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GC-Mass (o] &X]: 362.23g/mol, =AX]: 362g/mol)

[ 2 : 2-(2-nitrophenyl)-9,9-diphenyl-9H-f luorened] 4]

Pd(PPhyly. Mag GOy O’ O
O’ Tolugne/ Water Q
B(OH),
Dbl

Ao 194 A3 9,9-diphenyl-9H-f luoren-2-ylboronic acid 9g (24.8461 mmol) ¥} 2-bromonitrobenzene
5.02g (24.8461 mmol), Pd(PPhs), 0.9g (0.7454 mmol)S Z&f2=Ae] ¥ A4 F3 sholl Toluene 120mlel] 83|

1 5 odlum Carbonate 7.9g (74.5383 mmol) S mol FE&H AmlE HIF A T 124)%F B¢ 35 avkEt
Els T gEEEdugoz FEF % Hexane: MC = 4: 1 (viv)e 2 Y Iz2vlEaddE s,
2- (2 rophenyl) 9,9-diphenyl-9H-fluorene 9.2g(5% 84%)S & 535}t

GC-Mass (o] &X]: 439.50g/mol, &4 X]: 439g/mol)

[84 o 3 : 11,11-diphenyl-5,11-dihydroindeno[1,2-b]carbazole®] &A1

O’ O Trigthylphosphite

0ol

Ao 204 gAE 2-(2-nitrophenyl)-9,9-diphenyl-9H-fluorene 3g (6.8259 mmol)S Triethylphosphite
11.34g (68.2590 mmol)ell &3 A|Z1 % A stellA 12A43F 7 uwiksiglty. wvkg FE % Vacumm
Distillation® & w|¥kg Triethylphosphited #|7 8Fal, Hexane : MC = 4 : 1 (v/v)o2 A3 54 335}
&2 11,11-diphenyl-5,11-dihydroindenol[1,2-b]carbazole 0.6g (F& 21.5%) % 12,12-diphenyl-11,12-
dihydroindeno[2,1-alcarbazole 0.6g (& 21.5%)< BE5381%t}.

GC-Mass (o] &X]: 407.51g/mol, A X]: 407g/mol)

[AA]el] 1 : Inv-39] §A]

Ao 304 dAlsk 11,11-diphenyl-5,11-dihydroindeno[1,2-b]carbazole 5g (12.2696 mmol) I} 9-(4-
bromophenyl )-9H-carbazole 4.74g  (14.7235 mmol) Sodium ¢-butoxide 3.54g (36.8088 mmol),
Tritertbutylphosphine 0.15g (0.7362 mmol)& Toluene 50mlel &8jA7]aL, Pdy(dba); 0.35g (0.36 mmol)S ¥

2 §_ A7 B¢k 3 wHbEEIT). WbS- £8 § U EEEdgoe® FEF 2 Silicagel filter 3}l Hexane
MC =4 : 1 (v/v)o2 A"sle] 22 33E< Inv-3 5.2g (F& 65 9 5s19t).

GC-Mass (o] &X]: 648.79g/mol, & X]: 648g/mol)

[AA]e] 2 : Inv-69] §A]

Ao 3 oA A3 11,11-diphenyl-5,11-dihydroindenol[1,2-b]carbazole 5g (12.2696 mmol)¥} 4-bromo-
N,N-diphenylaniline 4.77g (14.7235 mmol)<S Yol &+ A& Astas AAld 13 U3 WHo= FA3hA
B4 sh3hEQl Inv-6 6.1g (& 76%)S &S5ttt
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GC-Mass (o]#=]: 650.81g/mol, &4 X]: 650g/mol)

[AA]el 3 @ Inv-139] 3]

Ao 3 oA A3 11,11-diphenyl-5,11-dihydroindeno[1,2-b]carbazole 5g (12.2696 mmol)3} 4,4'-
dibromobiphenyl 1.72g (5.5213 mmol)& o] & AL A9l AAd 13 U3 WHoR FAsle] &3

3552l Inv-13 4.2g (& 78%)& 53519 t}.

