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[0082]

[0083]
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[0088]

[0089]
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[0096]

[0097]
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B d= AAF. 2, dr)e A
W o] W97t dAEE Ae oyt

(D) Az 1 .

%62

1,1'-binaphthyl-2,2'-diol (10 g, 0.035 mol, sigma aldrich), p-TsOH (6.01 g, 0.035 mmol, sigma
aldrich), Tol 250 mLE Y3l 100 CollA 12 AIZF F<F wutsle] wH-SAF Y, Wb F8 & s 895
FAS AMg3le] FEata AAAA (N-HEXANE : EA)3IY] <F3HA 2-1>% 6.6 g (& 70.4%) 531310},

A 2-19] A

ofy

(2) Az 2+ 24 2-2¢] A

63— 8%

21 2-2

ZHA) 2-1 (10 g, 0.037 mol), chloroform 200 mL ¥3 0 C= YZtAZ1 & Bromine (12.51 g, 0.078 mol,
igma aldrich)& HH3| H7FA7]a AF2olA] 12 AlZFEQE wtste] WA T, Whg T8 F 2M NaOH 48
8 g

AHE3te] Bromine A AE F AAE uAZ oJste] <FHA 2-2>5 13.8 g (& 86.9%) 533t

w O'lN

tlo

(3) Az 3 : FIHA] 2-39] A

0]
(0]
o} Jo OMe
OMe + B-B _— 0
o o B
| o

2-3

Methyl 2-iodobenzoate (10 g, 0.038 mol, sigma aldrich), Bis(pinacolato)diboron (11.63 g, 0.046 mol,
sigma aldrich), potassium acetate (7.49 g, 0.076 mol, sigma aldrich), PdCl,(dppf) (0.84 g, 0.0011 mol,
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sigma aldrich), 1,4-Dioxane 200 mL 23l 95 ColA 12 Az} F<¢F wyksle] wHEA| T, ¥HS 28 3 H0 4
3 FREE ¢ F APAA (N-HEXANE @ MO)3ke] <F3HA] 2-3>5 7.4 g (& 74%) 53kt
[0100] (4) Az 4 . FIHA 2-49] FA
o MeO OMe
O (0] O
I O — Sty O
o RS (0
\
v °75 o QU
2-2 2-3
[0101] 24
[0102] S7HAl 2-2 (10 g, 0.0235 mol), =3%rA 2-3 (13.53 g, 0.052 mol), potassium carbonate (12.97 g, 0.094

mol, sigma aldrich), Pd(PPhs), (1.36 g, 0.0012 mol, sigma aldrich), THF 200 mL, H,0 40 mL ¥l 6A17F &
ob &5 wnksle] WA 7T, WHg T H,0 : EAE o] &3l & 3 $ AHGA(N-HEXANE : EA)3te] <&

_‘6,‘_
A 2-4>5 9.9 g (& 78.6%) T5313iH.

[0104] (5) Az 5 : FZHA 2-59] A

[0105]
[0106] FZHAl 2-4 (10 g, 0.0186 mol), THF 200 mLZ il Methylmagnesium chloride solutionZ 0 CellA HH3] %
ZbetaL 1A17F BoF kA AR F HHs Aeow 2] 10 AZF Eeb mykete] wbSAIZT. IN HC1E o] &8k
WS-8 FAA A BAR FEF T f715S APAA (N-HEXANE : BA)Sle] <FHA] 2-5>2 7.8 g (& 78%)
FE3HATH
[0108] (6) Az 6 @ FZHA 2-69] A
O
- ) O.Q <
25 26
[0109]
[0110] Z7H 2-5 (10 g, 0.0186 mol), AcOH 250 mLZ 0 ColA 10%7+ wwks}ar Phosphorlc acid 400 mLE 7}sfaL
o] 2 Az EoF WA, Wk FE F NaOHE F3HA17]a HO @ FAS o] &3} %%fa & ARAA

(N-HEXANE @ EA)3Fe] <744 2-6>& 7.2 g (& 77.2%) $53IA0}.
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[0112]

[0113]

[0114]

[0116]

[0117]
[0118]

[0119]

[0120]

[0122]

