$o% FHIPE KFFA
F-8 % RE
1.2 2 & ¥= £ 3 X (Nuclear Magnetic Resonance) Burker AMX 400
Al
2.7 % 4 7 ik (Elemental Analyzer) Perkin-Elmer 2400 %] o
3.% # & (Mass Spectrometer) JEOL Tokyo Japan JMS-700 %] » 7= *
FAB &% EI 2~ B]3¥ -
4.4 € & 7%k (TGA) Perkin Elmer TGA 7 4]
5.4 % 4Ff £ 4 17 &k (DSC) Perkin Elmer 7 ] -
6.% ¢k k- B sk k¥ &% (Ultraviolet-Visible Spectrophotometer)
Varian Cary 50 3] o
7.% % & (fluorescence spectrometer) Hitachi F-4500 o
8.7a% k% T 1§ (Cyclic Voltammetry) BAS-100 %] 4 47 & -
9.% % ,% % (Vacuum Line & Schlenk Line) e

10.X5k B sk ¥844 i% ( X-Ray/CCD ) : Bruker SMART CCD area-detector

diffractometer

AbHv 2 F %P TR F eh# 2.4 . 1-bromo-4-iodobenzene -

e --)

n-butyllithium ~ Celite ~ 2,3-diamino-but-2-enedinitrile ~ N,N-diphenyl-
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amine ~ N-phenyl-1-naphthylamine - sodium-tert-butoxide - pyridine-
2,3-diamine - sodiumcarbonate - t-BuONa -~ trimethylborate ( F& p
Acros) - tributyltinchloride ~ tri(tert-butyl)posphine ~ Pd(OAc), (F p
Strem) > potassium iodide (P p Fluka) > 1-bromo-4-iodobenzenephenyl-
acetylene - iodine -~ triphenylphosphine ~ Cul ( F& p Aldrich) >
1,2-dimethy-3,4-phenylenediamine~ 4-methy-1,2-phenylenediamine ~ (P
A TCI) - acetic acid (B p B 1 3£ %) > 1,2-phenylenediamine ~ 4% % (P
B Merck) > magnesium sulfate (B p SOWA) > silica gel (230-400 mesh)
Pt p SiliCycle Inc. o 13 A% 4-Et;0. (K/Ph,CO) ~ THF -~ toluene
(Na/Ph,CO) ~ CH,Cl, (CaHa)y 308 d AR & 5 7455k ~ R § (55 4

T RE e

BZE RAHFE LHTH

% quinoxaline% arylamine (QuPy)2_ & = 2 /& @ & it § k{44
(QuPy3-QuPy9)z_ & = ¢ [T 4@ 2.1 #7571 o 25— % & & B
(Palladium) feLit = 4 {4 &t 4= (aromatic halide)£? = 4 "=#§ (arylamine)
4 X pH-F 42 Hartwig® & F &Y > 7 7 it & $ QuPy3-QuPy6 - & /=
S Al e BRI SR I S AT R 2 S - e 2 Stille

B EF BT ¥ 8 L5 QuPy7-QuPy9 o
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0

Br N “Ar
‘ PA(OAC),,(t-Bu);P . O 2
LN t-BuONa,toluene . XX
| 1 PP
XN H X~ N
O Ary” N\Ar O Ar
Br 1 2 '}I' 2
1: X=CH Pathway 1. Ary
2: X=N

QuPy3: X = C, Ar; = 2-biphenyl; Ar, = pyrene
QuPy4: X =N, Ar; = 2-biphenyl; Ar, = pyrene
QuPyS: X = C, Ar; = phenyl; Ar, = pyrene
QuPy6: X =N, Ar, = phenyl; Ar, = pyrene

Arg
N-Arg
PN
Pathway 2. O ~
PdCl,(PPh;),/DMF SN
PP
e
=
"sh s An s/
s~
Ar3 N\AI’3
Ar]

QuPy7: X=C, Ar; = Arz = phenyl
QuPy8: X =N, Ar; = Ar; = phenyl
QuPy9: X =N, Ar; = phenyl; Ar; = naphthyl

® 2.1 QuPy 2. & =& /&

i £ 4 QuPy3 ~ QuPy4 » QuPyS5 -~ QuPy6 2 & = ¥ 3¢ !

#-Pd(OAc), (1 mmol % per halogen atom) ~ t-BuONa (1.2 equiv. per
halogen atom) ~ dibromoquinoxalinedz4~4* 1 & 2 (X=CHorN - 1.0
mmol) ~ = B~ 5 iegg (2.1 mmol)k B3t 7 3 45 2 250
IR ¥ ? o R F F B o 4o 2 K60 LYY, A GRS
£ /L » P(t-Bu);(2 mmol %) » 4 # 1 80 CF J& > E I|TCL # & 77 4=
b HEE o R THRRNIG N F T R S PR

ek o ek F A o M ECRERERSE SR B dC o AT AT
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2,3-Bis[4-(/N-2-biphenylpyeneylamino)phenyl]quinoxaline (QuPy3).
¥4 FM A XL 86%:; 'HNMR (CDCL): 8 6.51 (t, J= 8.0 Hz, 2 H),
6.60 (t, J=8.0 Hz, 4 H), 7.01-7.03 (m, 4 H), 7.25-7.28 (m, 16 H), 7.37
(d, J =8.0,2 H), 748 (d, J = 8.0 Hz, 2 H), 7.55 (d, J = 8.0, 2 H),
7.64-7.68 (m, 4 H), 7.87-7.90 (m, 4 H), 7.95-7.99 (m, 6 H), 8.05-8.09
(m, 2 H). FAB MS: m/e 1047.2 (M+). Anal. Calcd for C;HsgN4: C,

89.74; H, 4.76; N, 5.51. Found: C, 89:23; H,-5.10; N, 5.27.

