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[109]

[110]
[111]

[112]
[113]

[114]

[115
[116
[117
[118

— e e

[119]

A 24 714 3Fell A 2-bromo-1-phenyl-1H-indole, 10.9¢g, (40.0mmol),
3-bromo-2-nitrophenylboronic acid, 9.8g (40.0mmol), 2.3g (5 mol%)<| Pd(PPh;), &
potassium carbonate 16.6g (120.0mmol)& 80ml/40m1/40ml14] Toluene/H,
O/Ethanol®l] g 31 110°Cell A 3A1ZE &<t askalgich whg T8 %,
HEAEF 2ol 28 o] §38te] 7758 ¥ el8hal MgSO,E AHE3to] 2=
AASA #7715 Gl S A1 F A Azt v 2 G A 6o
2-(3-bromo-2-nitrophenyl)-1-phenyl-1H-indole (13.7g, 34.8mmol, & 87%)<
A

GC-Mass (©] & *]: 393.23g/mol, =7 *]: 393g/mol)

IH-NMR: & 6.78(s, 1H), 6.82~6.85(m, 1H), 7.28(m, 1H), 7.41~7.48(m, SH),
7.76~7.79(m, 2H), 7.91~7.94(m, 3H)

<%17 2> 1-bromo-5-phenyl-5.10-dihydroindolo[3.2-blindole®] 4]

PPh;,

H
. N-
1,2-dichlorobenzene O
N 4

A A 715 3Fell A 2-(3-bromo-2-nitrophenyl)-1-phenyl-1H-indole 13.7 g (34.8

mmol) triphenylphosphine 22.8 g (87.0 mmol), 1,2-dichlorobenzene 140 mlE %=
T 2A] ZF Fot wutkstg T HE-8 £ 8 1 2-dichlorobenzene & A 7] &} a1

HEAZ R o] =5 o] &35to] 75 Feldtal MgSO.E AHEsto] &5
AAB A 77159 Sl E AT F A A =vtE 23] =2 A A5t
1-bromo-5-phenyl-5,10-dihydroindolo[3,2-b]indole (9.2g, 25.4mmol, & 73%)&
AU

GC-Mass (©] &*]: 361.23g/mol, =7 *]: 361g/mol)

1H-NMR: & 7.16~7.56(s, 9H), 7.91(d, 1H), 8.02(d, 1H), 8.71(m, 1H), 9.98(s, 1H)

<24 3> 1-bromo-5.10-diphenyl-5.10-dihydroindolo[3.2-b]indole 2] $+Ad
|

O

Witrobenzene

A4 714 3Fell A 1-bromo-5-phenyl-5,10-dihydroindolo[3,2-bJindole 9.2 g (25.4
mmol), iodobenzene 15.6 g (76.2 mmol), Cu powder 1.1 g (17.8 mmol), K,CO;7.0 g
(50.8 mmol), nitrobenzene 70 ml1-& -Z 313} a1 200 °Coll A 124 F &9t alHksHSI o}
HE-§- 54 F nitrobenzene< A A3t WEAEF 2 ol =2 {755 2] 5o
MgSO, & A&3at] &5 A7 a8l §7159 & & A7 g
A A2 vtE 23] & A A5t
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[120]
[121]

[122]
[123]

[124]

[125]
[126]

[127]
[128]

[129]

[130]
[131]

[132]

I-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol, 5
79%)e A AT

GC-Mass (©] & *]: 437.33g/mol, =7 *]: 437g/mol)

1H-NMR: & 7.11(t, 1H), 7.21~28(m, 3H), 7.41~7.57(m, 10H), 7.91(d, 1H), 8.65 (d,
1H), 8.71(d, 1H)

<S4 4> 1-(2-nitrophenyl)-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole &] FH4

Pd{PPh,},, KoCO;
Teluene, Ethanol, H,0

A A 715 3Fell A 1-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole 8.7g,
(20.0mmol), 2-nitrophenylboronic acid 3.3g (20.0mmol), 1.1g (5 mol%)<] Pd(PPh;),
2 potassium carbonate 8.3g (60.0mmol)-S 80m1/40m1/40ml12] Toluene/H,
O/Ethanol®]l 3L 110°Co A 34| E &<t aigtslgivt. whg F i 7,
HEAE2ete| 28 o] &5t F715S ol stal MgSO,E AHE3to] =2
AR 715l Sl E A F AdAazntE 19 =2 A A st
1-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.7g, 16.0mmol,
T& 80%)= LU

GC-Mass (©] &*]: 479.53g/mol, =7 *]: 479g/mol)

IH-NMR: & 7.24~7.32(m, 3H), 7.42~56(m, 11H), 7.61~7.94(m, 4H), 8.25(d, 1H),
8.69~8.72(m, 2H)

<A 5> A39] 34

PHIS

1.2-dichlorobenzene E ' @
A3

A4 714 3hell A 1-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole
7.7 g (16.0 mmol), triphenylphosphine 10.5 g (40.0 mmol), 1,2-dichlorobenzene 80

mlE 28 3 24 7F B¢t wutsgit) Hk-8 £ 8 & 1 2-dichlorobenzene =

A A st Al E R o] =5 o] §ato] 7755 w8t MgSO, & AH8-3hod
E& AAGG f715e] Sl E A7 S F AHARrE 19 R G A 6t
A3 (5.5g, 12.3mmol, T& 77%)< o).

GC-Mass (©] & *]: 447.53g/mol, =7 *]: 447g/mol)

1H-NMR: & 7.24~7.31(m, 3H), 7.41~7.61(m, 13H), 7.91(d, 1H), 8.09(d, 1H), 8.41(d,
1H), 8.71(d, 1H), 9.94(s, 1H)
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[133]  [£4]] 2] B3¢} B4<] &4

[134] <A 1> 2-(4-bromo-2-nitrophenyl)-1-phenyl-1H-indole®] $+4]

[135] | Og}\EBr’

(HORB”
N Br
Pd(PPhy)y. KoCO4
Toluene, Ethanol, H,0

[136] A4 714 3ol A 2-bromo-1-phenyl-1H-indole 10.9g (40.0mmol),
4-bromo-2-nitrophenylboronic acid 9.8g (40.0mmol), 2.3g (5 mol%)2] Pd(PPhs),,
potassium carbonate, 16.6g (120.0mmol) <} 80m1/40m1/40ml1 2] Toluene/H,
O/EthanolE ¥ L 110°Co A 2] F &<t aigtslgivt. vk F i 7,
HEAE2ete| 28 o] &5t F715S ol stal MgSO,E AHE3to] =2
AR 715l Sl E A F AdAazntE 19 =2 A A st
2-(4-bromo-2-nitrophenyl)-1-phenyl-1H-indole (13.4g, 34.0mmol, & 85%)<
AU