[0123]

[0124]

[0125]
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(D) Az 7 @ FZHA] 2-79] A

ssgipes e seloptey
53 53

26 27

=24 2-6 (10 g, 0.020 mol), chloroform 200 mL ¥ % Bromine (6.70 g, 0.042 mol,
sigma aldrich)& A3 HA7IN7)|Z Ao 12 A|ZF B wwksle] HbSA AT, ¥hS 23 & 2M NaOH 58
N& ARE3te] Bromine AAZ § AAHE LAE ofHste] <FIHA 2-7>& 11 g (& 83.6%) TS5

(8) Azxef 8 : 3}§HE 29| 34

=24 2-7 (10 g, 0.0152 mol), phenylboronic acid (4.07 g, 0.0334 mol, sigma aldrich), potassium
carbonate (8.40 g, 0.061 mol, sigma aldrich), Pd(PPhs;), (0.88 g, 0.0008 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H,0 20 mL Y3l 6A1ZF SoF 35 wulksle] wbS AT, WFS E3 & [20 : FA & o] 83l =
e E ¢ & A7AA (N-HEXANE © EA)ste] s}3t& 285 8 g (& 80.7%) F53F3lt).

H-NMR (200MHz, CDC13):& ppm, 2H(8.15/d, 7.83/s, 7.69/d, 7.41/m) 4H(8.55/d, 7.55/m, 7.52/d, 7.51/m)
12H(1.78/s)

LC/NS: m/z=652[ (M+1) ]

A 2 : 3SISHE 40 §A

(D) Az 1 FHA 40-19] A

=24 2-7 (10 g, 0.0152 mol), phenylboronic acid (2.22 g, 0.018 mol, sigma aldrich), potassium
carbonate (5.25 g, 0.038 mol, sigma aldrich), Pd(PPhs;), (0.88 g, 0.0008 mol, sigma aldrich), Tol 200

mL, EtOH 40 mL, H,0 20 mL ¥l 6A]17F FoF 37 uwtsle] WH-SAATEH, ¥ T35 F U0 : EAE o]&3le 5
g

il

sk & A=A (N-HEXANE : EA)Sle] <Z 7k 40-1>5 8 g (& 80.3%) F53h3t).

A
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[0127]

[0128]
[0129]

[0130]

[0131]

[0133]

[0134]

[0135]
[0136]

[0138]

[0139]
[0140]

SIHSd 10-2019-0034782

=24 40-1 (10 g, 0.015 mol), dibenzolb,d]furan-2-ylboronic acid (3.88 g, 0.018 mol, Yurui),
potassium carbonate (5.27 g, 0.038 mol, sigma aldrich), Pd(PPhs), (0.88 g, 0.0008 mol, sigma aldrich),

Tol 200 mL, EtOH 40 mL, H,0 20 mL 23 6A]7F ToF 315 wulsle] b A HTH, ¥He 28 I [0 : EAS o] &
to] F=HEE 3 & AP AA (N-HEXANE : EA)3Fe] 35 402 9.3 g (58 82%) =53t}

H-NMR (200MHz, CDC13):& ppm, 1(7.89/d, 7.81/d, 7.72/d, 7.71/s, 7.66/d, 7.41/m, 7.38/m, 7.32/m)
2H(8.15/d, 7.83/s, 7.69/d, 7.52/d, 7.51/m) 4H(8.55/d, 7.55/m) 12H(1.78/s)

LC/NS: m/z=742[ (W+1) ]

4

Al 3 3ISHE 76

Rt

(D) Az 1 F3A 76-12] A

SHFEY — G
5E° — 95%

76-1

Bromine (3.51 g, 0.022 mol,
b wkE FE O 2M NaOH 58
g (58 82.9%) F53tt).

XA 2-6 (10 g, 0.020 mol), chloroform 200 mL ¥iL 0 CTZE IZAZ
sigma aldrich)S HH3] H7MA713 FoA 12 AJZF &< W
NS AFE3FA] Bromine AAS § AHE UAE ATt <FIHA 76-1>E 9.

