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[0086]

[0088]

[0089]
[0090]
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[0093]
[0094]
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[0097]
[0098]
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1-bromo-2-nitrobenzene (50 g, 0.247 mol, sigma aldrich), 2-bromophenylboronic acid (59.6 g, 0.297 mol,
sigma aldrich), potassium carbonate (90.4 g, 0.94 mol, sigma aldrich), Zu] Pd(PPhs), (17.16 g, 0.015

mol, sigma aldrich)ell THF 400 mL} & 80 mL ¥al 60 TolA 12A17F &<t uykste] WESAIH Y. W5 T8
T HO @ MCOl FwBE 3 & AHRAGA (N—HEXANE D EA)BEY] <F A 1-1>5 66.7 g (58 96%) 53T

(2) Azxd 2 FIHA 1-29] A

+%@~

Br

1-2

ZZHA] 1-1 (28 g, 0.1 mol), triphenylphosphine (79.2 g, 0.302 mol, sigma aldrich), 1,2-dichlorobenzene
200 mL ¥ 180 TelA 12A1%F F<t awksie] wREAIZTH ¥hE F5 F HO0 : MCl FEHYE ¢ & ALAA

(N-HEXANE) 3}o] <Z=7HA] 1-2>2 20 ¢ (58 80%) F53+5itt.

(3) Az 3 : 24 1-3¢] A

n S
+E>%

kA 1-2 (20 g, 0.081 mol), iodobenzene (41.4 g, 0.203 mol, sigma aldrich), potassium carbonate
(33.69 g, 0.244 mol, sigma aldrich), Cu (10.33 g, 0.162 mol, sigma aldrich), dibenzo-18-crown-6 (2.93
g, 0.008 mol, sigma Aldrich), Dimethylformamide 150 mL ¥ 32 150 CTolA 12A]1%F &<t nwkdle] Hb-A]ZA T},
S FE 5 0 0 MCol SRS F F APAA (NHEXANE) 8] <F3HA1-3>5 24 g (& 93%) 53t

(4) Az 4 © FIHA 1-49] A

o L, e
RiatS

14

=34 1-3 (36.86 g, 0.114 mol), Bis(pinacolato)dibron (34.86 g, 0.137 mol, sigma aldrich), potassium
acetate (33.68 g, 0.343 mol, sigma aldrich), PdCl,(dppf) (2.488 g, 0.0034 mol, sigma aldrich), 1,4~

Dioxane 400 mL Yil 95 CoA 12A17F Hot wuksle] Wb AlZAC, w8 28 & HO0 : Toluene o] =#g & 3
T A#AA (N-HEXANE : MO8 <57HAl 1-4>5 19 g (58 40%) F533it).
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[0111]
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(5) Axe] 5+ F7HA 1-59

ot
o,

¢

(2
oo - N — o
E e

1-5

Br

=34 1-4 (17 g, 0.046 mol), 3'-bromo—2-iodobiphenyl (19.83 g, 0.055 mol, Yurui), potassium carbonate
(19.09 g, 0.138 mol, sigma aldrich), Pd(PPhs), (2.66 g, 0.0023 mol, sigma aldrich), THF 200 mL, & 60

ml €a 60 TolA 12A17F &<t ngkste] Wh-gAIZATH Wh-g F5 F HO : MCE o] &3ty FTEuE ¢ & A
A (N-HEXANE : MC)3}e] <E=71A 1-5>F 19 g (& 87%) T3,
(6) Az 6 : FZHA 1-69] A

1-6

4-bromodibenzofuran (20 g, 0.081 mol, Yurui), 4-aminobiphenyl (16.44 g, 0.097 mol, sigma aldrich),
Sodium tert-butoxide (15.56 g, 0.16 mol, sigma aldrich), Zmu} Pd(dba), (2.33 g, 0.004 mol, sigma

aldrich), tri-tert-Bu-phosphine(1.64 g, 0.008 mol, sigma aldrich)ol Toluene 200 mLE ¥ 100 ColA 1
AZE F)F wkste] HEEAIF Y. WS TR % HO 0 MCAl TREE ¥ & AHAGA (N-HEXANE : EA)3to] <&

H 1-6>2 19.2 g (58 70.7%) F5aHdtt.