[137] GC-Mass (©] & *]: 393.23g/mol, =7 *]: 393g/mol)

[138] IH-NMR: & 6.87(s, 1H), 6.85(m, 1H), 7.29(m, 1H), 7.41~7.54(m, 5H), 7.91~7.93(m,
3H), 8.01(d, 1H), 8.61(d, 1H)

[139] <%7| 2> 2-bromo-5-phenyl-5.10-dihydroindolo[3.2-blindole &] $}4]

[140] _

PPh Y
1. 2-dichlorobenzene g @ O ~8r

[141] A A 715 3hell A 2-(4-bromo-2-nitrophenyl)-1-phenyl-1H-indole 13.4 g (34.0
mmol), triphenylphosphine 22.3 g (85.0 mmol), 1,2-dichlorobenzene 140 ml& Y-
T 1247 Fot kel T}, vh-g £ 5§ 1,2-dichlorobenzene & A 7] 3L
HEAE2ete| 28 o] &5t F715S ol stal MgSO,E AHE3to] =2
AR 715l Sl E A F AdAazntE 19 =2 A A st
2-bromo-5-phenyl-3,10-dihydroindolo[3,2-b]indole (9.0g, 24.8mmol, 5 73%)&
AU

[142] GC-Mass (©] &*]: 361.23g/mol, =7 *]: 361g/mol)

[143] IH-NMR: & 7.21~7.31(m, 3H), 7.41~54(m, 6H), 7.91~7.94(m, 2H), 8.71(d, 1H),

[144]

9.96(s, 1H)
<2 3> 2-bromo-5.10-diphenyl-5.10-dihydroindolo[3.2-b]indole 2] $+Ad
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[145]

[146]

[147]
[148]

[149]
[150]

[151]

[152]
[153]

[154]

Cu, KaCO,
Nitrobenzene

A4 714 3Fell A 1-bromo-5-phenyl-5,10-dihydroindolo[3,2-b]indole 9.0g (24.8
mmol), iodobenzene 15.2 g (74.5 mmol), Cu powder 1.1 g (17.4 mmol), K,CO;6.9 g
(49.6 mmol), nitrobenzene 70 ml< - %3}l 200 °Coll A 12A] 1t & <F L xks) Sl o},
W3- E7Z ¥ nitrobenzene s Al 7 etal WH A S R efo|E R {7 F S w6t
MgSO,E AH&ste] &8 AAS AT 71529 &l & A 718 5
Al A mntE 23] & A A 6o
2-bromo-35,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol, 5
81%)2 ATt

GC-Mass (©] & *]: 437.33g/mol, =7 *]: 437g/mol)

IH-NMR: & 7.16~7.31(m, 3H), 7.41~7.54(m, 10H), 7.91(d, 1H), 8.28(d, 1H),
8.72~8.74(m, 2H)

<A 4> 2-(2-nitrophenyl)-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole &] $+4

0N
Pd(PPhyy, K,CO,
Toluene, Ethanol, H,0

1-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole T2
2-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol)& A}-8-3F
A& AQdstare, Fhlo 19] <A 453 5L & B4 & 73 st
2-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.2g, 15.0mmol,
TE TS5 %)= AU

GC-Mass (©] &*]: 479.53g/mol, =7 *]: 479g/mol)

IH-NMR: & 7.41~7.54(m, 16H), 7.75(d, 1H), 7.91(d, 1H), 8.07(d, 1H), 8.44(d, 1H),
8.71(d, 1H)

<tH7 5> B3¢} B49] $HA]
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[155]

[156]

[165]

[166]
[167]

[168]

PPh Q

1. 2-dichlorobemzens

1-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole T ]
2-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.2g, 15.0mmol)<
AR S A& A 98l o] 19] <A 5> 5 3 1A & 3l 5he] B3
(2.2g, 5.0mmol, 58 33 %)<} B4 (2.0g, 4.4mmol, =& 29 %) AU}

B32] GC-Mass (©] & *]: 447.53g/mol, =74 %] : 447g/mol)

IH-NMR: & 7.23~7.31(m, 3H) 7.41~7.59(m, 12H) 7.81~7.87(m, 2H) 8.08(d, 1H),
8.39(d, 1H), 8.65(d, 1H), 9.94(s, 1H)

B42] GC-Mass (©] & *]: 447.53g/mol, =7 %] : 447g/mol)

IH-NMR: & 7.41~7.58(m, 17H), 7.91(d, 1H), 8.08(d, 1H), 8.71(d, 1H), 9.95(s, 1H)

4| o 3] C3¢9} C42] A
<A 1> 2-(5-bromo-2-nitrophenvl)-1-phenvyl-1H-indole 2] $H4]

Oy L
[ (HO)B Br N
Br
: PA{PPhy),, K,CO; Q
O Toluene, Ethanol, H,O b

A4 714 3ol A 2-bromo-1-phenyl-1H-indole 10.9g, (40.0mmol),
5-bromo-2-nitrophenylboronic acid 9.8g (40.0mmol), 2.3g (5 mol%)2] Pd(PPh;), %
potassium carbonate 16.6g (120.0mmol)E 80ml1/40m1/40ml14] Toluene/H,
O/Ethanol®]l 3L 110°Co A 2] 3F &<t aigtslgivt. whg F i 7,
HEAE2ete| 28 o] &5t F715S ol stal MgSO,E AHE3to] =2
AR 715l Sl E A F AdAazntE 19 =2 A A st
2-(5-bromo-2-nitrophenyl)-1-phenyl-1H-indole (13.5g, 34.0mmol, & 86%)<
A

GC-Mass (©] & *]: 393.23g/mol, =7 *]: 393g/mol)

IH-NMR: 6 6.80(s, 1H), 6.86(t, 1H), 7.32(m, 1H), 7.44~7.57(m, SH), 7.71(s, 1H),
7.93~7.96(m, 3H), 8.19(d, 1H)

<7 2> 3-bromo-5-phenyl-5.10-dihydroindolo[3.2-blindole 2] §4
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[169]

PPh;

I.2-dichlorcbenzene

[170] A4 714 3hell A 2-(5-bromo-2-nitrophenyl)-1-phenyl-1H-indole 13.5 g (34.4
mmol), triphenylphosphine 22.6 g (86.0 mmol), 1,2-dichlorobenzene 140 ml& Y-
T 1247 Fot kel T}, vh-g £ 5§ 1,2-dichlorobenzene & A 7] 3L
HEAZ R o] =5 o] &35to] 75 #el el MgSO. & AHEsto] &5
AAB A 77159 Sl E AT F A A =vtE 23] =2 A A5t
3-bromo-5-phenyl-5,10-dihydroindolo[3,2-b]indole (9.2g, 25.5mmol, & 74%)&
AU

[171] GC-Mass (©] &*]: 361.23g/mol, =7 *]: 361g/mol)

[172] IH-NMR: & 7.21~7.57(m, 9H), 7.91(d, 1H), 8.02(d, 1H), 8.71(d, 1H), 7.93(s, 1H)
[173] <%HA| 3> 3-bromo-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole 2] 4

[174] !

