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Control of Highly Dimensional Structure of pi-Conjugated Compounds and
Functionalization
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We developed a series of functional pi-electronic materials using our
original pi-skeleton from viewpoints of control of highly dimensional orientation of compound in the
solid state. For example, HND-Azulene bearing quasi-planar skeleton and azulene core was
demonstrated to exhibit high performance as p-type semiconductor in perovskite solar cells. the
cells using HND-Azulene improves the power conversion efficienci by 1.2 times compared to that with
standard materials. We also designed and synthesized T-shaped skeleton, which was found to be useful
as an electron-accepting unit in D-A materials in organic photovoltaics. Moreover, the expanded
quasi-planar skeleton can be used as a key skeleton for CPL materials, which allow the emission
color tuning over the whole visible region.



¥ X C—19, F-19—1,7Z—19, CK—19 ()

1. WHEBAR SO 5

U, AN T U AL A EL. AR
PhEIciE SN oAk L7 be=27 20D
SBENEEEEDOTND, RO L7
LOITHAEMEICHY -+ ThHD, TNET,
TR TRT H A7 & OFR[E T
O EWHEERS o 4% % (J. E. Anthony,
Angew. Chem. Int. Ed. 2008, 47, 452.) <>, RV

FHT7 xR EO IR Y ~— (Y. Yang, et.

al. Nat. Photon. 2012, 6, 153)% .l & L7
a—FIZLY ., HRxeiREtE n BT RSO
BB AN ENNTRY AT b TE 7, L
ML, EEICHWLNE D TRERD & #
NIHEREZ BT 50 TIRMEKARR LTV 5
ONRBURTH Y . ST H LWy TR0
NS LENTND,

A BE DN R A B & PRE AT 572 D AT

ABMEITIIARORE S22 457 %
MWsRICHD, TDD, AT 2 to
= AME L LTROOND T T I 7w
— X —TOBEEPEOFRBUIT, 7 FHNDE
FAREE OB A T, 70T OBLE O il i,
FTROHERKRETO Tn 8o E o
) DREVCEEL 2D,

2. WMHEOHM

IHNETIZHWLNTE -HEEEME n & 76
BtE T OF] EWHIBENLRTHRD L,
T7I73—LrREOD—HERNT, ZTDOIFEA
ERFEEREZ —IRITTHFANIHEER H D WO s
L7z, BRSO BIRO G FIZRLGI TN S
ZEIZRMHL, I T A4 MR TT—L D
Birn AX v JHEENORGIEBTED X
N, o r BEEZRL (— MR R
=Wt (7 7 AZ—R) I[Pk S ¥ o mikot o
HERbEYRZAR TS Z T, T
O rnHEOHEERZE LMLt &
NTELETTHD, Tk, EWER
BENRE O R e B A o BERF I 2 &L RSy
B ORI 70 R B ARG T 5 22 H L 7= P hE
BETIAEWETMEIOBRENEIRTE LY
DEEZT,

3. WOk

AWFETIZ, 2HHDERICHEASNT, o &
FTROBEBAREEOHBNIIMA T, R HD
TEAZ K D E AR RE T 4y 1Bl i 8 & v 5 i
R, —#O 1 B RIEAEWREZRE L.
INSDERRICEY AT, —#EOELNT
EREEMITHOWN T, Z O SRR A FEm 5
Hllblo, EBICAK=L Y tr=s AT
NWNAZANEINHL, 2NE DS DREN T
INA AN RAZ TR DV CREMIZ R AE
L7,

4. WFFERRE:

F. BVAMAT DN, MEFE RS 2 i
BRICL ALY TH D, ZhiE, kD
S, FRE TE OSSO —
B Tholzmn, Famhrbb Lt aks

HWaZ LT, rRLENTIEVIAT L S 72
o CERNRy X THEETERTH2E VST
ATTIESNW LD THD, TDETNVE
LT, N Z7=2=AT7 3% BT
Fest COME Lo Bk 2 akat B L7 (X 1),

ETEEME 7

) "
< = ““{Qo
Inversion barrier: N ’@

N— J!/ =
9.1 keal/maol 0

:/@

~H ]
dispersion in trwe direction of
the C-H bonds

X1 BREEENY 7 2= L7 2 EH.