2,3-Bis[4(/N-2-biphenylpyeneylamino)phenyl|pyrido[2,3-b]pyrazine
(QuPy4). % ¢ F48 > & & % 84 % '"HNMR (DMSO-d¢): & 6.59-6.64
(m, 4 H), 6.68-6.74 (m, 6 H), 7.15-7.18 (m, 8 H), 7.26-7.36 (m, 8§ H),
7.53-7.67 (m, 6 H), 7.75(dd, J = 8.34 and 1.77 Hz, 1 H, pyridyl),
7.84-7.89 (m, 2 H), 7.93-7.98 (m, 2 H), 8.07-8.08 (m, 4 H), 8.17-8.22

(m, 4 H), 8.42 (dd, J = 8.34 and 1.77 Hz, 1 H, pyridyl), 9.04 (dd, J =

8.34 and 1.77 Hz, 1 H, pyridyl). FAB MS: m/e 1018.2 (M"). Anal.
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Calcd for C;5sH47Ns: C, 88.47; H, 4.65; N, 6.88. Found: C, 88.28; H,

4.95; N, 6.69.

2,3-Bis[4-(/N-phenylpyeneylamino)phenyl] quinoxaline (QuPy5). &
¢ FRE > A% % 78%; 'HNMR (CDCL): 8 6.99-7.04 (m, 6 H), 7.14
(d,J=8.0Hz,4 H), 7.23 (d, J=8.0 Hz, 4 H), 7.37 (d, J = 8.0 Hz, 4 H),
7.67-7.71 (m, 4 H), 7.81(d, J = 8.0 Hz, 2 H, quinoxaline), 7.90-7.94 (m,
4 H), 8.02 (d, J = 8.0, 2 H, quinoxaline), 8.03-8.06 (m, 4 H), 8.09-8.15
(m, 6 H). FAB MS: m/e 865.2 (M").l{Anal. Calcd for CesHsoNy: C,

88.86; H, 4.66; N, 6.48. Found: C, 88:26; H,-4.89; N, 6.31.

2,3-Bis[4-(N-phenylpyeneylamino)-phenyl]-pyrido-[2,3-b]-pyrazine
(QuPy6). #f ‘= ¢ F4 - A 5 5 80 %;: 'HNMR (CDCly): §6.92-6.97
(m, 4 H), 7.01-7.05 (m, 2 H), 7.12-7.24 (m, 5 H), 7.40 (d, J = 7.3 Hz, 2
H, C¢Hs), 7.52 (d, J = 8.4 Hz, 2 H), 7.65 (m, 2 H, C¢Hs), 7.70 (d, J =
8.3 Hz, 1 H, pyridyl), 7.77-7.82 (m, 2 H), 7.88-7.92 (m, 5 H), 7.98 (d, J
= 9.5 Hz, 2 H), 8.04-8.05 (m, 5 H), 8.10-8.13 (m, 5 H), 8.46 (d, J =

8.34 Hz, 1 H, pyridyl), 9.05 (br, 1 H, pyridyl). FAB MS: m/e 886 (M").
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Anal. Calcd for C¢3H39Ns: C, 87.37; H, 4.54; N, 8.09. Found: C, 87.07;

H, 5.01; N, 7.69.

it £ 4 QuPy7 ~ QuPy8 » QuPy9 2 & = # 3¢ :

#- diphenyl-(5-tributylstannanyl-thiophen-2-yl)-amine (2.2 mmol) -
dibromoquinoxaline4= 4~4 1 & 2 (X = CH or N > 1.0 mmol)#
PdCl1,(PPhs), (3.0 mmol% per halogen atom)+ & ** & JEig® >4 » 5 %
ADMFZ %A 80 CemERTF B X > FBRAREIME S » 4
Frigte » PR 3 2 2 HMAFN Wit E R oA I B
Rttt Whpatedmd o g Pae - 5 "2 "ERE SN

BPEAY S AF 2 RFFTHRREBRASNT o

2,3-Bis[4-(2-N,N-diphenylamino-5-thiophenyl)-phenyl]-quinoxaline
(QuPy7). % ¢ B4 2 % % 81 %: 'HNMR (CDCL):86.71(d,J=
4.0 Hz, 2 H, C4H,S), 7.09 (t, J = 8.0 Hz, 4 H, C¢Hs), 7.16-7.18 (m, 8 H),
7.32-7.36 (m, 8 H), 7.38 (d, J = 4.0 Hz, 2 H, C4H,S), 7.60-7.62 (m, 8
H), 7.85-7.87 (m, 2 H, quinoxaline), 8.12-8.15 (m, 2 H, quinoxaline).

FAB MS: m/e 781.1 (M+) Anal. Calcd for Cs5oH36N4S,: C, 7997, H

4.65; N, 7.17. Found: C, 80.05; H, 4.86; N, 7.11.
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2,3-Bis[4-(2-N,N-phenylamino)-5-thiopheyl]-pyrido[2,3-b]pyrazine

(QuPy8). ¥ ¢ F#> & & % 80%; 'HNMR (CDCl3): 8 6.63-6.65 (m,
2 H), 7.02-7.06 (m, 4 H), 7.15-7.18 (m, 10 H), 7.24-7.28 (m, 8 H),
7.45-7.50 (m, 4 H), 7.53-7.56 (m, 2 H), 7.62-7.64 (m, 2 H), 7.67 (dd, J
= 8.3 Hz and 1.8 Hz, 1 H, pyridyl), 8.47 (dd, J = 8.3 Hz and 1.8 Hz, 1
H, pyridyl), 9.12-9.13 (m, 1 H, pyridyl). FAB MS: m/e 782.0 (M").
Anal. Calcd for Cs5;H3sNsS,: C, 77.33; H, 4.51; N, 8.96. Found: C,

77.70; H, 4.40; N, 8.74.

