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[0090]

[0091]

[0093]

[0095]

[0096]

[0097]
[0098]

[0100]

[0101]
[0102]

[0104]

[0105]
[0106]
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dol & =do] Afeitt. FAAY dE= 8-3|EFAF = Al FE, AlgE 2T #HE, #7] U2 3

. dE AAF e, s)e A
o] Wesk gHE AL oh

Sadel 1 setE 19 A

(1) Az 1 : F3kA 1-12] §H4d

ofy

9,9-dimethyl-9H-xanthene-4,5-diyldiboronic acid (15 g, 0.050 mol, Yurui), 35% hydrogen peroxide (25.67
g, 0.755 mol, sigma aldrich), 2% aqueous sodium hydroxide solution 200 mL, THF 300 mL ¥3al 21A]3F 5t
WHkste] BESAIATE, ¥HS TR § ether, 2N HCl 898 93 f7]|5S 83 & ether®Z F&3 & A+

AA (N-HEXANE @ EA)3te] <714 1-1>S 10 g (558 82%) +53tgtt.

(2) Az 2 : =24 1-2¢] A

A4 1-1 (5 g, 0.021 mol), methyl 2-bromobenzoate (10.65 g, 0.050 mol, sigma aldrich), potassium
carbonate (8.56 g, 0.062 mol, sigma aldrich), Copper(II) oxide (3.94 g, 0.050 mol, sigma aldrich),
pyridine 100 mLE YaL 130 TelA 641 &<k dbEA AT, g T8 § oJfste] & oJdls& 0 ToA
HClS 793t F3A171 § EtOAc® F&3tal AHAAl (N-HEXANE @ EA)3e] <&7HA| 1-2>5 8 g (& 76%)

Saheirt.

ol

(3) Az 3 : FIHA] 1-39] A
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[0108]

[0109]
[0110]

[0112]

[0113]

[0114]

[0116]

[0117]
[0118]

[0119]

[0120]

[0122]
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FSha 1A BF MNAIAT F WA geom Lol 1047k Bok mykshe] WA INHCIE ol g3l
WSS FANYIE EAT FEa] §7158 AUAA (HEXANE © BA)SHS] <FH] 1-3>2 7.6 g (8 808) 4
S3hginh

(4) Az 4 : 24 1-4¢] A

13 14

o

| 1-3 (15 g, 0.031 mol), MC 150 mLell methaneSulfonic ac1d§— @il 302 ¥ triethylamine® & ¥hg
ZAANZ F AAAA (MC : FAE] <A 1-4F 11.1 g (78 75%) F53F .

(5) Az 5 @ FIHA 1-59] A

1-4 1-5

=74 1-5 (10 g, 0.021 mol), chloroform 200 mL ¥iL 0 CE ¥z & wWHSPHA] bromine (7.07 g, 0.044
mol, sigma Aldrich) & X133 "olm=tt, 0 CeolA 1AZF B wnk $ oA 12A17F Ft WH-gAZT).
g 5 & HIFAUER F89S 93 TEEE ¢ F A4 JYsto <FA 1-5>F 10.3 ¢ (FF

77%) 53T

(6) Azl 6 : 3}3HE 19 34

1-5

=24 1-5 (10 g, 0.016 mol), phenylboronic acid (4.69 g, 0.039 mol, sigma aldrich), potassium
carbonate (8.87 g, 0.064 mol, sigma aldrich), Pd(PPhs), (0.93 g, 0.0008 mol, sigma aldrich), Toluene

200 mL, EtOH 40 mL, 0 20 mL Y3 4A]7F o} 35 wuksle] M-S A AL, 98 23 3 [0 : FAS o] 43}9]
FEE 3 T APAA (N-HEXANE : EA)Ste] 38E 18 8 g (58 79.6%) 53330t

H-NMR (200MHz, CDC13): 8 ppm, 2H(7.46/s, 7.41/m, 7.26/d, 7.25/d, 7.23/m, 7.09/m) 4H(7.52/d, 7.51/m)
18H(1.72/s)

LC/MS: m/z=626[ (M+1)']
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[0123]

[0124]
[0125]

[0127]

[0128]
[0129]

[0131]

[0132]
[0133]

[0134]

[0135]

[0137]
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(1) Az 1 2 F3A 22-19] 34

