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NN N-EZ(p-EZ)otH, 4, 4", 4'-EZ=[N-(3-WEad)-N-d dotn =] EgjHdo}rla} & EgjolHolvl

e
A, NAARIE o EIATES, D ARNE REA, FRh ZHEAGRL, FelzeE Aol
ge mgmAohd §A, SEhaE okl fRAl, dobsgdA fEA, W Araobas 2B o

o
E?L’

= FEA, 2 YT & & 7 AU
AAF 4% &2 Z A4 diphenylphosphine oxide-4-(triphenylsilyl)phenyl (TSPO1), Alqs, 2,5-to}d A& f%

A (PyPySPyPy), HZF2 @ vlolEl= 3}3+& (PF-6P), Octasubstituted cyclooctatetraene 3= (C0Ts)S &

S EA odE B 5% 3R, FFFWA, oA MA, {7] Aoy H FF £48& A
Goan. pAdomE sEA SR, EaARSAlmA SR, AuhEd Eansaels
bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic),  tris(8-hydroxyquinoline)
aluminum(Algs), StEZHA, HGE-A, 90, 4, AL, Z=2d, Fa0 9 AUad=Ea 22 otz
g 33E, AHAE Y 2 %ﬂj"]‘é%ﬂ SIS, 1,412 (2-wEx=gE)Al, 1,4-8]24-e2gZ)Al,
1,4-v] 2= (4-dg-5-md-2-SALE )il 1,4-¥] A~ (5-Hd-2-SAE ) dA, 2,5—H]¢(5—t—¥%—2—ﬂ5%/¢4§‘

2)apol e Hl, 1,4-t)3|d-1,3- TE}EMJ, 609 d-1,3,5-S e A, 1,1,4,4- | Edt -1, 3-F-E ] Al 7} 2
N A Al E 1 Mg g, &2 fEAe FE52A, Fakd A4 fAoledEdd A tAoleE
Aol e vgh M4 Fejulel M, SpwlzctEAl A4, I3k A, e gn g g, 5
Al shkE, gl frEAl, iﬁli e, SAtolE e 52 & F Stk

wowe] WE S AANGAE SHRe AF AW oetel G40 + Jomz, W gy FHo| 3
A5k3, BE(pin hole)o] Al gl #AF wwrom ol Y& & = AHel vk,



[0091]

[0092]

[0093]

[0094]

[0095]
[0096]

[0097]

[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

SS=50dl 10-1396552

EREY
oeh, AAelE Belel ¥ dwel mE FAAATFLAS HFE L o LU FAAATYLAY A%
WHE OS FAHeR Agar. auy ol dAE AF Ao2A old ostel B WPl Wt WA

Aol ohth,

(1) Az 7 1-1 $H4
Br N Br | N Br
T - 1] —
= =

1-1

2,6-dibromopyridine (10g, 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)¥} 2,6-dibromopyridine g DMSO 30ml<S ¥ 130Tl A
ksl gEEAIFHY. wg FE F Yzishd] Z‘rer*?g Yy F&3te] 27 AHA(n-Hexane: methylene

chloride)ste] E7HA] 1-18 11.4g 53890k, (€ 70%) (n/2z=388.9)

(2) Azxd 1-2: 3= 1] FA

1), Sodium hydride(1.2 g, 0.05 mol)°l] n-HexaneS FZFA] 1-1 gF 30ml @i 12A17F oA AL oA L
st} RES AT, WHS iﬁLﬁ‘ﬂ] ES WS &ul T kst & & 29 A A (n-Hexane:methylene
chloride)dte] 318H&E 1S 10 ¢ =535tk (€ 60%) (m/2z=695.25)

H-NMR(200MHz, CDC13): & 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,
7.51/M)

=34 1-1 (10 g, 0.025 mol), 2,4-diphenyl-1,3,5-triazine (11.6 g, 0.05 mol), Copper(II) (0.8 g, 0.013
mo
ls

[MtH]+: 694.77

Ao 20 sgtE 29] 944

_16_



[0104]

[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

SS=50dl 10-1396552

=34 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)3} F7FA 1-1 g9 DMSO 30ml-& ¥ 130TColA wwk dho] "k
Ak W TR F 97 st SRFE Wil =5k 25 A Al(n-Hexane: methylene chloride)dte] 3hgheE 2
g 10.4g F53IATE. (& 70%) (m/2z=597.13)

H-NMR(200MHz, CDC13): & 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: sgtE 49] 94