2,3-Bis[4-(2-N,N-phenylnaphthalenylamino)-5-thiopheyl]pyrido[2,3
-b]pyrazine (QuPy9). % . EH & & 383 %; 'HNMR (CDCl): &
6.57-6.59 (m, 2 H), 6.90-6.94 (m, 2 H), 7.02 (d, J = 8.0 Hz, 4 H, C¢H,),
7.09 (dd, J=8.0 Hz and 1.5 Hz, 2 H), 7.17-7.21 (m, 4 H), 7.39-7.52 (m,
14 H), 7.58 (d, J = 8.0 Hz, 2 H), 7.66 (m, 1 H, pyridyl), 7.81 (d, J = 8.0
Hz, 2 H), 7.89 (d, J = 8.0 Hz, 2 H), 8.01 (d, J = 8.0 Hz, 2 H), 8.48 (dd,
J=28.3 Hz and 1.8 Hz, 1 H, pyridyl), 9.11 (m, 1 H, pyridyl). FAB MS:

m/e 881.9 (M+). Anal. Calcd for CsoH39NsS,: C, 80.33; H, 4.46; N, 7.94.

Found: C, 80.51; H, 4.50; N, 7.84.
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7 dibenzothiophene 3 arylamine (S)2. & =i /& i* £ # (S1-S6)
28R R - (B 2.2); #E- 1% & &R Hartwigi®
LFE et AR-F 4 VESI 8285358625 g kR
2,8-dibromodibenzothiophene 2 F 4% 7% 3& #| i {7 Suzuki’® & & R4

=~ B-EGE 0 T 1E83 2 84 -

N—Ar
/

\
/N\ r

s Pd(OAc),, (t-Bu)sP S
t-BuONa, toluene _
Ar—

Br Br H ™N .
Ar” A r A
Pathway 1. S1: Ar= Ar = phenyl
S2: Ar = phenyl, Ar' = 1-naphthyl
SS: Ar = phenyl, Ar' = 1-pyrenyl
S6: Ar = 4,4'-biphenyl, Ar' = 1-pyreneyl

Pathway 2.

Pd(PPh3)4/N32CO3(aq) s
toluene/EtOH
> Q O S3: Ary = Ar, = triphenylamine
4-triphenylaminoboronic acid nr S4: Ar; =H Ar, = triphenylamine
1 Al’z

W 2.2 STeS6 2% + i /=

“ &4 S1-~8S2-8S5-862 & =43¢

#-Pd(OAc), (1 mmol % per halogen atom) ~ t-BuONa (1.2 equiv. per
halogen atom) ~ 2,8-dibromodibenzothiophene4= 4547 (1.0 mmol) ~ =
P ey (2.0 mmol)k BANARH G A RE 2250 2 R
LY o R F F B 0 e x5 60 BT E L gPEA s > B3~
P(t-Bu);(2 mmol %) » “r# 1 90 'C > & B E FITCL ® & 71 424047 ©

oo F R RN A e s RO T kG B
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N,N,N',N'-tetraphenyl-dibenzothiophene-2,8-diamine (S1). v ¢ 7]
B A2 X5 68%(860mg): 'HNMR (CDCL): 8 6.93-6.96 (m, 4 H,
para-C¢Hs), 7.04-7.06 (m, 8 H, ortho-C¢Hs), 7.17-7.23 (m, 10 H,
meta-C¢Hs, CsH3), 7.69 (d, 2 H, J = 8.6 Hz, C¢H3), 7.72 (d, 2 H, J = 2.0
Hz, C¢H3). FAB MS (m/e): .518 (M+) Anal. Calcd for Cs;sHysN,S: C,

83.36; H, 5.05; N, 5.40. Found: C, 83:34; H,-5.02; N, 5.36.

N,N'-di-naphthalen-1-yl-diphenyl-dibenzothiophene-2,8-diamine

(S2). ¥ ¢ FM A F L 72% (960 mg); 'HNMR (CDCls): § 6.87 (4,
2 H, J = 7.4 Hz, para-C¢Hs), 6.91 (d, 4 H, J = 7.7 Hz, ortho-C¢Hs),
7.10-7.15 (m, 6 H, C¢H;, meta-C¢Hs), 7.26-7.32 (m, 4 H, C,oH,),
7.39-7.45 (m, 4 H, CyyH7), 7.59 (d, 2 H, J = 8.6 Hz, C¢H3), 7.71-7.74
(m, 4 H, C¢Hs, CyoH7), 7.85 (d, 2 H, J = 6.7 Hz, C,(H5), 7.93 (d,2 H, J
= 8.4 Hz, C(H;). FAB MS (m/e): 618 (M+) Anal. Calcd for C44H3oN,S:

C, 85.40; H, 4.89; N, 4.53. Found: C, 85.88; H, 4.95; N, 4.32.

25



N,N'-diphenyl-N,N'-di-pyren-1-yl-dibenzothiophene-2,8-diamine

(S5). ¥ ¢ FH> A% % 80% (1.12g); 'HNMR (CDCly): 8 6.85 (4,
2 H, J = 7.3 Hz, para-C¢Hs), 6.91 (d, 4 H, J = 7.6 Hz, ortho-C¢Hs),
7.10 (t, 4 H, J = 7.3 Hz, meta-C¢Hs), 7.22 (dd, 2 H, J = 2.0 Hz and 8.7
Hz, C¢H3), 7.76-7.81 (m, 4 H, pyrenyl), 7.85 (d, 2 H, J = 2.0 Hz, C¢H>),
7.92 (d, 2 H, J = 9.3 Hz, pyrenyl), 8.01 (t, 2 H, J = 7.6 Hz, pyrenyl),
8.07-8.19 (m, 10 H, C4H;, pyrenyl), 8.24 (d, 2 H, J = 7.6 Hz, pyrenyl).
FAB MS (m/e): 766 (M+) Anal. Calcd for. CscHz4N,S: C, 87.70; H, 4.47;

N, 3.65. Found: C, 87.98; H,/4.41; N,3.58.

