA is replaced by an N-(2-aminoethyl)glycine backbone. Since PNA has no
negative charge on its backbone, there is no electrostatic repulsion between PNA and DNA,
and PNA exhibits high DNA binding affinity. Furthermore, PNA can directly recognize the
sequences in double-stranded DNA through a unique recognition called "invasion".!

In our laboratory, we have developed a novel invasion of parallel-stranded PNAs that does
not require the modified nucleobases of PNA.P In this study, we aimed to make the parallel-
stranded PNA invasion adoptable to a variety of applications. We confirmed that DNA
recognition is possible when using multiple pairs of PNAs even in different sequence
combinations. In addition, we succeeded in improving DNA recognition by shifted parallel-
stranded PNAs.

Keywords : PNA; Invasion; DNA, artificial nucleic acids; genetic engineering
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1) P. E. Nielsen, et al., Science, 1991, 254, 1497. 2) Y. Aiba, et al., App!l. Sci., 2022, 12, 3677.
3) M. Shibata, ef al., ChemRxiv, 2022, doi:10.26434/chemrxiv-2022-wq3dm.
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Development of gene expression controlling system driven by host-guest interaction
(nstitute of Multidisciplinary Research for Advanced Materials, Tohoku University.,
*Graduate School of Science, Tohoku University) O Takeyuki Yao,"? Hidenori Okamura,'?
Fumi Nagatsugi'-

Artificial genes provide numerous applications ranging from elucidation of biological
functions to gene expression-based therapeutics such as DNA vaccines. Lack of a methodology
to control gene expression at arbitrary locations and timing is a challenge. To this end, we
designed adenosine derivatives modified with cucurbit[7]uril (CB[7])-specific guest moieties;
these nucleoside derivatives were expected to form a stable duplex by base-pairing with
thymidine whereas in the presence of CB[7] forms a bulky host-guest complex to dissociate
the duplex structure. Furthermore, we anticipated that addition of a high-affinity guest would
induce guest exchange reaction to reassociate the duplex structure. By utilizing these
nucleosides, we successfully demonstrated the reversible control of base pair formation and
artificial gene expression control in vitro. In the presentation, we will report the details of
molecular design and reversible control of gene expression.

Keywords : Functional nucleic acid; Host-guest interaction, Gene expression control;
Supramolecular chemistry

ANTLELFORBAEEORFTE A 20 7 THIEICTE 2 Hikimit, BB OMR
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CB[7]DAFAE F T, MENOASHE CB[7]-7 A MEGRIERIC LD " HHEE
BREET D LB ZBND, EBIT, CB[IIICX LT VAT H7 A My+ &R
M52 & THAMREMPEL, “HFEHEOHEREZHE TE D EWFRF LI, A%
PSR ERFELT= L 2 A, T HEH DNA OfflE L B Z Al il c& 5 2 L 2R L
2o BT, AFBEEEHWD Z & T, BRI B T 5 AN TEG FREOHIEIIC S
B L7e, RETIEK, o ket & BB FRBLO W HIEOFEMIC OV TEmT 5.

Cucurbit[7]uril CB[7]-Guest
(CB[7]) complex £
- Higher f'@
@ == affinity
— H, guest
Y Qi el ¢ N

N
N, N-H---0, / 7/0_ N—H---0
¢ ¢ —Z”\("
72 R AR N N
ona” o

= et

=/ -
N, Host-guest °™ M i W Guest
o PNA interaction 0 DN exchange
Stable DNA duplex Duplex dissociation Duplex formation

Fig. 1 A" A M=7" 2 MAAAEHIC X 2 5 Rk oD w3 i 1)

© The Chemical Society of Japan - H932-2am-02 -



H932-2am-03 The 104th CSJ Annual Meeting

Pseudorotaxane formation by cyclized oligo DNAs and approach
to accelerating its formation

(\Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, *
Department of Chemistry, Graduate School of Science, Tohoku University) O Kazuki
Kuwahara'?, Kazumitsu Onizuka'?, Sayaka Yajima'?, Yuuhei Yamano', Fumi Nagatsugi'-*
Keywords: Interlocked molecule; pseudorotaxane; cyclized nucleic acids

Since interlocked molecules such as rotaxane and catenane have unique properties that
are not found in ordinary covalent molecules, they have been actively applied to artificial
molecular machines driven by external stimuli. In nucleic acid chemistry, interlocked and
threaded molecular structures have been studied for DNA nanotechnology, topological
labeling, and complex stabilization. In our laboratory, we have discovered that a
pseudorotaxane structure is spontaneously formed upon mixing cyclized DNA with a
complementary target nucleic acid.” However, complexity of the synthesis of cyclized
nucleic acids made further investigation difficult. In this study, we successfully simplified
the synthesis of pseudorotaxane-forming oligo DNAs (rfODN) and investigated the effects
of linker position and length on the formation of the pseudorotaxane structures. These
rfODNs formed pseudorotaxane structure at 37 °C with high efficiency (~90%, 2 h) simply
by mixing with the complementary target RNA and rfODNs with longer linker showed the
more efficient formation. Interestingly, rfODN with a ring at the 5’-side was found to be
highly efficient in the formation of pseudorotaxane with RNA having a complementary
region at the 3’-side. In contrast, rfODN with a ring at the 3’-side forms a highly efficient
pseudorotaxane with RNA having a complementary region at the 5’-side. This result
suggests that the threading direction can be controlled by changing the position of the ring
(Figure 1). In addition, we found that the pseudorotaxane formation was accelerated by
extending the duplex from the complementary sequence. We will report on them in detail.

Proximal

<
5 3 3 3 Threading ¥ 3
3 5 = 3y 5
rfODN /
5 -, Distant
3,/\/\/\/ ‘u Threading
.5 3 ) eeeena D
Target RNA 388 5 by el

Figure 1. Schematic illustration of threading direction control.

1) K. Onizuka, T. Chikuni, T. Amemiya, T. Miyashita, K. Onizuka, H. Abe and F. Nagatsugi, Nucleic
Acids Res. 2017, 45, 5036—5047.

2) K. Kuwahara, S. Yajima, Y. Yamano, F. Nagatsugi, K. Onizuka, Bioconjugate Chem. 2023, 34,
696—706.

© The Chemical Society of Japan - H932-2am-03 -



H932-2am-04 The 104th CSJ Annual Meeting

RS /HRAT7T—FDNADTOY Y EREDHEL

Omiffs #F ' gk &' g —8f ' fol SR (1 AOUEE)

Development of the Convergent Synthesis of Boranophosphate DNA by an H-
boranophosphonate Method (' Tokyo University of Scienece) O Yuhei Takahashi', Itsuki Kato',
Kazuki Sato!, Takeshi Wada'

Boranophosphate DNAs (PB-DNAs), which have been suggested to be useful as antisense
oligonucleotides, are difficult to synthesize by the conventional phosphoramidite method. In
our laboratory, we developed the H-boranophosphonate method for the synthesis of
boranophosphate DNAs. However, the synthesis of oligomer was conducted only by solid-
phase synthesis, and large scale synthesis of PB-DNAs is remaining issue.

In this study, we apply this method to the block synthesis of boranophosphate
oligonucleotides in solution by converting H-boranophosphonate diester 3 to the more stable
boranophosphotriester 4 after condensation of H-boranophosphonate monoester 1 using a
phosphonium type condensing reagent (PyNTP). By using this synthetic strategy, we have
synthesized a boranophosphate DNA tetramer containing four nucleobases by condensation of
the dimer building blocks followed by oxidative esterification of the internucleotidic bond.
Keywords : boranophosphate, H-boranophosphonate method, convergent synthesis

SIRNA R°7 VT2 U AL LTAHTHD ERIBINTWVWDERT JIRAT = —
NERRIE, IR A RIE CH DR AR T I XA METITARPRETH 5,
MFFEEIL, H-ART ) RARR— MEZBRE L, AT ) AR T = — MIBO B L 2
L7z, LrL, KRFETOF Y I~ —5GITEMEIZRLATEBY , SO A7 —
VT TRRETH D &V FREDRE - TV D,

Z T TCARME TR, AAR= Y DEEEHEHNTRE 1 & H-RT ) ARARX
— bE /AT 2 EREEH. BONTZ HART ) RARE— P2 ATIV3 %2 LD
BEIRRT JARAR N Z ATV 4 ~EBWTHZ LT ARATEEZT vy 7 BRI
AL, WHICTREHEORT /) AAT7 2 — MNERRO T v v 7 AR E e LTz, NG Rk
2 HWT 2 &ROE LT ¢ 77 vy 7 ELEOME - bE21TH 2 & T 4 kL
HERTDHRT ) ARAT = — MEWE 4 BIRO B A ER LT DT, & OFEMZ #E

Do
PRO PRO
BPRO = ABZ Cibu, @i, b2 C‘ (j DMTO— o B DMTIO— o B
NN i
Ho BPRO omMTo— o BT Ny HB. .0 HB. 0
o @ (\N»\Noz MeO” “0— o B MeO™ 0— o B
HBe 0 % 7 k 7
HBL .0 ~ps PYNTP l
‘ + - PRO HsB H3B
MeO’P\O BPRO MeO™ "0 o i N 3 ‘:Pio PRO e N = :0 PRO
o condensation H o— o B oxidative MeO” S0— , B
HgB —@ esterification b
OTBDPS *~p0 J
H™ 0" TEAH* HB .0 HaB 0
PLIN PRO PLIN PRO
MeO™ ~O o8B MeO™ ~O o B
1 2
OTBDPS OTBDPS

3 4

© The Chemical Society of Japan - H932-2am-04 -



H932'23m'05 The 104th CSJ Annual Meeting

Reaction mechanism analysis of chemical ligation for long-chain
elongation of L-aTNA

(Graduate School of Engineering, Nagoya University) O Hikari Okita, Keiji Murayama,
Hiroyuki Asanuma
Keywords: Chemical ligation; Artificial nucleic acid; Template-directed synthesis; DNA

DNA functions as a versatile biological tool due to its sequence specificity, but it is
vulnerable to enzymatic degradations. Many artificial nucleic acids have been developed by
chemical modification of DNA scaffold to provide enzyme resistivity. We have designed
acyclic L-threoninol nucleic acids (L-aTNA) by changing D-ribose scaffold to acyclic scaffold.
L-aTNA can form highly stable homo-duplex compared with DNA and it can hybridize with
complementary strands of DNA and RNA.! However, since natural enzyme does not recognize
L-aTNA, it cannot be a substrate of useful enzymes such as polymerase and ligase.