B(OH),
B(OH

o P o [
2. G0

22.1
4-bromodibenzo[b,d]furan (10 g, 0.043 mol, sigma aldirch), Benzene-1,4-diboronic acid (7.38 g, 0.045
mol, sigma aldrich), potassium carbonate (11.19 g, 0.081 mol, sigma aldrich), Pd(PPhs), (2.34 g, 0.002
mol, sigma aldrich), THF 150 mL, H;0 40 mL Wir 4A17F E¢t 357 wwkslo] wr-$A1ATH, w8 F8 F 00
EAZ o]&3dle] ZREES & T AUAA (N-HEXANE : BA)Sle] <F7H4 22-1>% 9.4 g (58 80.6%)

FEHAT.

il

(2) Az 2 . FZA 22-29] 34

B{OH)z

16

=74 1-5 (10 g, 0.016 mol), phenylboronic acid (2.12 g, 0.017 mol, sigma aldrich), potassium
carbonate (4.37 g, 0.032 mol, sigma aldrich), Pd(PPhs), (0.91 g, 0.0008 mol, sigma aldrich), Toluene

200 mL, EtOH 40 mL, H,0 20 mL ¥ 3L 4A]7F FoF 35 wutsle] wbSAIH Y. ¥lS 23 3 [1,0 : FAS o] &3}9]
SaElE o & A-AA (N-HEXANE : EA)SIS] <FIHA| 22-2>5 7.8 g (& 78%) 5313},

(3) Azl 3 : shgh= 229 94

) B{CH)2 l t]

LA D o g ol
ML o RGN
i, O N o) \/E T,

o o OO

mol, sigma aldrich), Pd(PPhs)s; (0.92 g, 0.0008 mol, sigma aldrich), Toluene 200 mL, EtOH 40 mL, H,0 20

mL W3l AAZE F9k g wRbste] whEAIZG. Wb FR F HO0 ¢ BAE o]8ste] SREE ¥ F AHEAA

= = O

o

(N-HEXANE : EA)3te] 813 228 10.2 g (58 81%) F53k3ich.

H-NMR (200MHz, CDC13): & ppm, 1H(7.89/d, 7.85/d, 7.81/d, 7.66/d, 7.41/m, 7.32/m) 2H(7.52/d, 7.51/m,
7.46/s, 7.38/m, 7.26/d, 7.23/m, 7.09/m) 6H(7.25/d) 18H(1.72/s)

LC/MS: m/z=792[ (M+1)']

Sde] 3 sHetE 39 §Ad
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[0138]

[0139]
[0140]

[0142]

[0143]
[0144]

[0146]

[0147]
[0148]

[0149]

[0150]

[0152]

ZIHSd 10-2019-0020438

(D) Az 1 FHA 39-19] A4

ZZHA] 1-5 (10 g, 0.016 mol), 2-Naphthylboronic acid (3.26 g, 0.019 mol, sigma aldrich), potassium
carbonate (4.37 g, 0.032 mol, sigma aldrich), Pd(PPhs), (0.91 g, 0.0008 mol, sigma aldrich), Toluene

150 mL, EtOH 30 mL, H:0 150 mL 2l 4A]7F &9t 37 wutsie] Wb AT ¥be T8 § 00 : EAE o] &3}
o SEEE 3 T APAA (N-HEXANE @ EA)3te] <ZF7HA 39-1>% 8.8 g (& 81.9%) F53k3itt.

(2) Az 2 @ FHA 39-29] A

B(OH),
Br
H

v R R &

39-2

9H-carbazole (10 g, 0.060 mol, sigma aldrich), 4-bromophenylboronic acid (14.4 g, 0.072 mol, sigma
aldrich), potassium carbonate (16.53 g, 0.120 mol, sigma aldrich), Cu (7.60 g, 0.1196 mol, sigma
aldrich), dibenzo-18-crown-6 (2.16 g, 0.006 mol, sigma Aldrich) DMF 200 mL Yl 4A]7F &<F g4F anka)
of WEEAHTY. WS T2 H0 : EAE o]&3t FTEEE s F A=A (N-HEXANE : MC)she] <F3HAl 39-

2>= 13.6 g (& 79%) F5IAT}.