N,N'-bis-biphenyl-4-yl- NV, N'-di-pyren-1-yl-dibenzothiophene-2,8-di
amine (S6). + ¢ F4 > 2 F % 69 % (1.02g); 'HNMR (CDCls): §
6.98 (d, 4 H, J = 8.8 Hz, C¢H,), 7.27 (t, 2 H, J = 7.4 Hz, para-C¢Hs),
7.30 (dd, 2 H, J = 2.2 Hz and 8.7 Hz, C¢Hs), 7.38 (t, 4 H, J = 7.3 Hz,
meta-C¢Hs), 7.45 (d, 4 H, J = 8.8 Hz, C¢H,), 7.52-7.55 (m, 4 H,
ortho-Cg¢Hs), 7.83-7.86 (m, 4 H, C4Hs, pyrenyl), 7.95 (d, 2 H, J = 9.3

Hz, pyrenyl), 7.99-8.04 (m, 6 H, pyrenyl), 8.10 (d, 2 H, J = 1.7 Hz,

CeHs), 8.15 (d, 4 H, J = 9.2 Hz, pyrenyl), 8.21 (d, 2 H, J = 8.2 Hz,
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pyrenyl), 8.24 (d, 2 H, J = 7.6 Hz, pyrenyl). FAB MS (m/e): 918 (M")
Anal. Calcd for CegH4oN,S: C, 88.86; H, 4.61; N, 3.05. Found: C, 88.40;

H, 4.73; N, 2.97.

“ &4 S3~S42 & =43

#- 4-(diphenylamino)phenylboronic acid (2.5 equiv. per halogen atom) -
2,8-dibromo-dibenzothiophene (0.20 mmol)% Pd(PPh;), (2 mmol % per
halogen atom)* ¥ & B¥Fg® > 4ex 502 " % 10 2 THF 3 3
A > £ 4v > 2 M Nay,COs,q (5:€quiv. per‘halogen atom) - 72 & %+ 80 C
TRES R 0 AN B It @A A foa oK BT 0 ek g
R L E KA SR BRI A P I F AL AT

'L B
% pB |

N 2

PLE
P
woF
1'\ <
b
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N,N-diphenyl-4-8-[4-(diphenylamino)phenyl]dibenzo[b,d]thiophen-
2-ylaniline (S3). 4% ¢ F48 > A% 2 42 % (965 mg); 'H NMR
(CDCl;): 6 7.03 (t, 4 H, J = 7.4 Hz, para-C¢Hs), 7.13-7.19 (m, 12 H,
Ce¢H,, ortho-C¢Hs), 7.25-7.29 (m, 8 H, J = 7.8 Hz, meta-C¢Hs), 7.57 (d,

4 H,J = 8.6 Hz, C4Ha), 7.67 (dd, 2 H, J = 1.5 Hz and 7.9 Hz, C¢Hs),
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7.87 (d, 2 H, J = 8.3 Hz, C¢H5), 8.35 (d, 2 H, J = 1.5 Hz, C4H;). FAB
MS (m/e): 670 (M+) Anal. Calcd for C43H34N,S: C, 85.94; H, 5.11; N,

4.18. Found: C, 85.87; H, 4.69; N, 4.03.

(4-Dibenzothiophen-2-yl-phenyl)-diphenyl-amine (S4). % § ¢ ¥
B A XL 25%(360mg); 'HNMR (CDCly): §7.03(t,2H,J=17.3
Hz, para-CgHs), 7.13-7.19 (m, 6 H, C4H4, ortho-C¢Hs), 7.27 (t, 4 H, J =
7.4 Hz, meta-C¢Hs), 7.44-7.48 (m, 2 H, C4H, of dibenzothiophene),
7.57 (d, 2 H, J = 6.8 Hz, C¢Hy), 7.66 (dd, 1 H, J = 1.8 Hz and 8.3 Hz,
CsH5), 7.84-7.88 (m, 2 H,-CgHs, CsH; of dibenzothiophene), 8.18-8.21
(m, 1 H, C¢H,4 of dibenzothiophene), 8.31:(d, 1 H, J = 1.8 Hz, C¢Hs).
FAB MS (m/e): 427 (M+) Anal. Calcd for C;0H,NS: C, 84.27; H, 4.95;

N, 3.28. Found: C, 84.02; H, 4.86; N, 3.13.

#z dibenzothiophene-S,S-dioxide % arylamine (SO)2. & = i
B EFSO)Z R EAET 2 (W23 5 It &R
@it Hartwig % & F x4 S -5 4> ¥ (7 SO1 2 S04 - 4 &=
4 & iiv 2,8-dibromodibenzothiophene-S,S-dioxide 2 7 4% 4% 3% #|

it {7 Stille % & F 52 S p-m4t 0 7 # SO2 2 SO3 -
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O .0

N\

o, 0 S
\\S/’ Pd(OAC)z, (t—Bu)3P \ /
\ / t-BuONa, toluene _
Q H Ar\N ' /N—Ar‘
Br Br Ar/N‘Ar' Ar Ar
Pathway 1. SO1: Ar = Ar' = phenyl

SO4: Ar = phenyl, Ar' = naphthyl

Pathway 2.
0.0
S
Ary Ar
PACl,(PPh;),/DMF Ar~N” 1N N
- \ -2
A Ar Arg
(n-Bu)3Sn—Ar1—N\
Arp SO2: Ar, = thenyl, Ar, = phenyl

S03: Ar, = Ar, = phenyl
B 2380 2 & =% j5
&4 SO1 -~ S04 2 & =3 78"
#-Pd(OAc), (1 mmol % per halogen atom) ~ t-BuONa (1.2 equiv. per
halogen atom) - 2,8-dibromodibenzothiophene-S,S-dioxide4= 44~ (1.0

mmol) ~ = B~ % ¥ 4 vedg (2.1 mmol)E ¥ ¥ § 3 4 2 250 ¥ 2

v
—\
~

S

W

B F iy >4 F F T e 40 22T F s WA
£ /2 > P(t-Bu);(2 mmol %) > 44 80 C » ¥ B E PITCL ¥ & o1 424>
P lEE o FRARIENCEE A BALRT RS tE T B