O

Cu, KoCO;,
Nitrobenzens

[175] A4 714 3Fell A 3-bromo-5-phenyl-5,10-dihydroindolo[3,2-bJindole 9.2g (25.5
mmol), iodobenzene 15.6 g (76.4 mmol), Cu powder 1.1 g (17.8 mmol), K,CO;7.0 g
(50.9 mmol), nitrobenzene 70 ml< - §3}aL 200 °Coll A 12A] 1t & <QF L xks) Sl o},
W3- E7Z ¥ nitrobenzene s Al 7 etal WH A S R efo|E R {7 F S w6t
MgSO.E AHEste] &8 A AR 71529 &ul & A 718 5
Al A mntE 23] & A A 6o
3-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol, 5
719%)& LAt

[176] GC-Mass (©] &*]: 437.33g/mol, =7 #: 437g/mol)

[177] IH-NMR: & 7.21~7.28(m, 3H) 7.41~7.55(m, 10H), 7.69(d, 1H), 7.78(d, 1H), 7.91(d,
1H). 8.72(d, 1H)

[178]  <¥tAl 4> 3-(2-nitrophenyl)-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole®] 4]

[179] Q {HOLB. .
Ny, Q?N | XN @
O 3 @ PA(PPhy),, K,COs @ N | @
ON

Ao Br

? Toluene, Ethancl, H,O @
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[180]

[181]
[182]

[183]
[184]

[185]

[186
[187
[188
[189

—t e e

[190
[191
[192
[193

— d e

[194]

1-bromo-5,10-diphenyl-5,10-diphydroindolo[3,2-b]indole tH 4!
3-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol)-& A}-&-$F
A& Aot Fol o 19] <A 4591 S A3 4S5} o]
3-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.1g, 14.8mmol,
TE 74 %)= AU

GC-Mass (©] &*]: 479.53g/mol, =7 *]: 479g/mol)

IH-NMR: & 7.24~7.31(m, 2H), 7.42~7.65(m, 11H), 7.71(s, 1H), 7.90~8.01(m, 5SH),
8.16(d, 1H), 8.72(d, 1H)

<t 5> C39} C42] A

N Q :
e W,
Moy, N c3
@ X O PPh; @

W @ i 2-dichiorobenzene

7T L a.

1-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole T ]
3-(2-nitrophenyl)-5,10-diphenyl-3,10-dihydroindolo[3,2-b]indole (7.1g, 14.8mmol)&
ARG S A& A &8ss Fh) o] 19] <A 5> F L 344 -& Faske] €3
(2.5g, 5.5mmol, =& 37 %)<} C4 (2.1g, 4.6mmol, & 31 %)= AT}

C32] GC-Mass (©] £ *]: 447.53g/mol, =74 %] : 447g/mol)

IH-NMR: & 7.24~7.55(m, 17H), 7.92(d, 1H), 8.11(s, 1H), 8.72(d, 1H), 9.96(s, 1H)

C42] GC-Mass (0] & =] 447.53g/mol, =7 *]: 447g/mol)

IH-NMR: & 7.24~7.31(m, 3H), 7.44~7.56(m, 12H), 7.93~7.95(m, 3H), 8.09(d, 1H),
8.72(d, 1H), 9.96(s, 1H)

4] o 41 D32 A
<A 1> 2-(2-bromo-6-nitrophenvl)-1-phenvyl-1H-indole 2] $H4]

OyN
Q‘l cHO):zEJQ
N Br Br
Pd(PPhy),, K,CO,
Toluene, Ethanol, H,O
A4 714 3ol A 2-bromo-1-phenyl-1H-indole 10.9g (40.0mmol),
2-bromo-6-nitrophenylboronic acid 9.8g (40.0mmol), 2.3g (5 mol%)<] Pd(PPh;), %
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potassium carbonate 16.6g (120.0mmol)E 80ml1/40m1/40ml14] Toluene/H,
O/Ethanol®]l W31 110°CoA] 2] 3F 52t aeubsl i vk T 5 3,
HEAEF 2ol 28 o] §38te] 7758 ¥ el8hal MgSO,E AHE3to] 2=
AASNGE. #7159 §E AAT F AY AL rhE 1] 2 G A ol
2-(2-bromo-6-nitrophenyl)-1-phenyl-1H-indole (13.5g, 34.0mmol, & 86%)<
AU

[195] GC-Mass (©] & *]: 393.23g/mol, =7 *]: 393g/mol)

[196] IH-NMR: & 6.78(s, 1H), 8.85(m, 1H), 7.31(m, 1H), 7.47~7.53(m, 6H), 7.93~7.94(m,
3H), 8.02(d, 1H)

[197] <A 2> 4-bromo-5-phenyl-5.10-dihydroindolo[3.2-blindole ] 34!

[198]
‘ Br g

[199] A4 714 3ol A 2-(2-bromo-6-nitrophenyl)-1-phenyl-1H-indole 13.5 g (34.4

mmol) triphenylphosphine 22.6 g (86.0 mmol), 1,2-dichlorobenzene 140 mlE %=
T 2A] ZF Fot wutkstg T HE-8 £ 8 1 2-dichlorobenzene & A 7] &} a1

A Z 20| 28 o] §38to] #7]5& F 88kl MgSO.E AHE8te] =&
AASA #7715 Gl S A1 F A Azt v 2 G A 6o
4-bromo-5-phenyl-3,10-dihydroindolo[3,2-b]indole (9.3g, 25.8mmol, & 75%)&
A

[200] GC-Mass (©] &*]: 361.23g/mol, =7 *]: 361g/mol)

[201] IH-NMR: & 7.24~7.32(m, 4H), 7.41~7.56(m, 6H), 7.91(d, 1H), 8.71(d, 1H), 9.97(s,
1H)

[202] <%HA| 3> 4-bromo-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole 2] 4

[203] !