ZZHA) 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)@} F7tA] 1-1 g DMSO 30mlS ¥ir 130TColA auksle] wH-EAI AT, Wk $3 &
W7t ste] SHFE 9 FE5te] 29 G Al(n-Hexane: methylene chloride)dte] 33HE 45 13.1g 53191
b (& 65%) (m/z=809.11)

H-NMR(200MHz, CDCI3): & 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

Ao 4: s3HE 9¢] 94

=74 1-1 (10g, 0.025 mol), 5-(4-bromophenyl)-5-phenyl-5H-dibenzol[b,d]silole (20.6g, 0.05mol),
Copper (IT) (3.1 g, 0.05 mol), Potassium fluoride (2.9 g, 0.05mol)¥} FZFA] 1-1 g% DMSO 30mlE& ¥l
130CollAl  wykste] RESAIATE, ¥k T8 & W7} 8o THTE Y2 FE5k ZH  AGA(n-Hexane:

methylene chloride)dte] 3}3HE 92 14.5¢ 5539, (5§ 65%) (m/2z=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)
4H (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]

omn
J
Jm
Qﬂ

10-1396552

[M+H]+: 897.21

Ao 5 SHgHE 109] §HA

(1) Az 5-1: F3HA 10-19] A4

10-1

=74 1-1 (10g, 0.025 mol), 4-bromodibenzol[b,d]lthiophene (6.5g, 0.025mol), Copper(II) (3.1 g, 0.05

mol), Potassium fluorlde (1.4 g, 0.025mol)™ =744 1-1 g% DMSO 30ml1S YL 130TColA]l myksle] HES-A
Aok, Wk g Tzt 0}04 FHTFE Y1 353 Zw A (n-Hexane: methylene chloride)dle] F7HA|
10—1O 6.6g F53k3ltt. & 54%) (m/z=493.02)

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

=74 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-Hexaneg Z7tA] 1-1 g@ 30ml gL 12A|7F o] AL 38}

oA myukste] WESAIF Y. Hhg E3EC ES wHE Sl 9 HULsle] & & 29 AA(FAFmethylene
chloride)dte] 3gH&E 108 10.3 g 533k, (& 64%) (m/2=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+H]+: 645.76

Aol 6: 3stE 119 9HA]

II (

(1) Az 6-1: FZHA 11-18] A

11 11-1

=74 1-1 (10g, 0.025 mol), 5-(4-bromophenyl)-5-phenyl-5H-dibenzo[b,d]silole (10.3g, 0.025mol),
Copper (IT) (3.1 g, 0.05 mol), Potassium fluoride (2.9 g, 0.025mol)3} FZ+A] 1-1 g% DMSO 30mlS ¥ ar
130ColA gk sfo] wkgAZH. wke TR 5 W97 5k %%#% Wi FEete] el Al (n-Hexane:
methylene chloride)sto] F3HA| 11-1& 10.4g 53130tk (58 65%) (m/2=643.11)
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[0130]

[0131]
[0132]

[0133]

[0134]
[0135]

[0136]

[0137]
[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

S=50dl 10-1396552

() Az 6-2: 35HE 119 A

<=7H4) 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)°| n-HexaneS F%FAl 11-1 g3 30ml ¥l 12A]7F o] AL
st Al ugkate] WREAIZTE, ¥R E3E ES ¥R & “JTZL Arreted F& F Z AA(n-
Hexane:methylene chloride)ste] 33HE 118 7.6 ¢ 53190, (58 64%) (n/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)

[MtH]+: 795.99

Ao 7: SHEHE 149] §HA

(1) Az 7-1: F3HA 14-19] A

s -

1-1 14-1

Z7HA) 1-1(10 g, 0.025 mol)3} Carbazole (4.1 g, 0.025 mol), Zmwl 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), =%+A 1-1 g9 Toluene 40mlE ¥l
80TAA 4AIZF FoF mubste HESAIF Y. Wb TR FHFE 93 FEe] 29 YA (n-Hexane:

methylene chloride)dled S7HAl 14-15 10.7 ¢ 53890, (58 90%) (m/z=476.06)

oY ¥
o Y
ZZHA] 14-1 (10g, 0.0209 mol), 4-bromodibenzolb,dlthiophene (5.4 g, 0.0209 mol), Copper(II) (2.6 g,
0.0041 mol), Potassium fluoride (1.2 g, 0.0209 mol)3} Z7ZFA] 14-1 g% DMSO 30mlS YWl 130TCol A nyks}
o

Wk A Zh, WS =g 5 W7 dlo] FRFE Ya 35389 2y A A (n-Hexane: methylene chloride)d}od
st3t= 145 6.3 g 530, (& 52%) (m/z=580.17)

