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[0086]

[0087]

[0089]

[0091]

[0092]

[0093]
[0094]

[0096]

[0097]
[0098]

[0100]

[0101]

[0102]

ZIHS3d 10-2018-0096458

oleh, w wwel olsh® F] 9Astel AT HTE T % 24 AAE AN, e, )9 A
2 @ wowge] W9k dgEE A bt

Sade] 1 spetE 19| §HA

(D Az 1 FA 1-12] $HA

Br
Br Br
m e — OO
B, N
OH 6] 0N

1-1

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), Zwu}] Pd(PPhs), (17.16 g, 0.015

mol, sigma aldrich)el]l THF 400 mL¢} & 80 mL il 60 TolAl 12A17F E<oF wykdle] WEEA|ZITH, wWHe 28
F H0 : MCOl =EaE 3 = AYAA (N-HEXANE : EA)3te] <E=71A) 1-1>2 66.7 g (& 96%) T53F9T).

(2) Az 2 @ FZHA 1-2¢] A

H%~

1-2

ZZHA) 1-1 (28 g, 0.1 mol), triphenylphosphine (79.2 g, 0.302 mol, sigma aldrich), 1 2—dichlorobenzene
200 mL ¥arl 180 TolA 12A17F &<t wwksle] wheA T, w8 85 & 1,0 : MCol =&Y E 3 T AdAA

(N-HEXANE)3}o] <FZHA] 1-2>5 20 g (& 80%) F53k3lth.

(3) Az 3 @ F3HA 1-32] A

: S
+©f%

=74 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 ¥ il 150 CeollA 12A17F &<F uwksle] wk-2-A|Zic),
WS TR S H0 o MCl FREE g & ARAA (NHEXANE)SHY] <FIhAl 1-3>F 24 g (5 93%)

52
*

58

_42_



ZIHS3d 10-2018-0096458

[0104] (4) Az 4 . FIHA 1-49] A

oL e
o Pt —

[0105]
[0106] =74 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 21 95 ColA 12A17F =¢F wnksle] WA AT, W 28 5 HO : Toluened ZEHE 3
5 A (N-HEXANE : NO)3He] <F3HA] 1-4>5 19 g (& 40%) F533ch.
[0108] (5) Az 5 @ FZHA 1-59] A
N [ N
D — OB
_B
ek o)
Br
[0109] 1-5
[0110] =24 1-4 (17 g, 0.046 mol), 1-boromo—4-iodobenzene (15.68 g, 0.055 mol, sigma aldrich), sodium
hydroxide (5.54 g, 0.138 mol, sigma aldrich), Pd(PPhs); (3.26 g, 0.0028 mol, sigma aldrich), THF 200
mL, & 60 mL €3l 60 CollA 12A17F F<F aytsle] w-gAIZATEH, g T8 T H0 : NCE o835t SRS
st & APgA] (N-HEXANE : NMC)3ted <F7HAl 1-5>5 16.9 ¢ (& 92%) 531},
[0112] (6) Az 6 @ FZHA 1-69] A
. o soHy [
O @ Br
O 998
[0113] 8
[0114] 4 ,6-dibromodibenzofuran (20 g, 0.061 mol, Yurui), phenylboronic acid (8.98 g, 0.074 mol, sigma

aldrich), potassium carbonate (16.96 g, 0.123 mol, sigma aldrich), Pd(PPhs;), (3.54 g, 0.0031 mol, sigma
aldrich), THF 250 mL, H,0 50 mL Wil 4A1ZF &<t S ankste] wkgAIZ T 9 T8 $ HO @ MCE o] &3t
o TEYE e F AUAA] (N-HEXANE : MO)3HY <F3HAl 1-6>5 14.3 g (58 72%) 533t

\i

q
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[0116]

[0117]
[0118]

[0120]

[0121]
[0122]

[0124]

[0125]

[0126]

ZIHSd 10-2018-0096458

(1) Az 7+ S3A 1-79] A

ZZHA] 38-1 (14 g, 0.043 mol), Bis(pinacolato)dibron (14.3 g, 0.056 mol, sigma aldrich), potassium
acetate (8.50 g, 0.087 mol, sigma aldrich), PdCl,(dppf) (0.95 g, 0.0013 mol, sigma aldrich), 1,4-

Dioxane 200 mL ¥ 95 CollA 12A17F Fot mulsle] vk A AT, WS 27 & [0 Y1 =22 3 & 7Y
A (N-HEXANE : MC)3}od <Z7H4) 1-7>S 11.3 g (5§ 70.5%) =319},