B o LR KRR K BRI A o dm AR 1Y L AT S
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2,8-Di(diphenylamino)-SH-5,16-dibenzo[b,d]thiophene-S,S-dione

(SO1). v ¢ F48 > & F % 53 % (470 mg) ; 'H NMR (CDCLy): § 6.97
(dd, 2 H, J = 8.5 Hz and 2.0 Hz, C¢Hs), 7.06-7.12 (m, 14 H, C¢H,, ortho-,
para-Cg¢Hs), 7.24-7.29 (m, 8 H, meta-C¢Hs), 7.55 (d, 2 H, J = 8.5 Hz,
C¢Hs). FAB MS (m/e): 550 (M") Elemental analysis calculated for
C36H6N2O,S: C, 78.52; H, 4.76; N, 5.09.. Found: C, 78.09; H, 4.42; N,

5.12.

2,8-Di(1-naphthylanilino)-SH-Sf—dibenzo[b,d]thiophene-S,S-dione

(SO4). v ¢ F4 > & & % 60 % (920 mg). 'H NMR (CDCls): & 6.75 (dd,
2 H,J=28.6 Hz and 2.1 Hz, C¢H3), 6.89 (d, 2 H, J = 2.1 Hz, C¢H5), 7.06 (t,
2 H, J = 7.3 Hz, para-C¢Hs), 7.09 (d, 4 H, J = 7.5 Hz, ortho-Cg¢Hs), 7.21
(t, 4 H, J = 7.3 Hz, meta-C¢Hs), 7.27 (d, 2 H, J = 7.4 Hz, C,,H>), 7.36 (t,
2 H, J=17.6 Hz, CyoH,), 7.42-7.49 (m, 6 H, C;oH), 7.78 (d, 2 H, J = 8.6
Hz, C¢Hs), 7.79 (d, 2 H, J = 8.2 Hz, C;oH,), 7.88 (d, 2 H, J = 8.4 Hz,

CioH;). FAB MS (m/e): 702 (M") Elemental analysis calculated for
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CasH30N,0,S: C, 81.20; H, 4.65; N, 4.30. Found: C, 81.22; H, 4.82; N,

4.43.

“ &4 S02~8S03 2 & =4 3!

#- triarylaminostannyl reagents (2.3 equiv. per halogen atom) -~
2,8-dibromo-dibenzothiophene-S,S-dioxide (0.20 mmol) # PdCI,(PPh;),
(2 mmol % per halogen atom) % *t F B¥g® 4§ § FF o4 2 7T F
ADMFZ %A 290 CeERTF B X > FRBARIME S - 4

z

dir

Frigae r YRR F A R ARAEE S @RS < B FR > Xou s § 0

10% KF-k i3 it 558 3 Bef R0 0 ok prpedi gk s 4o iz o e

AW

APl et PRELIT S BB oo LN F U

2UmBALSHEBREAY AFE KFTHREEBITT o

2,8-Di[4-(diphenylamino)phenyl]-5H-5,°-dibenzo[b,d|thiophene-5,5-

dione (SO2). % ¢ F4# > & & % 32% (290 mg) ; 'H NMR (CDClL): &

706 (t, 4 H, J = 7.5 Hz, para-C¢Hs), 7.12-7.16 (m, 12 H, CgH,
ortho-C¢Hs), 7.26-7.31 (t, 8 H, J = 7.8 Hz, meta-CsHs), 7.50 (d, 4 H, J =
8.5 Hz, CgH.), 7.68 (d, 2 H, J = 8.2 Hz, CgHs), 7.84 (d, 2 H, J = 7.9 Hz,

CeHs), 7.96 (s, 2 H, C¢H3). FAB MS (m/e): 651 (M") Elemental analysis
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calculated for C4sH34N,O,S: C, 82.02; H, 4.88; N, 3.99. Found: C, 82.07;

H, 5.14; N, 3.89.

2,8-Di[5-(diphenylamino)-Z-thienyl]-5H-526-dibenzo[b,d]thiophene-
5,5-dione (SO3). & ¢ B4 - A% 5 71 % (906 mg); 'H NMR
(CDCl3): 6 7.63 (d, 2 H, J = 4.0 Hz, C4H,S), 7.09 (t, 4 H, J = 7.3 Hz,
para-C¢Hs), 7.19 (d, 8 H, J = 7.5 Hz, ortho-C¢Hs), 7.27-7.32 (m, 10 H,
C4H,S, meta-CgHs), 7.59 (dd, 2 H, J = 7.9 Hz and 1.3 Hz, C¢Hs), 7.72 (d,
2 H,J =79 Hz, C¢H3), 7.79 (d, 2 H, J=:1.3 Hz, C¢H;). FAB MS (m/e):
714 (M+) Elemental analysisicalculated for €,,H;0N,0,S;: C, 73.92; H,

4.23; N, 3.92. Found: C, 73:62; H, 4.21; N,4.03.

7 dibenzothiophene * quinoxaline (DQ)z. & =i j=:i* & $# (DQ)
2L ARG Z(F 24); HF- g BRI RBEA
(terminal alkyne)%  #% |+ &1 4~ (arylamine) > i& {7 Sonogashirai® & ¥
ot % Fo 1o oaF (DA £ DA2) > 4 Filimonov# 4 Ytk 2 = i
iy E A AR (TKL 2 TK2)® 5 872 (75K 2 456

FREILL25DQ -
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Step 1.

X
phenylacetylene
Br Br Pdclz(PPh3)2/Cul/PPh3
i-Pr,NH
- DA1: X =S
X=5or S0, DA2: X = SO,

Step 2.

