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7]

)

2]

o]
‘Z#O

(134)

=

(130)2 w4=

=

7NES

[e]
T

3520

=

(e}

i

[0077]

(134)

=

o

&

=13
=

o

T

(130)

f71%

o &

+

B

ol
23]

il

B

I

olo
=
o
Hlo

]
i

W

i

N

= 4eV o]

Az =AM

s A
=

Vg 2ate] %}

[0081]

_14_



[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

on
JH

£0ol 10-1396552

[e)

o
lo
(ot
%
o
tlo
>,
oo
et
o
30,
v
-4
__>|“_',,
o
[o

2 F%9 A EE Cul, 1T0(UF 4 A8HE), Sn0, 2 Zn0s} e
Y A4 ARE E A FF BB FAE 10 A 200m 7 skgrE s

= ABRAE deV HRRe] d9eE e w5, o

KSR -
=] ~ =]
4% & A AR CEE, Na, NaK &=, Z&, vtdls,
- L
=] "

=
o

Jatoltt. Mol F7E 10mm WA 1, ¥k

}oolge] Aste whgAslE 108 ool YEAES A
= e}
v s A= 10 WA 400nm oft. o3k =2 88kz V)dS2(CVD), =24 7145 2(PVD) T 7S
< =] o
= H

A T =A2A N,N-dicarbazolyl-3,5-benzene(mCP), poly(3,4-
ethylenedioxythiophene) :polystyrenesul fonate (PEDOT:PSS), N, N -di(1l-naphthyl)-N,N" -
diphenylbenzidine(NPD), N,N'-tJd<d-N,N'-t](3-w€#d)-4,4'-t]o}u] =n]H D (TPD), N,N'-tJ#d<d-N,N'-tJr}
Zel-4 4'-t]olu]=v]Hd, NNNN-HEZ-p-5H-4,4'-tolu]=n]dd, NNNN-tHEZHL-4 4" -t]o}n]
HiEld, Z9(11)1,10,15,20-8l Eekad-21H, 230- 29" &3} 22 ¥9 & (porphyrin) 8t¥tE =4, F4 ==
S el W 3xfobHl & A A, 1,1-H] = (4-t-p-E ol =3 ) A ZEZ 4L,
NN N-EF(p-E&)otdl, 4, 4', 4'-E2[N-3-HEdd)-N-Hdolr| = | Eg s do}rl 7 2 Egjoldoldl
SA, N-ddvtERE 2 Eeu|drtEntES e JtEnE A, FaE TEEA oM, FE|ZHREA ol
e ZERA ol FLEA, 2EWZE oyl FXA, ol a~"dulA fXA, WIS Agolvlyl ~EE obvl

shgt=o] A, R ALY 5= 5 7 A

o

Ax 44 2" 2 A diphenylphosphine oxide—-4-(triphenylsilyl)phenyl (TSPO1), Alqgs, 2,5-to}d A=

do

s
A (PyPySPyPy), HZF 2 #u|o|El= 3}3&(PF-6P), Octasubstituted cyclooctatetraene 33&(C0Ts)S & <
011;]_
S .

oy R AARgRA QolA, AR FAF, AR FEF, 3T FEF L AT 295 PSS
29 S} o] FRE FRIE WY FOR FYRAY, EE T 438, PolF FH HYES I
©uge) Zow pAE 4 Y

wARRA dE 5W FY FRAR, FPSUA, Ao Mk, f7) Adeels R FF AL Ak B
ot PAdezt, EA AFE, ZrusAeloA dFE, AEA Zrusels 3FE,

bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic), tris(8-hydroxyquinoline)
aluminum(Algy), PEZA, #AGERM, dA, 4, AL, 224, F8d 9 JFAyazEd 22 ozt
g S3HE, FAEAdS 22 S uddd S5HE, 1,4-¥92 -H"zE—)WAl, 1, 4-9 A d-m " 2 E ") Al
1,4-¥2=4-v -5~ d-2-SAE ) AAl, 1,4-09]2(5-2d-2-SAE )i, 2,5-H| 2= (5-t-F-E-2-H =2 SAE
2)rtel e, 1,4-t)ud-1,3-FEfr)el, 1,6-t9d-1,3,5-3AER S 1,1,4,4-e| E&bo -1, 3-F e Q17 22
AL |G A e, FAl FEA S S52A, Fuid AL, fAolxHEATE AA A oleHE
Arolose A, Feua Az, SAMAERA Ax, AW A%, A2usEd Ax, LA A%,