(D) Az 7 : 5= 19 A

N
@ o

/N
14 \>

©\ f VA >—N
N
\.\ )

HN

qase
o,

H\

1
=24 1-6 (10 g, 0.03 mol), <74 1-5 (16.97 g, 0.036 mol), Sodium tert-butoxide (5.73 g, 0.06 mol,
sigma aldrich), Pd(dba), (0.86 g, 0.0015 mol, sigma aldrich), tri-tert-Bu-phosphine(0.60 g, 0.003 mol,
sigma aldrich)e] Toluene 100 mL= %31 90 CollA] 4A7F F¢F wukale] vk A H T, Wb 28 & H,0 : MCol
swelE 3 F APAA (NHEXANE:EA)StS 3hehe 14 17.3 g (78 79.6%) +=53k3ict.

H-NMR (200MHz, CDC13): 68 ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.79/d, 7.66/d, 7.59/d, 7.45/m, 7.44/m,
7.43/d, 7.41/m, 7.38/m, 7.33m, 7.32/m, 7.07/m, 6.89/s, 6.88/d, 6.59/d, 6.39/d) 2H(7.85/d, 7.58/m,
7.54/d, 7.52/d, 7.51/m, 7.50/d, 7.47/m, 7.25/m, 6.69/d)

LC/MS: m/z=728[ (M+1)']
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[0120]
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[0123]

[0124]

[0125]
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S|

A 2 SFE 5 d

o,
Rt

(D Az 1 @ A 5-19] A

Br

U N R &
T ole

5-1

dibenzolb,d]furan-4-ylboronic acid (20 g, 0.094 mol, Yurui), l-bromo-4-iodobenzene (34.69 g, 0.123
mol, sigma aldrich), potassium carbonate (39.11 g, 0.283 mol, sigma aldrich), Pd(PPhs), (5.45 g, 0.0047

mol, sigma aldrich), THF 150 mL, & 50 mL ¥ 60 ColAl 12417 SoF muksle] WFSA|AT, WS F3 3
HO @ MCE o] &3l ZE2EE 3 T APAA (N-HEXANE : MO)sle] <E=7A] 5-1>< 23.4 g (58 77%) $53}
STt

(2) Azxd 2 © FIHA 5-29] A

‘l!i N .
O oo &

-0 0

5-1

5-2
kA 5-1 (10 g, 0.031 mol), 4-aminobiphenyl (6.28 g, 0.037 mol, sigma aldrich), Sodium tert-butoxide

(5.95 g, 0.062 mol, sigma aldrich), Zmu] Pd(dba); (0.89 g, 0.0015 mol, sigma aldrich), tri-tert-Bu-

phosphine(0.63 g, 0.003 mol, sigma aldrich)ell Toluene 100 mLE Yl 100 ColA 2A17F F<¢F wuksle] w3
AAT. dHE FE F H0 ¢ Ml TREE ¢ F ARAA (N-HEXANE @ MO)she] <F7HA| 5-2>5 9.7 g (57§

76%) 55Tt

(3) Alxd 3 : speh= 5] A

O

¢ &
‘!» ‘ID' : o - (:IN Qib' 4!» Ny \
“Fo o 5

15 5-2

=2+ 1-5 (8 g, 0.017 mol), =7HA 5-2 (8.33 g, 0.020 mol), Sodium tert-butoxide (3.24 g, 0.034 mol,
sigma aldrich), Zw] Pd(dba), (0.48 g, 0.001 mol, sigma aldrich), tri-tert-Bu-phosphine(0.34 g, 0.002
mol, sigma aldrich)o] Toluene 80 mLZ @i 100 TeollA 4x17F H¢F wpksie] wh-SA|zth. w8 28 & 44
H A I8 T AAAE ] 3EE 55 10.2 g(F& 75%) 55T

H-NMR (200MHz, CDC13): & oppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.81/d, 7.79/d, 7.66/d, 7.59/d, 7.45/m,

7.44/m, 7.43/m, 7.41/m, 7.33/m, 7.32/m, 7.25/m, 6.89/s, 6.88/d, 6.59/d) 2H(7.58/m, 7.52/d, 7.51/m,
7.50/d, 7.47/m, 7.38/m, 6.59/d) 3H(7.85/d,) 4H(7.54/d, 6.69/d)