We have recently developed nonenzymatic pseudo-primer extension reactions by using N-
cyanoimidazole (CNIm) and Mn*" instead of enzymes, which enabled template-directed
elongation of 9-mer L-aTNA from random trimer fragments.” If we achieve much efficient
template-directed synthesis, design of L-aTNA aptamer, creation of artificial life, and
nanotechnology based on L-aTNA will be possible. For this purpose, we focused on CNIm/M?*
system and ligation mechanisms were analyzed in detail to improve the efficiency of L-aTNA
replication. It was revealed that Cd**, Ni**, and Co*" dramatically increased the ligation rate
more than Mn?* for not only L-aTNA but also DNA ligations.®> Furthermore, we performed
kinetic analysis of chemical ligation of L-aTNA. The ligation proceeds mainly via three steps:
(1) duplex formation between fragments and a template, (ii) activation by CNIm binding to
phosphate group, and (iii) ligation of two fragments by generating a phosphodiester bond. We
found that the activation was rate-determining step and stabilization of 3’-phopahte group of
L-aTNA at nick site accelerated the ligation rate. Based on these results, we finally achieved
elongation of 21-mer L-aTNA with Cd** and random trimers by reversing the elongation
direction suitable for stabilizing phosphate group.’
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1. Formation of nicked duplex 2. Activation of phosphate group 3. Ligation

1) K. Murayama et al., Chem. Commun., 2015, 51, 6500. 2) K. Murayama, H. Okita et al., Nat. Commun.,
2021, /2, 804. 3) H. Okita et al., J. Am. Chem. Soc., 2023, 145, 17872.
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New Data Science in Nucleic Acids Chemistry (10): Quantitative
analysis for factors affecting i-motif formation in living cells
estimated by the pseudo-cellular system

(‘Frontier Institute for Biomolecular Engineering Research (FIBER), Konan University,
’Graduate School of Frontiers of Innovative Research in Science and Technology (FIRST),

Konan University) OKun Chen,' Hisae Tateishi-Karimata,' Naoki Sugimoto!-
Keywords: Cancer; i-motif; Molecular crowding; Pseudo-cellular system; Living cell

The structural versatility of DNA is profoundly influenced
by its surrounding environments, with the canonical duplex
structure being just one facet of its dynamic conformational
landscape. Beyond the conventional duplex, DNA exhibits the '
ability to adopt alternative structures such as triplexes, G- C/' i {
quadruplexes and i-motifs. The intricacies of DNA folding are o actustons }\ }

lon concentration changes

e ke G-quadruplex
i G
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3ot : ,
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1 ‘ C-C* base-pair
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further modulated by environmental factors, including the i-moﬁ\v' _

Figure 1. Scheme of intracellular
presence of cosolutes such as polyethylene glycol (PEG) and . o
Ficoll, as well as cations like K* and Mg?**.! These factors have enw.o_nmems I.’mw(.hng .
been demonstrated to either stabilize noncanonical DNA conditions for i-motif formation.
structures or induce destabilization of short duplexes, thus adding an additional layer of
complexity to the regulation of DNA stability.? However, molecular environment within living
cells influencing i-motif structures are unknown. Intracellular environments are densely
populated with an array of macromolecules, creating a highly crowding conditions and ionic
strength setting for DNA structures like i-motif (Figure 1).

The CDHI gene encodes E-cadherin, which is a protein responsible for cell adhesion.
CDH1 is a tumor suppressor gene, which contains many C-rich sequences that can form i-motif.
In this study, as a typical example of an oncogene, we selected some C-rich sequences from
CDH] to conduct a systematic study of pH dependence examining the relationship between
intracellular conditions and i-motif dynamics in the context of cancer. Firstly, we employed
biophysical techniques such as CD and UV spectroscopy to examine the stability of CDHI-
derived C-rich sequences under varying pH and ion concentrations with cosolute mimicking
cancer cell environments. Typically, we use PEG as a common cosolute. For example, i-motifs
with PEG8000 is stable than in dilute solution. Our results demonstrated that i-motif stability
was markedly altered in cosolute conditions, suggesting crowding conditions influences largely
i-motif formation. In this presentation, we will show quantitative analysis of the determinants

impacting i- motif formation within living cells, utilizing a novel pseudo-cellular system.

1) S. Takahashi, N. Sugimoto, Chem. Soc. Rev. 2020, 49, 8439. 2) H. Tateishi-Karimata, K. Kawauchi,
N. Sugimoto, J. Am. Chem. Soc. 2018, 140, 642.
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New Data Science in Nucleic Acids Chemistry (11): Transcriptional
regulation in cancer cells induced by formation of G-quadruplexes
and i-motifs

('Frontier Institute for Biomolecular Engineering Research (FIBER) Konan University,
>Graduate School of Frontiers of Innovative Research in Science and Technology (FIRST),
Konan University, 3Graduate School of Medical and Dental Sciences, Niigata University)

O Hisae Tateishi-Karimata,! Keiko Kawauchi,> Yiwei Ling,> Shujiro Okuda,> Naoki
Sugimoto, !~

Keywords: Molecular crowding; Cancer cell; G-quadruplex; i-motif; Transcript mutation

Formation of non-canonical DNA structures in response to the environment can regulate
the expression of disease-related genes. It is known that the cell shape changes during with
malignant transformation (Figure 1).! In addition, because of the increased expression of the
cytoskeleton (F-actin), the environments in malignant cancer cells are more crowded than those
in normal cells (Figure 1).! The changes should alter the intracellular molecular environments,
affecting biological reactions responses to the structure and stability of nucleic acids. We have
reported that G-quadruplexes are stabilized in normal and mild cancer cells and destabilized in
a malignant cancer cells,? and that these changes regulate transcription although the detailed
mechanism is still unknown. In this study, we investigated the effects of the intracellular
environments on nucleic acids associated with malignant transformation of cancer. As results,
the malignancy of the cancer cells is higher, the expression level of the cytoskeleton, which
creates an intracellular crowding condition, was markedly increased. Moreover, we found that
G-quadruplexes formed in normal cells, while, i-motifs were shown to form in malignant

cancer cells. In the presentation, we will explain the effects of formation for G-quadruplexes

and i-motifs on the transcriptional
mutation. (a) NIH3T3 (b) NIH3T3 (Ha-RasV12)

1) S. Yamauchi, Y. Hou, A. Kunyao
Guo, H. Hirata, W. Nakajima, A. Kia
Yip, C. Yu, 1. Harada, K. Chiam, Y.
Sawada, N. Tanaka, K. Kawauchi, J Cell
Biol, 2014, 204, 1191.

2) H. Tateishi-Karimata, K. Kawauchi,
N. Sugimoto, J. Am. Chem. Soc. 2018 normal cells and (b) malignant cancer cells. Images

Figure 1.  Comparison of cell shape between (a)

140, 642. were taken with a confocal microscope. The

cytoskeleton, which is F-actin, is shown in white.
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Dramatic enhancement of cytochrome c catalytic activity associated with a Rh coordination
cage

OBenjamin Le Ouay’, Yuri Kanzaki!, Purna Kanta Boruah', Masaaki Ohba' (1. Kyushu
University)
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MABERRICEOSVWVERERET VI L— FRICORFE

CRURBEE T e EAGEICHTE ) OFKEEZAE 12+ FHILEERER T - K HFE 2« HAKE 2 -
RHAZ 12 - REPEE 12

Development of antigen-templated biepitopic chemical reactions (BATER) based on structural
information ('Graduate School of Pharmaceutical Sciences, Kyoto University, *National
Institutes of Biomedical Innovation, Health and Nutrition) O Hiroki Akiba,'? Kentaro
Nishiyama,' Satoshi Nagata,” Kouhei Tsumoto,? Haruhiko Kamada,"? Hiroaki Ohno'-?

A chemical reaction that proceeds in the presence of a specific template by utilizing the
structural complementarity of biomolecules is called a template reaction. We have developed a
template reaction called biepitopic antigen-templated chemical reaction (BATER) based on the
interaction of two different antibodies binding to different epitopes of an antigen molecule.
Using fluorogenic click reaction, we demonstrated that BATER was observed in dependence
on the epitopes of a model antigen, TNFR2, recognized by the pair of antibody fragments (Fab).
We also demonstrated that the linker length affected the reaction rates. Observation of the
reactions in other antigen—antibody pairs suggested that the limitation of BATER was
dominated by the potential frequency of collisions of reacting moieties, which can be designed
by the information of tertiary structure of the antigen—antibody complexes.

Keywords : Antibody, biorthogonal reactions, template reaction, epitopes, protein-protein
interaction

HEARE 172 EORIEMRAMEEZFIH T2 2 & T, FFEOEE (77 v — 1) {F1E
T CRRANCHEITT LG E T T L— MRS E RS, Tz T, HURS D572
5 2 DOxZE h=TIIRET DHUEOTR & DM EER 27 > 7 L— MRS OFR
R L7277 L— Rt (biepitopic antigen-templated chemical reaction: BATER)
ZBH%E L7z, TNFR2 ZE7/WZ, B 5 h—71C/ET 2HuRICHRT 25U
fEE 777 A (Fab) 2T, AR L TRENAMED IV v 7 KIS EBIET S
72 DOEHEH A Fab O C KUGRIRAITEA Uiz, #OEBIZIC K- T, HUF TNFR2 43
FAAAE FIZB W CTEIRIIC LR 2 = b= X7 L U U —RITKAF LT
7V ZRIGPBEINTZ Y, S DI 2 ITMoP - Ui A S bEE2RHT5 2
& T, Fab @ C RmlZ AVITERR S L7z SO B GBI D 7 F- 18728703 Al e 72 FERELZ 2 D
O Fab 2ME ST Ha%eE & 374UE BATER MR SN D Z L 2R LT,

— BATER:TiRZ T L — ) & U b ERIG

g1 hfE2 R EIRM
Fab Fab ST // EERI
EEIEN—T

1) Nishiyama et al, Angew. Chem. Int. Ed. 2023, 62, €202306431.
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(4 KRB L - KRB L2 - SARASKT ° - BKRBE LY O'F iR AR - JBREF 8%
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TR SEhi - RPA BEY - HER BT MK W 2 - AR AR - B Hah !
Artificial antibodies against a photo-switchable small molecule for optical cell manipulation
(‘Graduate School of Engineering, Nagoya Institute of Technology, *Graduate School of
Engineering, “Institute of Nano-Life-Systems, Institute of Innovation for Future Society,
Nagoya University, *Graduate School of Engineering, The University of Tokyo) O Tomoki
Miyazaki', Tomoshige Fujino?®, Tatsuyuki Yoshii', Mamoru Funane?, Naoya Murata?, Chung
Nguyen Kim?, Kai Tahara!, Masaru Yoshikawa', Natsumi F ukayal, Satoru Nagatoishi4, Kouhei
Tsumoto®, Gosuke Hayashi*, Hiroshi Murakami**, Shinya Tsukiji'

Optical manipulation of tag-fused proteins using photo-functional synthetic molecules is a
powerful approach for controlling cell functions. In this study, we developed a novel chemo-
optogenetic tool for cell manipulation based on an artificial antibody—photo-switchable small
molecule pair. First, we generated artificial antibodies that bind to the cis-form of azobenzene
using the TRAP display. The clone #16 showed high affinity and specificity to cis-azobenzene
in vitro and in cells. By fusing clone #16 to signaling proteins, we successfully demonstrated
photo-reversible control of cell signaling, such as the Raf/ERK pathway, and cell migration.
Keywords: In vitro selection, Artificial antibody, Azobenzene, Tag protein, Intracellular signal
transduction

AL D 2 7 F 45 F- 2 6 TR 2 Bl 22 8] 53 fRE O & il i s il 18 2
AREICT DR N7 7 a—F ThbH, £DO—D|T, HaloTag X° SNAP-tag (213 4
H 12720 R08] #HWEFERSH DL, ZNHDZ T Z R T BITRED/NTF
ERFRMISH AT o720, b/ odtiERlk (r—Y M7+ h eIy
bl E)VIZ k> TZfD & 7 & 37 GO AAEH 2 JEHliE 3 2 e b i in 5k
DHE SN TWE D, —J5 . kDY — VIZBEED [ B 78 R — Ny F37T )
IIRAF L TV D T8, ZDOFEEITA 72, £72. /INr T ONHERELIC S &R 72 RS
DD, T THAIL, “EEONMEREME NG TITREAET D N LR 7 &b 1
TR X VAT 57 L0 S 85 LW FIEmIZE SO B EY — L o 2 BiE LT,