(2) Azd 2 @ F3A| 76-29] ¢4

ot OOk
et

3-bromo-9-phenyl-9H-carbazole (10 g, 0.031 mol, TCI), Bis(pinacolato)diboron (10.25 g, 0.040 mol,
sigma aldrich), potassium acetate (6.09 g, 0.062 mol, sigma aldrich), PdCl,(dppf) (0.68 g, 0.0009 mol,

sigma aldrich), 1,4-Dioxane 200 mL 231 95 CollA 12A]7F &<t wwtsle] vk A 7T, ¥ 8 5 H,0 ¥
SwdE & F dAA (NHEXANE : NC)ske] <g 3kl 76-2>5 9 g (& 78.5%) T53F3Att.
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[0142]

[0143]

[0144]

[0145]

[0146]

[0148]

[0149]

[0150]
[0151]

[0153]

[0154]
[0155]

[0156]
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=2+ 76-1 (10 g, 0.017 mol), =ZHA 76-2 (7.65 g, 0.021 mol), potassium carbonate (7.15 g, 0.052
mol, sigma aldrich), Pd(PPhs), (1.00 g, 0.0009 mol, sigma aldrich), Toluene 150 mL, EtOH 30 mL, H,0 15
mL 23 8AZF FetF 3R wwksle] WA T. Wb TR O H0 0 EAE o]83t TEIEE I T AHAAA
(N-HEXANE : EA)&te] 3}gHE 764 10.4 g (58 81.24%) F=53F3it}.

H-NMR (200MHz, CDC13): & oppm, 1H(8.15/d, 8.09/d, 7.94/d, 7.87/d, 7.83/s, 7.77/s, 7.61/d, 7.45/m,
7.44/m, 7.33/m, 7.25/m, 7.24/m) 2H(7.69/d, 7.58/m, 7.50/d) 4H(7.55/m) 5H(8.55/d) 12H(1.78/s)

LC/NS: m/z=741[ (W+1) ]

Ao 4 : 3SHE 83

EW

HAd

(1) Az 1 : F3A] 83-19] 34

1-bromo—4-tert-butylbenzene (10 g, 0.031 mol, sigma aldrich), 4-tert-butylaniline (7.60 g, 0.037 mol,
sigma aldrich), Sodium tert-butoxide (9.02 g, 0.094 mol, sigma aldrich), Zu} Pd(dba), (1.35 g, 0.0023

mol, sigma aldrich), tri-tert-Bu-phosphine (0.95 g, 0.0047 mol, sigma aldrich)ol Toluene 150 mLE il
100 CollA 1A1ZF &eb wvksle] whA|AY. ¥k 8 3 1,0 : MC o] S#gE 3 & AP AA|] (N-HEXANE

EA)EF] <F 314 83-1>% 10.3 g (5% 78%) F53F3tt.

ZT

8341

(2) Az 2 - 3}gh= 839 94

83

=24 2-7 (10 g, 0.015 mol), =7FA 83-1 (7.33 g, 0.033 mol), Sodium tert-butoxide (4.38 g, 0.046
mol, sigma aldrich), = Pd(dba), (0.44 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.31 g,

0.0015 mol, sigma aldrich)el Toluene 200 mLE YWil 100 ColA 1AIZF B<F wykste] whS-A| L, HES &£
3 F H0 : MCol ZEEE ¢ F A=A (N-HEXANE : EA)S} FH%% 83 11.6 g (& 81.67%)

539
H-NMR (200MHz, CDC13):& ppm, 2H(7.84/d, 6.81/s, 6.64/d) 4H(8.55/d, 7.55/m) 8H(7.01/d, 6.55/d)
12H(1.78/s) 36H(1.35/s)
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[0157]

[0159]

[0160]

[0161]
[0162]

[0164]

[0165]
[0166]

[0167]

[0168]

[0170]

[0171]

[0172]
[0173]
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LC/MS: m/z=1058[ (M+1)']

Ao 5 ¢ 3}E 103 A

(1) Az 1 F3A] 103-19] 34

oo 0" o

103-1

2-bromonaphthalene (10 g, 0.048 mol, sigma aldrich), aniline (6.3 g, 0.0676 mol, sigma aldrich),
Sodium tert-butoxide (9.28 g, 0.096 mol, sigma aldrich), Zu] Pd(dba), (1.39 g, 0.0024 mol, sigma

aldrich), tri-tert-Bu-phosphine (0.98 g, 0.0048 mol, sigma aldrich)el Toluene 150 mLE Y3 100 T <l
AIAIZE B wEkele] HESAIF Y. WEE R 5 H,0 0 MCo FETE 3 & AP FA (N-HEXANE : EA)SHo]

<Z7HA 103-1>% 8.4 g (8 79.3%) +53+3T}.

