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New strategy for narrowing energy gaps by aza-substitution to isolated LUMO
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Substitution of electronegative nitrogen for carbon in the 1 -conjugated

system (aza-substitution) can stabilize the highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO). In this project, we aim to show the selective lowering of
isolated LUMO by aza-substitution for establishing a new strategy for narrowing the energy gap. In
particular, molecules having an extended Tt -conjugated system are likely to lose solid-state
luminescence, as is often the case with common organic luminescent dyes, due to concentration
guenching caused by intermolecular interactions. In this research, we aimed to develop small
near-infrared emitting dyes. By aza-substituting two sites on the benzene ring to selectively lower
the LUMO, and by further complexing with boron, we were able to obtain near-infrared luminescence.




X C—19,. F—19—1, Z2—19 (@)

1. WFFEBHAES YOS 5
WARAEEE 700 nm~2 pm)i3 & VW E E i A
O, EHEESCERA A=V T TOINHDOHR R 5T,
ERETHBBEFTRER T A T WO AL E I
DIERIKRIE~DICH e & RIS ER & T
W5, I TR ARG D ITITRT XL F—F y
Y T OBFEENVLETH Y, AT o R E
gl U CETRS - it 5 MEEASCE LA
L2V AENThand, —H, 700 nm [ZFELHRAK 5 ~
R DIIFIEE o WERPNLETH Y | MRS . i
SFIERAE 225X 1), LIE-> THREE LS < InLn
LW &R0, RSBV R AERIC X 0 R
FAFIEHZ I, BEIRTEEY IV, TR FH
EL HOES T HbMELE SN THEN, ¥—77 4 VA " 813nm
D OIXREER G AN Z 0, PLE, BIRFEEOKE. K1 RERNZ2ERINEEEA AR
== RS2 DI, Yk o IR L L72BE s & Bk E

17 DOHEME CIXR R AW 2 Tz,

A2 LUMO ~7 WE#a & fii4 = & ©, BifFotaFE s ROiiNG
ERAFOAE L. B TAEE TN R B BIC g | e
Bole, FlzIE, AHRNEEKICIEEZ R BODIPY (& L TR 3.,"’
FORIMK : 9 650 nm)IZ 35\ THILZ LUMO % 7L Yy N X9
FEF LD R L(” 2), 2 207 PEiE fid L coptpy: Y R
100 nm PL ERIEEARICAEI L, mRs et L 7o FHER :
7=(Polym. J. 2018, 271), 135 417= 7 # f& 2 BODIPY /% w WP gy BODIY CERS
ARSI iR E R L P b ees ST g [\

o772, % LC BATARE EL 351 (Macromolecules 2014, pi L b 3 /

2316) AT HANFE ML A S o F- L — & —(Bioorg. Med. oy &l A

Chem. Lett. 2015, 533 ) DOBAFEIZE Y | T4 5 ITBEF D = ;

AR 2 BT 2% s Uiz, RIFEIZZ 6 OfE -

REFINCHRIE L, WA FEE L CHESLZ B R " wavalengthinm)

THLOTH D, X 2 IS LUMO CTO7T HE#Iz L b
ARSI AL

2. WHEOHB

ARFFETIE, B R F—F ¥ » THEEZ RIS 572012, HEROELAREIE TH 5 %R IE
R 2O RWETHIE O 2 B E 35, BRI T2 LUMO | 267 ' B#xFEE T
B L, LUMO O R /LXF—WM 2 RINIZEIZ TIF D2 L TR I VX —F v v 7T D%
HWOMNL 7 X5, BROEBOT-DOEEITRIIFENOFEB L A0 7 70 I XM, @FEKM
72PN LUMO DA & AR IEAR B O RIANFEHACZ1T 5, AFIEOERKIZ LV, Tn 5%
JEAR ) L IIMNZOE FHE A L D BRI R X — X r v ST HHIE AR R T E B,
Fo, REIKIC XD RIEE Y 7 SO RSISEEOSBILICHE I CTH D 2 & &2 L, RAEOH
LWHRAMEEZRET S, S50, By FEIERAEIEATHE, ITRIERRE G, TR A D
J 7 v X RN BATRAAHE EL AR 7 4 VB e D ek D o B RILR TIX A
kS R EE 22 M ORI B X5,

3. WHEED Tk

RUZRTITZED 2p # R R
EIZHRT 2 EFZAENE o
ALTBY, ~TuJiTL
PR T H 2 L TAT R S
FOBEFZEMEEKREL @ "7
WHZENRHBNTND,

BT, AURERIZED °
MR EZ L LT, ®m R
ThER 73S ¥ R=H :L-H R=H :Pz_Mes-H
ﬁi@%@ggnﬁiéf e o ke At R = OMe : Pz_Mes-OMe
Pkoz ko ABET ST AL BUREROSR

