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Elucidation of the interaction between weak electron pairs based on the creation
of multi-radical molecules
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This study aims to establish "material science of systems with conjugated
weak electron pairs™ by (1) newly synthesizing molecular systems with many radical species capable
of weak electron pair formation (=multiradical systems), (2) clarifying the conjugation of weak
electron pairs in detail in terms of molecular and electronic structures, and (3) finding
characteristic physical and functional properties that result from their special electronic states.
In fact, we attempted to synthesize multimeric forms of fluorenyl radicals, diazafluorenyl radicals,

and phenalenyl radicals, and for fluorenyl radicals and phenalenyl radicals, we were able to
confirm the structure of the cyclic multimer of the radical precursor. For the phenalenyl cyclic
multimer, we were also able to confirm the generation of radicals.



B X C—19, F—19—1 (Jth)

1. WFZEBRME Y IO &

7 RLEWIE, BT OIEREIC I > TERLRWIEEZ R T Z LD Hx REEREVERENC
FIHENTE -, BECHENT-RNEE L REMR CITHN D SR B 25T 5 7=
2. < OBRZEEDR IBICHTEZIT> T\ 5D, £O X 5 BN - fRe & 3T 5 n WERILA
MO, TRTOBFDHER L TCVWHHABREA#EEEZALTCWD, —FH, AAIETEDT
PICFE LT-BIREF G2 6T b8, T2bb I PN GS £, T ORI - BERENE
DOBENS, THEEL OEHEZED WD, HIZiE, Ay bo=7 AMECAEY 27 n—7
ELTHWAERERZWEERZ: 13, FaED MLy RifFgE L e > T 5,

Z DR & Bk O 2 DR RF, JERICR R o SRR LA bttt o P IXFET S, —E
HE T VAR EMEEND ZE DA, BT AH MR LB FIREICHD Z &b, b5
HEX TS (Thbbr 7 LS NET L0077 P DNV E 2 RT L0,
BERIRIRD N A RS, AFREE TN ETlo, —EEE T UV HVFEOE SR & O
PRI E TS IR ST SN BRORER 21T C& e, TLT—HEE T VIO
Z 0 DR T, AFEEIITWVE A FE LA AR L2SRE, Co ko hETHEEERED
VDD EHITIE, ED XD BB BISRN RN TE R 500 ICOW TN HEAEZ TE T,
ST 5L, FOVETXNIE L ROMEIL, @F 0K R (OB & LR) &
HEG LT, ED LD RRICRKRE BV R LD D), &0 ) BMEL X IR o T2, 23,
AR O FHHIFIN T o 5,

2. WHEOHB

B R ORI OREENETPPEOENCK S NS HH E LT, JJEEY OfEN & HICIEN
HATHDLFAATEL RETAREFT LN TED, AEOBRSICERE L TAD L, RE—
[RFEHAE AL 346 k] /mol DIRE 2 Hf > TWADITH L, 7 A F— 7 A FHHEEIL 222 k] /mol @
BRI LMW, 207, il FH EEEEONY RY vy v 72T 5L, A4 PES FIX
5.47 eV THDHDIZK L, FAFIT 1. 11 eV RV /INE N, TDONRY RX ¥ v 7 OEWDIT, #
IR & EEIR LV ) BRARERHEDOENC DR RN > T, 2O LI, BHWVE LN IET 5
RIFMERD IR EIIRELS BB DIRDOBNETHZ LG EINDID, TDO X5 0 1RIF
FLTHY, RIEHADO Z ERELLEINTWDEONRIRTH S,

T ZCARIFZETIE, OFFWE TR A AHER T U ON A2 SERLE L0 % (=~ATF T
CHNR) ERTACAR L, @FWE Tt O3 &0y T LB E OBLS ) DRI S
WZ L., @F DR B IRBEISRIN T 2 R 72k - BEREMEZ R 2 & T, T8HWE -3 A
L= ROWERF] WM THZ E2HME LT,

3. WD Ik

(1) FWVELHDPIET H0TOEM : AMIEOBEBIZRT2ET AV TE LT, 70t L=
IV VN BRI ERE Z 4172 [N]eyelo—1, 8—fluorenyl ZRELT-, /N A L =TT h L%
BEEAERER & LBHIE, AES N FRERIZIERTELRT 200 9 (ifREEICEICH
535 (RXMETEEIT0.5 22 D) 72, BAIIFHREEDOMER & K& 72 AT E 1 M BAE
HADHERNREN. T B0 ThD,

(2) FWE TR OIFICRFEST 5N D0 TiE LB HEEOME . Boniz~LrF I Uhn
RSy THREEIL, X BRERATIC L VIRET D, S HIT, ZO X HEELE®RZ KICEREEDOET
BEEERRMT 24T RO H LD 5, 12 v VF T RO E FHEEIT BRI .
BT AL LS, YA TV v IRV EZ AN —7p EORFEYMENEFEEMAESDET
HOMNZT 5, ERTHONMEROBERMIMERIZ OV T, F5eoiE (hE) oBhz5T
119, BRI, Z22EBENESCA YV 7 U v TRERHKTE EILBIENE /2 & O @ EE 72 il & 1%
B B L9 D R E R LSRR E R O T, BRERREECHENEIRRE T o B E A FH L,
KR % IR LR OHRIZANL T D,