1,
AR ShebE, 2P A, A9 R e, SAHE 39E & & 7tk

Boage e flAANGLAE SRS AT SAU dse]l Y4B 5+ gomz, ww Py FH| 3)
Ak, VE(pin hole)ol A gl #AF utoz Folshll & & A= o] At



[0091]

[0092]

[0093]

[0094]

[0095]
[0096]

[0097]

[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

Ao 1: 3}HE

2 Fao] ¥ uy
AMoz Agad. ey

SS=S0dl 10-1396552

of e FAAALFLAG FFE L 0T P )
o dAE A% AomA oo et B W) W B4

19] 4]

(1) Az 1-1

A 1-1 34

ol
rﬂ

Br N Br
| T
oy

2,6-dibromopyridine (10g,

| N Br
| N
o

1-1

0.042 mol), 2-bromo-6-iodopyridine (23.8g, 0.084mol), Copper(II) (1.3 g,

0.021 mol), Potassium fluoride (2.4 g, 0.042mol)3} 2,6-dibromopyridine g9 DMSO 30mlS ¥ 130CeA
wHkste] HEEAIFT. BEE TR WY7Ehy %%—’F% Y FE3te] 29 AGAl(n-Hexane: methylene
chloride)3dte] S7HA] 1-1S 11.4g 533 Y. (58 70%) (m/z=388.9)

(2) Az 1

-2: sh3HE 19] 9

=744 1-1 (10 g, 0.025 mol),
Sodium hydride(1.2 g, 0.05 mol)ol] n-Hexanes =7HA| 1-1 g%

mol),

ahape] oA ZTh, ube
chloride)sls] &&&

CDC13):

H-NMR (200MHz ,
7.51/M)

[M+H]+: 694.77

A o

G -
I -~
N. =N

2,4-diphenyl-1,3,5-triazine (11.6 g, 0.05 mol), Copper(II) (0.8 g, 0.013
30ml gL 12417k o] A Sl A uL

EgE ES wks &l wE HUlsted =& § 29 GAl(n-Hexane:methylene

AT, (58 60%) (m/2=695.25)

& ppm 1H (7.82/M) 2H (8.12/D, 7.97/M, 9.26/D, 9.04/D) 4H (7.41/M) 8H (8.28/D,

1 10 g 5

2: 3gt= 29| @A

_16_



[0104]

[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]
[0114]

[0115]

SSS0dl 10-1396552

=7+ 1-1 (10g, 0.025 mol), 4-bromodibenzol[b,d]thiophene (13.1g, 0.05mol), Copper(II) (3.1 g, 0.05
mol), Potassium fluoride (2.9 g, 0.05mol)¥} F7HA] 1-1 g DMSO 30mlS Wil 130ColA ik sho] Wkg-A|
Ak, ks FE F Y7 §o] SHFE ¥ FE319 25 AAl(n-Hexane: methylene chloride)dle] 33H&E 2
2 10.4g 53T, (58 70%) (m/z=597.13)

H-NMR(200MHz, CDCI3): & ppm 1H (7.82/M) 2H (7.61/M, 8.31/D, 8.47/D, 8.45/D, 7.98/D, 7.52/M, 7.50/M,
7.00/D, 8.90/D, 7.63/M, 9.04/M)

[M+H]+: 596.75

Aol 3: Bgte 49 A

=74 1-1 (10g, 0.025 mol), Thiol =] (18.4g, 0.05mol), Copper(II) (3.1 g, 0.05 mol), Potassium
fluoride (2.9 g, 0.05mol)™ Z7kx] 1-1 g3 DMSO 30mlS 2 130°Col|A wylsle] whEA T ¥le Z8 =
W7t ste] SHFE Y FF3e] 29 AA(n-Hexane: methylene chloride)dld] 3% 45 13.1g 5533
. (5% 65%) (m/z=809.11)