(2) Az 7-2: 3}3E 149 A

H-NMR(200MHz, CDCI3): & 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/M)

[MHH]+: 579.70
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[0144]

[0145]

[0146]

[0147]

[0148]

[0149]
[0150]

[0151]

[0152]
[0153]

[0154]

[0155]

[0156]

S=50ol 10-1396552

Ao 8: SH3HE 19| §HA

(1) Az 8-1: FZ+A 19-19] A

Q.
N ) N o N\Q\
: o gs

5-bromo-1-phenyl-1H-benzo[d]imidazole (10 g, 0.036 mol)3¥} Carbazole (6 g, 0.036 mol), Zw] 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 Eal 80TColA 4A]7F &<F wHkste] HE-SA|F T},
s $83 & S/FFE Y #5319 29 AAl(n-Hexane: methylene chloride)dte] &3] 19-1% 13.8 g

St (58 92%) (m/z=359.14)

(2) Alzxe] 8-2: 3}t 199] A

N Q i i @
= I |
4 4 i ] AR ARY
B N LS i ©/ N —_— Q N Z N@
- ) oL
1-1 181 O 19 O

=7k 1-1 (10 g, 0.025 mol), F3HA 19-1 (3.4 g, 0.05 mol), Copper(II) (0.5 g, 0.0075 mol), Sodium
hydride(1.2 g, 0.05 mol)ol] n-Hexanes S7HA] 1-1 g@ 30ml @i 12A|1%F o] A& dlo| A nwrsle] w34
Ak, Wb EECd ES vE &l vhE HUtste] & & 2 A Al (n-Hexane:methylene chloride)sto] s}
e 195 15.1 g 53T (& 64%) (n/2=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

Ard 9: 3eHE 20

Lo,
ot

14

(DA 9-1: FZHA 20-19] 344

" N —

=704 1-1 (10 g, 0.025 mol), =%FAl 19-1 (3.4 g, 0.025 mol), Copper(II) (0.5 g, 0.0075 mol), Sodium
hydride(0.6 g, 0.025 mol)dl n-HexaneS Z7HA 1-1 g9 30ml ¥ 12A17F o] A4 slollA] wyksle] WA

Atk Whe EE 5 whe Y v HUlete]l & % 2§ A Al(n-Hexane:methylene chloride)sto] %
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[0157]

[0158]
[0159]

[0160]

[0161]

[0162]

[0163]
[0164]

[0165]

[0166]

[0167]
[0168]
[0169]

[0170]

S=50dl 10-1396552

A 20-1 & 10.7 g 530t (& 64%) (m/z=668.13)

(20) Alzel 9-2: 3I3tE 209 Ax

ZZHA] 20-1 (10g, 0.0149 mol), 4-bromodibenzo[b,dlthiophene (3.9 g, 0.0149 mol), Copper(II) (0.47 g,
0.00745 mol), Potassium fluoride (0.8 g, 0.0149 mol)¥} FZFA] 20-1 ¢ DMSO 30ml-S ¥ ar 130ColA xwk
sto] WESA|ATH RS TR & WAste] SRTE 931 FE519 29 YAl (n-Hexane: methylene chloride)st
o g5 205 8 g 1—f76+°ﬂt+ (& 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/b, 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

/\El/\]oq] 10: p;],ULD 23,] UL/H

=34 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)¥} F7+a] 1-1 g DMSO 30mlS EiL 130TColA] nuksle] HE-S-A]
73‘4 Hhe T8 ¢ W7 ety SHTE Wi FE519 27 AA (n-Hexane:methylene chloride)ste] 33HE 23
= 9.6 g 58T (558 70%) (n/z=549.13)

o X

H-NMR(200MHz, CDC13): & oppm 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)

[MtH]+: 548.71

2 g o] AzPAAlY 9 AzPR| Lo A] Aol Fol= ofgle} A,
NPB: N,N'-Bis(naphthalen-1-y1)-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=50ol 10-1396552

Alq3: tris(8-quinolinolato)-aluminium(III)

CBP: (4,4-N,N-dicarbazole)bipheny!l

ALY 1 SRR 1S WgFo] SAE A8E st fU AT FaR Ax

IT02 ZEHE F7]F Yol NPBE ZZste] 120mme] A&

r 35S FAsglen, olojA Ir(ppy)3s =HER
3t §}8LD 19] Z&<4522 0.1nm/sec, Ir(ppy)3 SZEEE 0.
] s