AWFIETIE, e THER O R 722 ON/OFF HillfHI 3 Al REZ2 N LHUR X 7 — /Ny 1T
DOWESLZ BIR L, cis BT YRR ATRERIICHERT D7 7 4 0 U RN THUE
®invitro © V7 ¥ a » & (Tl olo, NLPUKT A4 75 U OERL. TRAP $&7R1E VIS
koL 7y a B Tholo iR, 7Y R O trans BT A AR &9, cis Y
IR RMICHE A 2 m T N TR 7 v — 2 ORI KRS Lz (Ki=14nM), & D N TH
RIE, BRI 2 EICHBLC X | MlaN CTOYRIWIR 72 b A & fRBENS FRE CTdh -
Too EHIZ, NLPURICH 2 D T F NG F2@MET 22T, FE - ¥ F—Eov
7 VAR MR R EE ) O S m Y AR B IS R B LT,

1) E. R. Ballister et al., Nat. Commun., 2014, 5, 5475. 2) T. Mashita et al., ChemBioChem., 2019, 5, 1382.
3) T. Ishizawa et al., J. Am. Chem. Soc., 2013, 14, 5433.
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Oxidative Protein Folding Driven by Disulfide Compounds
Containing Cyclic Polyamine Ligands

(‘Graduate School of Engineering, Tokyo University of Agriculture and Technology,
*KISTEC) OKeita Mori,' Takahiro Muraoka'”

Keywords: Protein Folding; Metal Complex; Disulfide Compound; Redox Reaction; Cyclic
Polyamine Ligand

Protein folding is driven and precisely controlled by various interactions, resulting in
the formation of native conformations. In particular, folding of many functional proteins is
accompanied by disulfide (S—S) bonding between cysteine residues, called oxidative folding.
Therefore, it has been demanded to artificially promote oxidative folding for production of
therapeutic proteins and inhibition of pathological aggregates. Previously, disulfide
compounds exhibiting desirable redox activity have been reported as a synthetic folding
modulator.? In this study, we developed disulfide derivatives tethering cyclic polyamine
ligands (cpa-SS) for efficient promotion of oxidative folding (Fig. 1a). It was expected that
the cyclic polyamines can interact with substrate proteins via hydrogen bonds and metal
coordination® to accelerate S—S introduction and suppress protein aggregation.

The designed compound cpa-SS was synthesized by conjugating cyclic polyamines
with a disulfide-containing alkyl linker. Bovine Pancreatic Trypsin Inhibitor (BPTI) was
used as a substrate of oxidative folding. Reverse-phase (a)
HPLC analysis revealed that cpa-SS promoted BPTI

folding more efficiently than glutathione (GSSG), a W . ®

! et asso. s @O 5O
typical redox-active biomolecule. The folding ability ® , ®
of cpa-SS became more significant when a reduced ‘|twm“tw
form of disulfide compounds (cpa-SH and GSH) was
added to promote shuffling of S—S bonds. Furthermore,
the folding efficiency was improved in the presence of
transition metal ions such as Cu" and Ni", which can
bind to the cyclic polyamine ligands (Fig. 1b). On the
other hand, GSSG hardly yielded native BPTI in the
presence of Cu" ions due to Cu'-dependent
aggregation of BPTI. These results suggested that . . . .
cpa-SS have a dual effect: (i) promotion of oxidative 0 60 120 180
folding a.md (i1) inhibition (_)f metal-dependent protein Fig. 1 (a) Disu::‘?:lengcz::]:g:n d with
aggregation. We will also include effects of different cyclic ‘polyamines (cpa-SS). (b)
cyclic polyamine ligands and folding assay of other Time-course analysis of oxidative
protein substrates in the presentation. folding of BPTI by cpa-SS.

substrate-binding cyclic polyamines

(b

~

801 _@- cpa-SS + cpa-SH + Cut
-O- cpa-SS + cpa-SH
60 1 -O-~ glutathione

(GSSG + GSH)

Lo

Fraction of native BPTI / %
5

1) J. C. Lukesh III, K. A. Andersen, K. K. Wallin, R. T. Raines, Org. Biomol. Chem. 2014, 12, 8598.
2) S. Okada, Y. Matsumoto, R. Takahashi, K. Arai, S. Kanemura, M. Okumura, T. Muraoka, Chem.
Sci. 2023, 14, 7640.

3) L. O. Gerlach, J. S. Jakobsen, K. P. Jensen, M. R. Rosenkilde, R. T. Skerlj, U. Ryde, G. J. Bridger,
T. W. Schwartz, Biochemistry 2003, 42, 710.
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Synthesis, inhibitory activity evaluation, and utilization of the fluorescence characteristics of
PAI-1 inhibitors that have anthranilic acid scaffold (\Graduate School of Advanced Health
Science, Saga University, *Faculty of Agriculture, Saga University, 3Graduate School of
Engineering, Osaka Metropolitan University, *Graduate School of Medicine, Tohoku
University) O Yuna Hamada,'Shin-ichi Kawaguchi,':? Akiya Ogawa?®, Toshio Miyata*

Plasminogen activator inhibitor-1 (PAI-1) is an important protein which inhibits tissue type
plasminogen activator (tPA) and prevents thrombolysis. Because PAI-1 level in various
diseases is increased, inhibition of PAI-1 is expected. In this research, we synthesized
anthranilic acid derivatives which inhibit PAI-1 and evaluated them in vitro. These derivatives
also have fluorescence characteristics, so we quantified compound amount in cell with
fluorescence detection HPLC.

Keywords : Inhibitors; Anthranilic acid; Fluorescence molecules; Fibrinolysis system; Cells
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plasminogen activator(tPA) % [H5E U C LI 2 851 5, MARREZ1T TldZe < BRx a8
BT PAL-LEA ERF 2 2 LN SN TEY | K51 PAL-1 BREANIC X 2k dE
PHIRF STV D, ZRETIZWL 200 PALL BEEAINHRE SN TWD2, W
B B LT,

UHFE7 V—7"TlE, PAI-l [HEE®HZ R TV 7 2 =7 I FFEARM) Z /L
DA EERRBRICEA TN D, Fm,

1 O7 I N EETCLLET VNI = coon ¢ Y coon (Y
JVEEFHER (2) IZB W T PAL-1 FHETE C'@“H Y ‘”@N” Yy
0

PAEIRTZENHLMNI ST, 2157 p ,
T 774 PO #ELERT
DT, #FEOF AN FTE 5,

AWFFETIE, 3 BEDISTT v b 7 = VEA SR A Gk LTz, £72. PAI-1 fLE
7 A X Cell viability assay TrEAl L7, & HIZ I ~D Y A Z w5k H HPLC
THER LT,

H

Ar
CJ\@,
cooH ) COO'BU COOH
g COC'Bu  Borane-2-methylpyridine complex Ar Ar
N » c NH —_— 3 NH
Cl NH; Pratection . © MHz Borch reductive amination Depratection

1) Yamaoka, N. et al., Bioorg. Med. Chem. Lett., 2018, 28, 809-813
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SR ) A RAFUFETIZEIT S Methylosinus trichosporium
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Mechanism of glycerol-induced toxicity in Methylosinus trichosporium OB3b cultured with
lanthanide ion ('Tokyo Institute of Technology) O Wataru Shiina', Hidehiro Ito!, Toshiaki
Kamachi'

Methanotrophs, which can utilize methane as a sole carbon source, were known to exhibit
growth inhibition by glycerol V. In our previous study ?, we revealed that glycerol causes a
toxic effect on Methylosinus trichosporium OB3b (OB3b strain) cultured with lanthanide ions.

In this study, we revealed that the glycerol-dependent toxicity in OB3b strain was caused by
the oxidation of glycerol by lanthanide-dependent methanol dehydrogenase, XoxF1. The
Maillard reaction, protein modification by reactive carbonyl species, occurred in OB3b cells
cultured with glycerol and lanthanide ions. We demonstrated from the Maillard reaction that
XoxF1 and aldehyde were involved in glycerol-dependent toxicity. We purified XoxF1 from
OB3b strain and characterized its methanol and glycerol oxidation activity. Finally, we isolated
and characterized an OB3b mutant that could avoid glycerol-dependent toxicity.

Keywords : Methanotroph, Lanthanide; Methanol dehydrogenase,; Glycerol
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Figure Proposed mechanism of glycerol-dependent toxicity in OB3b strain.
1) Hoefman, S. et al. PLOS ONE 2012, 7 (4), €34196.
2) Shiina, W. et al. Appl. Environ. Microbiol. 2023, 89 (1), e01413-22.
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Dramatic Enhancement of Cytochrome ¢ Catalytic Activity
Associated with a Rh Coordination Cage

(*Kyushu University, Graduate School of Science) O Benjamin Le Ouay,! Yuri Kanzaki,'
Purna K. Boruah,' Masaaki Ohba'

Keywords: Cytochrome c; Peroxidase; Metal-organic Polyhedra, Coordination cage,
Allosteric effect

The control of enzymes’ interactions with nanosystems is a fascinating approach to
regulate their catalytic performances. Recently, our group has been investigating the
association of enzymes with coordination cages (also known as metal-organic polyhedra,
MOPs). MOPs combine several unique features such as a nanometer-sized perfectly defined
structure, a high symmetry and the coexistence of several different micro-domains on their
surface, that make them very interesting materials to associate with proteins. Thanks to their
intrinsic porosity and to their tunable surface properties, MOPs can act as efficient nanosized
spacers for the versatile immobilization of enzymes in very mild conditions.! However, the
influence of the local-scale structure of MOPs on their interactions with enzymes remains to
be fully understood.

Here, we describe the systematic study of the influence of a rhodium-based MOP, Rh-SO3
(Figure 1A), on the catalytic activity of cytochrome ¢ (CytC) acting as a peroxidase. Simple
mixing of Rh-SO; with CytC resulted in a dramatic enhancement of catalytic activity, up to a
factor 2000 compared to that of free CytC at the same concentration (Figure 1B). By
comparison, free ligand and Rh acetate had only a minimal influence on the activity of CytC,
highlighting a MOP-specific effect and the importance of associating Rh metal centers and
ligand functional groups in close proximity to activate the enzyme. Analysis of the Rh-
SO;/CytC dose-response plot suggested the formation of a 1:1 MOP-enzyme assembly as the
active specie, with a high stability (Kmop-Enzyme > 10'® M), The structural reasons explaining
this dramatic activity enhancement are currently under investigation.

1)

Activity: x 2000
R e LI
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Relative activity (ref: free Cy
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0.1 1
[Rh-SO,jeq/[CytC]

Figure 1. A: Structure of Rh-SOs and of its constitutive ligand. B: Activity comparison for CytC in
presence of Rh-SOs or its constituents. CytC concentration was 1.5 uM.