H-NMR(200MHz, CDC13): & ppm 1H (7.82/M) 2H (7.00/D, 7.63/M, 8.90/D, 8.51/S, 9.04/D) 4H (7.52/M,
8.45/D, 7.50/M, 7.98/D)

[M+H]+: 809.04

Aol 4: Bgte 99| A

=24 1-1 (10g, 0.025 mol), 5-(4-bromophenyl)-5-phenyl-5H-dibenzol[b,d]silole (20.6g, 0.05mol),
Copper (IT1) (3.1 g, 0.05 mol), Potassium fluoride (2.9 g, 0.05mol)™} FZHA] 1-1 g DMSO 30mlS ¥
130Coll Al wykste] HESA AT, ¥be T8 = Y7 3to] FRHRTE Wi FE39 28 GA|(n-Hexane:

methylene chloride)ste] 3H3E 98 14.5¢ 5319t (58 65%) (m/2=897.3)

H-NMR(200MHz, CDC13): & ppm 1H (7.82/M) 2H (7.55/D, 7.46/D, 7.46/M, 8.90/D, 7.00/D, 7.63/M, 9.04/D)
41 (7.55/M, 7.89/D, 7.61/M, 7.33/M, 7.52/D, 8.40/D, 7.37/\)

_17_



[0116]
[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]
[0126]

[0127]

[0128]

[0129]

S=50d 10-1396552

[M+H]+: 897.21

Al 5: 3§te 109] §HA

(1) Az 5-1: F3kA] 10-19] 34

Qg By

ZZHA) 1-1 (10g, 0.025 mol), 4-bromodibenzolb,d]thiophene (6.5g, 0.025mol), Copper(II) (3.1 g, 0.05
mol), Potassium fluoride (1.4 g, 0.025mol)¥} Z=7+A] 1-1 g DMSO 30mlS ¥ L 130ColA] nykato] Hk-S-A]
Zok, WS 8 & Yz st FHSE Y FE8e] 29 A A (n-Hexane: methylene chloride)dle] F7+A]

10-1& 6.6g 533t (& 54%) (m/2z=493.02)

10-1

(2) Az 5-2: 3= 109 A

—_—

Z7F4) 10-1 (10 g, 0.025 mol), 2,4-diphenyl-1,3,5-triazine (5.8 g, 0.025 mol), Copper(II) (0.8 g,
0.013 mol), Sodium hydride(0.6 g, 0.025 mol)°l| n-Hexane< Z7HA 1-1 g“1r 30ml @ar 12A17F o] A4 F}

A skdel MEAZT. e R E4 WE SN UT W] F5 £ LY AACHEmethylene
chloride)dlo] & 10 10.3 ¢ 53U, (& 64%) (m/2z=646.19)

H-NMR(200MHz, CDC13): & ppm 1H (8.12/D, 7.97/M, 9.26/D, 8.90/D, 7.63/M, 7.00/D, 7.82/M, 8.31/D,
7.61/M, 8.47/D, 8.45/D, 7.52/M, 7.50/M, 7.98/D) 2H (7.41/M, 9.04/D) 4H (8.28/D, 7.51/M)

[M+H]+: 645.76

Ao 6: 3pstE 119 A

(1) AZx 6-1: =7HA 11-19] 34

11 T4

=4 1-1 (10g, 0.025 mol), 5-(4-bromophenyl)-5-phenyl-5H-dibenzol[b,d]silole (10.3g, 0.025mol),
Copper (IT) (3.1 g, 0.05 mol), Potassium fluoride (2.9 g, 0.025mol)3} F3+A] 1-1 g DMSO 30ml<S Y

130CelAl ugk spo] HEEAIFTEH RBEE 5 F ¥4 sto] FRTE Y3 FE3te] ZE AAl(n-Hexane:
methylene chloride)dte] F7HA 11-1S 10.4g =539k, (58 65%) (m/z=643.11)