GC-Mass (o]#=]: 965.19g/mol, SAX]: 965g/mol)
[&Add 4 : 5,11,11-triphenyl-5,11-dihydroindeno[1,2-blcarbazole®] &Al]

Er

Pdsidbais, MaO(tBu)
Tritertbutylphosphing, Toluene

Ao 3 oA gASE  11,11-diphenyl-5,11-dihydroindenol[1,2-b]carbazole 1.87g (4.5884 mmol)3}
bromobenzene 0.79g (5.9655 mmol), Sodium ¢-butoxide 1.15g (13.7652 mmol), Tritertbutylphosphine 0.05g
(0.24 mmol)E Toluene 25mloll &3] A]Z1 % Pdy(dba)s; 0.12g (0.12 mmol)= Y& F 12A]7F EoF 37 wWkA|

Ao, 92 F15 Z fyaddF2eo|=8 FZ 3L Silicagel filterd}al Hexane : MC =4 @ 1 (v/v)o2 ZAY
o] Z3A 3}g&E<l 5,11,11-triphenyl-5,11-dihydroindeno[1,2-b]carbazole 1.66g (& 85.8 %)< 53}
=

GC-Mass (o]&x]: 483.60g/mol, =AX]: 483g/mol)

[ 5 : 2-bromo-5,11,11-triphenyl-5,11-dihydroindeno[1,2-blcarbazole ¢ A1
W, ) e
O’ NBS O’ B

Ao 4 oA AJsE 5 11,11-triphenyl-5,11-dihydroindeno[1,2-blcarbazole 1.66g (3.4326 mmol)S N, M
Dimethylformamide 30mlell £3jA]FHt}. 40C=E 7}E9 HF & Mbromosuccinimide 0.61g (3.4326 mmol)S ¥

ToAIZE Bot RS FAEHA wHA AT, ¥ F8 5 SRS 8mlE UM & AAE ZAE Filter

a2 Methanol®  Washingd ¥ Axste] E3  3gE<2  2-bromo-5,11,11-triphenyl-5,11-
dihydroindeno[1,2-blcarbazole 1.5g (& 78%)S HE3}% .

GC-Mass (o]&X]: 562.50g/mol, &4 X]: 562g/mol)

[84 6 : 5,11,11-triphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-5,11-dihydroindeno[1,2-
blcarbazole®] §A]
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Br P i dppfiCly, Bisipinacclatojdiboron

Fotassium acetate, 1 4-dickane

Ao 504 gAE 2-bromo-5,11,11-triphenyl-5,11-dihydroindenol[1,2-b]carbazole 5g (8.8 mmol)3}
Pd(dppf)Cl, 0.19g (0.2664 mmol), Bis(pinacolato)diboron 2.7g (10.656 mmol), Potassium acetate 2.6lg

(26.64 mmol)E 1,4-t}o]=Ak(dioxane) 50mlol] E3AI AT, WHES 6A)17F B¢t 3b7 wwet & t)F 2= E
I {52 33 FEIYY. 28 aEvEadY Hex:EA = 9 @ 1 (viv)E ZAHS Y 524 3gE<Q 5,11,11-
triphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-5,11-dihydroindeno[1,2-b]carbazole 4.2g (5
& 76%)S 533t

GC-Mass (°]#=]: 609.56g/mol, SAX]: 609g/mol)

[AA]el 4 : Inv-169] 3]

Ao 504 AT 2-bromo-5,11,11-triphenyl-5,11-dihydroindeno[1,2-b]carbazole 5g (12.2696 mmol)x}
3] o 6ol A I hely 5,11,11-triphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,11-
dihydroindeno[1,2-blcarbazole 8.97g (14.7235 mmol)S ¥ % X d] 29 U3 Hyo=w gAsle] &3
SHHEQ Inv-16 7.2g (7% 61%)& E 53T

GC-Mass (o]#=]: 965.19g/mol, SAX]: 965g/mol)

[AA]el 5 @ Inv-239] 3]

3] o 6o A A sk 5,11,11-triphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,11-
dihydroindeno[1,2-b]carbazole 5g (8.2626 mmol)¥} 4-bromo-N,N-diphenylaniline 3.21g (9.5151 mmol)S ¥
& F A 4 A g o R skl Inv-23 4.1g (& 68%)= 253l

GC-Mass (o]&Xx]: 726.90g/mol, =AX]: 726g/mol)

[AA]el 6 @ Inv-299] 3]