(2) Az 2 : 3}3HE 1039 A4

1031

=244 2-7 (10 g, 0.015 mol), =7FA 103-1 (7.33 g, 0.033 mol), Sodium tert-butoxide (4.38 g, 0.046
mol, sigma aldrich), =1 Pd(dba), (0.44 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.31 g,

0.0015 mol, sigma aldrich)el Toluene 200 mL= ¥l 100 ColA 1A1ZF Bt wwkate] whAF Tk, WhS =
2 5 H0 : MCol =R E s & APAA (N-HEXANE : EA)E] 33HE 103S 11.3 g (58 79.56%) 55319

o}

H-NMR (200MHz, CDC13):&6 ppm, 2H(8.07/d, 8.02/d, 7.84/d, 7.57/d, 7.54/m, 7.53/m, 7.38/m, 6.98/d,
6.64/d) 4H(8.55/d, 7.55/m, 7.20/m, 6.81/m, 6.63/d) 12H(1.78/s)

LC/NS: m/z=934[ (M+1) ]

Ao 6 setE 131 9A

(D) Az 1 F0A 131-19] FA4

s A

13141

4-bromodibenzo[b,d]furan (10 g, 0.040 mol, sigma aldrich), 3,5-dimethylaniline (5.89 g, 0.0486 mol,
sigma aldrich), Sodium tert-butoxide (7.78 g, 0.081 mol, sigma aldrich), Zw] Pd(dba), (1.16 g, 0.0020

mol, sigma aldrich), tri-tert-Bu-phosphine (0.82 g, 0.004 mol, sigma aldrich)°l] Toluene 200 mLE il
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[0175]

[0176]

[0177]

[0178]

[0179]

[0181]

[0182]

[0183]
[0184]

[0186]

[0187]
[0188]
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100 CollA 1A1ZF BoF wukete] WA, WS F85 5 00 : MC o SEEE 3 $ AdA] (N-HEXANE :
EA)BEe] <F3HA] 131-1>% 9.4 g (5% 80.8%) 5331t}

(2) Az 2 @ I3HE 1319 A

N
[e] (o]

\ +@N@JH\©NON©

S7HA) 2-7 (10 g, 0.015 mol), &7FA] 131-1 (9.60 g, 0.033 mol), Sodium tert-butoxide (4.38 g, 0.046
mol, sigma aldrich), Zuj] Pd(dba), (0.44 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.31 g,

0.0015 mol, sigma aldrich)el] Toluene 200 mLZ Yir 100 TollA 1A F¢t HPoM HESAI Y, g F
B30 : MCO ZEEE 3 T AYAA (N-HEXANE : EA)Sle] &3E 1312 13 g (58 79.9%) $E5319th.

H-NMR (200MHz, CDC13): 68 ppm, 2H(7.89/d, 7.84/d, 7.66/d, 7.38/m, 7.32/m, 7.25/d, 7.07/m, 6.81/s,
6.71/s, 6.64/d, 6.39/d) 4H(8.55/d, 7.55/m, 6.36/d) 12H(2.34/s, 1.78/s)

LC/MS: m/z=1070[ Oi+1)']

Ao 7 ¢ 3}3E 153 A

(D) Az 1 F3A] 153-19] 34

153

4-bromo-2-methylbiphenyl (10 g, 0.040 mol, Alfa), p-toluidine (5.20 g, 0.0486 mol, sigma aldrich),
Sodium tert-butoxide (7.78 g, 0.081 mol, sigma aldrich), Zu] Pd(dba), (1.16 g, 0.0020 mol, sigma

aldrich), tri-tert-Bu-phosphine (0.82 g, 0.004 mol, sigma aldrlch)oﬂ Toluene 200 mLE ¥ 32 100 C oA
IAZF EoF wukate] W AIZITH, WS EFE T U0 : MCol RS 3 T AYUAA (N-HEXANE : EA)&te] <=

ZHA 153-1>& 9 g (5& 81.36%) F53F3ith.