Cu, K,CO,y
Nitrohenzene

PPh,

P
¢

1.2-dichlorobenzene

[204] A A 715 3hell A 4-bromo-5-phenyl-5,10-dihydroindolo[3,2-b]indole 9.3g
(25.8mmol), iodobenzene 15.8 g (77.4 mmol), Cu powder 1.2g (18.1mmol), K,CO;
7.1g (51.6mmol), nitrobenzene 80m1-& - s}l 200°Col A 124] gF &<t
W HEEFA T WEE- 52 F nitrobenzenes A A8l WE A E 2 o] =2
#7155 F28te MgSO,E AH&ate] =& A7 sSY frlE Y &HlE

A F AdAmvtE 1] =2 A A st
4-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol, 7
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[205
[206
[207
[208

— e e

[209]

[210
[211
[212
[213

— e e

[214]

[215]
[216]

[217]

[218]
[219]

[220]

78%)< A ATt
GC-Mass (©] & *]: 437.33g/mol, =7 *]: 437g/mol)
IH-NMR: 6 7.14~7.28(d, 4H), 7.42~7.55(m, 10H), 7.84~7.97(m, 2H), 8.74(d, 1H)
<7 4> 4-(2-nitrophenyl)-5.10-diphenyl-5.10-dihydroindolo[3.2-blindole 2] 4

Oy =™ oy
)

N = Pd(PPh,),, K,CO,
@ 8r Toluene, Ethanol, H,0

1-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole T2
4-bromo-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (8.7g, 20.0mmol)& A}-8-3F
A& Aot Fol o 19 <A 453 A3 4S5} o]
4-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.0g, 14.6mmol,
TE 73 %)= LA

GC-Mass (©] &*]: 479.53g/mol, =7 *]: 479g/mol)

IH-NMR: & 7.22~7.54(m, 14H), 7.86~8.03(m, 6H), 8.75(d, 1H)

<t/ 5> D3°] FA

NO»

PPhy

1-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole T ]
4-(2-nitrophenyl)-5,10-diphenyl-5,10-dihydroindolo[3,2-b]indole (7.0g, 14.6mmol)<
ALEgF 1 Al el 8tarE FH o 19] <T@ A 553 F A gk 74 & 473 5t
D3(4.8g, 10.7mmol, & 73 %)< A3t

GC-Mass (©] & *]: 447.53g/mol, =7 *]: 447g/mol)

IH-NMR: & 7.24~7.31(m, 2H), 7.42~7.56(m, 13H), 7.93~7.95(m, 2H), 8.08(d, 1H),
8.71(d, 2H), 9.97(s, 1H)

(49 11R19] &4

7 o
(\ Q um ©
LA = W P(t-Bu},, Pdy{dba), Fﬁ\hﬂf—t}g O
. _ { « Pl / N
Y %\9,«3 + ’&% 20
m

o - NaOt-Bu, Toluene
“_4 I

A4 715 shell A4 A3 5.5g(12.3mmol), 5’-chloro-1,1°,3°,1”-Terphenyl 3.6g
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[221
[222
[223
[224

—t e e

[225]

[226
[227
[228
[229

— d e

[230]

[231
[232
[233
[234

—t e e

[235]

[236]

(13.6mmol), 0.6g (5 mol%) <] Pd,(dba)s, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 3.6g (37.0mmol)E 90ml 2] Toluenel = ¥ 3l 110°Col| A 4A] {E
&k anketgith jhgo] FAHE T e S 2ol BnE /]SS FEd v
MgSO,E AH&ste] & Al AT Al A mntE 23] 2 A sto] &4
3}8H &9l R1 (5.1g, 7.5mmol, 55 61%)S LA T).

GC-Mass (©] & *]: 675.82g/mol, =7 *]: 675g/mol)

(249 21R29] &4

4 ‘1‘}
.
1 = ] -
N : ) TN
NN Mo P(t-Bu)y, Pd{dba),
=< 4
A a3 O NaOt-Bu, Toluene

5’-chloro-1,1,3’,1”-Terphenyl t 2! 2-chloro-4,6-diphenylpyridine 3.6g
(13.6mmol) & AF-&-3h= & A 9l 8tar= FA o] 19} A e A& 53 8o
1.4 313521 R2 (5.3g, 7.8mmol, 58 63 %)S AUt}

GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)

[&d < 31 R39] A4

4
P(t-Bul,, Bd{dbal, &; -
N
NaQt-Bu, Toluene Q_‘( /
NN

5’-chloro-1,17,3’,1”-Terphenyl 2! 2'-chloro-6'-phenyl-2,4'-bipyridine 3.6g
(13.6mmol) & AF-&-3h= & A 9l 8tar= FA o] 19} A e A& 53 8o
1.4 3}3E21 R3 (5.6, 8.3mmol, & 67 %) AUt}

GC-Mass (°] &*]: 677.79 g/mol, =7 *]: 677.79 g/mol)

[ < 4] R209] A

- ~ S
o B
o e O ¢
[W{N ,; p :};/j M%M e‘g»p%{% Pie-Buy, Pdy{dbal, C N 7/\{“*1’ N: g}
= Sy - b s [ =% F : o
{:‘\LJ)) A3 J\Q/\\N)\g j NuaOtBy, Tolwene . ‘}\{\:ﬁr \(,E)NA@
/ ~ ,J\ R20
@

5’-chloro-1,1’,3’,1”-Terphenyl th 4! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
4.7g(13.6mmol) S A= AL A 9 &tari= A o 13 TA3 34 &
S &) -4 3}13HE-<1 R20 (6.0g, 7.9mmol, =& 64 %)S L AT).

GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)



29

WO 2015/099477 PCT/KR2014/012881
[237]
[238] [&4d o 51R259] @A
2 ~ I N
s i{\/,! 8@ RNy @ P{t-Buly, Pdyl(dbaly %3 Or
oCRE, T §§\ e CQfJW%:E
\ Ny @ U
[240] 5’-chloro-1,17,3’,17-Terphenyl t 2! 2-chloro-4-phenylquinazoline 3.3g
(13.6mmol) & AH-&31= AL Al 2l stars A o 13 5D e 214 & 535
17 3}eHE- 91 R25 (5.1g, 7.9mmol, 55 64 %)< A3t}
[241] GC-Mass (©] &3]: 651.76 g/mol, =7 *]: 651 g/mol)
[242]
[243]  [&A < 61 R269] &
[244] “ i ‘ gﬁ}
gﬁg NA@ n < ff«:f :’ L Pit-Bu)y, Pd,(dba), @:}‘NQ AP
@ m\ B - NaOtBu, Tolens » g - = 1“\;}
Q At RN R26
[245] A4 719 shell A B3 2.2g (5.0mmol), 5°-chloro-1,1,3°,17-Terphenyl 1.4g
(5.4mmol), 0.2g (5mol%)2] Pd,(dba),, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 1.4g (14.9mmol)E 50ml 2] Toluenel®l] ¥ 3l 110°Col| A 4A] {F
& ksl gith vkgo] FAE T uldAlF Rl ER §U]5S FE v
MgSO,E AH&3te] =& A7 el A AR v E e v 2 G A sho] &4
3}3FE-91 R26 (2.0g, 3.0mmol, & 61%)S LA}
[246] GC-Mass (©] & *]: 675.82g/mol, =7 *]: 675g/mol)
[247]
[248] [&4d o 71R279] &4
[249] - ) ;“QE )
g%’““g B2 ?/@ P(t-Bu)s, Pds(dba),; N-{ Kf:;/ - /N\ ()
@ \\(LIP:H@ + @ NaOt-By, Tolusne ©/ f\j A :‘)\; RS:\I;)
[250] 5’-chloro-1,1,3’,1”-Terphenyl t 2! 2-chloro-4,6-diphenylpyridine 1.5g
(5.4mmol) S AL-&3}= AL At FAl o 637 F U3 34 -S 5235}
1.7 3}9HE 91 R27 (2.0g, 3.0mmol, & 61 %)< A3t}
[251] GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)
[252]