_38_



[0127]

[0129]

[0130]

[0131]
[0132]
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[0135]
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[0140]
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LC/MS: m/z=804[ (M+1)']

Srde] 3 ¢ 3§hE 38| A

(1) Az 1 : F3A] 38-19] FHA]

1-6 38-1

=24 1-6 (15 g, 0.045 mol), 3-bromophenylboronic acid (10.78 g, 0.054 mol, sigma aldrich), Sodium
tert-butoxide (8.6 g, 0.089 mol, sigma aldrich), Zmu} Pd(dba), (1.29 g, 0.0022 mol, sigma aldrich),
tri-tert-Bu-phosphine(0.90 g, 0.0045 mol, sigma aldrich)el Toluene 150 mLE ¥ 3L 100 CeollA 4A]7F =<t
agkste] HEEAIZT, WS TR S HO ¢ MCHl TEEE & F AHUAAN-HEXANE : MO)3te] <F2hA| 38-1>%

17.2 g (5§ 84.5%) FE53+9r}).

(2) Az 2 : 335 389 A

/

-y o U 00 0
oo — g XS
O O Br O
38-1 15 33
38-1 (7 g, 0.015 mol), =7+ 1-5 (8.75 g, 0.018 mol, sigma aldrich), potassium carbonate (6.37

|
, 0.046 mol, sigma aldrich), Pd(PPhs), (0.89 g, 0.0008 mol, sigma aldrich), Tol 80 mL Y3l 90 ColA 6
AlZE BQF wRkste] WS AT HbE TR OF H0 ¢ MCE ol&3dte] TEBEE 3 F AAAS A IFE 38S

g (& 78.4%) T533dtt.

©
N

H-NMR (200MHz, CDC13): 68 ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.79/d, 7.70/s, 7.66/d, 7.59/d, 7.57/m,
7.45/m, 7.44/m, 7.43/m, 7.41/m, 7.38/m, 7.33/m, 7.32/m, 7.07/m, 6.89/s, 6.88/d, 6.59/d, 6.39/d
2H(7.85/d, 7.58/m, 7.54/d, 7.52/d, 7.51/m, 7.50/d, 7.48/d, 7.47/m, 7.25/m, 6.69/d)

LC/MS: m/z=804[ (M+1)']

Sodel 4 ¢ 3§HE 499] A

(D) Az 12 F7HA 49-19] FHA

49-1

4-bromodibenzothiophene (20 g, 0.076 mol, TCI), 4-aminobiphenyl (15.43 g, 0.091 mol, sigma aldrich),
Sodium tert-butoxide (14.61 g, 0.15 mol, sigma aldrich), Z=mu] Pd(dba), (2.19 g, 0.004 mol, sigma
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[0145]

[0146]

[0147]

[0148]

[0149]

[0151]

[0152]

[0153]
[0154]
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aldrich), tri-tert-Bu-phosphine(1.54 g, 0.008 mol, sigma aldrich)l Toluene 200 mLE ¥ il 100 CollA 1
AlZE Fot mukste] HbE AT, HbE F8 T H0 - MColl SR E 3 & A AGA (N-HEXANE : EA)St <F3t+

A 49-1>F 21 g (& 78.6%) F53F3UT).

(2) Az 2 : shgh= 499 94

C c

N g N /
N U o
O O O VXA =S
0 O
/ 7N
Br N/

1-5 49-1

49

=24 1-5 (10 g, 0.021 mol), =7FA 49-1 (8.89 g, 0.025 mol), Sodium tert-butoxide (4.05 g, 0.042
mol, sigma aldrich), Pd(dba), (0.61 g, 0.0011 mol, sigma aldrich), tri-tert-Bu-phosphine(0.43 g, 0.002

mol, sigma aldrich)ol Toluene 100 mLE ¥ il 90 TCollA 4A|ZF F<F wvtste] HkSAIATH, WS T8 § 1,0
MCol FelE 3t & ARG A (N-HEXANE:EA)SHS] 3}3HE 495 11.8 g (& 75.1%) F53F3it).
H-NMR (200MHz, CDC13): & oppm, 1H(8.55/d, 8.45/d, 7.98/d, 7.94/d, 7.81/d, 7.79/d, 7.59/d, 7.45/m,