(2) Az 2 : 335 1539 A

=204 2-7 (10 g, 0.015 mol), =7FA 153-1 (9.13 g, 0.033 mol), Sodium tert-butoxide (4.38 g, 0.046
mol, sigma aldrich), Zu] Pd(dba), (0.44 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.31 g,

0.0015 mol, sigma aldrich)el] Toluene 200 mLE Yil 100 ColA 1AIZF E<¢F wuksle] vk A HTE, HbS =
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[0189]

[0190]

[0192]

[0193]

[0195]

[0196]

[0197]

[0199]

[0201]

[0202]

[0204]

[0205]

[0206]
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T H0 : MCol FEZ 3 F APAA (N-HEXANE : EA)3slo] 33HE 153S 12.7 g (58 80.15%) 533
=

H-NMR (200MHz, CDC13): & ppm, 2H(7.84/d, 7.42/d, 7.41/m, 6.81/s, 6.64/d, 6.61/s, 6.50/d) 4H(8.55/d,
7.55/m, 7.52/d, 7.51/m, 6.98/d, 6.51/m) 6H(2.59/s, 2.34/s) 12H(1.78/s)

LC/NS: m/z=1070[ (M+1) ]

o whE AAldoA], IT0 £ A=< 25 mm X 25 mm X 0.7 mm¢] F2] 7|3 9, IT0 54 d=0] §
Jﬁlméﬁlﬂi%o%%ﬂ,%%\f@]2m><2mEUV}QE%ﬂH%§”3WW&MW 718E A
A

Iujo] AHe F ool ol 1 x 10 torr7l HES & F {718 A7) 110 9ol 37] FRE 471%

=

22k AAld 1 WA 10

B e Y SFEES BT SFER s, dv|ek g A 7 xE e
! 3}

=4
PaAE Axstel, WY BHS LY

rir
ol
=
i)
ofd
o
N
2
)

IT0 / &Y= (HAT.CN 5 nm) / B35%53 (o-NPB 100 nm) / AXAAZ (TCTA 10nm) / 3= (20 nm) /
AR=4%% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

110 7 Aol A3FA5S 457 8 MG ol §3tel 43FA5 T8 5 mz ¥ 23 Wy
o YA, olF ABFEFS «NPBE AHgdtel Auatddth. AAAAFE IS 10 m FAZ Hetel
o EE, WPl

IAE 3EgERE B odgo & ek 2, 6, 11, 24, 32, 40, 60, 65, 74, 763 Al
E 2 [BD1]& AF&3le] FA7F 20 nm AZrF H=S ARsiglon, F7t2 dAx 45538
[201] 3}€% Liq 50% %=%3) 30 nm % LiF 1 nm 2 <F0]E 100 mmE FHPo 2 AYste], F71-dASF4)

XP Hlale] 12 % fr71dAE g A A7) Al 19 2AZelA 3T s & wde] nE 3}
= iAol BHlE AREshs A& Alelstals, 7] Al 13 FdsiAl A=,

= b

Agel 1 ad AAd 1A 109 Wy 54

A7) A de] wel AlzE f7]AAEF R thefA Source meter (Model 237, Keithley)®} 3]=7 (PR-
650, Photo Research)& o]-&3te] A, M7 2 WP &S SH3A AF D% 10 mA/ct7} 9= AgS
T Aot o Aolste] vwstg e, 1 Ax:= a7 [F 1]3 7”:‘r