BEHLEmE LT, KEKO &K E 5K
L. & OREMER AN L7z, X ARG Ak
AT OFER, OB AIREET, BRAE
RICER o7 TSGR LB & 2l
RBLEE (K 2), on-kmEEs2 Az
ADF 3 EOMER., 2O g A% v ¥ 7 HMIC
XU RERBAEEFELZ LSO EN RS
Ni-, EEEIC, 2 b OfERICH LT, v~ 7
% & V7= TRMC JIIE 2170, Syl 6
PEICEWE L 22 L 2 FERAICHEZRE L
oo BT, LAY DOEZEHREIC L 0 ]
L7 ClX, 7TEALT 7 AR H>— T,
OIS DNy X TREEEREFL T
B, BRI L CEESMIC3MHELEWE
Pl TIRvSE S i RN N 2 [ DY Al Rl el
(Angew. Chem. Int. Ed. 2014, 53, 5800.), Z 1L
DO BAEEREIT, IS EE S RIZE WD
BEELLELE T 5H EL R KpE &
DT A AEE G A etETH 5.

o On-top m-stacking

2. WEVHRRE " BAD /Sy X IS,

T, INH LAWY & IEfLlgs A R
ELTHWEARK EL 7354 ZA&FR LT &
Z A, a-NPD 7¢ EREROMENT LT, AHF
e ELEAEE L THWD Z LT, 7231
AREMEN 12 fFlcmEd 22 EEHLMMNIL
7= (Bull. Chem. Soc. Jpn. 2016, 89, 726. Selected
Paper).,

EHI, RKERERNT, IV ZRICWIC
2 PR LT AWM A Hii-icE 2T, T7/&
bbb, TAV UV ZEEKICHWT, Zhic4
ODFRFELEB RN 7= LT I VB EEA
L 72 HND-Azulene % i%at. &k L7z, AFZH
L&, Azulene DEIRKT k7 7R 7 FILK
I (Synlett 2015, 26,1578.) (X V. BHIZA



KT DIENARRTH -7z, EEITELNT
HND-Azulene X1 7 25 A + KBEEMOD
HTL ([ Wz & 2 A, kDK ¥ Spiro-
OMeTAD % WA 12T, oD
BRCEIEN A B L. 16%% 88 2 5 W EEH
RKNELNT (J Am. Chem. Soc. 2015, 137,
15656. HUEHTE 72 & TR, X 3), —HEDk
BilbamE ., Bt oa 72014
KEFEMFFEZ LT 52 itk a7
A1 A NRBEEMO mRh I ML E R TR
R B O BRI EZ A S C L, ket
FEEt 2 BAMEI R T 2 SR LTz,

) Hr\_ID-AzuIene )
QO Q
O J ° { : 7\ () O D I

Q:)\ o 5{? %0 0@;@

@ L/

m-Ph-HND2D2 m-Ph-HND1D2
Aaps =388 nm Japs =382 nm
Jeqge =426 nm Aeqge =425 nm

FR % TR B A L \\\

SR

1.0 1.2

=
Curreritder
o &

o

02 04 06 08
Voltage / V

3. HND-Azulene # i\ /= Xa 7 A1 4 b K&
HRFME.

X5, WIREEE L OMBLE Y 7
T VT S BRI Ry X T L
WEMBEREEEZ LS LICER L, NERK
Z P 72375 BRI I LS PEA B O B 1T B
DRLATE, AR I & & 7= Ze Al R
KB TH D 22D, 5B gk R A
bR EHI, A EL o KBEE MO, AR
BUY—T NS R Ex e Fi L b
S AT NN, ATERERDHD, LL, £DO
—F T, 20X MO, n LEFRD
PRARIZ £ 2 YW D B B b &2 W i 2 i) L
RN B EMEEEEE PO LY IR EED
ZENRTEDLDEV ) HCHEEMN 2R ETH
Lo ZHIUTH LT, ¥EEEHKRENCE VR
DA ZLLCHERE L BRIREREFL, AL
=& 2 A, ARG O @ e iarE L T
N7 7 ARREEE L BN, EilkoEE:
CE b LA AW & [RIFRE 0 v IE FLG 5 AR
MAoR9 2 & &2 R L7z (Chem. Lett. 2017, 46,