'B. Le Ouay, R. Minami, P. K. Boruah, R. Kunitomo, Y. Ohtsubo, K. Torikai, R. Ohtani, C. Sicard, M.
Ohba J. Am. Chem. Soc. 2023, 145, 11997.
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MREARHZERBIET 2N T—DRE

(CRORBEEE L, IST S & 230F %) OB HESr ' - L& ' - Robert E. Campbell'
Genetically encoded biosensors for cellular metabolism

('School of Science, The University of Tokyo, *PRESTO, Japan Science and Technology
Agency) OYusuke Nasu,"? Yuki Kamijo,' Robert E. Campbell’

Fluorescent proteins (FPs) have been proven to be versatile scaffolds for development of
biosensors". Specifically, GCaMP, a calcium ion (Ca*>") biosensor, has been widely employed
to monitor neural activities in live model animals. In addition to GCaMP, various FP-based
biosensors for non-Ca”" target have been developed. However, few sensors have sensitivity as
high as GCaMP, hampering their wide application in vivo.

Herein, we present that directed protein evolution and extensive biosensor expression
optimization can enable the engineering of FP-based biosensors for a versatile metabolite L-
lactate with high sensitivity, specificity, and spatiotemporal resolution in living cultured cells
and in vivo. L-Lactate, traditionally considered a metabolic waste product, is increasingly
recognized as an important intra- and intercellular energy fuel and signaling molecule. This
study provides a powerful new optical toolbox, LACCO series, for investigating the emerging
roles of extracellular and intracellular L-lactate in live model animals® .

Keywords : L-Lactate, Fluorescent protein, Genetically encoded biosensor

WK NI, B TR RN, A o — D EGE LTES HN
SENTWD YV BRI T hA A (Ca2Y) ¥ —THD GCaMP I, A 7-F
TIVENW) (invivo) OMRRIEENZ E=4% —F 572 DIZIAEH STV 5. GCaMP LA
AT Bk A IRIER DS A A =B STV DD, GCaMP 1% & @V % Ff
O —ITIFEAERL, NS ALY —D in vivo TOJREZFIZES Tl
Mo Tz, & Z TARMFIE TIL, directed evolution 21X U &5 % X7 B T 2FEIC K
0, B, ERFRME, B X W in vivo TOERFZERSREEZ AT DI A A AW
—ORFEENE Le, ZVE TREFEIED &5 2 b CE IR, Miaisto=
FNFX = TBIOR T Fn1 & UGEFER SITW5. RiF5RIE, A7
JVENIC BT DN DI DO B - IR E 2 AT 5O D Y — L
(LACCO >V —RX) #igft3 2 2.

1) Nasu, Y., Shen, Y., Kramer, L. & Campbell, R. E. “Structure- and mechanism-guided design of
single fluorescent protein-based biosensors.” Nat. Chem. Biol. 17, 509-518 (2021).

2) Nasu Y., et al. “A genetically encoded fluorescent biosensor for extracellular L-lactate”, Nature
Communications, 12, 7058 (2021).

3) Le and Hario et al. “High performance genetically-encoded green fluorescent biosensors for
intracellular L-lactate” bioRxiv 2022.10.19.512892 (2022).

4) NasuY,,etal. “A red fluorescent genetically encoded biosensor for extracellular L-lactate”, bioRxiv
2022.08.30.505811 (2022).

5) Nasu Y., et al. “Lactate biosensors for spectrally and spatially multiplexed fluorescence imaging”
Nature Communications, 14, 6598 (2023).
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Thioester-Based Coupled Fluorogenic Assays in Microdevice for the Detection of Single-
Molecule Enzyme Activities of Esterases with Specified Substrate Recognition (Graduate
School of Pharmaceutical Sciences, The University of Tokyo, *Graduate School of Medicine,

The University of Tokyo) Tatsuya Ukegawa,! OToru Komatsu,! Mayano Minoda,' Yasuteru
Urano'*

Single-molecule enzyme activity assay is a platform that enables the analysis of enzyme
activities at single proteoform level. The limitation of the targetable enzymes is the major
drawback of the assay, but the general assay platform is reported to study single-molecule
enzyme activities of esterases based on the coupled assay using thioesters as substrate
analogues. The coupled assay is realized by developing highly water-soluble thiol-reacting
probes based on phosphonate-substituted boron dipyrromethene (BODIPY). The system
enables the detection of cholinesterase activities in blood samples at single-molecule level.
Keywords : Chemical Biology, Enzymes, Liquid Biopsy, Single-molecule Analysis
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1) S. Sakamoto et al., Sci. Adv. 2020, 6, eaay0888, 2) T. Ukegawa et al., Adv. Sci. 2023, in press (DOI:
10.1002/advs.202306559)
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Construction of DNA-based artificial compartments for enzyme
cascade reactions

(\nstitute of Advanced Energy, Kyoto University, *Graduate School of Energy Science,
Kyoto University) OPeng Lin,' Hui Yang,? Shiwei Zhang,' Eiji Nakata,' Takashi Morii'
Keywords: DNA Scaffold; Artificial Compartments; Enzyme Cascade Reactions; Substrate
Channeling; Competitive Enzyme

In cells, enzymes are spatially organized to perform specific sequential reactions
within the compartments such as membrane-bound or membraneless organelles.' Artificial
compartments have been constructed using liposomes, proteins, or polymers, but the
applications of these carriers face the challenges of low enzyme loading yields and the
difficulty in controlling the location and number of enzymes. With the advantages of precise
addressability, DNA scaffolds provide the ideal platforms for enzyme assembly.? In this
study, a series of DNA hexagonal prisms with different dimensions were prepared to
construct the artificial compartments for enzyme reactions.

A series of scaffold systems were developed for the cascade reactions of xylose
reductase (XR) and xylitol dehydrogenase (XDH) from the D-xylose metabolic pathway.
The DNA scaffolds of 3D hexagonal prism (HP), medium HP (MHP), and shallow HP
(SHP) were prepared by the DNA origami method.> XR and XDH were specifically located
to the scaffold in the open state by the modular adaptor method,* followed by the closing
process of the scaffold induced by the closing keys (short DNAs).> XR and XDH were
encapsulated in the closed states of HP, MHP, and SHP with an estimated interenzyme
distance of ~18 nm, ~10 nm, and ~4 nm, respectively. Alditol oxidase (AldO) was used as a
competing enzyme for XDH to evaluate the free diffusion of intermediates (Flgure 1).

RS
AldO ;%,?-g, H;0,
HI;/'X‘RV XDH ‘;\Al;iP/)'{R XDH ©:
xylose xylltol xyIquse
e 2 b“é((‘"’“’“
cavesemer " ¥ Smgste  (ZF-SNAP fused XR)
£ 7 - Mo
' PR . HG-XDH i c
SHP/XR-XDH (Halo GCN4 fused XDH) ZS XR HG-XDH

Figure 1. Cascade enzyme reactions of XR and XDH on the DNA scaffolds.

1) R. Wang, X. Liu, B. Lv, W. Sun, C. Li, ACS Synth. Biol. 2023, 12, 1378. 2) F. Hong, F. Zhang, Y.
Liu, H. Yan, Chem. Rev. 2017, 117, 12584. 3) P. W. K. Rothemund, Nature 2006, 440, 297. 4) E.
Nakata, H. Dinh, T. A. Ngo, M. Saimura, T. Morii, Chem. Commun. 2015, 51, 1016. 5) P. Lin, H.
Dinh, Y. Morita, E. Nakata, T. Morii, Adv. Funct. Mater. 2023, 33, 2215023.
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Construction of a Visible-Light Responsive Azobenzene-Bearing Gel Scaffold for Spatio-
Temporal Regulation of Integrin-Mediated Mechanotransduction (!Graduate School of
Engineering, Osaka University) OKenta Homma,' Itsuki Miyaguni,' Michiya Matsusaki'

Integrins are transmembrane proteins that anchor cells to the extracellular matrix. Integrins
play vital roles in deciding cell behaviors in response to the microenvironment. Specifically,
integrin-mediated mechanotransduction determines various cell functions. Designer scaffolds
capable of controlling this mechanotransduction could have applications in tissue engineering.

To this aim, we sought to regulate mechanotransduction by mechanically stimulating
integrins through photoisomerization of azobenzene molecules (Fig. 1a)". We synthesized a
visible-light responsive azobenzene monomer (PPAzo) with the cell-adhesive peptide (cRGD)
directly attached to PPAzo. PPAzo was subsequently polymerized with N,N-
dimethylacrylamide (DMA) to obtain a photoresponsive polymer (poly(PPAzo-r-DMA)).
PPAzo exhibited reversible absorbance spectra changes in response to visible light (Fig. 1b).
Additionally, cRGD-modified poly(PPAzo-r-DMA) was confirmed to be cell-adhesive through
adhesion tests. We will report on its potential for a photoresponsive scaffold to control
mechanotransduction.

Keywords: Mechanotransduction; Integrin; Dynamic cell scaffold; Photoisomerization
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Fig. 1 (a) Conceptual illustration of this study. (b) Time-dependent absorbance of PPAzo at 470 nm.
1). L. F. Kadem, et al., Angew. Chem. Int. Ed. 2017, 56, 225.
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In situ Synthesis of Multivalent Ligands of Membrane Enzyme by Inter-Polymer Click
Chemistry for Inhibition of Cancer Cell Growth (Graduate School of Engineering, Osaka
University) (OMasahiko Nakamoto, Rentaro Sakamoto, Yuki Koba, Michiya Matsusaki

Engineering of stimuli-responsive nanomaterials that release drug and/or recognize cells
have been a promising strategy in cancer therapy and imaging. Nevertheless, insufficient
selectivity due to spatio-temporal fluidity of target proteins or non-specific response is still
serious problem. In this study, targeting carbonic anhydrase IX (CAIX) as a target enzyme, we
report in situ synthesis of multivalent ligand of CAIX by inter-polymer biorthogonal click
chemistry. Cancer cell proliferative inhibition by synthesized ligands will be also demonstrated.