[253]

[ o 8] R28¢] A
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[254]

P(t-Bu)s, Pdy(dbaly

NaOr-Bu, Toluene

[255] 5’-chloro-1,17,3’,1”-Terphenyl t 2! 2'-chloro-6'-phenyl-2,4'-bipyridine 1.5g
(5.4mmol) S AL-&3}= AL At FAl o 637 F U3 34 -S 5235}
1.4 313591 R28 2.1g (3.1mmol, 8 63 %) A3 ch

[256] GC-Mass (©] & *]: 677.79 g/mol, =74 *]: 677.79 g/mol)
[257]

[258] [ o 9] R45¢] A

[259]

\ E
; P o "E‘ Nz s' P-Budy, Pdydfhay, Q\ﬁt%&@
QN W\O/kﬂ/\@ NaOt-Bi, Toluene Heg
# 3
R4S

[260] 5’-chloro-1,1’,3’,1”-Terphenyl th 4! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
1.9g(5.4mmol) & AF&3h= A2 Al 95t g4 o 63} TS 348 523 5o
154 313521 R45 (2.4g, 3.1mmol, & 63 %)= A A

s

[261] GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)
[262]

[263]  [#4d 101 R509] &4

[264]

@ Q _ £ %
= ct P ‘ e
T A P(-Bu),, Pd,(dba); b@_@
@ :: ) NH\ B3 + N\(:‘-‘L\;C NaOt-Bu, Tolucne T > );KE/X_N
\_/ ;\"IN\@ RS0
(O
[265] 5’-chloro-1,1,3",1”-Terphenyl ™ 4! 2-chloro-4-phenylquinazoline 1.3g
(5.4mmol) S AL-&3}= AL At FAl o 637 F U3 34 -S 5235}

17 3}8HE 91 R50 (2.1g, 7.9mmol, 55 65 %)< A3t}

[266] GC-Mass (©] £*]: 651.76 g/mol, =7 #]: 651 g/mol)
[267]

[268] [&7d < 111 R51¢] &4

[269] {

X

- e
- & 4 J
}i Q o % P(t-Bu),, Pdyfdba), @f jﬁ; O

ﬁ: B4 = NaOt-Bu, Toluene N
™ )y ) @ @ (&) R51
[270] A A 715 shell A B4 2.0g (4.4mmol), 5°-chloro-1,1°,3’,1”-Terphenyl 1.3g
(4.8mmol), 0.2g (5 mol%) <] Pd,(dba)s, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 1.3g (13.1mmol)E 30ml 2] Toluenel®l] ¥ 3l 110°Col| A 4A] {F
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[271
[272
[273
[274

—t e e

[275]

[276
[277
[278
[279

—t e e

[280]

[281
[282
[283
[284

—t e e

[285]

[286]
[287]

FF ST HhEo] FAE F vdAER ol B {U])5S W ¢ o
MgSO, & AH&3ate] &5 A7 sl A AasntE 1 3] 2 G A sto] 54
3}3FE-91 R51 (1.8g, 3.0mmol, & 61%)S LA}

GC-Mass (©] & *]: 675.82g/mol, =7 *]: 675g/mol)

(& o 121 R529] A

Z 7 .
BN i _ \_/ C
Q cr\f\ \\///’ \.._< <

s / @ S b s
N 3 P =T P(-Bu);, Pdy(dba), AN AN _
C\( %N/ B4 + = NaOt-Bu, Toluene @“3 N@‘@
s N . }7-\\‘ 7
D &:-/ C}; RS2
5’-chloro-1,1,3’,1”-Terphenyl t 2! 2-chloro-4,6-diphenylpyridine 1.3g
(4.8mmol)& AH8-3l= A& Al el stare A o 113 58 14 & 5285t
1.7 3}9HE 91 R52 (2.0g, 3.0mmol, 55 68 %)< 23t}
GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)

[#d < 131 R539] ¥4

.
Pft-Bu)s, Pdyfba); @ Y

NaOt-Bu, Toluene

5’-chloro-1,17,3’,1”-Terphenyl t 2! 2'-chloro-6'-phenyl-2,4'"-bipyridine 1.3g
(4.8mmol)& AH8-3l= A& Al el stare A o 113 58 14 & 5285t
554 313521 R53 (2.0g, 3.1mmol, & 68 %)<= A A

GC-Mass (©] & *]: 677.79 g/mol, =74 *]: 677.79 g/mol)
[&73 4 141 R709] &4

Sy
-
wd Y b i

N’Qm ) N ,VH/ - P(Bujy, Piy(dba), @ «{SS"" v

M WA ey
& b1 _l“ \©/L i‘; NaQt-Bu, Tolwne [ E‘D/{N/@
a ¢ JN =2

s !

@

7o
W

R7Q

5’-chloro-1,1’,3’,1”-Terphenyl th 4! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
1.7g (4.8mmol)& AFE- 3= 21 Al @l shali= A o) 119} 5 A A&
3 ale] -4 313121 R70 (2.1g, 2.8mmol, & 65 %) A AT}

GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)
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[288]  [4 <l 15] R759] &4

N P <
/};:;\ :(/}—«rén n o iN\\}/J\@ P(t-Bu)s, Pdy(dba);
(Q}’N?’»\ B84 \\: p NaOt-Bu, Toluene
()

[290] 5’-chloro-1,1,3",1”-Terphenyl ™ 4! 2-chloro-4-phenylquinazoline 1.2g
(4.8mmol)& AH8-3l= A& Al el stare A o 113 58 14 & 5285t

1.7 3}8H& <91 R75 (1.8g, 2.8mmol, & 65 %)< A3t}

[291] GC-Mass (©] &3]: 651.76 g/mol, =7 *]: 651 g/mol)
[292]
[293]  [¥A o 161 R762] &4

]

[294 N QL
%,

» 4
=N R -+ Sa / P(t-Bu);, Pey(dbal; Q O
TN 3 : Ne N
" NH e NaO-By, Toluene & 4 ! *
é [ g sy R76