1,/DMSO

NHz  NC.__NH; NH,
O O
NH>  NC™ "NH, NH,
EtOH/CHCl,
Step 3.

>  DQI-DQ6

TK2: X = SO,

B 24DQ 2 &+ ik /s

i &4 DAl ~ DA2 2 & = # J -

#-Pd(PPh;),Cl, (1 mmol % per halogen atom) ~ Cul (3 mmol % per
halogen atom) ~ triphenylphosphine (I mmol % per halogen atom) -
phenylacetylene (2 equiv. 6.0 mmol)% 2 ,8-dibromodibenzothiophene
A2 4547 (3.0 mmol) £ B3t Ee @ 3 4 s E 2 250 2 2 B A B o
FHF F F=x > 4 x5 70 T 2 diisopropylamine > 4 £ i S 0 F g

16 | BF o FEBREFZMC L Ffea BRI Bl > o7 8

=
¢

B o RCKFRERAES K ERTE R RAF T 2 F 7 s

J

a

PHLESGIEAY  AFE RFTHEAHANT o
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2,8-Di(2-phenyl-1-ethynyl)dibenzo[b,d]thiophene (DA1). v ¢ ¥
B A2 %5 929%(945mg)e 'HNMR (acetone-dg): 8 7.34-7.39 (m, 6
H, meta-, para-C¢Hs), 7.57 (d, 4 H, J = 7.5 Hz, ortho-C¢Hs), 7.62 (dd,
2 H,J=8.3Hzand 1.5 Hz, C¢H3), 7.81 (d, 2 H, J = 8.3 Hz, C4H5), 8.33
(d, 2 H, J = 1.5 Hz, C¢Hs). EI MS (m/e): 384 (M") Anal. Calcd for

CysHy6S: C, 87.47; H, 4.19. Found: C, 87.78; H, 4.23.

2,8-Di(2-phenyl-1-ethynyl)-5H-52°-di-benzothiophene-S,S-dioxide

(DA2). ¥ ¢ F88 > A % % .90 % (998 mg) ; 'H NMR (CDCly): &
7.37-7.39 (m, 6 H, meta-, para-C¢Hs), 7.55-7.57 (m, 4 H, ortho-C¢Hs),
7.66 (dd, 2 H, J = 8.0 Hz and 1.3 Hz, C4H5), 7.79 (d, 2 H, J = 8.0 Hz,
CeHs), 7.95 (d, 2 H, J = 1.3 Hz, C¢Hs). EI MS (m/e): 416 (M") Anal.

Calcd for C,3H;60,S: C, 80.75; H, 3.87. Found: C, 81.10; H, 3.91.

it &£ %% TK1 -~ TK2 2. & =
#-DA1 2 DA2 (2 mmol) % I, (2.0 g, 8 mmol per alkyne) ¢ ¥ **fz i
FARE2ZHEFAY MHEF F HX o 4 »DMSO 50 FH > T A f

I I55CF 20/ R & R4 ErisE ~ 160 2 1% NayS,0;5°k
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1-[8-(2-Oxo0-2-phenylacetyl)dibenzo[b,d]thiophen-2-yl]-2-phenyl-1,

2-ethane-dione (TK1). + ¢ #8484 ¥ 5 80 % (717 mg); 'HNMR
(acetone-dg): & 7.62 (t, 4 H, J = 8.0 Hz, meta-C¢Hs), 7.77 (t, 2 H, J =
6.8 Hz, para-C¢Hs), 7.21 (d, 4 H, J = 7.2 Hz, ortho-C4Hs), 8.18 (dd, 2
H, J=8.5 Hz and 1.6 Hz, C¢H5), 8.32 (d, 2 H, J = 8.5 Hz, C¢H3), 9.09
(d, 2 H, J = 1.6 Hz, C¢H3). FAB MS (in/e): 449 (M") Anal. Calcd for

C,sH604S: C, 74.98; H, 3.60: Found: €, 75.02; H, 3.71.

2,8-Di(2-0x0-2-phenylacetyl)-5H-51°-dibenzothiophene-5,5-dione

(TK2). v ¢ F48> A % % 83 % (797 mg); 'HNMR (CDCl;): § 7.56
(t, 4 H, J = 7.7 Hz, meta-C¢Hs), 7.71 (t, 2 H, J = 7.7 Hz, para-C¢Hs),
7.99 (m, 6 H, ortho-C¢Hs, C¢Hs), 8.16 (dd, 2 H, J = 8.0 Hz and 1.3 Hz,
C¢Hs), 8.49 (d, 2 H, J = 1.3 Hz, C¢H3). FAB MS (m/e): 481 (M") Anal.

Calcd for C,sH606S: C, 69.99; H, 3.36. Found: C, 70.10; H, 3.39.

it & 4 DQ1-DQ6 2 & & 4 3
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#-4= 447 diamine (1.0 mmol)> TK1 2 TK2 (1.0 mmol)+ ¥ *+ 250 % =
fe % § Dean-Starki4 ¥ 2 B F 0P > W F F B 54~ 4 50

A HCHCL 2 ¢ i 12 238 &0k > Boflii » & JF ARfL ILAS et &

A
o

Jo o dedirin 16 | BB L A2 R S LIS F 9 R R

/

5 DQ6 2 ST 1 Xeray ¥ o (247 2 £ & cREE 2 bE & 47 B0 i 8o

2-[8-(6,7-Dimethyl-3-phenyls2-quinoxalinyl)dibenzo[b,d]thiophen-2
-yl]-6,7-dimethyl-3-phenylquinoxaline (DQ1). v ¢ F % » & ¥ %
60 % (470 mg) ; 'H NMR"(acetone-dg): & 2.52 (s, 12 H, CH;),
7.28-7.32 (m, 6 H, ortho-, para-C4Hs), 7.41 (dd, 2 H, J = 8.4 Hz and
1.3 Hz, C¢H3), 7.50-7.53 (m, 4 H, meta-C4Hs), 7.68 (d, 2 H, J = 8.4 Hz,
CeH3), 7.94 (s, 4 H, C¢H»), 8.41 (d, 2 H, J = 1.3 Hz, C¢H;). FAB MS
(m/e): 649 (M+) Anal. Calcd for C44H3,N,S: C, 81.45; H, 4.97; N, 8.64.