Keywords: Cancer cell; Enzyme inhibition;, Carbonic anhydrase 1X; Biorthogonal click
reaction; Polymeric self-assembly
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1) Y. Koba, M. Nakamoto, M. Matsusaki, ACS Appl. Mater: Interfaces 2022, 14, 51790.
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Development and application of an optogenetic tool to regulate phosphatidylinositol 3.4,5-

trisphosphate (PIP3) ('Department of quality assurance and radiological protection, National
Institute of Infectious Diseases) oYoshibumi Ueda'

Phosphatidylinositol 3,4,5-trisphosphate (PIP3) is a functional lipid that is generated at the plasma
membrane in response to extracellular stimuli such as hormones. PIP3 is involved in not only
normal cellular functions including cell motility and cell differentiation but also cancer and mental
disorder by abnormal accumulation. We have developed PPAP (PIP3 production by photo-
activated PI3K) as optogenetic tools in order to overcome the limitation with previous methods
to produce PIP3, such as inhibitors and knockdown for PIP3-producing enzymes. PPAP1 was
developed based on a CRY2-CIBN module, which enabled to observe fine cell motility combined
with structured illumination microscopy. Regarding PPAP2, we revealed the mechanism
underlying cancer drug resistance by making the cells a cancerous state temporally using PPAP2
combined with mass spectrometry. Thus, we demonstrated that PPAP allows for producing PIP3
with high temporal resolution and aim to apply it to neurons and animals to regulate PIP3 from
now on.
Keywords: Phosphatidylinositol 3.,4,5-trisphosphate; optogenetics; Phototropin; Cryptochrome;
RRIZ7FOIA S 2 h—IL 345-=1) VEEPIP)IE, RILE VG EDMBSNRIBIC &
S THIRAMEICEA Sh, HMiES). Mlasibih EDMIEREEHIET 20ALELT. B
BRERICE ST, PA. BHREZFET OHMBRUEEES FTHSH, KD PIP3 E
ABROBERIC/ v 80 UOFETIEG LFEL - -FEFE 2 #FEETO PIP3 O
SEMHEREEIE S 2HIZ, FE D 1 —)L CRY2-CIBN % AL = PPAP1(PIP3 production by
photo-activated PI3K (Anal. Sci. 2019)). & & U, PPAPI ICLERTH PIP3 EXEREHNEF T
% PPAP2 %A% L 1= (Cell Chem. Biol. 2022), PPAP1 ZHE S -MEIZH L TIX, #E
R 1% BA1EE (Structured Illumination Microscopy) & #lA&HE T, PIP3 EXEIZK > THEE
Sh ML MEER ZBH S A LTz, PPAP2 [CE WV TIL, MREIC—BMENARES
SlEEC L. ZDRICFB SN SN ARMERFOREZEENHELBAETHED
CETHRBLIz, SDEKSIT, PPAP [EPIP3 BLUZDTRD PBK L5 FILEEEE
B ERE TIEMIE T2 ENTE D YL THDH I LA, . BEHE©
NI~ DISREBTET
1) Membrane Dynamics Induced by a Phosphatidylinositol 3,4,5-Trisphosphate Optogenetic
Tool. Ueda Y. et. al. Anal Sci. 2019 Jan 10;35(1):57-63.
2) Mechanistic insights into cancer drug resistance through optogenetic PI3K signaling
hyperactivation. Ueda Y. et. al. Cell Chem Biol. 2022 Nov 17;29(11):1576-1587.e5.
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Construction of Chemical Reaction Space using Red Blood Cell Ghosts (College of Life
Sciences, Ritsumeikan University) OTomomi Koshiyama, Taiga Sakamoto

In this study, we attempted to construct a chemical reaction space using red blood cell ghosts.
Using the cytoskeletal structure on the internal surface of red blood cell ghosts as a scaffold,
we synthesized metal nanoparticles such as gold and platinum that have catalytic ability. It was
found that RBCGs deposited with Au NPs can be used for catalytic reactions of the reduction
of 4-nitrophenol. Furthermore, RBCGs deposited with Pt NPs were found to catalyze
photochemical hydrogen evolution reactions in the presence of photosensitizers, sacrificial
reductants and electron mediators.

Keywords : Red Blood Cell Ghost,; Cytoskeleton, Catalytic Reaction; Metal Nanoparticle

AR, UARY — A7 EONTIRERE N2 720 RIS 585 & LTHEHATH
HZERMEINTWD, IRERBRIL, R ChpEmE, BUKMEORRNGE, KON
KABOME D FE/2 B8 A2 H L THBY ., ZOMWEOENEZRIHT S Z & T, B
RMEDOBEBE Y T 2 BRI ZEFEFTRE CH D, L L b, A TIREMRIIRIFED &
UWMEREE 2 A L BRBE S 1 OB T R M -CR & O NI AT L, & 2 TH 2 I,
e r S & UCTARE TH S T2 — 2 MRIMLEK (Red blood cell ghost; RBCG) |
2% B L7z, RBCG I, FMERIEIZ X » THRMERN S ~E B B EDONEYZTRY
RNz~ A 7 v A AORFEZERTH Y RBCG EONIEIICIZEAE D5/ E
AR E B FTE L (Figure 1), BEOWA TR EEZH T 5, AWFETIL, M

faB i ~aJE T /R Z4HFF L7z RBCG Z/ER L, fiLREDFM 21T > 7=, 4
JRiFAHEL RBCG 1T 4= a7/ —LOBELEMEEL YV, A48T hiT%
fHEF L72 RBCG TiE, MHAEH], HEECAl & B n@Eia fF S ¥ 25 2 LTk
FARBICDNETT 5 Z B broTz, LEDZ Ev5 | RBCG (344 22 iSO
LU TCHMARKIGG THD Z ENHbENERoTz,

Lysis

Red blood cell Red blood cell ghost Cytoskeletal
(RBC) (RBCG) network
A'A' /,/ . .’-..

Figure 1. Schematic representation of red blood cell ghost (RBCG).

1) H. Matsumoto, K. Okuichi, H. Imamura, K. Yasuhara, M. Kato and T. Koshiyama, Chem. Commun.,
2022, 58, 12220.
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Mild Catalytic Degradation of Crystalline Polyethylenes in Solid State Assisted by Carboxylic
Acid Groups

OBin Lu', Kohei Takahashi’, Jian Zhou?, Shintaro Nakagawa?, Naoko Yoshie?2, Kyoko Nozaki' (1.
Grad. Sch. of Eng., The Univ. of Tokyo, 2. Inst. of Industrial Sci., The Univ. of Tokyo)
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Control of structural properties of polymer gels crosslinked by bottle-brush-like polymers
(‘Graduate School of Science and Technology, Hirosaki University)

Keita Namba,' Taichi Nishi,' Yuka Wakayama,' Sakyo Hiraizumi,' OTakuma Kureha'

Hydrogels are smart, soft, and swellable materials with many similarities to biological systems,
and have therefore attracted significant attention in various applications, including tissue and
biomedical engineering, artificial organs, sensors, and actuators. In this study, we investigated
the hydrogels crosslinked by bottle brush polymers, which exhibited unique properties such as
mechanical properties, swelling behavior, and thermo-responsiveness. There were three main
effects of long-side chains: (1) imparting hydrophilicity, (2) increasing excluded volume, and
(3) suppressing entanglement of polymers due to steric hindrance in the hydrogel network. For
instance, due to the side chain effects, the mechanical stability of the gels was improved.'? In
addition, the swelling ratio of the gels was also increased, and thus their nanoscale structures,
i.e., mesh size, were changed by increasing side chain length.**

Keywords : Hydrogels, Bottle brush polymers; Swelling behavior, Stimuli responsiveness
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1) T. Kureha, K. Takahashi, M. Polymer dynamics Nanoscale structures
Kino, H. Kida, T. Hirayama, Soft TR\ e
Matter 2023, 19, 2878. |

2) T. Kureha, K. Hayashi, X. Li,
M. Shibayama, Soft Matter 2020,

16, 10946.
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Electrochemical Wetting by Poly(4-vinylpyridine-co-viologen)
Brush Grown on Indium Tin Oxide Electrode

(Graduate School of Science, Department of Chemistry, The University of Tokyo)
(OHongyao Zhou, Hiromu Moku, and Teppei Yamada
Keywords: Polymer Brush; Surface Wettability; Atom Transfer Radical Polymerization

Electrowetting is an emerging technology which can manipulate the shape of liquid
droplets or transport the droplets at microscale, realizing ink-based digital displays and
microfluidic devices.' Electrochemical wetting is one of the methods to electrically switch the
surface wettability by controlling the surface redox state. Previous research on electrochemical
wetting was demonstrated by using self-assembled monolayer (SAM) of ferrocene’ or
ferrocene-attached polymer brush,® however, the poor stability of ferrocene in water
significantly limited their practical application.

In this study, a functional polymer brush which is stable in water and can
electrochemically switch between the hydrophilic and hydrophobic states is synthesized: Poly-
(4-vinylpyridyl-N-(N’,N "-diethylviologen), PAVPV) was grown on a conductive transparent
electrode—indium tin oxide (ITO)—using surface-initiated atom transfer radical
polymerization (ATRP) of 4-vinylpyridine, followed by attachment of diethylviologen on the
pyridine ring (Figure 1a). The P4VPV brush on ITO electrode showed fully reversible two-
step redox reaction (Figure 1b), and the color change of the polymer brush in response to the
redox state was observed by operando UV-vis spectroscopy. The electrochemical wetting was
attempted by using this polymer brush for the first time.

a b le-5
-~ /@|n 2
| .
O °N Ber N 2
NH A\ —N_/ ~ 0
@NQ—@N@ ..E
Br Br ]
—
P4VPV brush 3 -2
P 4
o) ?\o . . " r T
S 10 -08 -06 -04 -02
ITO electrode Voltage (V)

Figure 1. (a) Chemical structure of P4AVPV and (b) its cyclic voltammogram (vs. Ag/AgCl, 50 mV s)

1) Papaderakis, A. A.; Dryfe, R. A. W. Curr. Opin. Electrochem. 2023, 38, 101245

2) Sondag-Huethorst, J. A. M.; Fokkink, L. G. J. Langmuir 1994, 10 (11), 4380—4387.

3) Bui-Thi-Tuyet, V.; Trippé-Allard, G.; Ghilane, J.; Randriamahazaka, H. ACS Appl. Mater. Interfaces
2016, &8 (42), 28316-28324.
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Integration of Quantum Calculation and Molecular Dynamics
Simulation : A Novel Simulation Framework for Organic Metal-
Catalyzed Thermosetting Polymer Formation

(!Graduate School of Science, Tohoku University, 2Institute of Fluid Science, Tohoku
University) OYukun Bai,* Naoki Kishimoto,! Gota Kikugawa?

Keywords: Quantum Chemistry Calculation; Molecular Dynamics Simulation;
Thermosetting Polymer; Cyanate Resin

Cyanate resins are an important class of thermosetting polymers known for their high
glass transition temperatures (Tg), excellent physical properties, and low water uptake,
making them widely used in aerospace. Cyanate groups can react to form a triazine ring
structure through a crosslinking reaction, typically under heating conditions. However,
without catalysts, this crosslinking reaction requires high curing temperatures. Organic-
metal catalysts are considered to reduce the reaction temperature during the cyanate curing
reaction and achieve a high conversion rate.*

In this research, we employed a simulation approach that integrates quantum chemistry
calculations with molecular dynamics simulations, as used in our previous work,? to
investigate how various organic metal catalysts affect the thermophysical properties of
cyanate resins. This study used the Zn octanoate as the catalyst, and the Bisphenol A
dicyanate molecule as the reactant. We first utilized the Global Reaction Route Mapping
(GRRM) algorithm? to determine organic metal catalysts' reaction pathways, including both
one- and two-step reaction pathways. Our algorithm was refined to include the effects of
catalysts, considering activation energy and heat of formation between reactants and
products, and using distance criteria from quantum chemistry (4.6 A and 8.0 A for second/
third cyanate group to form triazine and 4.0 A for catalysis). The crosslinked models of
cyanate resins generated by our algorithm will be analyzed through MD simulations to
assess thermophysical properties in various systems and to examine the impact of different
catalysts on final polymer properties, such as the glass transition temperature et al.