817. Editor’s Choice, X 4), &K 1FRTiL, i
ELT7ER I HOMO 2B L THBY . o
WIZE Y I F A FEA~DOFERS = R — 3N
ST LN, PR A E O I FLER O R A R R
THERND—DO>THDHEEZBND,

Z OB ERKIL, ~U DA~ E Sy
FRE R L RT D2 LT F R R
~EEETAIZELARETH D, EROEER
G RNY 7 2= T BRI, RN VR
Y9 L OKKEEREREE L 9 keal/mol F2EE T, BI&
RRELMETIE, HREIIKELTWS 0L
265, —J. DFT SHEORE, o
VLR O F T L UBRICEIRID D
L T, FDONEEERE % 29 keal/mol (ZHE N & &
DB ENARRTHDZ LN oTz, ZHIZ
EHL, —EHOBBREFBUS 7= LT I/
TV UFHEERE, N g E SOk
Al LCEGEN, AL (K5, o
AL, 2T 08T HITE0 ., HFyE A
BETHY . CD A7 MLIZ LY, AR
MR ERT L AR L, SHIC, 2
o OLEMIE, FHRER LM (CPL) 2R
L. ZORNEITTFT 7 XL UBRERSICE AT
HEMILOE TR E BRI 0 Fan
R E TR 2k CHIS FTRE T H D
Z &R L (U Org. Chem. 2017, 82, 5242,
X 5),

Circularly Polarized Luminescence (CPL)

X 5. FmLFEErE (CPL) APk

— WIS, G BE T 0 & v A i 5
FetE DR, BEERETOE R Ry X7
BEEDOIE N EE L 7250, RRFIZHEIOWR
fRMENFE LK TFTL, ZoZ ENBEAROA
B BRBHRE DR vy ZRREE T 5> T
%, ZHUTx LT, ARWFETIE, TN TO
SN AR EDFHWEES & RlHRfERE 2 %
& L 7= B o0 845 B B - B R R B O 3% B
RIZWM AT, TOT-DDORERKE LT,
RS FT T = )VIZTF T — )V E R % b
RIS ELZRHLE, TOTTVLEY
ELTHRM LIZFHEMRIT, X SRS E i
OFER, BWERERMEZ LS Z & 2R LT,
— 7T BEEWIL. CHCL 72 & O — R 72 IR
BE2>100 mg/mL PL BB EMET 25 70 &m0
ittt b Hbo b > Z & Z iR L7z (Chem. Lett.
2014,43,1386.), & BT, ABHE DM )5 O A i
BTG HEDO N 7= T I KA E
A L7 D-A-D BOLEWIL, dTIRIMEIEIC T
WERTNREEE L TCOLHEETIZ 2R



H U7z (Chem. Lett. 2016, 45, 892. (Editor’s

Choice, Cover Picture), F7=. AH# & E
HMEERG L 2 L2 D-A R U ~—%, A1
TSR G AR D SE WM M S E AR B & LT
BWHEL. 22 MW T A 22BN T, 6%
w2 D IBEEBFE A R T 2 LN bo T,

ﬁ/‘?!i\ \—ﬂi—( \— T %Fﬁ‘ %0)
Bz s g s G EMEE LT, 4 %W
TEEDVPORURNERNNESEZEERT ST
EERBEL TS, RIFFETIEH, XY FT
T = TF = LR Y L EEREA LA
BMEAR LI EZ A, RILEWMD. 45T
B-N FEALAE A O Al 72 JE RIS S\ T
Bkxprm Iy 7 BRERTZEERMN L
(Chem. Eur. J. 2017, 23,3784, X 6), F7=.
B-N FfrfE& % b ok ?ﬂeﬂkﬁﬂi?:nwm’“T