Found: C, 81.22; H, 5.01; N, 8.60.

5-[8-(5,6-Dicyano-3-phenyl-2-pyrazinyl)dibenzo[b,d]thiophen-2-yl]-

6-phenyl-2,3- pyrazinedicarbonitrile (DQ2). & ¢ #%2 > 2 & 7 48
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% (450 mg); 'H NMR (CDCls): 8 7.43 (t, 4 H, J = 7.4 Hz, meta-C¢Hs),
7.51 (t, 2 H, J = 7.4 Hz, para-C¢Hs), 7.60-7.66 (m, 6 H, ortho-CgHs,
C¢Hs), 8.01 (d, 2 H, J = 8.4 Hz, C¢H3), 8.53 (d, 2 H, J = 1.4 Hz, C¢H;).
FAB MS (m/e): 592 (M+) Anal. Calcd for C;H¢NgS: C, 72.96; H, 2.72;

N, 18.91. Found: C, 72.87; H, 2.62; N, 18.82.

2-Phenyl-3-[8-(3-phenyl-2-quinoxalinyl)dibenzo[b,d]thiophen-2-yl]qu
inoxaline (DQ3). © ¢ F4Y+ A & 5 54 % (410 mg); 'HNMR (CDCl,):
0 7.31-7.36 (m, 6 H, meta-, para-C¢Hs), 7.44 (d, 2 H, J = 8.3 Hz, C¢H3),
7.55 (d, 4 H, ortho-C4¢Hs), 7.71 (d, 2 H, J = 8.3 Hz, C4Hs), 7.79-7.81 (m,
4 H, C¢H,), 8.20-8.23 (m, 4°H, CsHy), 8.45(s, 2 H, C¢H3). EI MS (m/e):
592 (M+) Anal. Calcd for C4H2uN4S: C, 81.06; H, 4.08; N, 9.45. Found:

C, 81.15; H, 4.10; N, 9.42.

2,8-Di(6,7-dimethyl-3-phenyl-2-quinoxalinyl)-5H-5,°-dibenzo[b,d]t
hiophene-5,5-dione (DQ4). ¢ ¢ F4 » & ¥ 2 62 % (560 mg) ; 'H
NMR (CDCl;): 6 2.53 (s, 12 H, CH3), 7.35-7.38 (m, 6 H, ortho-,
para-C¢Hs), 7.46-7.51 (m, 6 H, C¢H;, meta-C¢Hs), 7.66 (d, 2 H, J = 8.0

Hz, C¢Hs), 7.93 (s, 2 H, CsH»), 7.95 (s, 2 H, CsH>), 8.09 (s, 2 H, CH5).
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FAB MS (m/e): 681 (M+) Anal. Calcd for C44H3,N,O,S: C, 77.62; H,

4.74; N, 8.23. Found: C, 77.60; H, 4.78; N, 8.36.

5-[8-(5,6-Dicyano-3-phenyl-2-pyrazinyl)-5,5-dioxo-5H-51°-dibenzo|
b,d|thiophen-2-yl]-6-phenyl-2,3-pyrazinedicarbonitrile (DQ5). v
¢ 4 A% 51 % (426 mg) ;. 'HNMR (CDCly): § 7.45 (t, 4 H, J
= 8.2 Hz, meta-C4Hs), 7.54-7.57 (m, 8 H, C4Hs, ortho-, para-C¢Hs), 7.73 (d,
2 H, J=8.1 Hz, C¢Hs), 8.10 (s, 2 H, C¢Hs). EI MS (m/e): 624 (M") Anal.
Calcd forC;6H ¢NgO,S: C, 69:22; H, 2.58; N, 17.94. Found: C, 69.28;

H, 2.35; N, 18.01.

2-(7-Methyl-3-phenyl-2-quinoxalinyl)-8-(3-phenyl-2-quinoxalinyl)-SH
-5,%-dibenzo[b,d]thiophene-5,5-dione (DQ6). v ¢ F & > &2 & % 66 %
(810 mg) ; 'H NMR (CDCl;): & 7.39-7.42 (m, 6 H, ortho-, para-C¢Hs),
7.50-7.54 (m, 6 H, C¢H;, meta-C¢Hs), 7.69 (d, 2 H, J = 8.0 Hz, C¢Hs),
7.83-7.86 (m, 4 H, C¢Hy), 8.13 (s, 2 H, C¢H3), 8.19-8.25 (m, 4 H, C¢Hy). EI

MS (m/e): 624 (M+) Anal. Calcd for C40H,4N,O,S: C, 76.90; H, 3.87; N,

8.97. Found: C, 77.02; H, 4.01; N, 8.86.
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HOMO % LUMOiE o

HOMO =E,, + 4.8
LUMO = HOMO - E,

HvY 53 0B R¥FS H > 583 ¢ 9485 nferrocence 5 1

NS

?‘?’