1) T. Fang, D. A. Shimp, Prog. Polym. Sci., 1995, 20, 61-118. 2) Y. Bai, G. Kikugawa, Y. Xi,
N. Kishimoto, Polymer, 2024, 292, 126606. 3) S. Maeda, K. Ohno, K. Morokuma, Phys.
Chem. Chem. Phys., 2013, 15, 3683-3701.
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Mild Catalytic Degradation of Crystalline Polyethylenes in Solid State Assisted
by Carboxylic Acid Groups

(* Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku Tokyo 113-
8656, Japan. 2 Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba, Meguro-ku
Tokyo 153-8505, Japan)
(OBin Lu', Kohei Takahashi', Jian Zhou?, Shintaro Nakagawa?, Naoko Yoshie?, Kyoko Nozaki'
Tel: +81-03-5841-7264, Fax: +81-03-5841-7263, E-mail: knozaki@g.ecc.u-tokyo.ac.jp
Keywords: crystalline polyethylene, photodegradation, visible light, radical decarboxylation, cerium
complex

The efficient degradation of

polyolefins has become an emerging Ce(NO3)3#6H,0

—0
hot topic, as well as a big challenge. (30 mol% to -COOH) -
Generally: the opera!ting processes of MeCN, 60-80 °C, 24 h - -
the ghemlcal recycllpg of polyolefllns -‘é“-430 nm, under air traaments
require harsh conditions  (e.g. h!gh -COOH functionalized PE  (solid immersed in solvent) g
temperature) and suffer from high PE-COOH
viscosity problems.'2 Therefore, the ) B L

*Mild conditions * Nearly quantitative recovery of carbon atom

development of the efficient
degradation of polyolefins in a solid  *Airas an oxidant
state under milder conditions is highly Fig. 1. This work
desirable.

When irradiating the linear powdered PE-COOH
(Mn =83 kg/mol, Muw/Mn = 2.6 of the Corresponding under the std. conditions f
methyl ester copolymer; 4.8 mol% of -COOH relative to combined fragments /
-CH2CH2-) under the standard conditions (Fig 1),° a in H,0,48h
significant amount of CH2Clz-soluble product (18 w.t.%) w/o Ce, 48 h
was generated together with the insoluble part (80 in dark, 48 h
w.t.%, Mn of insoluble part was 0.5 kg/mol; Fig. 2, black
line). Consequently, the combined fragments showed a ‘
M of 0.3 kg/mol by GPC analysis (Fig. 2, green line). It
is worth mentioning that the reaction mixture was ,
heterogeneous during the irradiation as PE-COOH is
insoluble and not even swelled in MeCN, and the \\
success of depolymerization regardless of the )
degrade insoluble polymeric materials. Notably, the L 3MW b4 GPC S 6
degradation was still effective in H20 (48 h, Mn of o9 (by )
insoluble part was 0.8 kg/mol; Fig. 2, blue line), further Fig. 2 GPC charts
supporting the reaction progress in a solid state without swelling. Controlled experiments demonstrate
the necessity of Ce salt (Fig. 2, purple line), blue light (Fig. 2, yellow line), and dioxygen in promoting
degradation. The standard conditions were compatible with other powdered PE-COOH samples with
lower content of -COOH group, wherein a linear-PE-COOH (-COOH content 1.2 mol%) and a more
branched one (-COOH content 1.7 mol%) were similarly effective despite their less -COOH contents. A
slight decrease in molecular weight was detected in the irradiating simple polyethylene lacking -COOH
group. The reaction was suitable even for a PE-COOH film (thickness ~0.1 mm), and its M, reduced
from 8.3 kg/mol to 0.3 kg/mol after 96 h of irradiation. Finally, the heterogeneous feature of the reaction
allowed the exploration of the behavior of the polymer crystal during the degradation.

¢ Study of crystal morphology change

before irradiation

heterogeneity highlights the ability of this method to ] 2

1) Dai, L.; Zhou, N.; Lv, Y.; Cheng, Y.; Wang, Y.; Liu, Y.; Cobb, K.; Chen, P.; Lei, H.; Ruan, R. Prog.
Energy Combust. Sci. 2022, 93, 101021.

2) a) Dufaud, V.; Basset, J.-M. Angew. Chem. Int. Ed. 1998, 37, 806. b) Conk, R. J.; Hanna, S.; Shi, J.
X.; Yang, J.; Ciccia, N. R;; Qi, L.; Bloomer, B. J.; Heuvel, S.; Wills, T.; Su, J.; Bell, A. T.; Hartwig, J.
F. Science 2022, 377, 1561.

3) Korpusik, A. B.; Adili, A.; Bhatt, K.; Anatot, J. E.; Seidel, D.; Sumerlin, B. S. J. Am. Chem. Soc. 2023,
145, 10480.
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Vesicle Formation of Internal Olefin Sulfonate Induced by Hard Water

(Kao Corporation) oTadashi Sugahara, Haruna Ichihashi, Kana Tsumura, Atsushi Miyazaki,
Takaya Sakai

Vesicles are known to spontaneously form supported lipid bilayers (SLB) at solid/liquid
interface, and cationic surfactants have been mainly used for the SLB formation. On the other
hand, anionic surfactants have been used as base agents of detergents because they exhibit
superior detergency, foamability and dispersibility of solid particles. However, common
anionic surfactants such as sodium dodecyl sulfate, lose their solubilities and functions due to
water hardness. Recently, we have developed anionic surfactant, internal olefin sulfonate
(IOS)V. In this study, we investigated self-aggregation behavior of C18HAS, which is one of
the main components of I0S with the alkyl chain length of C18 (Fig. 1), in CaCl, aqueous
solution. The results suggested that formation of the C18HAS vesicles is induced by addition
of the water hardness. We also found that the vesicles formed by C18HAS can spontaneously
form the supported lipid bilayers (SLB) at solid/liquid interface. These findings lead us to
predict that CI8HAS can act as surface modifiers, even though it is anionic surfactants.
Keywords : Internal olefin sulfonate, Vesicle, Supported lipid bilayer, Hard water

AR T VIR ER SN B RPN SR 5 FIRSLB) 2 BT 2 Z ERHbinTE D,
PHEDOZF AL EFANCHN BN TS, £72, BERREIIKF CTAICHEEL TS Z
ENZ W2, SLB IERICIZ RIS F A REiEHRINFHA SN &=, —FH, 7=
Z o FETE AN OEE S, EIatE, Bk OB IR D T2 BEEA o0
ELTHERENTWD, LrL, RTFVAHREBRT M) 20 X5 2O T =4 R
ETEMEANL, KO (Ca> R M@ X D IEfIENME T L, BREN LD TLE 9,
ZOZ LXK, 7= REIEERIORFEORETH o 7=, TFE, Txlx7 =4 R
IEVERICTH DA L 7 4 ALK U ERHE(I0S) &2 B % L= D, AWFFE T, CI1I8S D7
IVERIVEHE ZHT 5 10S D EERK S D—D

T % CISHAS(Fig. 1) CaCl, KIEH T mgﬁmgﬁm
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DHIFF SN 5,

1) Y. Tabuchi and T. Sakai, RSC Adv. 2021, /1, 19836-19843.
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Motility of Vesicle-Type Artificial Tissues Formed by Salt Bridges

(*Faculty of Science and Technology, Keio University) O Tomoya Kojima,! Yutaro
Noguchi,! Kouichi Asakura,! Taisuke Banno!
Keywords: Vesicles; Artificial Cells; Artificial Tissues; Motility

Motility is one of the characteristics in life. Reconstitution of such motility functions
into synthetic cell-like entities could lead to engineering brand-new biomimetic materials
which exhibit manipulation and propulsion. Nowadays, artificial cells are focused on to be
engineered as colloidal materials mimicking abilities of biological cells.! Among them,
vesicles are considered to be artificial cells because they have boundaries between inner and
outer phase, which are similar to biomembranes.? Inspired by multicellular organisms where
multiple cells assemble into tissues, assembling multiple artificial cells could induce
large-scale structures considered to be artificial tissues.> We previously found a formation of
artificial tissues comprising multiple vesicles triggered by salt bridges.* In this presentation,
we report how to induce motility of such vesicle-type artificial tissues.

First, addition of azobenzene-containing amphiphiles induced a contraction of tissues
under UV illumination. It was estimated that a deformation of each vesicle due to
photoisomerization of the amphiphiles promoted close contacts between vesicles. Second,
utilizing magnetic nanoparticles (MNPs) enabled us to manipulate tissues and transport
large cargoes by using a magnet. Third, in the presence of gold nanoparticles (AuNPs),
phototaxis of the tissues was observed due to a photothermal effect of AuNPs. Fourth,
addition of platinum nanoparticles (PtNPs) or catalase caused propulsion at a vertical
direction in H>O, solutions, which was due to a buoyancy of oxygen bubbles generated by
decomposition of H>O.. These results suggest a possibility of engineering biomimetic
materials comprising multiple colloids with versatile motility.

Cationic
vesicles

Vesicle-type artificial tissues

Addition of
molecules or
nanoparticles

Motility

Anionic
vesicles

v Photoresponsive
amphiphiles

v MNPs

v AuNPs

v PtNPs

v Enzymes

1) C. Xu, S. Hu, X. Chen, Mater. Today 2016, 19, 516. 2) A. J. Dzieciol, S. Mann, Chem. Soc. Rev.
2012, 41, 79. 3) X. Wang, H. Du, Z. Wang, W. Mu, X. Han, 4dv. Mater. 2021, 33, €2002635. 4) T.
Kojima, Y. Noguchi, K. Terasaka, K. Asakura, T. Banno, under review.
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In situ construction of glycopeptide-based supramolecular
hydrogels for medical-related applications

(United Graduate School of Drug Discovery & Medicine Information Sciences, Gifu
University, *GUIAS, Gifu University, *COMIT, Gifu University, “iGCORE, Gifu University)
OShintaro Sugiura', Yuki Shintani', Sayuri Higashi?, Masato Ikeda'-*

Keywords: Glycopeptides; Supramolecular hydrogels; Lectin; Antimicrobial nanomaterials

Glycopeptide-based supramolecular materials, serving as a multivalent saccharide
ligand toward lectins on the surface of self-assembled structures, can emulate the biological
function of polysaccharides and glycans. They thus could lead to exploring a variety of
medical-related applications, including regenerative medicine and antimicrobial therapy.!!
Nevertheless, the chemical complexity of saccharides is a massive barrier to the molecular
design and synthesis of self-assembling glycopeptide monomers. Hence, straightforward
strategies for developing them are highly desirable. In this study, we applied a one-pot
oxyamine ligation!?! to construct a variety of self-assembling glycopeptide under aqueous
conditions, which gives rise to supramolecular hydrogels capable of -capturing
lectin-bearing pathogens in the hydrogel matrices through lectin-saccharide interactions.

We newly designed and synthesized (N-methyl)aminooxy-functionalized peptide
derivatives, which gave a supramolecular hydrogel even in the presence of saccharides. 'H
NMR spectroscopic analysis revealed the conjugation of unprotected saccharides toward
these peptides. Furthermore, we conducted confocal laser scanning microscopy (CLSM)
observations with fluorescent dye-labeled lectins, which revealed their colocalization with
fibrous structures of glycopeptides as anticipated. The results indicate the favorable affinity
of self-assembled glycopeptide nanostructures toward the lectins and their selectivity. These
findings offer opportunities to develop glycopeptide-based supramolecular biomaterials
with potential applications in cell culture or vaccine preparation.
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1) (a) L. Su et al., Curr. Opin. Chem. Biol., 2022, 69, 102171, (b) A. Brito et al., Chem, 2021, 7,
2943-2964.
2) T. Cheewawisuttichai et al., Org. Biomol. Chem., 2021, 19, 6613-6617.
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Structural Analyses with Spectroscopic and Computational Studies
of Organogels Formed by Liquid-crystalline Phenyl Benzoates

(‘Graduate School of Sciences and Technology for Innovation, Yamaguchi University,
*Advanced Technology Institute, Yamaguchi University) O Kenta Matsumoto,' Junya
Yamaguchi,' Korato Kaetada,' Yui Endo,' Yuri Hatsuda,' Yuki Morita,* Hiroaki Okamoto'
Keywords: Liquid Crystal; Low-molecular Gel; Phenyl Benzoate; Fluoroalkyl Group;
Coumarin

In our previous works, it has been found that some liquid-crystalline phenyl benzoates with
several organic solvents can form physical gels.'” While the correlation between molecular
structures and gelation is not elucidated. Meanwhile, it has been reported in our publication
that 2-oxochromene-6-yl 4-alkoxybenzoates (Compounds 3-n, Figure 1) with organic solvents
were self-assembled by electrostatic interaction between coumarin skeletons, supporting in
UV-Vis and TD-DFT.