(3) Az 3 : 3}5E 399 A

By f?/
/L?Hz o _ /N/,'\
o CO v s
A — T )
W sy ? I I
5 X 5

Z=ZF4) 39-1 (10 g, 0.015 mol), =%FA 39-2 (5.07 g, 0.018 mol), potassium carbonate (4.07 g, 0.029
mol, sigma aldrich), Pd(PPhs), (0.85 g, 0.0007 mol, sigma aldrich), Toluene 150 mL, EtOH 30 mL, H,0 150

nl ¥3 4A7F FoF F wubksie] kS AIFHT, W TE OF N0 0 EAE o]gste TEYE I F AAAA
(N-HEXANE : EA)3}o] <Z7HA] 39-1>S 10 g (5& 80.7%) 5345},

H-NMR (200MHz, CDC13):& ppm, 1H(8.55/d, 8.12/d, 7.94/d, 7.92/d, 7.73/d, 7.63/, 7.58/s, 7.50/m,
7.33/m, 7.29/m) 2H(8.00/d, 7.79/d, 7.68/d, 7.59/m, 7.46/s, 7.26/d, 7.23/m, 7.09/m) 3H(7.25/m)
18H(1.72/s)

LC/MS: m/z=841[ (M+1)']

Sdel 4 ¢ S§E 107 FA
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[0153]

[0154]

[0155]

[0157]

[0158]
[0159]

[0160]

[0161]

[0163]

[0164]

[0165]
[0166]
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(D) Az 1 : F3A 107-12] §FA

107-1
1-bromo—4-tert-butylbenzene (10 g, 0.047 mol, sigma aldrich), aniline (4.81 g, 0.052 mol, sigma

aldrich), Sodium tert-butoxide (9.02 g, 0.094 mol, sigma aldrich), Zwu} Pd(dba), (1.35 g, 0.003 mol,

sigma aldrich), tri-tert-Bu-phosphine (0.95 g, 0.006 mol, sigma aldrich)ol] Toluene 250 mLE ¥ i 100
TollA 1AIZE FoF mukste] HbSA AT, Hbg F3 & H,0 © MCol SEE 3 & A4 (N-HEXANE : EA)S}

o] <FIHA 107-1>% 8.2 g (58 77.5%) 53T},

(2) Az 2 @ S3HE 1079 FA

=74 1-5 (10 g, 0.016 mol), =7FA 107-1 (8.20 g, 0.036 mol), Sodium tert-butoxide (4.56 g, 0.047
mol, sigma aldrich), =1 Pd(dba), (0.45 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.32 g,

0.0016 mol, sigma aldrich)ell Toluene 100 mLE Y3l 100 TolA 1A1ZF Bk wwksle] WAL, We 8
B0 : MCOl == st = AHAA| (N-HEXANE : EA)3te] 33E 1072 11.5 ¢ (58 78.9%) FE=3F9lt).

H-NMR (200MHz, CDC13):8& ppm, 2H(7.26/d, 7.25/d, 7.23/m, 7.09/m, 6.81/m, 6.22/s) 4H(7.20/m, 7.01/d,
6.63/d, 6.55/d) 18H(1.85/s, 1.35/s)

LC/NS: m/z=920[ (M+1) ]

Ao 5 ¢ setE 131 A

(D) Az 1 F0A 131-19] FA4

X NH, 7 \

‘ £ E— -~
=N N N
Br H

1311

2-bromo-5-methylpyridine (10 g, 0.058 mol, sigma aldrich), aniline (5.96 g, 0.064 mol, sigma aldrich),
Sodium tert-butoxide (8.38 g, 0.087 mol, sigma aldrich), Zmu} Pd(dba), (1.67 g, 0.003 mol, sigma

aldrich), tri-tert-Bu-phosphine (1.18 g, 0.006 mol, sigma aldrich)e] Toluene 150 mLE ¥ i 100 TelA
3AIZF FoF wukaEte] WES AT, ¥ F8 5 H0 : MCol FEYE 3 & APAA (N-HEXANE : EA)3le] <&

HA 131-1>2 8.9 g (58 83%) F538H3
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[0168]

[0169]
[0170]

[0171]

[0172]

[0174]

[0175]

[0176]
[0177]

[0179]

[0180]
[0181]

[0182]
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(2) Alxd 2 - 33E 1319 34

1-5 13141

=204 1-5 (10 g, 0.016 mol), =7rA 131-1 (6.41 g, 0.035 mol), Sodium tert-butoxide (4.65 g, 0.047
mol, sigma aldrich), Zmu] Pd(dba), (0.45 g, 0.0008 mol, sigma aldrich), tri-tert-Bu-phosphine (0.32 g,

0.0016 mol, sigma aldrich)e] Toluene 150 mLE Y3l 100 CollA 4A7F ¢t wytadle] wrS A AT, whs =8
3 H,0 : FAR ZEE 3 T AAAA (N-HEXANE : EA)ste] &3HE 131 10.5 g (& 79%) F53H4tt.

