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WFFEEE R OBEE (J30) : Synthesis and arrangement control of heteroacenes were investigated in order
to develop high-performance charge-transporting materials. A variety of heteroacenes composed of
benzene/furan rings and benzene/furan/phosphole rings were successfully synthesized. In addition,
molecular arrangement in the solid state was controlled by introducing appropriate substituents.
Furthermore, heteroacenes with liquid-crystal nature were developed. Molecular arrangement via
liquid-crystalline state was found to be effective for higher charge-carrier mobility.

SRR ERR
(AL 2 1)
EHERE R S & gt

2008 4R 2,300,000 690,000 2,990,000
2009 4R 1,100,000 330,000 1,430,000

G

FEE

FRE
e 3,400,000 1,020,000 4,420,000

iR e e et

P D3 F - ME - BEL: - HREErEME

F—U— R AHEEER O - BOMBL - s SR - T r—L - TR

1. WFZEBRAAYS WD 5

NUE VB S DR EAIRICHEER Lo~ Z
oKL LEEAERERDIRNT Y
A4 (FET) 1%, 7E/NLT7 ALY a |t
S 2 mWERRBEE 2R, UL,
(1) HOMO—LUMO *F v v 7723/~ & < tligft
LEMEDME, (2) WREMELS, A O
B IE LT B A L DT 3 AERRIC
FARME, EWORMERHD. LehosT

INGOMEEMBHEL, D OX Y EWERE
B 2 R T B OB RN EEN TV S,

g EF L, BEBRSRME L DW= D
WX =)L« DR T T B REEE % B
FLTCE., 72, ERnzE)SALTE =
—IVERR T T VB A G o &S s
TRTREUVEARKRT DI EICEHIL TN,
MEERBEICA~AT R 2 EANTH & H
T Ul EOXIET D IRILKFT BTN



THOMO—LUMO F ¥ v 7R RKEZ W=D,
b ZEMEN M LT 52 ENmbTEY,
BifedEmBHEL ~RTWELREINT
WA, F£7, MMERBENEGR LI~TET
b, BbLEMICEN, 7T VR
EEANLTE S TIEEBILLZEEN T Z L
ZH LI L TWA.

2. WROBEBY

(1) Bz 7p~Ta—)L b _UB UBR &R
L= FE~T 1 7 & o ORISR D B
s

(2) T DRI RIE T RO
BH

(3) EHENBEMRIREETO Ny F o T
FAFTHBOM, 7o 6 QN B s R )
ED 7= D5y FEHIHIAEE O ST

3. WD Ik
(1) BFE~T T ® DL
ANTHE—LELTT T UVROARAR— L
BALICERTS. ~TuTrtrd LT,
BRI _UB B 2 D A~T o —/L 2 OB
L7z48E~Ta7®y, BLORUVEBUER
3obLATa—IL2 ONKER LT 5 Btk ~T
07 ACERT D, SRR ESH I
ERDE R T VRO AE B Z
W, ~TrETBIOEBRLEOZ R A S
W29 5.
(2) ~T a7 OhFE
BHLORIZ L > T, ~T a7t Bk
Z BREIEICAHR] 2T AR = RB L O
cofacial JRICHEIZ I H 5. Krlo, EHLEE AN
e LCE, RSB X O ES
NS EHAEE 2 B85, il SRS AT o HE
BEBIER 2 LI Ko T RIS S & fiRBA L,
BN R E A 5. £72, HFElHH
(2 & D B ERER Bl OWTRRTT 5.

4. WFFCRR R
O IR VAd)Ry V1,2-b:4,5-010 7 T
(DBBDF) #E{kD Ak

T E TIZARRIZHEP LTV 5 DBBDF @
B RES BICARTI L7z (Scheme 1). X9 5
TNT = = VTR LR EER &85 2 & T,
2,8 (LIZ A hF U E L L 7= DBBDF #i
K1BEO3INUTA Y T RN E#R
L7- DBBDF #iifk 2 AT 7=, ko
DBBDF &%k Tl, RFE—BEEMEA AR
INAS AN ;i1 "% SR SN AN QY b/ A 1]
bz bbb Z & T [RBEDBUE A
TU7Z. BAESIESEL EXNETH L0, K
etk DBREDORG S b NTa A~ O s
DIERIBIZHRTHER TS, Z 2 THELN
72~ DBBDF iFiE KL, & 5(THx 7ihEik~
EHARETH Y, B#ET7T L a7 —
JVEEANEML L7~ DBBDF 248K T 52 LIC

HAKTh L7=.