In this work, self-assembly phenomena of gelation in organic solvents with phenyl
benzoates containing a fluoroalkyl group (Compounds 1-n and 2-n, Figure 1) or a coumarin
skeleton (Compounds 3-n) were analyzed by spectroscopic and computational studies.

o) (0]
an2n+104©_< CnH2n+1o@0 CnH2n+1o‘< >4<
O—@SCZH4CBF13 }—@SCZH@B% 0 0 o
o

Compounds 1-n (n = 3-12) Compounds 2-n (n = 3-12) Compounds 3-n (n = 3-12)

Figure 1. Chemical structures of compounds 1-n, 2-n, and 3-n.

Optimized structures as a dimer for ;5 p¢ 5
compounds 1-8 and 2-8, and each % TSmO
formation enthalpies (AHy) are shown in T
Figure 2. The gel-sol transition enthalpies
for propylene carbonate gels (AHgel-so1) ;”
with compounds 1-8 and 2-8 at room ““‘:’:ﬁ‘s R EEEE e Aea s 2%
temperature estimated 36.6 kJ mol™' and s') g, ;;4;s“az"“'f“'““‘}“,‘f,lf‘f:‘é‘}
12.5 kJ mol ™', respectively. self-assembly T A 02k mald A=~ 436 k] mol”

. ) 18, w7 [2] 28, mn 2]

phenomena for gelation with compounds Ay i
1-8 and 2-8 may be driven by n—= £ - $4 o5 ewpaiiss
interaction and  fluorophilic  effect, Y TR REAT ‘;‘,‘i‘;"‘
respectively, since absolute value of AHeel. 33 UYL ,f‘:jf M6 kJ mol‘l
sol A¢H are similar values. £ A== 509 kI mol | 27, '

In this presentation, effect of polar Figure 2. Optimized geometries of compounds
functional group on gelation, which 1-n and 2-n as a dimer and DFT-calculated
compared with compounds 1-n and 3-n, formation enthalpy (A¢H) using the M06/6-311G
analyzed by XRD and IR will be reported. (d) level.

1) B-P. Cao, et al., J. Fluorine Chem., 2019, 226, 109348. 2) Y. Endo et al, Chem. Lett. 2023, 52, 337.
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Highly condensed 1m—gels based on chiral alkyl-1r molecular
liquids as a medium

(!Graduate School of Life Science, Hokkaido University, *Research Center for Materials
Nanoarchitectonics, National Institute for Materials Science, 3Meiji Pharmaceutical
University) O Akito Tateyama,'?> Masamichi Yamanaka,®> Takashi Nakanishi'-?

Keywords: n-Gels; Functional Molecular Liquids; Chirality; Low Molecular Weight Gelator

In recent years, with increasing interest in soft organic materials, fluidic and non-
volatile functional liquid materials have attracted attention. By modifying a =-
conjugated unit with bulky yet flexible branched alkyl chains, solvent-free functional
liquids (alkyl-= liquids) have been developed!. Since it is necessary to adjust the elastic
modulus (G’) over a wide range to expand the usefulness of alkyl-r liquids, we have
developed new functional gel materials based on alkyl-r liquids by employing low-

. 2
mglegular—welght gela.tors. The effect (?f the -
chirality on the physicochemical properties of R= ,Q/E/\/

R
alkyl-= liquids and their gelated materials remains N m'cj"
largely unexplored. This study focuses on the he AR
effect of chirality for both alkyl-r liquid and low- o RczL

molecular-weight gelator towards the gelation and Oy (OF2)CHy O (CHhoCH3
optoelectronic properties. O»NH O;‘NH

In this presentation, we mainly utilize blue- “NH NH
fluorescent liquid carbazoles possessing a racemic OJ\(CHz)mCHa OA\(CHQ)mCHa
(rac-CZL)’ or a (R)-isomeric (R-CZL) branched RR-GA SS-GA
alkyl chain (Fig. la). These exhibited different
phase transition behaviors. As gelators, (R,R)- and
(S,S)-isomer containing amide units for
intermolecular hydrogen bonding (RR-GA and
SS-GA)* (Fig. 1b) were employed. By
investigating the rheological and optical properties
of the gels of rac-CZL or R-CZL using RR-GA
or $S§-GA (Fig. 2), we discuss the effect of

Fig. 1 Molecular structures of (a) liquid
carbazoles rac-CZL and R-CZL, (b)
gelators RR-GA and SS-GA.

chirality on the formation process of gelator’s
fibrous assemblies and on the viscoelastic and
optical properties.

Fig. 2 Images of (a) neat liquid R-CZL,
and (b) gel R-CZL with 1 wt% gelator
RR-GA, under 365 nm UV irradiation.

1) A. Tateyama, T. Nakanishi, Responsive Mater. 2023, 1, €20230001. 2) A. Tateyama, M. Yamanaka, T.
Nakanishi, The 103rd CSJ Annual Meeting, Noda, 2023.3.23, K206-2am-06. 3) Hendrickx E., et. al.,
Chem. Phys., 1999, 245, 407. 4) K. Hanabusa, et al., Angew. Chem. Int. Ed., 1996, 35, 1949.
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Stimuli-responsive Supramolecular Gels of Fluorenone-Based Donor-Acceptor-Donor
Molecules (‘Graduate School of Science, Tokyo University of Science, *Tokyo University of
Science) OSyota Yamada,' Mao Suzuki,' Atsushi Seki,'? Ken’ichi Aoki'?

Electron donor-acceptor-donor (D-A-D) type molecules exhibit characteristic visible light
absorption and emission properties based on intramolecular charge transfer. The electronic
transitions in D-A-D type molecules are sensitive to the ambient environment, which is the
basis of chromic behavior. Since supramolecular gels show reversible sol-gel transitions upon
external stimuli, they can work as a platform for stimuli-responsive materials. In this study, we
investigated the gelation and chemo-responsive behaviors of fluorenone-based D-A-D type
molecules modified with urethane groups via linker units. The fluorenone derivatives formed
supramolecular organogels, which supported by the intermolecular hydrogen bond. The
organogels exhibit the chemo-responsive behaviors toward an acid or alkali metal cations.
Keywords : Supramolecular Gels, Fluorenone, Stimuli-Responsive Materials, Intramolecular
Charge Transfer

FO-1:Ar, Ar; =Ry

BYT /BT E— (A) ICETF FT A hn RodiAnAGIR
FO-4:Ari=R3 Ar, =R,
— (D) ;}i’ﬂ%ﬁfﬁ L7z D-A-D ﬁg%%ai, F OC.oH2

53 TN ERBENC IS R e m] R '§*Q°*°”2’E°'§'E'°e“” R '§@°Cw“v
’Fﬁ"'ﬁiﬂlio‘ctl)\%‘é"%ﬁ%%ﬁ‘o D- ’ H H
A?@%%Kﬁﬁg% N Yo LR S WL
OJEFEBEE IS cHY, a3 X Figure 1. Chemical structures of fluorenone
ADHEME L 70 % FFALERE O T derivatives FO-1, FO-2, FO-3, and FO-4.
M AEERZBRE ) & U TR SO 17 Vi, 2478 E OSBRI &> T
IR N-T N R L, JISEMEMEIO 77 v h 73—k LTHRET S, K
fFECIX, Bz LS BBy 7 VORI A2 B E LT, Zvd L) v ah
DET D D-A-D MarzV o —EAL a0 L COKEREGEDO Y L A EA LT
o F (Figure 1) ZEFEREARC L, 7 U bZEE) &L FRUS B EIZ DWW TRET L7z,
FO-1,FO-2,FO-3,FO-4 %, FF3 ¥ (DB) BIXWMESFERY =F L
7Y a—/L (LMW-PEG) HCAHANT ) FVEK LTIz, EIHDANT ) 7o
WTC FT-IR A7 MARIEEIToT2 8 2 A, KEREMED C=0 HiFRENZRE S
HWPNTRD B, UL F ARG R LT 50 FRKEREICLY, BOT+r v
L TWnWD Z ENboo7=, FO-1, FO-2 ® DB 7Vt kU 7 VA4 o fEEEOFRINC
£V, BEZEOZEWINADOE(L, FEDENNEL T, £72, FO-3, FO-4 O
LMW-PEG 7 /V ik, T/ B VEREHIF AL OFRM LY, WA, FEEaDELH
Rbiz, FECOWTIE, Y HSBET 5,

F

© The Chemical Society of Japan - C442-2vn-02 -



C442-2vn-03 BAL2S B1045SF2 (2024)

TV-TFVREADTFAVICLDFFEAEN FOTLVORFE

(EINAHHE " - IST T &A% 2)
OEE MK - 1£% mE"?

Development of an anisotropic hydrogel by designing its gel-gel interface
(‘Faculty of Textile Science and Technology, Shinshu University, *JST PRESTO)
OTomohiro Takahashi,' Koki Sano'?

Anisotropic hydrogels exhibit various unique functions, and therefore, are regarded as
promising soft materials for biomedical and soft-robotic applications. They are typically
synthesized by embedding anisotropic structures throughout the entire interior (bulk) of the
hydrogel. In this study, we aimed to synthesize a new type of anisotropic hydrogel by
introducing an interface, a complementary region to the bulk, in the hydrogel.

Keywords : Hydrogel; Gel-gel interface; Anisotropy, Orientation control
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[1] K. Sano et al. Angew. Chem. Int. Ed. 57, 2532-2543 (2018).
[2] K. Sano et al. Angew. Chem. Int. Ed. 57, 12508-12513 (2018).
[3] K. Sano et al. Nat. Commun. 11, 6026 (2020).
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Preparation of lon-Conductive Liquid-Crystalline Gels and Their Actuator Properties
(‘National Institute for Materials Science, > JST PREST,*Graduate School of Chem. Sci. & Eng.,
Hokkaido Univ.) OMasafumi Yoshio,'** Shunichi Suwa'"

Developing high-frequency response and high-force generating electroactive polymer
actuators is essential for advancing haptic human interface devices and soft robotics. In this
work, we introduce novel ionic electroactive soft actuators composed of ion-conductive liquid-
crystalline polymer gel electrolytes. These actuators incorporate room-temperature smectic
liquid crystals containing nitrile-terminated alkyl chains groups complexed with lithium salts,
which were mixed with vinyl monomers. Through in-situ photopolymerization, we
successfully fabricated free-standing films showcasing microphase-separated structures
comprising liquid crystals and polymers. The resulting electrolytes were integrated between
layers of poly(3,4-ethylenedioxythiophene) doped with poly(styrenesulfonic acid)
(PEDOT:PSS). Our trilayer device demonstrated significant bending actuation under an AC
voltage of 2V, attributed to its high ionic conductivity of up to 10™* S cm™ under ambient
conditions.