VL ke B R N 72— D D-ni-
A BIEBFEEZBTE L. 250 AR A

%?@@%%Hﬂ'f@:ﬁﬂ& LCHRET D Z L &R
L7,

xR
B o] \\ S-N \\

T A

Reversible B-N Coordination Bond
Formation and Dissociation

<L -
Chromic Behaviors
]
Cool|ng st
‘ I Heating ' '
Grinding y
h , MeOH vapor @
e’

oy V\] B-N BfziE & O r[ipy e iz 25 <
VA= i v 75T
5. LARRWLE

(WHFEREH . WHFE 0 HHE R OEEERT SR 1T
=)

CdEssam e (B 12 14F)
1) A. Wakamiya, H. Nishimura, T. Fukushima, F.
Suzuki, A. Saeki, S. Seki, I. Osaka, T. Sasamori, M.
Murata, Y. Murata, H. Kaji, On-Top m-Stacking of
Quasiplanar Molecules in Hole-Transporting
Materials: Inducing Anisotropic Carrier Mobility
in Amorphous Films, Angew. Chem. Int. Ed. 2014,
53, 5800-5804. A& ® A, DOL
10.1002/anie.201400068.

2) M. Satou, K.Uchinaga, A.Wakamiya, Y. Murata,
Thiazole-Fused Benzothiaziazole as a Key
Skeleton for T-Shaped Electron Accepting
Building Blocks, Chem. Lett. 2014, 43, 1386-1388.
#5E A, https://doi.org/10.1246/c1.140487.

3) H. Nishimura, M. N. Eliseeva, A. Wakamiya, L.
T. Scott, 1,3,5,7-Tetra(Bpin)azulene by Exhaustive
Direct Borylation of Azulene and 5,7-
Di(Bpin)azulene by  Selective  Subsequent
Deborylation, Synlett 2015, 26, 1578-1580. #Hi
A, (DOI: 10.1055/5-0034-1380686).

4) H. Nishimura, N. Ishida, A. Shimazaki, A.
Wakamiya, A. Saeki, L. T. Scott, Y. Murata, Hole-
Transporting Materials with a Two-Dimensionally
Expanded n-System around an Azulene Core for
Efficient Perovskite Solar Cells. J. Am. Chem. Soc.
2015, 137, 15656-15659. # @t £i, ( DOL
10.1021/jacs.5b11008) .

5) H. Nishimura, T. Fukushima, A. Wakamiya, Y.
Murata, H. Kaji, The Influence of Quasiplanar
Structures ~ of  Partially =~ Oxygen-Bridged
Triphenylamine Dimers on the Properties of their
Bulk Films, Bull. Chem. Soc. Jpn. 2016, 89, 726-
732. u)uﬁ DOI: 10.1246/bcsj.20160031.

6) M. Satou, T. Nakamura, Y. Aramaki, S. Okazaki,

M. Murata, A. Wakamiya, Y. Murata, Near-
Infrared Emissive Donor—Acceptor-Type
Molecules Containing Thiazole-Fused

Benzothiadiazole as an Electron-Acceptor Moiety,
Chem. Lett. 2016, 45, 892-894. 7 3 i ,
doi:10.1246/c1.160519.

7) H. Shimogawa, M. Endo, T. Taniguchi, Y.
Nakaike, M. Kawaraya, H. Segawa, Y. Murata, A.
Wakamiya, D-n—A Dyes with an Intramolecular
B-N Coordination Bond as a Key Scaffold for
Electronic Structural Tuning and Their Application
in Dye-Sensitized Solar Cells, Bull. Chem. Soc.
Jpn. 2017, 90, 441-450. & #H A
doi:10.1246/bcsj.20160421.

8) H. Shimogawa, M. Endo, Y. Nakaike, Y. Murata,
A. Wakamiya, D-n-A Dyes with
Diketopyrrolopyrrole  and  Boryl-substituted
Thienylthiazole Units for Dye-sensitized Solar
Cells with High JSC Values, Chem. Lett. 2017, 46,
715-718, & HiA, doi:10.1246/c1.170087.