Scheme 1. DBBDFEEE D &R

HO Br
— — OR
/ A CuO
RO/ N\ / ——~
Br OH

R = Me or 'Pr
o OMe 0
-0
L1
MeO ¢} 0
1 2

(o)

2
9 S \/R _
—, &S ) \ s R=Ph OCeHis OCsH ete
8

O

ARk L 7245 Ff DBBDF #% & {4 HOMO ¥ X
NLUMO T RV F—HEAL (Epomo, ELumo) 78
5 N2 HOMO—LUMO =R /L¥—2 (E,) %
Table 1 12779, VW9 4D DBBDF #Hi#E K ¢, ~2
VHEEAZHANRD E LD KVY HOMO =R b
X —HUEfr L K& 72 HOMO—LUMO TR/
—E&E D, BBICLDIBILEZITIC WV
BEZoND. FTEERAL KT LS, 7
JL 3 % UEEKRTIE HOMO ©— 1)L ¥ —HEfT
» EFH L HOMO—LUMO T R /L¥—ZED
DR SN, ZHIEBER - EoJELA
BIRHDPEFERICFESG L TNDL2DTHD
EEZOBND. FRICH L7 = = VAR E A
TlX, HOMO — (/L ¥ —%EALZIE T L,
HOMO—LUMO = /LF—2Z X Liz. &
AT 7 = = VDR R O YRR & R RFIZE
FRBIFELE LTI TWD Z EERIB LT
W5,

Table 1. DBBDFEEE{AD T R ILF—HfL
Eg eV EHOMO eV ELUMO eV

28-MeO 334 -5.68 —2.34
2,8-CgHis0  3.32 -5.46 -2.14
3,9-CgHi70  3.31 -5.59 -2.28

2,8-Ph 3.38 -5.91 -2.53

MEMDBBDF 350 578 - 228

RyBty 221 -4.60 -2.39

QN Y RRAFBBROIRN S T T
(BPBF) #FHE{RD AR

RAR— VR ZMa R B I AR T 2 &
T LUMO O )VX—¥fEIKTFTEIESLZ
ENTED., LEEN-T, RAKR—/LEDH
AN, EFEEMEIOREE LTHERHTHS.
Al RAR—NVEE OB & LT,
RV RARA[3,2-b]_ Y 75 (BPBF)
FHER 3 DOAMIZEET L= (Scheme 2).



Scheme 2. BPBFEE AN & X

1) BuLi
2) CI,PPh o
o] 3) H,0,
O == L3
P
Br | PH O

3

&5 7= BPBF 3 (FFEHICIHEWT, 341
nm ([ZHREMARRIGEEE H 5, 428 nm (21K
KEFOHNERT. ZTOHNFEFIRIL
84% L EWZ LN ot Fi2, [EERAE
TOHREEFINERL 7% EmNI Enbn
o7 T, KE72Stokes 7 M LD D
DEEZTND.

(®DBBDF i 5 (A& 7 431K 41 i) f)
DRI, bbb 28 MLl T vV
2 OMEHL L7~ DBBDF #HE(AN, Hifksh
WZBWT T B FEAE RS DED XD
12 (cofacial) /Ry ¥ 752 ENbhnoiz
(Figure 1). Ziu, HE@#EH#L0 DBBDF 23~
VUomR—oRyx o 74528 LBRIT
HY, T T OESEIEIZ A 72 EE R
HRTHD.