009nm/sec® Z&slal, Z=2EL B o] 947}

-1
=5 Ir(ppy)3e =g6to] Aoads ol 23355 30mm F7= Jgskqlt.
71 el BalgE 10nm T”ﬂ?n T#sto] Aol WHSTE A AAFFToE olFshs AL WAskE Aeadt
& A5k, 2 9ol Alg3E SFske] 40me] AAFEESS AN e, 2 Aol =3elHES SEs]
o AAFdTE 94 O}Siiﬁ‘r. AAFRT ol EFvEes S2ete] 120 55 Aol F71dAL g%
slo

ojluf, 2+ BEAo Z=AAEL = {r]EAQ, 33E 1, NPB, Alg3, BalgE 0.1 nm/sec, E3}8]E-S 0.01 nm/sec,
dZu|FL 0.5 nm/secE A TH

SR 1 ool 8] £ 10 A BHARE A4S A2 AgSat 24 19 FAF PEow §7]
AARF2AE AZFAT.

4 ,4-N,N-dicarbazole)biphenyl (CBP)E WZAs = ALL3F AS A&stis AxAA 4 1
2 F7)AALGAAE A 25T}

o o
>

ol3f, A7l A 1 WA 129} &AM ale] 16 whEl AxzE f1HAE G AR 548 Hlag A9E g
7] & 19 YEA
¥ 1
s ket TEHLV) e g A (CIX(x,y))
(at_1000cd/m ) (cd/A)
ALY 1 318E 1 4.1 28 0.30, 0.65
A A 2 3gtE 2 5.2 22 0.29, 0.66
AP d 3 3l5tE 4 5.3 27 0.30, 0.60
A A 4 3gtE 5 4.9 31 0.31, 0.63
AP A 5 3§t e 7 5.5 29 0.33, 0.60
2AA A 6 39S 8 4.5 40 0.28, 0.64
A Ao 7 3}HE 10 4.1 35 0.35, 0.59
A 8 e 15 5.0 28 0.34, 0.60
R ) 33 16 5.2 35 0.33, 0.66
AP A ] 10 3EE 18 4.9 38 0.33, 0.63
A A 11 33 21 5.3 40 0.29, 0.63
2AA A 12 31EE 22 4.2 35 0.30, 0.66
A 1 CBP 6.5 19 0.33, 0.63

AN 13 WA 24

(BPS HPAE SAEZ AL319 2 Xd AEEANRE Alg3 A 37 F 20 714" FFgES AFEI AL A
Qtal AxPAAl 19 FUE oz [ AAGFLAE A 2SS

A H| e 2

Al@3e AAFEAEE AHEE AS AT 2AUAA 13 WA 248 FAF PHOR FAAALFEAE A
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SS=50dl 10-1396552

zZ3
[0187] ol3}, A7l 2ARAAl 13 A 249} AApRad] 20 wel AlZzE F)AATFLAe] EAS vwdt Ans
71 & 20 YeRASIT.
* 2
[0188] AATSA = T ALV ubt g & A (CIX(x,y))
(at_1000cd/m’) (ed/M)

2R A 9 13 33 E 1 3.9 30 0.32, 0.65
2N A 14 33E 2 4.9 27 0.33, 0.66
2N 4 15 33 = 4 5.3 38 0.34, 0.64
22 A o] 16 3l8tE 5 4.9 40 0.32, 0.62
2R G 17 83E 7 5.1 29 0.33, 0.61
22 A o] 18 313tE 8 4.5 40 0.28, 0.64
222 A 4 19 313E 10 4.1 35 0.30, 0.60
AN | 20 3EE 15 4.2 50 0.29, 0.66
22 A 4 21 33 16 5.2 35 0.31, 0.63
AN G 22 3eE 18 4.9 41 0.33, 0.63
AN 4 23 3}3E 21 5.3 40 0.32, 0.63
AN A 24 33HE 22 4.2 29 0.33, 0.65
A e 1 Alg3 6.5 19 0.33, 0.63

[0189] TEXG W HAgs A

[0190] el A WHE GBI 25X 25m /2R A 2xom)E VL S A E(CS-200047] TTHVLE R 1

Ayl 14 & T ARES WA/m A AEA7Y ZHwe] g FHm(cd/m), TEALNV), AEL=GA/m), Y

E8(cd/A)E st Fm7}b 1000cd/m Y o TEALT AFEES ¥ 1L ¥ 20 JeEHIQT
[0191] ¥ 19 ¥ 2 2, 2 Wy wE {U)AARFAAE s5HEo] FUIAANFAAY] dPTe] TAE B
AR ALIAY ARFEA2R AHLE o E n

N 150

4——-130
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