Keywords : Actuator, Liquid Crystal; Lithium lon; Electric Field; Haptics
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1) Example of ionic electroactive actuators based on photocured ionic liquid crystals: Yoshio et al., ACS
Mater. Lett., 2022, 4, 153—158; ACS Appl. Mater. Interfaces, 2023, 15, 4495-4504; Mater. Chem. Front.,
2023, 7, 2828-2838; J. Mater. Chem. C, 2023, 11, 10154-10162; Adv. Funct. Mater., 2024, in press.
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Negative Photochromism of Binaphthyl-Bridged Dibenzo[2,3:6,7]oxepino[4,5-d]imidazole
Dimer (' Dept. Chem., Sch. Sci. Eng., Aoyama Gakuin Univ.) OShiori Yagi,' Jiro Abe'

Upon exposure of visible light, binaphthyl-bridged imidazole dimers (BN-ImD) exhibit
negative photochromic reaction from a stable colored isomer to a metastable colorless isomer
via a short-lived biradical. In this study, we have successfully synthesized novel binaphthyl-
bridged imidazole dimers (BN-DBOXPImD) by introducing an imidazole moiety with a
dibenzooxepine structure. BN-DBOXPImD has two colored isomers, which are isomerized to
the colorless isomer upon the irradiation of visible light. This molecule exhibits not only
negative photochromism but also bistable photoswitch between two colored isomers.
Keywords : Photochromism, Biradical; Imidazole Dimers

EE A IS R A2 AN TS i Scheme 1. Photochromism of (a) BN-
FHT Ko TERMALT 223, 48TV ImD and (b) BN-DBOXPImD.
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[1] S. Hatano, T. Horino, A. Tokita, T. Oshima, J. Abe, J. Am. Chem. Soc. 2013, 135, 3164.
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Development of a Photochromic Molecule with Characteristics of Hexaarylbiimidazole and
Terarylene (' Osaka Metropolitan Univ.)OKatsuya Mutoh,' Takuya Nakashima'

Multi-state photochromism has been considered more attractive than traditional bistable
photochromism because it can offer more versatility and control in photoresponsive systems.
One of the attractive designs for the multi-state photochromic molecule is an efficient
combination of two photochromic units. In this study, we have designed and synthesized a
novel photochromic molecule (1) that consists of a hexaarylbiimidazole unit and a terarylene
unit. Compound 1 shows four-state photochromic reaction upon UV light irradiation. We found
that the delocalized m-radical on the closed-ring form of the terarylene is efficient to enhance
the photosensitivity to the NIR-I and -II region.

Keywords : Photochromism,; Hexaarylbiimidazole,; Diarylethene; Radical
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Figure 1. (a) The ORTEP representation of the molecular structure of 1 (thermal ellipsoids at 50%
probability). (b, ¢) The transient absorption spectra of 10R upon UV light irradiation and the thermal
isomerization from 1CR.

1) T. Hayashi, K. Maeda, Bull. Chem. Soc. Jpn., 1960, 33, 565.
2) T. Nakashima, M. Goto, S. Kawai, T. Kawai, J. Am. Chem. Soc., 2008, 130, 14570.
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Photochromic Reaction Behavior of Azadiarylethenes Exhibiting
Thermal Cyclization Reaction
(Graduate School of Engineering, Osaka Metropolitan University) O Shota Hamatani,

Daichi Kitagawa, Seiya Kobatake
Keywords: Azadiarylethene, Thermal Cyclization, Photochromism

Photochromic compounds are of great RS
interest as light-driven molecular switches in F F hv
research fields of material and life sciences. QNMe 7\ -
Diarylethene is a  typical  P-type " onen ° N
photochromic molecule,’ and  the v
photochromic reaction is based on a 6n F F hvIA
electrocyclic reaction between open-ring and Me/i/\NMe / S\ ~
closed-ring isomer. Recently, it has been ones ©

reported that azadiarylethenes having a Figure 1. Molecular structure of diarylethene
nitrogen atom at the reaction site exhibit fast derivatives in this work.

T-type photochromism due to the disrotatory thermal cycloreversion allowed by
Woodward-Hoffman rule,” and further development of azadiarylethenes is expected. In this
work, we synthesized diarylethene derivatives DAE1 and DAE2, in which a
benzothiophene ring and a S,S-dioxide benzothiophene ring were introduced into the aryl
group, and investigated their photochromic properties (Figure 1).

DAE1 and DAE2 were synthesized, their properties were investigated. When DAE1 in
n-hexane was irradiated with ultraviolet (UV) light, it became to color yellow. When UV
light irradiation was stopped, it quickly returned to its original colorless state, exhibiting
fast T-type photochromism. This fast thermal cycloreversion reaction is based on a
disrotatory pathway. DAE2 in n-hexane was pale yellow. When irradiated with UV light, it
turned a deep yellow color. When UV light irradiation was stopped, it returned to its
original color. These color changes are based on photocyclization and thermal
cycloreversion. Furthermore, when the solution was irradiated with visible light, it became
colorless. Without visible light irradiation, it gradually returned to its original pale yellow.
These results suggested that open-ring and closed-ring isomer exist in thermal equilibrium,
and thermal cyclization can proceed. Thus, it was found that the cyclization reaction of
azadiarylethene derivatives with S,S-dioxide benzothiophene ring proceeds not only by
photochemical reactions but also by thermal reactions.

1) M. Irie, T. Fukaminato, K. Matsuda, S. Kobatake, Chem. Rev. 2014, 114, 12174-12277.
2) S. Hamatani, D. Kitagawa, S. Kobatake, J. Phys. Chem. Lett. 2023, 14, 8277-8280.

© The Chemical Society of Japan - C443-2vn-03 -



C443-2vn-04 AZ(b2a B1045SE2 (2024)

D-ABEEY oY LBFEDAILA/ /A5 /7903 XLIZRIFT
WOVA—T A DFEE

URKBEFEER L) O/NZANF - AfEF— - RiLB5Ir

Influence of Counter Anion of D-A Type Pyridinium Dyes on its Organohalogenochromism
(Grad. Sch. of Adv. Sci. and Eng., Hiroshima Univ.) OKumpei Kozuka, Keiichi Imato,
Yousuke Ooyama

Organohalogenochromism (OHC) is a photophysical phenomenon that induces a significant
bathochromic or hypsochromic shift of the photoabsorption bands of organic dyes in halogenated
solvents compared with those in non-halogenated solvents " . Thus, OHC is a specific
solvatochromism observed only in halogenated solvents that is different from a common
solvatochromism depending on the Solvent polarity. However, there is little published research
on OHC although the phenomenon is of great scientific interest and practical importance, such
as the development of optical sensing technology for the detection of toxic organohalogen
compounds. In this work, in order to establish new molecular design strategies for OHC dyes and
elucidate the mechanism of OHC, we designed and synthesized D-A type pyridinium dyes KK1-
KK4 bearing various counter anions. Indeed, KK2 bearing chloride ion as a counter anion
showed bathochromic shifts of the photoabsorption band in halogenated solvents by about 20 nm
compared with those in non-halogenated solvents. In this presentation, we will report the optical
properties of KK1-KK4 in various halogenated or non-halogenated solvents.

Keywords : Organohalogenochromism, Pyridinium dye, Counter anion, Photoabsorption
property, Oraganic halogenated solvent.
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1) Y. Ooyama, Y. Oda, T. Mizuno, J. Ohshita, Tetrahedron, 2013, 69, 1755.
2) T. Higashino, Y. Ooyama, Chem. Lett., 2021, 50, 1530.
3) K. Kozuka, K. Imato, Y. Ooyama, Mater. Adv., 2023, DOI: 10.1039/D3MA00671A.
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Synthesis of N-Acetylmannosamine by Isomerization and Its Catalytic Conversion Reaction
(Faculty of Engineering, Tokyo University of Science) OTakuya Sagawa, Yuta Osada, Mineo
Hashizume

N-Acetylmannosamine (NAM) is an epimer of N-acetylglucosamime (NAG), which is
obtained by depolymerization of chitin. In this study, to develop the further utilization of NAM,
the improvement of NAM yield by isomerization of NAG and the synthesis of a bioplastic
monomer, 2-acetamide-2-deoxyisomannide (ADIM), from NAM were performed. Optimizing
the reaction conditions, the isomerization of NAG gave NAM with 46% HPLC yield.
Furthermore, ADIM was obtained from NAM by hydrogenation and subsequent dehydration.
Keywords : Chitin; N-Acetylmannosamine,; Isomerization, Dehydration
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Figure 1. Synthetic route for ADIM from NAG.

1) M. Oagata, T. Hattori, R. Takeuchi, T. Usui, Carbohudr. Res. 2010, 345, 230.

© The Chemical Society of Japan - A1455-2vn-01 -



A1455-2vn-02 AAL2a B1045SE2 (2024)

NNAFTHRIZEENBD A2 VD _BEIEIERNAEILICK D XEE- A X
J—ILER

(FRRSEERFBRT ' - BROR S SF LA 2) ORALR 8512 - AR AL+ - IR SR
Photochemical Synthesis of Methanol and Formic Acid by Oxygenation of Methane
Containing Biogas with Chlorine Dioxide (' Osaka University, OTRI, *Osaka University, IACS)
OKei Ohkubo,'* Kumiko Hiramatsu,' Yuki Itabashi'

Oxygenation of methane in biogas photochemically occurred in the presence of chlorine
dioxide (ClOy"). The yields of methanol and formic acid as products were 17% and 82%,
respectively, with a methane conversion of 99% in a two-phase system comprising
perfluorohexane and water under ambient conditions. Mechanistic studies revealed that the C-
H bond of methane was activated in the fluorous phase by the chlorine radical generated by the
photoexcitation of C1O,". The photochemical oxygenation of methane is initiated by generation
of chlorine radical and singlet oxygen from photoexcited state of ClO,’, leading to the final
products by aerobic radical chain processes. The photochemical oxygenation of methane
containing biogas using ClO; reported herein could be generalized to provide novel application
for usage of biogas instead of gas electric power generation in biogas plant.

Keywords : Biogas, Methane; Photochemical Reaction,; Radical
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The Effect of Water on the Solubilization of Lignocellulose by Organic Acids ('Biomass
Product Tree Industry-Academia Collaborative Research Laboratory, Kyoto University,
2Daicel Corporation, *Research Institute for Sustainable Humanosphere, Kyoto University)
OYuka Kawahara-Nakagawa, 12 Tomohiro Hashizume, > Takashi Watanabe'**

Secondary cell walls in plants are mainly composed of cellulose, hemicellulose and lignin,
which strongly bind each other through covalent and non-covalent interactions. The rigidity of
secondary cell walls causes high energy consumption for biomass utilization in chemical
industries. We have developed new materials such as biomass films and compressed molded
products by gently dissolving wood using simple organic acids like formic acid. In this study,
we investigated the effect of water on the dissolution of wood using organic acids.

Keywords : biomass, substitute for petroleum, solubilization under super-mild condition,
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Figure 1. XRD patterns
for (a) hardwood pulp

(Cellulose 1),

(b) original Eucalyptus
powder and the solvent
evaporation residue of
the wood dissolution
solution, obtained by
dissolving Eucalyptus
powder in (c) aqueous
formic acid (water
content of 20 wt %) and
in (d) formic acid.