)
[295] A4 715 shell A €3 2.5g (5.5mmol), 5°-chloro-1,1°,3’,1”-Terphenyl 1.6g
(6.0mmol), 0.3g (5 mol%) <] Pd,(dba)s, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 1.6g (16.4mmol)E 40ml 2] Toluenel®l] ¥ a1 110°Col| 4] 4A] {F
FF ST HhEo] FAE F vdAER ol B {U])5S W ¢ o
MgSO, & AH&ate] &5 A7 sl A AasntE 13 2 G A sto] 54
3}3FE-91 R76 (2.4g, 3.5mmol, & 64%)S A A}

[296] GC-Mass (©] & *]: 675.82g/mol, =7 *]: 675g/mol)
[297]

298]  [&A o 171R779] &4

[299]

® o~ Q_ -
\m/ Nal {M\%w + Q/@ Pit-Bu);, Pdaidba)y Q ‘ '\};?/@
’2\ @ o3 \/ ) NaOt-Bu, Toluene @\/(%

N -

O

[300] 5’-chloro-1,1’,3’,1”-Terphenyl t 2] 2-chloro-4,6-diphenylpyridine 1.6g
(6.0mmol)2 AFE31= A& A9tz FA o 163} 5L e B4 S 535
17 3}8HE 91 R77 (2.3g, 3.3mmol, & 61 %)< A3t}

[301] GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)

[302]

[303]  [&dd 181R78] ¥4
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[304]

[305]

[310]

[311
[312
[313
[314

—t e e

[315]

[316
[317
[318
[319

—t e e

[320]

i 2y
o

i [+ i
N M T Ny, ) P{1-Buls, Pda{dba) Q =i
LAl S + N w R RO 7
y wsf . C3 Ny SN
@ NaO-Bu, Toluene & T | P
N

a R78

5’-chloro-1,17,3’,1”-Terphenyl 2! 2'-chloro-6'-phenyl-2,4'-bipyridine 1.6g
(6.0mmol)& AM8-3}= A& Al el star= A o 167 B3 4 & 5285t
54 313521 R78 (2.3g, 3.4mmol, & 62 %)= A A}

GC-Mass (©] & *]: 677.79 g/mol, =74 *]: 677.79 g/mol)

[EA4 < 191 R959] 34

& e
N;n Pes-Barky, Peotdbas P n; ¢ . p
f [ XN' e——————————— s P {

MaOt-By, Toluene N N 1

5’-chloro-1,1’,3’,1”-Terphenyl th 4! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
2.1g (6.0mmol) S AH-&3H= AL A Q&= s o 167 5L 4
3 ale] -4 3131221 R95 (2.8g, 3.7mmol, & 67 %) A AT}

GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)

[EA4 <) 20] R1002] A4

e -
= e A
7 C'\FN* P(1-Bu)s, Pdy(dba)s N

j Q
"" N N y. N,
% 40 W "+"° N»/i NaOt-Bu, Toluene H ( % ;t"
h S h 5
O O A o
Y

5’-chloro-1,1’,3’,1”-Terphenyl t 2! 2-chloro-4-phenylquinazoline 1.5g
(6.0mmol) & AHE-3}= Z1E Al 9] 8tati= A o 167 F A e A& 53 3o
&4 313521 R100 (2.4g, 3.7mmol, 58 67 %) A3 o).

GC-Mass (©] &3]: 651.76 g/mol, =7 *]: 651 g/mol)

[3H4d < 211 R1019] &4

P
(fw I I 7 ) ¢
A TNA S o - pe=
w%q»({ Y + b ¥l P(t-Bu,, Pdyidba), i <,~__.;<
S e e RNl )
/,_1/‘\/ L’{QEQ ["‘5/\ NaOr-Bu, Toluene q Lm{
% ;
¢ Yn_ H LN L S G WA
=N @’ \X;fa\t_,f /
&/ P |
A

R101

A4 715 shell A C4 2.1g (4.6mmol), 5°-chloro-1,1°,3’,1”-Terphenyl 1.3g
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[321
[322
[323
[324

—t e e

[325]

[326
[327
[328
[329

— d e

[330]

[331
[332
[333
[334

—t e e

[335]

(5.0mmol), 0.2g (5 mol%) <] Pd,(dba)s, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 1.3g (13.8mmol)E 30ml2] Toluenel = ¥ 3l 110°Col| 4] 4A] {F
&k anketgith jhgo] FAHE T e S 2ol BnE /]SS FEd v
MgSO,E AH&ste] & Al AT Al A mntE 23] 2 A sto] &4
3}gH &2 R101 (2.0g, 2.9mmol, 58 64%)S AT}

GC-Mass (©] & *]: 675.82g/mol, =7 *]: 675g/mol)

[3H4d o 221 R102¢] &4

¥ F;
e s,
@\ o V@

e P{t-Bu)s, Pdy(dbak

Y +
; /g c4 NaOt-Bu, Toluene
R

5’-chloro-1,1,3’,1”-Terphenyl t 2! 2-chloro-4,6-diphenylpyridine 1.3g
(5.0mmol)& AH8-3f= A& Al el shar= A4 o 213 B 3 g & S8 5t
1.7 3}8HE21 R102 (2.0g, 2.9mmol, 55 64 %)< A At

GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)

Ri02

[3A4 o 23] R1039] A4

% ’ r‘p
. ; %

S ; ¢ i # N =
N + Fi-Bu)s, Pdstdba), W}”N‘\{gx
S

N e Nat-Bu, Toluene s M g )
: = SO
@ \_/ =

Ri03
5’-chloro-1,17,3’,1”-Terphenyl 2! 2'-chloro-6'-phenyl-2,4'-bipyridine 1.4¢g
(5.0mmol) & AHE-3F= Z1E Al @] 8tari= 4 o 217 F A& A& 53 8o
4 813221 R103 (2.0 g, 2.9mmol, & 66 %) D AT},
GC-Mass (©] & *]: 677.79 g/mol, =74 *]: 677.79 g/mol)

N

D

[A4 o 24] R1209] 4

o o g P1Bu);, Pd,(dba);
p ti% o4 + N NaOBu, Toluene @ @r \Q
o e EN\ Sy,

Mo zM

P H

@ R120

5’-chloro-1,1’,3’,1”-Terphenyl th 4! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
1.7g (5.0mmol) S AH-&8H= AL A &= s o 217 5L 4
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e ato] -2 3129l R120 (2.2g, 2.9mmol, 58 66 %)< A Tt

[336] GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)
[337]
[338]  [&A o 251 R125¢] &4
[339] -
y . )‘N\ ~
N }J\N ’/_%} ) + e: Ny J P{t‘f‘%u}g, Pdy(dba)y C\;"“” “"*7-»4 % ;,
m ;{2 HQI\;I o4 - ; NaOt-Bu, Toluene \j ‘\:\ p {}"S
=y
S R125