3] o 6o A A sk 5,11,11-triphenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,11-
dihydroindeno[1,2-blcarbazole 5g (8.2626 mmol)¥} 9-(4-bromophenyl)-9H-carbazole 3.07g(9.5151 mmol)<
We 5 A 49 w4 o R FAEte Inv-29 4.1g (& 68%) S IS

GC-Mass (o]&Xx]: 724.89 g/mol, =AX]: 724 g/mol)

[ 7: 4,4,5,5-tetramethyl-2-(2-nitrophenyl)-1,3,2-dioxaborolane ¢ &A1

Br 0 0
NO,  Pd(dppf)Cl;, CH;COOK B~

Bis(pinacolato)diboron, Dioxane o

2-Bromonitrobenzene 20g (99.00 mmol)®} Pd(dppf)Cl, 2.2g (2.9702 mmol), Bis(pinacolato)diboron 30.17g
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[0103]

[0104]
[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]

[0112]

[0113]
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(118.8059 mmol), Potassium acetate 29.15g (297.0147 mmol)S 1,4-t}o]LAk(dioxane) 500mlol] &3 A]71
A 63 FTd3 Wor SAISIe] 44,5 5-tetramethyl-2-(2-nitrophenyl)-1,3,2-dioxaborolane 18g

& 5% S 53Tt

k-
(7

GC-Mass (o] &X]: 249.07g/mol, &HX]: 249g/mol)

[&Ad 8 : 2-bromo-7-(2-nitrophenyl)-9,9-diphenyl-9H-f luorene®] &A1

O g PAiPPhsly, MNasCOs Br O

B

. + NO, T O’
< Talugne/EtOH, Aliquat 336
Er

0 2 I

2,7-dibromo-9,9-diphenyl-9H-fluorene 10g (21 mmol)¥} &Ado|l 7oA A3 4,4,5 5-tetramethyl-2-(2-
nitrophenyl)-1,3,2-dioxaborolane 4.18g (16.8 mmol), Pd(PPh3), 0.58g (0.5 mmol), Sodium Carbonate 3.56g
S =a ’6‘ I;]E-

(33.6 mMmol)& ¥ Toluene 100ml 2 Ethanol40 mlol]l dE & 12417 35 wykA]ZTCH, ¥HS 28

E'c‘\__“r‘

2o ® F= 9 Silcagel filterdtil, Hexane:MC = 4:1 (v/v)o.2 ZAHsle] B3 5]’@%‘3 2-bromo-7-

(2-nitrophenyl)-9,9-diphenyl-9H-f luorene 4.9g (& 56%)S &=},

GC-Mass (o]&Xx]: 518.40g/mol, &4 X]: 518g/mol)

[&Add 9 : 9-bromo-11,11-diphenyl-5,11-dihydroindeno[1,2-b]carbazole ¥ 2-bromo-12,12-diphenyl-11,12-
dihydroindeno[2,1-alcarbazole?] 4]

. g;@ Triethylphasp hite Bi &O + Br Q

.M

Ao 8 oA A3 FIFE  2-bromo-7-(2-nitrophenyl)-9,9-diphenyl-9H-fluorene 3g (5.79 mmol)<S
Triethylphosphite 9.65g (57.9 mmol)S Y2 $ FAd 37 A WPo= FAste] 9-bromo-11,11-
diphenyl-5,11-dihydroindeno[1,2-b]carbazole 0.9g (&& 32%) 2 2-bromo-12,12-diphenyl-11,12-

=

dihydroindeno[2,1-alcarbazole 0.9g (=& 32%)S 53},

GC-Mass (o] &X]: 486.40g/mol, & X]: 486g/mol)

[ 10 : 9-bromo-5-ethyl-11,11-diphenyl-5,11-dihydroindenol[1,2-b]lcarbazole & 4]

Bromoethane , MaCH

Tetrabutydammonium hydrogen sulfate, Acetone

Ao 9ol A A3 9-bromo-11,11-diphenyl-5,11-dihydroindenol[1,2-blcarbazole 5g (10.28 mmol)3} NaOH
0.82g (20.56 mmol), Tetrabutylammonium hydrogensulfate 0.1g (0.31 mmol)<- Acetone 50mlol &A1 &

==z =2 >~

Bromoethane 2.24g (20.56 mmol)S A7}3tal 12A17F 37 WA ZTH, ¥ 8 3 =7 100mlE HA7Fsta
Ethyl Acetate® F&3}¢] Hexane : EA = 9 : 1 (v/v)o2 ZAH 3dlo] EA3E2Q 9-bromo-5-ethyl-11,11-
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[0114]
[0115]

[0116]

[0117]
[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]
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diphenyl-5,11-dihydroindeno[1,2-b]carbazole 4.6g (& 87%)< &53}%t}.