L BT REMO 1tk =y N Tho T U R L LB T2 AR L, ik v SRR
fBIZX W T OB FZRMEEZED D 2 & THRIMER TORDERINFHEEZ AT D5 FO
Althx=HfE L7,




2% =L 1 DL S ICERF O T RAL ATV A% v 32K (P2 Mes-H) % &k L 7=
BETHGPED A kL HEA A LTk 7 SRS (P2 Mes-OMe)lo> T b MRS AR L, 2 Fik
DR T FEERIC SN T ML SRR TOES - TR ALY ML, TR koL, R
FIREDRE & AT o0 7 OFERH B EA Ui B RIET RIS T H B LT,

4. WFTERRR .

AL 7oA U FE SR Pz_Mes-H, R 1 SHROIEFRHE
Pz_Mes-OMe Z L ZHUUC OV T, 1% 10 k! Kl
M kL™ V{ﬁ{fﬁ%?ﬁfi—%% . ﬂ*ﬁ'ﬂ”ﬂ Aabsmax  ApL [ T/
AT MVEIE, FI AL N VIIE, By o P W0
BICERAGE, BICEMIE TR - sl ¢l

To(F 1, 3). Pz_Mes-H, Pz_Mes-
OMe 2:12 700 nm B> % B4k Pz MessH 621 718 005 12 42 79
ORNEPBR SN TEBY , TR Pz Mes-

R FF O FOEMICIILIZ L F - 641 739 004 08 50 120
%%, F£72. Pz_Mes-H, Pz_Mes-OMe OMe

XU « B AT MV O HKERIL

TWD Z &b RO DRI - 38

HMAENTND EEZ HDHH, Pz_Mes-H

(= T Pz_Mes-OMe 1ML - 5 73 12 Pz Mes-H
EEELTHDZ & ﬁ‘%aﬁ%fﬂi’ﬁ‘il‘i@f ]\ 104 Pz_Mes-OMe
FUHEEHEALLDRIZONTH MR

o Sl Ak -
ROWETRONBHLFEERVMEL 2T 2

W5, = o064

F7 Ix10°M2-AFLF RTk K75 EDE

VURTRIRRE T, SRR TOMWIL A~ 7 N VI, =
FIRKNTTIK TOIHEAT PAVRHIE, &F
INRRE, RAEFMREEITR - T, HEHHE 0.2
FEER ke ISR L 77 K S & TR
/J‘éb‘@ itrb ﬁﬁm%@f&iﬁ knr 1% 77 K 0.0 T y T T T T
FHTFTTRESIET LTS, ZOFREEND 500 600 700 800
Pz Mes-H © Pz_Mes-OMe OJiLikAEIC 5\ WU I L

T OEN L DRIEDFENRENEE 3 (LA DRIE AR L
Zbivd,

DFT FH5IZ X 0 BN T & 2 DR 7 FSERD —HOMO. ——LuMo
HOMO, LUMO xR/ ¥ —HEN & T ZE N X!

HH L& Z A, Ry#Hkfic ks Rkai 237

LUMO LD, A MU HEOBEAIZL D
HOMO Y1 EANE LK 4), D=
»., Pz_Mes-H, Pz Mes-OMe & 5 52D\ T
bEZNZNORULT & i LT LUMO #E(i7 543 oo
BRESETLTND EWVIFRERBELN -

71,:0 :hbi\ 71,; W$$§{${sz J: > T [:05 :\/x\:/ L-H Pz_Mes-H L-OMe Pz_Mes-OMe
DEFZEEPRE @O LNIZHRTH D 4 DFT 21T L 2 85E O = L % — A7 [™
EEZOND, —HThUREEKRILIZLD

HOMO Y7 ~D 2T LUMO ¥ENL~DZ L & R T/hE L R YRR OEZF T ~DOENL
LUMO [ Z BRI T S Z DRI, £/, P4 27V v 7R E A Y —H
TEDFER L [AIERIZ, Pz_Mes-OMe (X Pz Mes-H X ¥ & HOMO #7273 EF- LT 5 &0 5 fERM
oz, FIZ, WETHOLNIWIE R LRI K > TH O RIEE L B3 —% L, &
790 OE G HIE TH O NN AT MDA ZHH kL D TH -7,