Figure 1. 2,8 it{C A4 7 F /L3N EH#: L 7= DBBDF #5E A
DRy X THEE

28N FETZIT3INICREET L a3 % &
#i 1 7= DBBDF #H8(RIZRH L COREEAE
HE (DSC) 2B 27/ o7z. 28 (LI T /L%
VAR FFOFFEMRTITE M LSRN T
DR NEZ 2 T=DRTH o720, 3,91
ERAEATIIEROMHEBEE PR I
(Figure 2a) . & Z CH&IE TR JCBEMBIBIZE
EBIRolml A, 3.9 MLEBRTIRIRE

HEEK L TWD Z Enbd- 7= (Figure 2b) .

WREETEZ R LT 3.9 (oA 7 Fu4 % o5&
DNEHL L7~ DBBDF #FEK %z BT, b
Tar Xy MO FET #1 & {ERk L=, HZE
AEBEZLDWESHAICIE, 042 x 107
cm?V sl Vi =-28V, on/off=13x10° &
V9 FET ##E A 457- (Table 2). KRIZ, 120 °C
T 12 FRf, EZEAERAEMEVLEEL, Z0

By —R R A U EMEZRE L CFET &1
ZVERL LT, ZORESE, MEVLELZ L T 7z
WG AT FET fptEdm £ L7z (0.56 x
102 ecm?V s, Vy, = =11 V, on/off = 1.0
x 10°). JR7-MABEMEE (AFM) THiEO#£
MBI ZB 229 &, MEVLERETII R - 72
FHED, WERITTEIEE 2o TWND I &N
WTE . E72, AFM BB LD X
#ElPr (XRD) HIE L Y, DBBDF #E{Ax
FEFIZKH LT RGN EEICR D &
INCESIL, ERMEEZR L TWD Z &R
bhot=. bz &b, &R ToMmEL
BRI X o TR S T L BB 7p st
MK S 4, DBBDF ‘B OMEIER N Y
— A« RUA VECOBERMEEN LY AFN

RolzlzotEZ TV,
(@) (o) g
50 100 150 200 250 300

Figure 2. 3,9 (\iic A4 7 F /LA % 2 FEAVEH#: L 7= DBBDF
FHE R (a) DSCHIE L (b) ffICEEMEEBIZE (hHLEE,
230 °C)

Table 2. DBBDF # % 6 LN =FETZ F D i

H—k g BEE
B1gE ESL Jem2V-1s! Vin/V  onloff
HMDS/SIO, #LE#L  42x102 28  13x10°

120°C,12h  56x102 -11  1.0x10°

SiO, BMEEEL  1.0x102 29 63x10°
120°C,12h  29x102 17 22x10°

Si0, BLEEL  90x10° -6 22
120°C,12h  45x10°® 42 29x10?

Ay FECHN I A2 B B9, ATl A &
a4 A L 7= DBBDF #FEADARIZ O
THigt L7z (Scheme 3). 6,12 72 I 7 HE &
#i 1 7= DBBDF #FHE KN DR 2 727 0 A D v
TV TR LT, FROREUBRIZ
T U= LI T = )VE 2 ORNEH LT
K 4, 5 SHICRY~— 6 AT DH
LN C&7=. DBBDF #Fiff 4, 5 T, &
B & [R5 DKV HOMO R L —YE(7
ZEH 72535, HOMO—LUMO T % /L ¥ —7%
N/INEL 7257~ (Table 3). Ziux, =itk
BNER L2 & & DI, SEBRENE RS
PEFEE LTI ZZ L ARIB L TUWNA.

4 DBBDF #5380 X s s it 2 3
ThholtbZ A, WY DBBDF BN Z
O ¢ HEVE Z WA DS X9 ICES
L 7= cofacial /Xy ¥ 7 HEKT D Z &0
Mo 7= (Figure 3). Z Ui, MEEHKTIEIA~



Vo R—=0 RNy X ZTE2ERT D0 L T%
MPTH Y, 1Rl A~ @ #IEEE A3,
ERTREIZ A7 cofacial Bi¥ # B4 2 D
AN RFETHELILEZTRTHOTHD.