GC-Mass (o]&X]: 514.45g/mol, &AX]: 514g/mol)

[84 o 11 : 2-bromo-11-ethyl-12,12-diphenyl-11,12-dihydroindeno[2,1-alcarbazole®] 4]

Erom ogthane, MalH

Tetrabutylamm onium hydrogen sulfate, Acstone

Ao 9ol A A 3F 2-bromo-12,12-diphenyl-11,12-dihydroindeno[2,1-alcarbazole 5g (10.28 mmol)< Y&
= el 109 sde wHom  jHAdste]  HF sgE<Sl 2-bromo-1l-ethyl-12,12-diphenyl-11,12-
dihydroindeno[2,1-alcarbazole 4.3g (& 81%)<S 53813},

GC-Mass (o] &X]: 514.45g/mol, =AHX]: 514g/mol)

[AA]el 7 @ Inv-349] 3]

Ao 10 oA &A% 33E 9-bromo-5-ethyl-11,11-diphenyl-5,11-dihydroindenol[1,2-b]carbazole 4g (7.78
mmol) ¥} Diphenylamine 1.58g (9.33 mmol)& ¥ §F Al 13} sd3t oz At Inv-34 3g (&
64%)= & =3sk3ltt.

GC-Mass (°]&Xx]: 602.76g/mol, =AX]: 602g/mol)

[AA]el 8 : Inv-399] 3Ad]

Ao 10 ol A &A% 33E 9-bromo-5-ethyl-11,11-diphenyl-5,11-dihydroindenol[1,2-b]carbazole 4g (7.78

mmol) ¥} Carbazole 1.56g (9.33 mmol)S P& 3 AAd 13} SU& W ow dAste] Inv-39 3.4g (58
73%)S 53

GC-Mass (°]#=]: 600.75g/mol, &AX]: 600g/mol)

[AAel 9 @ Inv-759] 3]

Ao 11 oA ASE 2-bromo-1l-ethyl-12,12-diphenyl-11,12-dihydroindenol[2,1-alcarbazole 4g (7.78
mmol) ¥} 4-(diphenylamino)phenylboronic acid 2.7g (9.33 mmol)2 ¥& & 3tAd 29 HU3 WHo g A
ste] Inv-75 4.7g (& 89%) = Y533itt.

GC-Mass (o]#=]: 678.86g/mol, SAX]: 678g/mol)

AA ¢ 10~18] =4 wF=oz A3 §7] @ Az

AT, EFH5 AA
170 & Zefznl AAQ7=
2712 7| HS o]Fs ).

ITO (Indium tin oxide)7} 1500A 9] FAZ vldr FEF
o] BUH olaxad UdAE, ofNE, WEE T &4

2= pul

= =
OJFAIZ T At EF=EVEE o8-St BV VIS 5 A § 5 ¥

ol&2A Fuj" IT0 T4 A= o] NPB(40nm)/Inv  +  10%Ir(ppy)2(acac)(20nm)/BCP(10nm)/Alq3(40
mm)/LiF(Inm)/Al €22 WP 225 T4 3 b o5 o3 EAS Hriskgla, 1 2945 37 & 14 7]
ARt A7IA, Invell AE&H = e 37 % 13 Zr).
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[0132] [B]aLe 1]

[0133] 471 AAld 1A FulE A= 9ol NPB(40nm)/CBP +  10%Ir (ppy)2(acac)(20nm)/BCP(10nm)/Alq3(40
mn)/LiF(1nm)/Al =22 W3g 228 7S v AAld 13 $daiA 23 545 B8kt

[0134] %471 NPB, CBP ¥ Ir(ppy)2(acac), BCP2] F-Z+= ofge} #t}.