9) H. Nishimura, Y. Hasegawa, A. Wakamiya, Y.
Murata, evelopment of Transparent Organic Hole-
transporting Materials Using Partially Oxygen-
bridged Triphenylamine Skeletons, Chem. Lett.
2017, 46, 817-820. (Editor’s Choice) 7 #i A,
doi:10.1246/c1.170164.

10) H. Nishimura, K. Tanaka, Y. Morisaki, Y.
Chujo, A. Wakamiya, Y. Murta, Oxygen-bridged
Diphenylnaphthylamine as a Scaffold for Full-
color Circularly Polarized Luminescent Materials,
J. Org. Chem. 2017, 82, 5242-5249. #FHif, DOL:
10.1021/acs.joc.7b00511.



11) H. Shimogawa, O. Yoshikawa, Y. Aramaki, M.
Murata, A. Wakamiya, Y. Murata, 4,7-Bis[3-
(dimesitylboryl)thien-2-yl]benzothiadiazole:
Solvato-, Thermo-, and Mechanochromism Based
on the Reversible Formation of an Intramolecular
B-N Bond, Chem. Eur. J. 2017, 23, 3784-3791.
£HiA, DOI 10.1002/chem.201606041.

12) A. Wakamiya, H. Nishimura, Y. Murata,
Partially Oxygen-Bridged Triphenylamines with a
Quasiplanar Structure as a Key Scaffold for Hole-
Transporting Materials, J. Syn. Org. Chem. Jpn.
2016, 74, 1128-1135. & ® A
doi.org/10.5059/yukigoseikyokaishi.74.1128

(FxR) (Gt 83 1)

(XE) GF 41

1) EHEEE, B L, HH-Xa 7 20
A N KBGEMA I T DA EARA LB % | |
N TR A N KIGERICI T DA
FPEFBIZE . 2016 4. vol 90, No. 5, p150-158.

2) EEVEE. BE a7 2 b4 N AKEER
DOWFFERI % & ERbRFEIm |, Xue 7 A hA
kKB EM D 72D D IEFLEREM B OBISE . &

WOCHREE 55 49 =, p34-39.

3) HEEE, FESn T ADA KB
Z D% DRE-, ~1u T 20 A FKEGEOT-
D DA BEAERMBE T K= R L F—
“Journal of Japan Solar Energy Society”, 2017,
vol 43 (2), p35-41.

4) FHEEER, HHNFE, FEERE, 570
JE % B AW PRI TR 23— 3 2 A 1S
7o ATl S PEA B O BRFE - A B,
2014, 69(11), 12-17.

(PEEIA PEHE)
OmERd Gt 3 1)

D) 4 AR ELMET R ZENEH W
B IR 15 28 it

A A EEE. FPHE—ER, WIRAL v
MM, BEIIET, ALLTER, B HEEERER
MEFIZE - BN RSB N E RS L KAk
NAHRERY

FEAE : HFEF

%5 Kl 2015-042988

HEEFEH B P27 43 H 4 H

EWNAOR] . BN

2) LR ~— R OFNE AT AR
KE5EH

FHHE A EEE, O ESE, EiE w. M
K ER

MERF « ENL KPR N ED R

FEAE : HFEF

&5 FPlE 2015-182910
HFEFEHH . ERk 2749 H 16 H
EWs OB EN

3) LR AHEIEE, AR, JLLERE, 7
Fva G, Ve Afbay V, TAT=
A~F 74—, FHBKRE

AR HEEE Y ESE, =k se. MHYE
K ER

MERIE « B KRB NTER S

FHXH : BT

&5 F5FE 2016-013870

HBEFEH B - SERc28 421 A 27 H

EWNsOR] : EN

(£ Dfh)
R— LR—

6. WFICREAE

(D) WFgefzs

R 1A (WAKAMIYA, Atsushi)
TAEBREE AL AT - MR
ot E &5 0 60362224

(2) Tt )13
e g BA%2 (SAEKI, Akinori)
KIRKF: « RFF: LR - 20w

A HEERES (MURATA, Yasujiro)
HESK T - AL FWFIERT - 2%

¥e 5488 (KAJI, Hironori)
TR - ALZFARSEET - 2%