WA AR R 2 F (0B L UV-Visk 4z dor Jo = iE » T 5 b fi 5

ST S )

o

Btk 2 Fipld 2§ it ¢ =2 ferrocenez it £ £
@ B, F2 Pl E A1 * UV-Visk g ® sjil £ aniE > 258 1 E;=hy
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Gl PERF ORES S Airp R Faag T A TNy E

(I)unk = (I)std ( Astd /Aunk * Iunk/ Istd *nzunk/ nzstd )

HY Dy & A Fdp & F 205 > Oy = HE S + 9%
Folp Iy BB A& RIrd 2 R0 L H k5 B ff A B0 d Ay
Aga RIE Z 77 Amde 2 R 8 B s T B 0 Ny > Maa B AR 0 2 4R

WA B2 ITETF Y ST A RFERAT FAE LR
ot R A A RR S EEpR AL o F &
#riE % R 2. % Coumarin=l > Coumarin-6 ¢ Nile red » & 5 12 EA ~
CH;CN ~ CH;CN % 5 73 4] ol £ F 2235 0.99 ~ 0.63 ~ 0.78 » £ # e
8 AR e R o f e ¥ 20/ £ B (overlap) A k-

=

,LO

i\ + @ ¥ i B /p| £ (Carrier Mobility Measurement)
P 7 % @7% Time-of-flight (TOF)*
Pkl S G AR P - & L 54(30nm) & F 0

B3 Aaens ST A2 R (200nm) R R g kb2 1 m)sg

S

e N a2 s 2./ 1 =
A 3 ik B R-GR(150 nm)dE B E A 0 A5 82 x 2 mm g (TR
FUr4EAE 5 e se 4% 1 (blocking contact) £_d 3t 4Ufc4E i G 15
Wit a4 A VR =TOFE pIpFFH Tl » BEII X2
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ST F g KR G 2 B PN YAGHS 5 54(355 nm)H #% (e
BRLIOns - BFEHBELI T - BELEP > uflEE R AR D E
Woo g R RN e R R B L EP g BRI TR BE A 4
-~ K EEORP T e THAS RROET o K PFUEG PL
¥ - BIcE T v Bl oI e R B BB VRERET F &
THBAS - d IMT R KB PIERE AL R TI B ERT LR
Frendfce R H T HRBT /TR itf%%]ﬁwf‘—? CIE OO S AR ]
i T F ehpE (T K Ao RO Ar iR B B (D) 42 8 B * eh

THE) VD2 §5 BB FWT A w=DTE=DNTEF - #lE

3 N ~ s v _5 FEY SR [
o RSERAL 2 LT 10 torr 0 RRIE I BB
3
;_i'“ o
$I8 AeH

2

R AT R BACT

@ B E R ¢ Keithley 2400 (400 nm cut-off filter) o

® E 7 244 ¢ Auto 168(Junsun Tech co., LTD.) -

¥ % & (Fluorescence Spectrophometer) : F- 4500 - Hitach -

B EXRE (R %) FUOS2S » j fRf iz Ao & o
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¥ 2h &k 2% ik (UV-Vis Spectrophotometer) : U3300 - Hitach -
ok gs D USIOL S 3§ #H 51000 % 0 = Fmird 42a o

¥ bk 3% $8(UVO-Cleaner) : NO.42 - Jelight company e

£ A& 3+ (Multi-Function Optical Meter) : Newport 1835-C Newport

818-SL silicon photodiode °

PR

F e
TPBI (1,3,5-tris(N-phenylbezimidazol-2-yl)-benzene) ~ NPB (1,4-bis[(1-
naphthylphenyl)amino]biphenyl)amino-biphenyl) %  Alq;  (tris(8-

hydroxyquinoline) aluminum) 2+ ®/ #, 3./ 12 45 = }?& S A B,
2,3-bis[4-(N-phenyl-9-ethyl-3-carbazolylamino)phenyl]-quinoxaline (Qn)
AL e 24 %> 4ok (Taboat) % 454 (W boat) P p iw #7414 %

i»% "o @ > BCPREp Aldrich > Ag ~ Al~ Mg ~ LiFp#tp Alfa ; :2{7 =~
EREATR Y DERR Y BEG] FRREFBESH I A Y
iTorie * A4 5487 [TOh 7y » P B kT (Merck) » B E
E 5 1.0mm- ITOE 5 80 nm> 7 FE 5 25.0(€2); & fe&| 5 Clariant (AZ

1500 (38 cP)) ; &8 #:i% 5 Clariant ( AZ 400K)

ITO 3t3 & 2% 2 FF
£33 ¢ o 5 1.8 x 2.8 cm’ITORTY » 3BT » 5200 P ifal @ 4

I ok=1:13 &7 > URFARTBEFS S 4 £ & 5>50mL
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3 I ok BB AR RFSA A 0 B IR D F Rdc e

% e A (photoresist, PR) 2 #& % % (spin coating)

P 15 2 ITOBLTY » HALNE 5 g 30 - Ljp 2 g 2 22
A o frds g g IS e 2 g > #E 5 1800 rpm > PR G 2045 0 B id
R E IS T E 920 BRERRSDEBIFED AR §0-

oo rigE A LA e A

5 & 82 %2 (exposure and development )

Bz A g Nk pE | 2 ITORTY T35 k7 > rimask % F AITO
RF ORELEZFRIR RIS BRIl 24k
PA=311 BRk = I@ITO L FE TR RY 9154 > 0

PTG LA KR FEE (50120 C e ? 154 48 o

ITO #3132 4% (etching)
Foflld g okt EEA AR =50:45:5 (V/V) 238 ¥z
kBB 2 ITOR I R >t a7 ¥ o 154 418 P~ NITOR I 1 12

R i B 2 u//Tf CRFAMY URFARTSAE PELE

[ R S v
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o g i s AR R P B % R LB T tooling factor e
o MR RATARGEE BR R R - R AP TR il G
Algs> BRI EDRE S 2 ERTE - #FF9ITO LB A2 hir
b FEBY RIS IR T REEF2 x 100 torr 7
RGN I o BT GE 5 84 ] 6223
Als 22 B > BT ang R B 48 0 @ LiIF2 @ 5 50.1-0.2
ASEWE L 1nm Kk & B2 3 548520 A/sE 5% % 150 nm
F-KiL 71 42510A/ 8251 A/s0 45 :42=10: 154842
B2 EBEE S50 nmaB R BY - & 100 nm e4E § R
R o FEZFAC AT FLEHTREE A T2y LF §F 24
FRoFBRIZHE PO ARBTEF RN L EF NAPERE
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