[0135]

W
Gooto

[0136]
[0137] CBP
; SO Nzi
[0138]
[0139] Ir (ppy)2(acac)
[0140]
[0141]
[0142]
X 1
[0143] AL (V) 3] % (cd/m2) Color a8 (cd/A)
Inv-3(A Al 10) 6.32 193 =5 A0 19.3
Inv-6(2A A4 11) 6.51 184 = 18.4
Inv-13(A A1 12) 6.82 178 =5 A0 17.8
Inv-16(2 A4 13) 6.64 181 = 18.1
Inv-23(A A1 14) 6.14 197 =5 A0 19.7
Inv-29(2 A4 15) 6.28 194 = 19.4
Inv-34(A A1 16) 6.97 182 5 A1 18.2
Inv-39(2 A4 17) 6.86 183 = 18.3
Inv-75(2 Ao 18) 7.14 181 = A 18.1
Hlale] 1 7.94 174 = 17.4
[0144] ol Ato| A Atw R ule} o] E wtwo] wWE 3IFES ALEI 7] G AX(AA A 10~18)E E (BPE A&
St 7] W axt(Hale] DR A @ g8 €53 AT S UEhle AS g 4 ot
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[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]
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AAd 19~20] AN wF=oz ALRF §7] 9 Az

371 A A] o 1o A a2 A= ol DS-205(60nm) /NPB(15nm)/ Inv + 5%
Ir(pig)2(acac)(30nm)/BCP(15nm)/Alq3(15 nm)/LiF(1nm)/Al €08 W33 A4S A e AAd 13 SU3
A g B Hrlslda, 2 A34E syl & 20 Z1ASATh. o714, Invel &5 e SdFgEL 5] # 29
Fage

[Had 2]

371 A A] o 1o A =H & A= ol DS-205(60nm) /NPB(15nm) /CBP + 5%
Ir(pig)2(acac)(30nm)/BCP(15nm)/Alg3(15 nm)/LiF(1nm)/Al €8 W3d AAE A e AAd 13 U3
A @ 548 Hrkskoich.

i

’37] Tr(pig)2(acac)9] T3 o9} 2.

Ir(piq)2(acac)

X2
ALV 3] % (cd/m2) Color a8 (cd/A)
Inv-13 (&A1 19) 4.8 71 LS 7.1
Inv-16 (XAl < 20) 4.7 76 w7y 7.6
Hl e 2 5.4 64 LS 6.4

AAd 21~22] AF 55 L AGFo=z A /7] @4 23

71 AAd 1ol Fuld A5 $ol  Inv(40nm)/CBP
nm)/LiF(lnm)/Al Fo7 W s FAE US AAd 13
7] & 3ol 71AETE. o171A4], Invel A&5 = StES 3§17

+  10%Ir (ppy)2(acac)(20nm)/BCP(10nm)/Alq3(40
TUA g 5EAE HUkekela, 1 A3E s
% 37 #t.

[Had 3]

A7) AAd 14 FEHE A= Yol NPB(40nm)/CBP +  10%Ir (ppy)2(acac)(20nm)/BCP(10nm)/Alg3(40
mm)/LiF(1nm)/Al £o.2 AHF53le] a3 AxE FAS oS AAld 13 5dsA &3 548 Artsislt).

* 3
(V) 3] %= (cd/m2) Color a8(cd/A)
Inv-13 (A4 21) 5.67 194 = 19.4
Inv-16 (A4 22) 5.63 191 = 19.1
Hl3le] 3 7.94 174 = 17.4

ool A A& wiel o], E W] wE sFES F7] ©F Ao wEFoR ALE ElS A5 (AA
W of

[e)
T = =270 =
10~20)= &3 CBPE 7] &3 Aaxte] H3Zo= A8ds Ae-(ud 1 ¢ 2)B a& 9 A dolA ¢
T s YENH, AF 55 2 ALETOom A SAS A-(HAd 21-22)9 %= NPB(W]ule| 3)Ht} <t
2 g8 WA €53 d5S e AS &9 5 I
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of wiste] AretAwt, & w2 ofo AHH= Aol oy

0159] ol ol ¥ wwe] mAAF Al W 597
TSt wee] A ARel Wl A olel AR APsel AAFE Aol s of e 2w
Helol St e Pzt
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