[340] 5’-chloro-1,1,3",1”-Terphenyl ™ 4! 2-chloro-4-phenylquinazoline 1.2g
(5.0mmol)& AH8-3h= A& Al €l shar= ?‘f“é o 213 & A& 2 & 5}
24 31521 R125 (2.0 g, 3.1mmol, =& 67 %)= A AL

[341] GC-Mass (©] &3]: 651.76 g/mol, =7 *]: 651 g/mol)
[342]

[343] ¥ 01] 26] R1269] &4

[344]

Ci = Q
, /“ N
/ W’@ P(1-Du);. Pdy(dba); O
NaOt-Bu, Toluene @

/ o -
\< \v’\
.y 7
&\/) R126 \:«')

[345] A4 714 shell A D3 4,8¢g (10.7mmol), 5°-chloro-1,1°,3’,1”-Terphenyl 3.1g
(11.7mmol), 0.5g (5 mol%)<] Pd,(dba)s, tri-tert-butylphosphine 0.1g (0.6mmol) %
Sodium tert-butoxide 3.1g (32. Ommol) = 100m12] Toluenel®ll ¥ a1 110°Col| A 4A] 7k
&k anketgith jhgo] FAHE T e S 2ol BnE /]SS FEd v
MgSO., & AH&ste] B2 A7 st A AR vt E 189 2 A A sto] 54
5 3HE01 R126 (4.6g, 6.8mmol, 8 64%)< AT},

[346] GC-Mass (©] &*]: 675.82 g/mol, =7 A]: 675 g/mol)
[347]

[348]  [&Add 271 R1279] &4

[349]

=
L S
Lz

c, e —

e P(i-gll)g, Pdg(db&};

NH D3 {
(ﬁ 6 @ NaOw-Bu, Toluene
X
rR127

[350] 5’-chloro-1,1,3’,1”-Terphenyl t 2! 2-chloro-4,6-diphenylpyridine 3.1g
(11.7mmol) & AF-&3}= AL A9 8tari= Al o 263 FA 3 48 423 519
17 3}8HE 91 R127 (4.5, 6.6mmol, 55 62 %)< A At

[351] GC-Mass (©] 2*]: 676.81 g/mol, =7 *]: 676 g/mol)

O
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[352]
[353] [}/ <] 28] R1289] §H73
[354] @
s N =t *
\'(;X?NH D3 + ?f«n} P(t-Bu)s, Pdytdbals A N\} N \:/
&l #Ot-Bu, Toluene 4
@ \j - NaOt-Bu, Tol @ (\\
R128
[355] 5’-chloro-1,17,3’,1”-Terphenyl 2! 2'-chloro-6'-phenyl-2,4'-bipyridine 3.1g
(11.7mmol) & AM-8-3H= A& Al 9 slars A4 o 269 TU e 719 & =35}
24 813E 91 R128 (4.5 g, 6.6mmol, & 62 %)< LAt
[356] GC-Mass (©] & *]: 677.79 g/mol, =74 *]: 677.79 g/mol)
[357]
[358]  [&Ad 291 R1459] &4
[359] @ %? p
= N
f P N\ " 7 /\ NN P(t-Bu},, Pd,(dba), Q\N O Q\f‘wﬁ'
%ﬁm s 4 © Crk‘m)@ NaOLBu, Toluene @
G P
[360] 5’-chloro-1,1’,3",1”-Terphenyl t] ! 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine
4.0g (11.7mmol) & AF-&38t= A& A Q8oL FAd o 267 wA g A4 =
F3iale] &4 3}3FE-91 R145 (5.0g, 6.6mmol, 8 62 %) A3tk
[361] GC-Mass (©] & %]: 754.88 g/mol, =74 *]: 754.88 g/mol)
[362]
[363] [}/ <l 301 R1509] 373
[364] @ -
/ o O
TR gl e PRI
sle} S R &
= R150
[365] 5°-chloro-1,1°,3",1”-Terphenyl T4l 2-chloro-4-phenylquinazoline 2.8g
(11.7mmol) & AM-8-3H= A& Al 9 slars A4 o 269 TU e 719 & =35}
17 3}8HE 91 R150 (4.5 g, 6.9mmol, 5 65 %)< A3}
[366] GC-Mass (©] £*]: 651.76 g/mol, =7 #]: 651 g/mol)
[367]
[368]  [EAd 1WA 18] =4 7] AA T3 &9 A=
[369]  FAdellolA A I EE TR defl o R Nk SIAAE

3 5 olgh o] Aol whet 242 Az,
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[370] W A, ITO (Indium tin oxide)7} 1500A F7 &2 vhe} I 9l @ f-¢] 7| 3-S S FHFR
Zaa ARSI T ARl FuUd ol xR sl oAl E, i

o AR 259 A A S A A FEA| 71 2 UV OZONE A4 7] (Power sonic
405, SHAE )R o] S A 71 T8 UVE o] &38to] 7] 7133 531 Al g 8 aL
A Z27 2 7|98 o) 43519t}

[371] o] 27 249 ITO 5% A= 9]0] m-MTDATA (60 nm)/TCTA (80 nm)/ 90%
st7] #19 T 2E 7H7E9] 313HE + 10 % Ir(ppy)s (30nm)/BCP (10 nm)/Alg; (30
nm)/LiF (1 nm)/Al (200 nm) <=2 & & Z3&}o] 2212 A 28 v}

[372]

3731 plad 1154 §7] BA 2 279 Az

[374] 2FT IAA EF S 2E BHRARI = HA CBPE A&k A
Aeletar= Al 13 FL e ARG o' A2E A x5

[375]

[376] 771 AAlel 1A 18 2 w]aLe] 1o A A8 ¥ m-MTDATA, TCTA, Ir(ppy)s,
BCP 2 CBP9| 733 5}7]9} 2},

= Q Q %} [
coote Cho ot

m-MTDATA TCTA
&
\ RN AN 7\
/:’ / //(\ _ — @ —
T o =6
N x N N=
N S \ \\\// >7 N
& cep BCP
Ir(ppy)s
[378]
[379] [ 7}4 1]
[380]  AAlel 1WA 18 3 Hlale] 10 A Al =gk Zh2h o] =4 /7] 2 A g Aol

ate] AFLE 10 mA/arol A o] 5 A AFES D W3 135 S48},
1 ARE 5] 3 1ol YER A
[381] #1
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[Table 1]
ME F2E |FEHENY)  [EE9Amm) A FEE(cd/A)
]l 1 R1 6.2 515 41.2
A 2 R3 6.1 515 41.1
A 3 R20 6.2 515 41.2
2Ald 4 |R26 6.3 514 41.7
Al 5 R28 5.9 515 40.5
A 6 R45 5.5 515 41.2
A7 [R51 6.2 515 40.9
A 8 R53 6.4 515 41.1
A9 R70 6.4 514 42.1
2Ad 10 |R76 6.2 514 41.5
A 11 [R78 6.9 514 415
AAld 12 |R95 6.2 515 41.2
AAld 13 [R101 6.1 515 41.1
2Ald 14 [R103 6.2 515 41.2
2Ald 15 |R120 6.3 514 41.7
2Ald 16 [R126 5.9 515 40.5
A el 17 |R128 5.5 515 41.2
2] 18 |[R145 6.2 515 40.9
H)sld] 1 CBP 7.1 517 37.0