H-NMR (200MHz, CDC13): 8 ppm, 2H(7.85/s, 7.37/d, 7.26/d, 7.25/d, 7.23/m, 7.09/m, 6.81/m, 6.61/d,
6.22/s) 4H(7.20/m, 6.63/d) 6H(2.31/s) 18H(1.72/s)

LC/NS: m/z=838[ (M+1)']

Ao 6 : 3}EE 140 A

(1) Az 1 F3A] 140-19] A
0 a
r H

1401

2-bromodibenzol[b,d]furan (10 g, 0.041 mol, Yurui), 4-tert-butylaniline (6.64 g, 0.045 mol, sigma
aldrich), Sodium tert-butoxide (5.83 g, 0.061 mol, sigma aldrich), Zwu} Pd(dba), (1.16 g, 0.002 mol,

sigma aldrich), tri-tert-Bu-phosphine (0.82 g, 0.004 mol, sigma aldrich)oﬂ Toluene 150 mLE ¥ 100
Toll A 3A1ZF &F wwkste] WhgAZ ek, whg T2 §F H0 @ EAol S#EE & & ZAHBA (N-HEXANE : EA)3}

o] <Z7HA| 140-1>S 10.2 g (& 80%) F53H%1

(2) Az 2 : 335 1409 A

i Pl 8
Bro_ -~ A B & [/ \j [:/ [l
y Il 1 e s s

S 50 s JRLEEE Wt s S
s 140-1 [ S “\]I/\‘i\'

Z72:4 1-5 (5 g, 0.008 mol), =74 140-1 (5.74 g, 0.018 mol), Sodium tert-butoxide (2.28 g, 0.024
mol, sigma aldrich), Zmuj] Pd(dba), (0.23 g, 0.0004 mol, sigma aldrich), tri-tert-Bu-phosphine (0.16 g,

0.0018 mol, sigma aldrich)ell Toluene 150 mLE YL 100 TolA 4A7F BQF wwlsle] WA AT W 28
3 H,0 @ EAYl =EHE 3 T AAAA (N-HEXANE : EA)3sle] 3138 1402 6.4 ¢ (58 73.5%) F53H%th.

H-NMR (200MHz, CDC13):§8 ppm, 2H(7.89/d, 7.66/d, 7.65/d, 7.41/d, 7.38/m, 7.32/m, 7.26/d, 7.25/d,
7.23/d, 7.09/d, 6.39/d, 6.22/s) 4H(7.01/d, 6.55/d) 18H(1.72/s, 1.35/s)
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[0183]

[0185]

[0186]

[0188]

[0189]

[0190]
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[0194]
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[0198]

[0199]

[0200]

SIHSd 10-2019-0020438

LC/MS: m/z=1100[ (M+1)']

2Ap A e

B odge)] w2 AAjdoA, ITO ¥ A= 25 mm X 25 mm X 0.7 mm9 8] 713 9o, IT0 T HFo] {
2 110 -8 7138 o &3fof, wad L_;S]lo] 2mm X 2 mm 2717} HEE dEHYS & ARG, 71Hs

of AAF F ol ol 1 x 10 torr7t HES & F {718 A7) 110 9o 37 FRE §71%

SgER dol, 1% ge 24 TEE 2
d By 54 SR

=

il
rlr

Mg Zxo] B AE A g f7
:__T_]T_‘

-NPB 100 nm) / HAFAAZ(TCTA 10 nm)/23Z (20 nm) / A

ITO / AFFYZSMHATCN 5 mm) / BEFEZ(a
A=4% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

IT0 v Aol FFFUFS FAs7] 913 HAT NS o] &3le] AFFUSTY FAE 5 m= ¥ 452 Uy
o= YA, o|F BIFEFTS a-NPBE AREste] Autelgivt. AAAAFE TCTAE 10mm F7A= AF9atad
o B3, ST dE 32E 3EEe B wyos FANE g8k 1, 22, 39, 45, 58, 73, 93, 96, 100&
AHEEEaL, ERE 3HES [BD1]S AREEte]l FAZE 20 mm BEVE HESF Awsigiow, FUMER AR FEF
37 [ iq 50% %=33) 30 nm ¥ LiF 1nm ¥ &F0E 100 nmE 2oz Auksle] | F714A4%