7.44/m, 7.43/m, 7.41/m, 7.33/m, 7.27/m, 7.25/m, 6.89/s, 6.88/d, 6.86/d, 6.59/d) 2H( 7.85/d, 7.58/m,
7.54/d, 7.51/m, 7.47/m, 6.69/d) 3H(7.52/m, 7.50/m)

LC/MS: m/z=744[ (M+1)]

Ao 5 ¢ shebE 929] A

(D) Az 1 FHA 92-19] A4

N

N?://IN Q iI
92-?r

Dimethylformamide 20 mLe] sodium hydride (2.93 g, 0.122 mol, sigma Aldrich) ¥3 0 WA 5 TColA
& F0A 1-2(20 g, 0.081 mol)< Dimethylformamide 50 mLoll $H#3] 59l & A3 Hojrmart 147k
% 2-chloro—4,6-diphenyl-1,3,5-triazine (21.8 g, 0.081 mol, TCI)& Dimethylformamide 300 mLol| =
s "olmdl 5 oA 12412 b wRkste] g AIF Y. Wb TR S AAE odste] ARAGA (N-
HEXANE : MC)3ke] <ZF3HA]l 92-1>% 30 g (& 77%) F53klth.

al
al

ol

R
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[0157]

[0158]

[0160]

[0161]
[0162]

[0164]

[0165]
[0166]

[0167]
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(2) Az 2 @ FHA 92-29] A

o :to\ . N \’\TN

N " o’B_B\oji -

92-1 N
92-2

A 92-2 (20 g, 0.042 mol), Bis(pinacolato)dibron (15.96 g, 0.063 mol, sigma aldrich), potassium
acetate (10.28 g, 0.105 mol, sigma aldrich), PdCl.(dppf) (1.53 g, 0.0021 mol, sigma aldrich), 1,4~

Dioxane 200 mL ¥l 95 TCollA 5AI7F &t wwksle] WA T, ¥he 85 & H0 Yl SEYE 3 T 49

AA (N-HEXANE : MC)&}e] <Z7+A] 92-2>8 13.7 g (58 62.4%) 539},

(3) Az 3 : FZA 92-39] 34

D L o

N

~
b ) N
+ Br —_— N\ ) —\ QA
& ooy o
5 \ /
A ofis!
922 92-3

=3 92-2 (13 g, 0.025 mol), 3'-bromo—2-iodobiphenyl (11.57 g, 0.032 mol Yurui), potassium carbonate
(10.28 g, 0.074 mol, sigma aldrich), Pd(PPhs), (1.43 g, 0.0012 mol, sigma aldrich), Toluene 130 mL ¥ i

90 CollA 5A17F Ft anbeto] WA G. vHg F5 5 HO0 : Tol& o]&dte] SeE & F AdAA (N-
HEXANE @ MC)3Fe] <o7HA]l 92-3>% 11.4 g (528 73%) F53k).

(4) Az 4 @ S5E 929 A

NE/ B(OH), NﬁiN

0.
R + _ N /N NN
®/<N /QN /<\ ,g/\_§:§)~ Br N AN /<:\ <> <>:/F /> — \>

/TN / N\
) {

N7/
2-3 92

=74 92-3 (10 g, 0.016 mol), dibenzolb,d]furan-4-ylboronic acid (4.38 g, 0.021 mol, Yurui),
potassium carbonate (6.59 g, 0.048 mol, sigma aldrich), Pd(PPhsy), (0.92 g, 0.0008 mol, sigma aldrich),

Toluene 100 mL @3 90 TolA] 4A1%F B¢F wwlkste] ke ATH, Wk 28 3 [0 : TolS o] &3dle] ZHIYS
Sk & A=A (N-HEXANE : MC)she] 33HE 925 4.7 g (57§ 41%) 5313,
H-NMR (200MHz, CDCI3):& ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.81/d, 7.79/d, 7.70/s, 7.66/d, 7.59/d,

7.57/m, 7.43/m, 7.33/m, 7.32/m, 7.25/m) 2H(7.48/d, 7.47/m, 7.41/m, 7.38/m) 3H(7.85/d,) 4H(8.28/d,
7.51/m)
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[0168]