(3) BHWE xRN T 2 KM 72 ik - BEREME DR © @ H O & o 2 I
HIREE L LC, HFEEMESCK T BERMEICER T 5, 2 OIEBRIREERICE T 5 &+ OIERENE
OWE BB DA BHR T HDME CTH H 72D, BEOBHFEIC R D03, £, BHWEFXHIH
KT BBBRMEICOWVWTHERT D, HWVEFAHIIERAET 2L X — TS 5 & TSR
LT EMDL, TYUNNEIRMEENBEEL LT W E PRI ND, — T, ZODPWEFRICELSA
BILD TR v Ly N7 4w ia R EORRARMEE b LT 5, ZubiE, &
Mo ST E A R KB ORI T a7 i e LTHER SN TWAYWEBS ThH S,
FTo, B G TR, TR, B & OSMHRIIC E ORREZIRIZISET 20 E I b
5, YlED X 9lz, 99WVETROIBITEHIN 2B G 2 . ZAMICIE X D,



4. WFTEARR
(DBRR~LFINF L= LT D HILEDERK
TR E D 3EBRPET 1,87 -3, 6-—tert-7FILTILF L r~ELBWT-, ZD%.,
Ni(COD), ZFHWTH v 7V v &8, REWRO 7 VAL AbEWMEBT-, hoLrua~< T F7
4 =% AT, —EER~NEROERILEMEZ SRR L., Zhoofbdmo s b, =&k,
PUER, NEROHEEZ BRES X Emric L ke L (KD, Sonz ZMoRR{baY
Z Buli I X W ~ Vv F T =4~ FE L, T D% 2 3-dichloro-b, 6-
dicyanobenzoquinone (DDQ) & AW C7 =4 L FAETIL L.~V TF T U ONFEOFRAEE R AT,
BILE Tl 2 A, WMERII 7 VALV UVRELR TN THESZER L& 0T &
XTI MbEME 525 Z L gnol (X 2), o, BHEAAREZ DDQ THAKFELZEZ A, B
FEEN _EEAICEIE Lm0 T A T b E 5252 b ool (X 2), Zhbofk
AW CHRE A XAREE AT IC L DV RREZIRE LT, 7o, 2D DB ORIEFEEZ TR~
& A BIR TNV U ARITNE B IR 100% DOEEANIEIER E L TIRA D Z L 039 hvo T,
FO—FT, MER#EEEZHT 2 HESRITIEIBERA LN,
NEET = A OB TIE, 2 TN T ODOEEEG M Sz ZHEO mOT 41k
BINRESNT, Ll ALY ZEED MR e P— 2T 5 = 0DOBBEANER S NTLEY
X, 2<B&ohnkenoi,

ok

1. ZAA L UBREBR, UER, NEERO X B SE

m

i

=]
H

X 2. 7UA L UBRIRNEERNLFEIND SOTAEEMO X B

Q)=NFTTHFINAL=LT P HNLFEDOERK

TNF L=V T I ANED  RABREENREWE FHREIND STV I 4L =T VL inE
B8y I EAN I NTAL B O SRS b E AT, TlibEN D 6 Bftco 77t =
VT AN 2 KR, 3 KURDRIEFME DA RRIC L) LTz, RIBRARICRIEE A ER S~ F 7 =4
VRISV TEOBIZ, BFBILIC L o TN TF T U NFEORELZRLT-D. BFIEITITES
VA IRV

BVBIR~NLF T2 F L= LTI NLEDOERK
2HEBLIVERVHEATHND 72 L= T DHILOBEIRANEERIZOWTIL, fil(bamn S 7 B
BT T P INVHIBMED G RRIZEKE LTz, RAEER T TZ OO EEZRA AT L Z AR
FEEOEERE S, ESRIEDF R~ LVF IO HATETHH Z L 228X ki~ BIEEMERL
ERATNDEZATHD,

— /U7 T T 2 F L SRR BICHRE SR A T o728 T A S RBALBUGHEIT L,
BN LER, BRIRSEER, BRIREEARNER L THWAZ A& SIMRIEN S LN L, BIE,
AFM « STM/STS JHIEZ4TV, BRIRZBEN ED L 9 B FIREE, AV IREBICH 50 & 50NN
LTCWBEZATHD,



13 13 1 3

Nishiuchi Tomohiko Aibara Seito Sato Hiroyasu Kubo Takashi 144

Synthesis of 1 -Extended Thiele’ s and Chichibabin’ s Hydrocarbons and Effect of the 1t - 2022

Congestion on Conformations and Electronic States

Journal of the American Chemical Society 7479 7488
DOl

10.1021/jacs.2c02318

Nishiuchi Tomohiko Aibara Seito Yamakado Takuya Kimura Ryo Saito Shohei Sato Hiroyasu 28

Kubo Takashi

Sterically Frustrated Aromatic Enes with Various Colors Originating from Multiple Folded and 2022