_18_



[0130]

[0131]

[0132]

[0133]

[0134]
[0135]

[0136]

[0137]
[0138]

[0139]

[0140]
[0141]

[0142]

[0143]

S=S0d 10-1396552

() Az 6-2: 5= 119 A

=74 11-1 (10 g, 0.015 mol), 2,4-diphenyl-1,3,5-triazine (3.4 g, 0.015 mol), Copper(II) (0.5 g,
0.0075 mol), Sodium hydride(0.36 g, 0.015 mol)°l]l n-HexaneS =7+ 11-1 g% 30ml 2iL 12417k o] A
Soll Al ngkste] WEEAIH T WS E3E ES WHg &WlF wE HUtetd & F 729 AA(n-
Hexane:methylene chloride)dle] 3}&%E 118 7.6 ¢ 533, (& 64%) (m/2=796.28)

H-NMR(200MHz, CDC13): & ppm 1H (7.55/M, 7.00/D, 7.63/M, 8.90/D, 9.26/D, 7.97/M, 8.12/D, 7.82/M) 2H
(9.04/D, 7.41/M, 7.33/M, 8.40/D, 7.46/D, 7.55/D, 7.52/D, 7.61/M, 7.89/D, 7.37/M) 4H (8.28/D, 7.51/M)

[M+H]+: 795.99

AAle 7: B§te 149 §HA

(1) Az 7-1: F3kA] 14-19] 34

Bwa

1-1 14-1

=7+ 1-1(10 g, 0.025 mol)3} Carbazole (4.1 g, 0.025 mol), Zw] Pd2(dba)3 (0.68 g, 0.00075 mol), P(t-
Bu)3 (0.5 g, 0.0025 mol), Sodium tert butoxide (2.8 g, 0.03 mol), =%tA 1-1 g3 Toluene 40mlE il
0TAA 4A1ZF &<t mubste] HbEAFT, HbE TR F SHFJE d FE559 2 GA(n-Hexane:

methylene chloride)ste] 314 14-1<8 10.7 g =589 th. (58 90%) (n/z=476.06)

(2) Az 7-2: 3= 149] A

ﬁ

b4 14-1 (10g, 0.0209 mol), 4-bromodibenzol[b,d]thiophene (5.4 g, 0.0209 mol), Copper(II) (2.6 g,
1 mol), Potassium fluoride (1.2 g, 0.0209 mol)¥} T3ZHA 14-1 g% DMSO 30mlS ¥l 130CoA] uwks}
HEEAI AT, 9 TR F W7 slo] SR8 ¥ FE35te] 2§ A (n-Hexane: methylene chloride)3d}o

3 E 148 6.3 ¢ 539 H. (58 52%) (m/2=580.17)

H-NMR(200MHz, CDC13): & ppm 1H (7.98/D, 7.52/M, 8.45/D, 8.47/D, 7.61/M, 8.31/D, 7.00/D, 8.90/D,
7.82/M, 9.30/D, 7.57/M, 7.64/D, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.12/D, 7.29/M) 2H (9.04/D, 7.50/M,
7.63/0D

[M+H]+: 579.70
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[0144]

[0145]

[0146]
[0147]

[0148]

[0149]

[0150]

[0151]

[0152]
[0153]

[0154]

[0155]
[0156]

S=S0dl 10-1396552

Aol 8: sH3tE 19| A

(1) Az 8-1: F3kA] 19-19] 34

SN
N ) N L N‘\Kiiiijx“iii:EEFl
Br 9 gs

5-bromo-1-phenyl-1H-benzol[d]imidazole (10 g, 0.036 mol)3} Carbazole (6 g, 0.036 mol), Zvll Pd2(dba)3
(0.98 g, 0.00108 mol), P(t-Bu)3 (0.72 g, 0.0036 mol), Sodium tert butoxide (4.1 g, 0.043 mol), 5-
bromo—1-phenyl-1H-benzo[d]imidazole g% Toluene 40mlE 2L 80ColA 4A17F F<F wHkste] HEEAIF T},
WS 28 3 SFFE Y FE35le] Z9] A A (n-Hexane: methylene chloride)dte] 7+ 19-1& 13.8 g