3 1
AA 4 g \i cd/A QE(%) CIEx CIEy
1 313k 2 4.20 7.42 5.86 0.144 0.154
2 3}eta 6 4.18 7.50 5.93 0.145 0.155
3 3}3k24111 4.18 7.45 5.88 0.144 0.155
4 3}st 224 4.21 7.52 5.94 0.145 0.154
5 3}314132 4.24 7.44 5.88 0.145 0.155
6 3}st2140 4.20 7.41 5.85 0.144 0.155
7 3}3H2160 4.24 7.36 5.81 0.145 0.154
8 3}st2165 4.20 7.43 5.87 0.144 0.154

|
W
(@)
|
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9 5}8H4174 4.25 7.38 5.82 0.145 0.155
10 513124176 4.23 7.46 5.89 0.145 0.154
Ml o] 1 BH1 4.24 5.2 4.54 0.147 0.156
[0207] 471 [ 1ol vekdl dabs duew, WA, 2 wgel] mE etes Ak wdTel 2AE AgwR AS

l L
Aol Tl AL Dol Hlste] W3 g8, FA 2E& 5 F 5ol A8 S AT 3

CN © N/\<:\>
—_ 3 —
N;\rCN N gﬂh OO N O /N>—
e 0T Y o O IO L
be BatavetuliveciiNSchaleee
N AN/ARN N ‘
P 0 ~ )
" & Qi

[0208]
[0209] [HAT_CN] [ a-NPB] [BH1] ([BD1] [201]
_ \/ \
Cg (IL O
@@

[0210] '

[0211] [TCTA]

[0213] 224 AAld 11 WA 20

[0214] 2= i mE SES BETY SFER st i B2 A FxRE e FA 3 fU1AASE AR
E Axste], @7 a85 233k W 5SS SH5T.

[0215] IT0 / B3F9Y3= (HAT.CN 5 nm) / AEF4Z(a-NPB 100 nm) / AXAAZ(TCTA 10 nm) / 23Z (20 nm) /
A4S (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

[0217] IT0 7% Ao AFFUTS F4357] 98 HAT_ NS o] &3te] AaFUdTe F/4AE 5 mz 0¥ 4357 Uy

o2 YA, oF HAITFETS a-NPBE AME3te] A9ttt AAAAFTL TCTAE 10 nm FAZ d9sksl

oh E3, FgSo] SAE FERE [BHS AMEsta, RRE 3FES B Wi uhE 3)eh4 83, 88, 98,

103, 116, 131, 147, 153, 164, 1762 AFE3td TA7F 20 mm A=/} HE2 guksiglon, Z712 Ax 4

Z(37] [201] 33 Liq 50% =3) 30 nm 2 LiF 1 nm ¥ <¢F0]H 100 S FFHoz Ausle], vﬂ@?ﬂ

g AaAE AZAT.

[0219] 22} v 2

[0220] 22l v 25 91F FUIAAEF LA AV AAld 119 AT ZA BEE FFERA B g uE

S dalel B1E AHgahE 2l AlSstas, 4] Al 19 Fdshl ARl

[0222] A 2 0 23 AAd 11 WA 209 HF EA

[0223] A7) AA o] wel AZzE F7) AALF A A Source meter (Model 237, Keithley)o} 3|=A (PR-

650, Photo Research)E& o]&3lo] <, AF % o3F g8 4592, AF 9= 10 mA/ a7} H+ ALS

"FE Ao Aelste] vmstgon], 1 duks ] [E 219 Atk
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[0224]

[0225]

SIHSd 10-2019-0034782

* 2
A AT Wgs SHE v cd/A Im/w g4
1 51514 83 4.20 8.11 6.06 el
2 318t 88 4.23 7.88 5.85 g A
3 3}t 98 4.21 7.93 5.91 4
4 31814103 4.19 7.91 5.93 g A
5 3}3t41116 4.22 7.98 5.94 44
6 3}814131 4.26 7.80 5.75 4
7 3}8H41147 4.23 7.84 5.82 73
8 318141153 4.19 8.01 6.00 g A
9 3}3t2164 4.22 7.92 5.89 44
10 3}8121176 4.24 7.86 5.82 44
v 2 BD1 4.25 5.20 3.84 g A
47 (& 2] YeEbd As duad, w4, 2 odge] me 3gE o] WFZol| ERE IFER A&
g A9l Tl AA(aLe 2)el Hlste] W g8, FA 52E F ol AAs e FAE 5 3
=
=9
EH]
R4 Ra
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