22F Blle] 15 93 §7)AA R G AR A7) A 19 ARFLFo|A WwF=o] T ~E 313HE 2 A BHIS A}
{3l AS ALstas, A7) Ard 13 FAEA A=A,

Ao 10 A} Ao 1 WA 99 @g 54
A7) AA o] wEl AZzE F7] A ASF A= Source meter (Model 237, Keithley)9} 3]=4 (PR-650, Photo
Research) & ¢]&3to] Ak, Af/F 2 wF &8 S5 L, AF EE 10 mA/ai7} 5= ALE "5 Ay

o2 Aefste] stk A3k 7] [® 1] 2

3* 1
A ] g i cd/A QE(%) CIEx CIEy
1 s} 3k 1 4.23 7.28 5.76 0.144 0.154
2 3}81 2122 4.20 7.35 5.82 0.145 0.154
3 3}8H2139 4.19 7.22 5.70 0.144 0.155
4 3}81 24145 4.25 7.14 5.62 0.145 0.155
5 3} 82158 4.22 7.19 5.66 0.145 0.154
6 3}81 2173 4.21 7.10 5.58 0.144 0.154
7 3}8}H2193 4.20 7.16 5.64 0.145 0.155
8 3}81 2196 4.18 7.23 5.72 0.144 0.154
9 3}8121100 4.22 7.20 5.68 0.145 0.155
H] 1o BH1 4.24 5.2 4.64 0.147 0.156

71 [ 1ol ved 232 Aoy, mA, & 2 wE f7dd sgdes $Ese T2E g &
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[0201]

[0202]

[0204]

[0205]

[0206]

[0208]

[0210]

[0211]

[0213]

[0214]

[0215]

SIHSd 10-2019-0020438

Aol A Agol Fo AN FEAT TAE HFER AEF AA0ImA)e) vstel BY e, FA
8 5 2P 540l AAE SR FAT 4 A

[HAT_CN] [ a-NPB] [BH1] [BD1] [201]

aAF AAle 10 WA 19
el wE s dgtes BT ERE SER s, spr|ek &2 2 7xE ge Y 3
FNAALFEAE Axdte], TF 585 23 FF 5SS S48

(HAT_CN 5 nm) / A&5%35(a-NPB 100 nm) / HAZFAA]Z(TCTA 10nm)/&FZ (20 nm) / A=A}
%% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

ITO %4 A=Fo] HAT_ (NS o] 838l AaFUZo FAE 5 m= JF 52 oz 7bzF gAsta, ol A

T5EFES a-NPBE AbEEte] ATt AAAAEFES TCTAZ 10 nm FAE AGedor. =3k, 433

IAE 3SHE 2 [BH1]S AFE&ta, =HE 3gHEe B dgow FayE= 3ee 107, 118, 132, 140, 153,
7F HEE e

163, 167, 176, 196, 203S Abg&te] F717F 20 nm A= 2 Agutslglon | Frtz AR $E5Z()
[201] 3}¥= Liq 50% =) 30 nm % LiF Inm ¥ ¢F7F 100 mE FEHoE Autste], {r71dAdF4a2E

CEST-E

Ao 2 0 A Al 10 WA 199 3 54

A7) AA e wet AzE G7] WAL G A2 Source meter (Model 237, Keithley)9t 3%A (PR-650, Photo
Research)& |3t Aok, A/ B W &85 AN, AF U= 10 mA/ar7t H= Ak "FE Ay
o2 Aosle] vlusiglet. dde s [ 2

X2
BRE = wyEe i cd/A 1m/w g A
10 515121107 4.16 7.80 5.88 ol
11 3lsb21118 4.26 8.04 5.92 44
12 313H21132 4.21 7.88 5.88 ol
13 3}3141140 4.19 7.97 5.97 4
14 3}3+21153 4.22 7.64 5.68 ol
15 3}8121163 4.26 7.70 5.68 A4
16 3}3H21167 4.23 7.80 5.79 ol
17 3}8121176 4.20 7.79 5.82 4
18 313121196 4.22 7.90 5.88 ok
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