S8k, (58 92%) (m/2z=359.14)

(2) Alzxd] 8-2: 3}t 19°] A

=N
4 g i g
5 LS @l N —

1-1 191

=7H4) 1-1 (10 g, 0.025 mol), S7HA] 19-1 (3.4 g, 0.05 mol), Copper(II) (0.5 g, 0.0075 mol), Sodium
hydride(1.2 g, 0.05 mol)°] n-Hexanes Z7F4 1-1 g 30ml YL 12A]7F o)A A 3lol A wukale] WES-A|
Aok, whg e E5 vk &uF whe HUhetel & 5 ZEl AAl(n-Hexane:methylene chloride)ste] 3}
SHE 198 15.1 ¢ #5390 Y. (558 64%) (m/z=947.35)

H-NMR(200MHz, CDC13): & ppm 1H (7.82/M) 2H (9.04/D, 7.29/M, 8.12/D, 8.55/D, 7.25/M, 7.33/M, 7.94/D,
7.50/M, 7.63/D, 7.70/S, 7.15/D, 7.59/D, 8.12/D, 7.45/M, 9.26/D, 7.97/M) 4H (7.50/D, 7.58/M)

[M+H]+: 947.08

Aol 90 §hE 209 FA]

(DAZ 9-1: FIHA] 20-19] 34

=704 1-1 (10 g, 0.025 mol), =%FA] 19-1 (3.4 g, 0.025 mol), Copper(II) (0.5 g, 0.0075 mol), Sodium
hydride(0.6 g, 0.025 mol)oll n-HexaneS S7rA] 1-1 g3 30ml ¥aL 12A]7F o4} A A dlo| A nukasle] HES-A

Aok, Wb el 5 vk &vF whE HUletel & 5 2% AAl(n-Hexane:methylene chloride)dte] <
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[0157]

[0158]
[0159]

[0160]

[0161]

[0162]

[0163]
[0164]

[0165]

[0166]

[0167]
[0168]
[0169]

[0170]

S=S0dl 10-1396552

A 20-1 & 10.7 ¢ 53 Y. (& 64%) (n/z=668.13)

(20) Azl 9-2: shgt= 209] A%

ZZHA 20-1 (10g, 0.0149 mol), 4-bromodibenzolb,d]thiophene (3.9 g, 0.0149 mol), Copper(II) (0.47 g,
0.00745 mol), Potassium fluoride (0.8 g, 0.0149 mol)3} Z=%FA] 20-1 g3 DMSO 30mlE& 2aL 130TColA uyk
o] WHSAIFTE, WS 8 T WZhsle] FH4E Y@u F335le] 24 A (n-Hexane: methylene chloride)d}

o 3I3HE 202 8 g 5. (& 70%) (m/z=772.24)

H-NMR(200MHz, CDC13): & ppm 1H (7.70/S, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 7.00/D, 8.31/D, 7.61/M,
8.47/D, 7.29/M, 7.63/D, 7.15/D, 7.59/D, 7.45/M, 7.97/M, 9.26/D, 8.90/D, 7.82/M, 7.63/M, 8.45/D,
7.52/M, 7.98/D) 2H (7.50/D, 7.50/M, 9.04/D, 7.58/M, 8.12/D)

[M+H]+: 771.92

Al 10: 3H§hE 239] §HA]

ZZHA] 1-1 (10g, 0.025 mol), 2-bromo-5-phenylthiophene (11.9 g, 0.05 mol), Copper(II) (0.47 g, 0.0075
mol), Potassium fluoride (2.9 g, 0.05 mol)¥ =74l 1-1 g DMSO 30mlS @iz 130CeolA nlykalo] Hk-S-A]
Ak, g TR F Y go FHTFE €2 FE3M] 2§ Al (n-Hexane:methylene chloride)dte] s}3h& 23