Twisted Conformations in Crystal Polymorphs

Chemistry - A European Journal 202200286
DOl

10.1002/chem.202200286

Hirao Yasukazu Hamamoto Yosuke Kubo Takashi 17

Tunable Solid- State Thermochromism: Alkyl Chain Length- Dependent Conformational lIsomerization 2022

of Bianthrones

Chemistry - An Asian Journal 202200121
DOl

10.1002/asia.202200121

Hirao Yasukazu Inobe Honami Hosoi Katsuma Kubo Takashi 126

Synergistic Enhancement of Hydrogen-Bonding and Charge-Transfer Interactions in a Crystal of an 2022

Anthranol-Acridine Dyad Comprised of a Hydrogen-Bonded Chain Aggregate

The Journal of Physical Chemistry C

10940 10946

DOl
10.1021/acs. jpcc.2c03584




Nishiuchi Tomohiko Takeuchi Shino Makihara Yuta Kimura Ryo Saito Shohei Sato Hiroyasu
Kubo Takashi

95

Synthesis, Properties, and Intermolecular Interactions in the Solid States of 1 -Congested X- 2022

Shaped 1,2,4,5-Tetra(9-anthryl)benzenes

Bulletin of the Chemical Society of Japan 1591 1599
DOl

10.1246/bcsj .20220257

Nishiuchi Tomohiko Ishii Daisuke Aibara Seito Sato Hiroyasu Kubo Takashi 58

Synthesis, properties and chemical modification of a persistent triisopropylsilylethynyl 2022

substituted tri(9-anthryl)methyl radical

Chemical Communications 3306 3309
DOl

10.1039/D2CC00548D

Nishiuchi Tomohiko Makihara Yuta Kishi Ryohei Sato Hiroyasu Kubo Takashi 36

Stacked antiaromaticity in the 11 - congested space between the aromatic rings in the anthracene 2022

dimer

Journal of Physical Organic Chemistry e4451
DOl

10.1002/poc.4451

Kubo Takashi 95

Closed-shell and open-shell dual nature of singlet diradical compounds 2023

Pure and Applied Chemistry 363 375

DOl
10.1515/pac-2023-0114




Kodama Takuya Hirao Yasukazu Kubo Takashi

Synthesis and Properties of a Through-Space Interacting Diradicaloid 2023

Precision Chemistry -
DOI

10.1021/prechem.3c00024

Hirao Yasukazu Daifuku Yoko Ihara Keiji Kubo Takashi 60

Spin-Spin Interactions in One- Dimensional Assemblies of a Cumulene- Based Singlet Biradical 2021

Angewandte Chemie International Edition

21319 21326

DOl
10.1002/anie. 202105740

Kubo Takashi Suga Yuki Hashizume Daisuke Suzuki Hiroki Miyamoto Tatsuya Okamoto Hiroshi 143
Kishi Ryohei Nakano Masayoshi
Long Carbon-Carbon Bonding beyond 2  in Tris(9-fluorenylidene)methane 2021

Journal of the American Chemical Society

14360 14366

DOl
10.1021/jacs.1c07431

Kubo Takashi 94
Syntheses and Properties of Open-Shell 7t -Conjugated Molecules 2021
Bulletin of the Chemical Society of Japan 2235 2244

DOl
10.1246/bcsj - 20210224




Kodama Takuya Aoba Mitsuya Hirao Yasukazu Rivero Samara Medina Casado Juan Kubo Takashi 61
Molecular and Spin Structures of a Through- Space Conjugated Triradical System 2022
Angewandte Chemie International Edition 202200688

DOl
10.1002/anie. 202200688

13 13 7

Takashi Kubo

Recent studies on Tt -expanded trinaphtho[3.3.3]propellane

Beilsten Organic Chemistry Symposium 2023

2023

Takashi Kubo

Recent studies on Tt -expanded trinaphtho[3.3.3]propellane

Solvation Chemistry and Reactive Molecules (755. WE-Heraeus-Seminar)

2023

Takashi Kubo

Nature of electron-electron coupling in carbon-carbon contacts beyond 2

10th Pacific Symposium on Radical Chemistry (PSRC-10)

2023




Takashi Kubo

Long carbon-carbon bonding beyond 2 in tris(9-fuorenylidene)methane

The 19th International Symposium on Novel Aromatic Compounds (ISNA-19)

2022

33

2023

Takashi Kubo

Sigmarene: Duality of Reactivity Characterized by Closed-Shell and Open-Shell Electronic Structure

25th IUPAC Conference on Physical Organic Chemistry (1CPOC25)

2022

Takashi Kubo

1D-Chain of Organic Radicals and Biradicals with Close 1 -1t -Contact

UHMob International Conference; Organic Semiconductors: From Principles to Applications

2022




34

2022

30

2022

11

2021

2021

14

2021




2021

2021

Takashi KUBO

Duality of Reactivity Characterized by Closed-Shell and Open-Shell Electronic Structure

PACIFICHEM2021

2021

http://www.chem.sci.osaka-u.ac.jp/lab/kubo/

(Nakano Masayoshi)

(80252568) (14401)

2021 11 30