I ORI FE DR E X T DO THDES A D, £io. RIS T 57
5 kT, AuRERicko TEFZAME2=y F® LUMO #iZ KE K TFEHED LN
Y oF At E RTHERTHD EE XD,

fEme LTIV a e L TR YRR EZ AR LTc, G LT 2 DDOR U B AT
WIS T ARINE S FFEZ R L, E OB N E FICERIIBIER S STV DRI+ &
W IRMETE 572, BT, Pz_Mes-H & i L C Pz_Mes-OMe [ #2550 Fa U K 2 WRIN - &6
EOEREANA OGN, TNHOREITY A 27 U v 7R LE A Y —HIES° DFT #5E1 5
FRF S IUT, BRI VEOAL T & BB U O 7 BRI LUMO HEM A K& <K F L TW5bH 2 &4 DFT
HENSHR S, 20X )y FiEICE SRk Y BErAta =y McHEk L
7u T 4 TEIEDON LUMO OA % AR U FEEHRILIZ L > TRESEK TS5 Z &L H HOMO-
LUMO ¥ % v 7" K ONT RNV T 25k it T D AR & e 5 2 ERE X BND,

-3.03

Orbital Energy / eV

w

P



10 10 0 3

Watanabe Hiroyuki Tanaka Kazuo Chujo Yoshiki 13

Development of Long Wavelength Light-Absorptive Homopolymers Based on Pentaazaphenalene by 2021

Regioselective Oxidative Polymerization

Polymers 4021 4021
DOl

10.3390/polym13224021

Himeno Ryoji Ito Shunichiro Tanaka Kazuo Chujo Yoshiki 45

Synthesis, crystal structure, solid-state optical property and C-H activation of sp3 carbon of 2021

highly-stable 1-(2' ,6' -dimesitylphenyl)-2,3,4,5-tetraphenylborole

New Journal of Chemistry

22569 22573

DOl
10.1039/D1NJ04666G

Wada Keisuke Hashimoto Kazushi Ochi Junki Tanaka Kazuo Chujo Yoshiki 2
Rational design for thermochromic luminescence in amorphous polystyrene films with bis- o- 2021
carborane- substituted enhanced conjugated molecule having aggregation- induced luminochromism
Aggregate e93

DOl
10.1002/agt2.93
Ochi Junki Tanaka Kazuo Chujo Yoshiki 60
Dimerization-Induced Solid-State Excimer Emission Showing Consecutive Thermochromic 2021
Luminescence Based on Acridine-Modified o-Carboranes
Inorganic Chemistry 8990 8997

DOl
10.1021/acs. inorgchem.1c00901




Watanabe Hiroyuki Tanaka Kazuo Chujo Yoshiki 94

The Effect of the Substituent Positions on Self-Assembly Behaviors of Liquid-Crystalline 2021

1,3,4,6,9b-Pentaazaphenalene Derivatives

Bulletin of the Chemical Society of Japan 1854 1858
DOl

10.1246/bcsj .20210150

Nakamura Masashi Gon Masayuki Natsuda Shin-ichiro Tamai Yasunari Ohkita Hideo Tanaka 51

Kazuo Chujo Yoshiki

Development of NIR emissive fully-fused bisboron complexes with 11 -conjugated systems including 2022

multiple azo groups

Dalton Transactions 74 84
DOl

10.1039/D1DT03652A

Ito Shunichiro Ito Yoshinori Kazuo Tanaka Chujo Yoshiki 239

Near-infrared-emissive 1t -conjugated polymers based on five-coordinated silicon formazanate 2022

complexes

Polymer

124463 124463

DOl
10.1016/j .polymer.2021.124463

Yamamoto Hideki Ochi Junki Yuhara Kazuhiro Tanaka Kazuo Chujo Yoshiki

Switching between intramolecular charge transfer and excimer emissions in solids based on aryl-
modified ethynyl-o-carboranes

2022

Cell Reports Physical Science

100758 100758

DOl
10.1016/j .xcrp.2022.100758




Ito Shunichiro Fukuyama Misuzu Tanaka Kazuo Chujo Yoshiki

Effects of Regioregularity of 1 - Conjugated Polymers Composed of Boron (3 - Diketiminate on
Their Stimuli- Responsive Luminescence

2022

Macromolecular Chemistry and Physics

2100504

2100504

DOl
10.1002/macp - 202100504

Ochi Junki Yuhara Kazuhiro Tanaka Kazuo Chujo Yoshiki

Controlling the Dual- Emission Character of Aryl- Modified o- Carboranes by Intramolecular CH-0
Interaction Sites

2022

Chemistry ? A European Journal

DOl
10.1002/chem. 202200155

Kazuo Tanaka

Design of Stimuli-Responsive Luminescent Materials Containing Flexible Boron “ Element-Blocks”

PACIFICHEM2021

2021

Kazuo Tanaka

Development of film-type sensors based on stimuli-responsive conjugated polymers containing element-blocks

PACIFICHEM2021

2021




Kazuo Tanaka

Design for solid-state NIR-emissive materials based on aza-substituted AlEgens

International Conference on Aggregate Science 20th Anniversary of AIE Research

2021

Kazuo Tanaka

Development of stimuli-responsive luminescent polymers based on a flexible

element-block”

ACS spring meeting

2021

2021-030493

2021