[382] 7471 3 19 vER vhef o), B o] 313 E-S 54§ WA g At
gl ALE3 A9 (A Al A 1 WA 18)7F £ CBPE 4 7] A A w4
Aol Wh3gSol AFE S A (vl o] DRY & E FE Ao 5% A e
gelsd = At

[383]

[384]  [AAId 19 A 301 44 771 AA 23 229 A=z

[385]  FAlelA et S ES TR dEll HeR s SIAAE
& 5 ofef o] Aol whet 225 A 25

[386] W A, ITO (Indium tin oxide)7} 1500A F7 &2 vhe} I 9l @ f-¢] 7| 3-S S FHFR

289 ARG S AR o] Fbel ol a2 kg, ob B, Mk

o SAE 253 A H S sFal ZAFEAZ] ¥ UV OZONE Al74 7] (Power sonic
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[387]

[388]
[389]
[390]

[391]
[392]

[393]

[394]
[395]
[396]

[397]

Far

Ot

405, SH2TE )R o] FA 7] T UVE o] &3sto] 7] 7]¥
28 27152 73S o] F3ksit

ol A #18]¥ ITO ¥4 A= 9ol m-MTDATA (60 nm)/TCTA (80 nm)/ 90%
57 329 T AE 2471 9] 313HE + 10 % (piq).Ir(acac) (30nm)/BCP (10 nm)/Alg;
(30 nm)/LiF (1 nm)/Al (200 nm) <=0 & 2] &38lo] A& A %89t}

7F /q] 743

L

o
Mr

5

ko

[M] 2L 2]
13T PN E T AE BE R A R2 39S thal CBPE AHEsh= 2l
ALl shaL= 7] AAl el 193 5 U3 g o 2 AAE Al

271 A A e 19 WA 30 2 8] o] 20| A AL-8-¥ m-MTDATA, TCTA, BCP 2
CBP9 223= 719k 3L, (piq)Ir(acac) 9] %= 87| 9} At

(pi)er{acac)

[3 7} 2]

Al e] 19 WA 30 2 w)aLe] 2004 Al 2§ Z47te]
thate] AFEE 10 mA/criol A Q] TE A, Wy g L
1 ARE 5] # 20 YERARIT

32
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[Table 2]

A F A B (cd/A)

12.4

11.2

12.1

11.9

12.4

12.4

11.2

12.1

11.9

12.4

11.4

12.3
9,1

7 5] =1(nm)

ul 3l
=

621
621

620
621
621
621
621
620
621
621

622
620
622

V)

0~

o

Q_—rL

4.4
43

4.1

4.1

4.4
4.2
4.1

4.0
4.2
4.3

4.8

4.4
5.5

SEE

R2

R25
R27

R50
R52
R75
R77

R100
R102
R125

R127

R150
CBP

Alel 19

Al el 20

Alell 21

Alel 22

Alell 23

Alel 24

Alell 25

Al el 26

Al e 27

Al el 28

Al el 29

Al 4l 30
H] 3¢ 2

[398]

ul 3l
=70

71 A7

2 2

] CBPZ

(B Lol 2)H v} 5

Alell 19 W #] 30)7F

Al
=

(

e)
iy

To-

ol

3

%
ok

-

T

2 ol 75
ko] 51514 |

T
T
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T W

R ECNE

o] T

=
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ab7] 8914 | iz 2 FAHE SR
[3h8H4] 1]

&7 3hekA] 1 HEi= 2004,

R, 7 R,, R,9} Ry, Ry Ry, Rs¥} Rg, Rg¥}F R, 3= R, 9 Ry 5 H o] 12
stz 3h7] Bet4) 308 BAIE H3 e e P4k,
[} 3]

A2 7] sleka] 1 Bz 28} o] o] Fol A= ol A,
X2 C(An)(Ary), N(A15), O, S 2 Si(Arg)(Ar,) & 0] Fo] % 7ol A

A s,

Ry WA Rp= A S HA O R 54, T4, SR, Alofx7],
HEZREY], C~Cypo EZ7], CrrCyp® &AL 7], C~Cyp®l 7171,
Ci~Cyp®l Al E2 L], A2 3 WA 409

Bl ZA 2L 7], CoCopl oFE 71, A= 5 W A#] 604
Bl 2ot 7], C~Cypl dAZAI7], Co~Ceo® oFH 5171, Ci~Cy
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Arp WA Ar2 242 55 12 0 2 C~Cp®l &7, Co~Cip®l
LA, C~Cu®l L7171, ConCo & A ERLZAT], A5 3
WA 409] S H A ER2EA Y], C~Co®l oFE 7], A AR 5 4]
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42

WO 2015/099477 PCT/KR2014/012881

~Cy® AT, CrCop®l oFH A Y], C~Cpp® HARET], Cs
~Cq®] oFH B E7], Ce~Cep® o E 23 7], Ce~Cep

o} 215 2231 8 Ao 7] B CCyp®] obelo}il 7] = o] Fol7)

| P I = R BT

A7 Ry WA Ry B Ar A A &2 7], SAIE Y], 71971,

o] =
A B RS, A RA SR L], o} A7), e zobE ],
AAS A7) ob LA 7], S A A, o} A ALY], AU B E,

O

ofHolnl 7] = 247t H g A 02, C~Cypol & 7]
AALD 7], CrCyp® 71971, Ci~Cp&] Al 2L 7], F YA 3
WA 409 &8 = Al E 2 U7V, Co~Co@ ot 7], A= 5 WA
60°] FEH 2o} H 7], C~Cy] AFAI7], Co~Cop®l oFE %A1, C,
~Cyp2 &AL, CnCql P A HY], C~Cp] AR ET], C
~Ce®] OFE R E7], Co~Ceo 8l oFHE 7], Co~Cep 4]
ol H E A L ALo) = 7] U C~Cyp ] o} ol Rl 7| & o] 5o 7]
ol A AelEl 1F o] o F X3 = ¥ X Bhe )

[ 73} 2] Al18tel] 9lof A,
71 gk 12 BAH = 3R] 8tr] 8kekA] 4 ] 9=
FAE = B E R o] Fol X ol A M ElE = 313 &
[sheH2 4]

==
FIREY), b E 2R, ol E AT S Ao =] o
]

Re Rs Rs Ry

[sheH4 5]
Ary Ary
Rg \"' "4 X4 re
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