Scheme 3. 6, 12| E#f & % F DDBBDFIEBAD &R

M, = 14,800 g-mol~'
6 My/M, - 3.5

Table 3. DBBDFEEHHA D T+ L ¥ —Hhi

Eg/eV  Ejomo/eV  Epumo! eV
4 3.10 -5.66 -2.56
5 3.10 -5.92 -2.82
MEMDBBDF 350 -5.78 -2.28
(a)
bl |
.y |
, )
’ * 2>
L o = s L

(b

Figure 3. DBBDF &% 8K 0D X s MIFEMNT [(@) 4; (b)

5

5. EZRFERGRLE

(MERERm ) (B 1)

(D Koji Nakano, Motonobu Takahashi, Keiko
Kawaguchi, Kyoko Nozaki, Synthesis of
n-conjugated copolymer with dibenzo[d,d’Jbenzo
[1,2-b:4,5-b"]difuran unit in the main chain, &3¢
A v, Synthetic Metals, 2009, 159, 939-942.

(sR] (1 81F)
(DKoji Nakano, Synthesis of Dibenzo[d,d']benzo
[1,2-b:4,5-b"]difurans and Their Application to
Organic FET, The 8th International Symposium
on Functional n-Electron Systems, 2008 4% 7 H
20, /79—y (A=A LIT)
@ Koji Nakano, Synthesis and Properties of
Heteroacenes Containing Furan Rings, 18"
Iketani Conference, 2008 £E 10 H 21 A, K=
B EBRRES (K
@ EFEH], YV dd] R Y 1,2-b:4,5-b"]
V77 UHHROGREKE M, AR
89 AL, 2009 4R 3 H 29 H, AAREMM
& v oA (if)
@ Koji Nakano, Synthesis of Dibenzo[d,d’]
benzo[1,2-b:4,5-b'] difurans and m-Conjugated
Polymers with the Heteroacene Framework, 13th
International Symposium on Novel Aromatic
Compounds, 2009 47 H 21 H, V7 k&7
7 vr e T NI RAE)
O EE], ~T T ERE EHICAT
% n BT FOE, H 58 [Almsy it
&, 200949 H 17 A, FEARRFEREZF v
A (FEA)
©hEpw], HAARR[3,2-0]7 7 L HHE D3
B LB 2 BRI BRI G DGR & Wi,
HALERE 00 BEEFER 2010 4 3 A 26
H PR AR v A (HURBR)
(@ Koji_Nakano, Synthesis of Dibenzo[d,d’]
benzo[1,2-b:4,5-b’] difurans  and  Their
Application to Organic Semiconducotrs, The 9th
International Symposium on Functional =
-Electron Systems, 20104£5 H 25 H, 7 h 7
Z (7 AV ERE)
(®Koji Nakano, Synthesis and Properties of
Dibenzo[d,d'Jbenzo[1,2-b:4,5-b"] difuran
Derivatives, International Conference on Science
and Technology of Synthetic Metals 2010, 2010
F7H6 R, AEEZHRE G
@ EEHE, YRRy
[1,2-b:4,5-b"12 7 T > & a7 &9 25 Bk k%
&t 55 59 [\l o) f-@fama, 2010 429 A 17 H,
JevmE R mE AR ERER A ¥ —
(FL#%)

(X&) (GFt2 )

O ¥rsEa], B, RIERIEERY ~—
OFBPEIEHIE & FHERE (O HBE 55 11
B OMAESZRGERL=y P EHIZLO



FHnd & R Em s FOAIR), —= A —H
K, 2009 4F, 83—87 ~X—.

OB ETE], WK, K TAEEERO
ErERE L (O HEE - 2 = 1 E YT
BHCPEROGK)), P A= ReT 7 /1
D—, 2009 4, 117-136 R—.

(Z D)
http://park.itc.u-tokyo.ac.jp/nozakilab/

6. HFFERHRK

(1) WFgefRE
mE =% (NAKANO  KOJID)
WK « KB TR 70 R - Bh#
W75 %5 70345099

(2) g sy

2L

(3) EEEHF TR

2L