$ 9.6 g FEYU. (58 70%) (m/z=549.13)

H-NMR(200MHz, CDCI3): & ppm 1H (7.82/M) 2H (7.41/M, 9.04/D, 7.45/D, 7.97/M, 9.26/D) 4H (7.51/M,
7.79/D, 7.73/D)

[M+H]+: 548.71

2 o] AP 2 AR aLdo|A] 2Ao]= Fol= ofgllel AU,
NPB: N,N'-Bis(naphthalen-1-yl)-N,N'-bis(phenyl)benzidine
Ir(ppy)3: Iridium, tris(2-phenylpyidine)

Balq: Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminum
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[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

SS=S0dl 10-1396552

Alg3: tris(8-quinolinolato)-aluminium(III)

CBP: (4,4-N,N-dicarbazole)biphenyl

ARG 1 35E 18 WEEo SAE ARE Fto] Fr|AARRAA A%

IT02 ZY¥E 873 Yo NPRE Z#38lo] 120mme] AEFE5ES FAs9om, olojA Ir(ppy)3S EHE=R
3te] A& 19 FHEEE 0. 1nm/sec, Ir(ppy)3 FHEEE 0.009nm/secZ ZExala, Z2&EE B0 947}
HEE Ir(ppy)3& =88te] s Ao $335S 30m T2 A&

ﬂlﬂl o)

= AT
= - =

o 9lel Balg® 10mm FAZ FHatol JFol BYFE At AAEEFOR olFie e YAt 4
58 Faa, 2 Ao Alasd S0 dome) AAEESE YAslslont, 1 ol wARE S
¥ o)

/&

o
o AAFYTE FYAAL. AATAE P BFEE S 120me) §FE A
=
=

O

oW, 7t BHe FAELEEE f71E4Q, S¥E 1, NPB, Alg3, Balgt 0.1 nm/sec, #3te]lH-E 0.01 nm/sec,
SGF)HELS 0.5 nu/secE 3¢

A A 2 WA 12

shehe 1 didlell sh7] & 1o 71 BFARE ARE A
AAEF 22 E A x8HA T

o
2
fo
ol
fd
rlr
B~
_|>i
11
>,
2
—
&
oft
e
z
ok
it
o
il
Ho
N

A7) 3ketE 1 Al (4,4-N N-dicarbazole)biphenyl (CBP)S WHAla= AFR3 AS AQstns AAAA Y 1
I sde e R [ AN FAAE AT

o
-

olgt, 7] aAAAl 1 U] 129} AApH|ad] 1o wEy AlxzE {7 HAAEF A BEA4S vagk A9E
| 3% 1o YepAAL.

F 1
Ll i lk=A TV g s A(CIX(x,y))
(at_1000cd/m ) (cd/A)

A A S 1 3E 1 4.1 28 0.30, 0.65
AAA A 2 3HHE 2 5.2 22 0.29, 0.66
A A 3 33 E 4 5.3 27 0.30, 0.60
A A 4 3E 5 4.9 31 0.31, 0.63
A A 5 33 E 7 5.5 29 0.33, 0.60
A A 6 3 E 8 4.5 40 0.28, 0.64
A A 7 313HE 10 4.1 35 0.35, 0.59
A A A 8 319HE 15 5.0 28 0.34, 0.60
A A S 9 313HE 16 5.2 35 0.33, 0.66
A A S 10 3= 18 4.9 38 0.33, 0.63
A A 11 3138 21 5.3 40 0.29, 0.63
AR A 12 3}3E 22 4.2 35 0.30, 0.66
AW A 1 CBP 6.5 19 0.33, 0.63

2AAA G 13 WA 24

BPS WHAR SAER ASAAL, AAFEARE Alg3 U4 a7] % 20 AR SRS AED AS A
sista aabaAlel 15h FAF PPoE FIAARFLAS Az,

=]

M@3% AAFEARE AEE AL AAST 248N 13 B4 249 FAE PHOR FAANFEAE A
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[0187]

[0188]

[0189]

[0190]

[0191]
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