[0170]

[0171]

[0173]

[0174]

[0175]

[0177]

[0178]
[0179]

[0181]
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[0184]

[0185]
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LC/MS: m/z=716[ (M+1)']

2 ol mE AAdeA, IT0 ¥4 A2 25 mm X 25 mm <X 0.7 mme] §2] 7] -r] o, IT0 ¥ HZFo] ¥
2 110 8 713& ol&ste], g wWHo] 2 mm X 2 mm 277} H=E dfEHYt & AASAY. 7jHS I
F Ao e & owo]x bEo] 1 X 10" torr7} H&=% 3 & {71ES 7] 1109 s7] 22 f71E
I 245& SFSAT

2ol me (e 112 TANE HGES A4 4459 HUER s, sl ge 24 TRE 2t
94 B GO NRAAE Axsel, W A8 LT 9F 54 SHS.

IT0 / AEFYZHAT_CN 5 nm) / AEF5%5Z(a-NPB 100 nm) / HAAAAZ(10 nm)/ 3= (20 nm) / AX5E
z :Liq 30 nm) / LiF(1 nm) / Al (100 nm)

IT0 ¥4 A= AFFU5S FAs7] A8 HAT_INS o] &3t HAF3FUAS FAE 5 mm FAZ JAF 45
Wi ow 7tz FAstal, o]F AFTTEES o-NPBE AMEste] Auslgltt. AAAAES B wHow Y
= g4 1, 5, 38, 49, 928 AR&ste] 10 mme FAR Agsigith. ®3k, @FFdE S2E SRMEEE
[BH1]S AH&sta, “E S3== [BDI]ES AM&3te] F77F 20 nm ALE7F HESF Agsiglen, F71=2 d=}
55 (37] [201] 3E Liq 50% =) 30 nm % LiF Inm ¥ &¢FHF 100 mmE SHFHo2 gdutste], 7]
W a2 Az

oN N~ >

(O o I ® ‘ N
NC__N N N V2N \/=/\ N —/
T 000 oo Y oot o

| AN\ )

”jﬁm _ = Q. )
[HAT_CN] [ a-NPB] [BH1] [BD1] [201]
AAF Hlanlo 1
22F Hlad 1 9138 fr|dgazts A7) Al 19 AAFFoA AAAATS AHESHA] e AS A9st
I U ATk

Aol 1 A AAe] 1 WA 5] W 4

A7) AA o] weEl AZzE 7] AASF 22 Source meter (Model 237, Keithley)9} 3]=A (PR-650, Photo
Research)& o]&3lo] A, AF 2 ¥F &8 SAHSNL, IF E= 10 md/ar7} H+e= AL¢S "5 A

o2 Aojste] vustlet. A= sb7] [# 113 2o

* 1
T L B s i cd/A QE(%) CIEx CIEy
AA 1 3sta] 1 4.22 8.20 7.76 0.143 0.152
A Ao 2 s}at4 5 4.23 8.18 7.74 0.145 0.154
AAd 3 3}st2] 38 4.21 8.22 7.77 0.146 0.153
A Ao 4 3}3k4] 49 4.22 8.17 7.75 0.144 0.152
AAld 5 3}st2] 92 4.25 8.13 7.68 0.145 0.156
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| wmdg 1 | aeosr | 414 | 54 | 46 | 0147 | 0.1 |
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Z}= Source meter (Model 237, Keithley)®t 3|%=7 (PR-650, Photo
=439,

10 n\/ait e A4S TTE AL
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©2 Aosto] HlwslglY. AX 1} 2.
¥ 2
T V cd/A QE(%) CIEx CIEy
A 6 3.22 63.08 20.21 0.324 0.614
AAd 7 3.33 62.13 19.57 0.315 0.621
A 8 3.25 60.26 18.72 0.333 0.597
AAd 9 3.19 63.24 20.36 0.320 0.605
A A4 10 3.34 60.13 18.54 0.327 0.592
vl 2 4.14 52.4 14.76 0.316 0.606
2 HEW, £ W] w2 sES (BP, TFIPA 53 #& T8 ¥y s~E 3
=7 & T2 Axp(v]alo])ol] HlEte] WE g& 9 A aF 5 WG 5
& %
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