O O
vis

1-7 1-8

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), =34 38-2 (15.71 g, 0.042 mol, sigma
aldrich), potassium carbonate (9.77 g, 0.071 mol, sigma aldrich), Pd(PPhs), (2.04 g, 0.0018 mol, sigma

aldrich), THF 250 mL, H,0 50 mL @3 12A17F E¢F 8F wwlale] kA Zth, ¥he 28 3 [0 : MCE o] &
tol SEEE ¢ F AHUAA (N-HEXANE @ MOt <53HA] 1-8>S 11.6 g (578 82%) 5313l

o
ofj
e

(9) Az 9 @ F3HA 1-99] A

B - . Q :
OO O T

1-8

=74 1-8 (10 g, 0.025 mol), 2-aminobiphenyl (5.09 g, 0.03 mol, sigma Aldrich), Sodium tert-butoxide
(4.81 g, 0.050 mol, sigma aldrich), Zwl Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-

phosphine (0.51 g, 0.0025 mol, sigma aldrich)ol] Toluene 150 mLE Y¥il 100 CollA 8A|ZF F<F wwksle] Hb
SAAY. TS TR T W0 ;0 MCH FEEE ¢ $ AHAA (N-HEXANE : MC)she] <ziHA| 1-9>5 9.8 g (&

80%) FS3kt.
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[0128]

[0129]
[0130]

[0131]

[0132]

[0134]

[0135]

[0136]
[0137]

[0139]

[0140]

[0141]

ZIHSd 10-2018-0096458

(10) A zd 10 : 3stE 19] A

© O) O

N HN m ‘i\:kFN/
oo .0 of — FER0o
R o' .

1-5 19 1

=74 1-5 (5 g, 0.0126 mol), =7A] 1-9 (7.35 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.025 mol,
sigma aldrich), Zm} Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,

0.0013 mol, sigma aldrich)ell Toluene 100 mLE ¥il 100 ColA 8A|7F =<t _’HPOP‘-’% v Al F T, WS E8
2 0 : MCol HEEZE 3 5 AdAAA] (N-HEXANE : EA)3te] 3% 1S 13.2 g (8 74.4%) 5334,

H-NMR (200MHz, CDC13):§8 ppm, 1H(8.55/d, 7.94/d, 7.79/d, 7.59/d, 7.45/m, 7.43/m, 7.33/m, 7.25/m,
7.16/m, 6.87/m) 2H(7.85/d, 7.81/d, 7.58/m, 7.52/d, 7.50/d, 7.41/m, 7.38/m, 7.08/d) 4H(7.51/m)
5H(7.54/d, 6.69/d)

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

st 2 15

Lot
ot
it
(O8]
Lo,
1::01'

(D Alze] 1 @ F1HA] 3-19] A

Br

& O
o 00 T

'O

ZZHA 1-8 (10 g, 0.025 mol), 4-aminobiphenyl (5.09 g, 0.03 mol, sigma Aldrich), Sodium tert-butoxide
(4.81 g, 0.050 mol, sigma aldrich), Zvw] Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-

phosphine (0.51 g, 0.0025 mol, sigma aldrich)el Toluene 150 mLE YiL 100 CollA 8A17F %<t wykate] wh
SAIATE, WES EF8 3 H0 : MCo FEYE 3 T AHAA (N-HEXANE : MC)sle] <=7 3-1>2 9.8 g (&

80%) F=3h3ltt.

(2) Az 2 : 3}3HE 39 shA

» o

e
Br

15 341

=74 1-5 (5 g, 0.0126 mol), =7+A] 3-1 (7.35 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.025 mol,
sigma aldrich), Zmu} Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,

0.0013 mol, sigma aldrich)el] Toluene 100 mLE Yir 100 CollA 8AIZF H<oF wukdle] Wk AT}, Whe £33
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3 H0 : MCOl ZEFE 8 & AR (N-HEXANE : EA)3te] 335 3L 13.2 g (& 74.4%) F53+9tt.

[0142] H-NMR (200MHz, CDC13): & ppm, 1H(8.55/d, 7.94/d, 7.79/d, 7.59/d, 7.45/m, 7.43/m, 7.33/m, 7.25/m)
2H(7.85/d, 7.81/d, 7.58/m, 7.50/d, 7.41/m, 7.38/m) 4H(7.52/d, 7.51/m) 6H(7.54/d, 6.69/d)

[0143] LC/NS: m/2=804[ (M+1)']

[0145] Ao 3 - FRHE 69 34

[0146] () Az 1 F3HA 6-12] A

OH)2 Q
OO0 G

[0147] 6

[0148] 4-bromoaniline (10 g, 0.058 mol, sigma aldrich), 2-Biphenylboronic acid (13.81 g, 0.070 mol, sigma
aldrich), potassium carbonate (24.10 g, 0.174 mol, sigma aldrich), Pd(PPhs)s (3.36 g, 0.0029 mol, sigma
aldrich), THF 250 mL, H,0 50 mL YiL 12A]1%F FoF 3kF wwbsle] wbSAlFTE, ¥bS £8 & HO : MCE o] &

EECE

S A=A (N-HEXANE : MO)she] <& 7k 16-1> 11.4 g (57§ 80%) F53F3Tt.

ol
ofj
%

[0150] (2) Azd 2 . F3HA 6-29] A

%S fon

0

6-1
[0151]
[0152] =744 1-8 (10 g, 0.025 mol), &3+ 6-1 (7.37 g, 0.03 mol), Sodium tert-butoxide (4.81 g, 0.050 mol,
sigma aldrich), Zmu] Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-phosphine (0.51 g,
0.0025 mol, sigma aldrich)el] Toluene 150 mLE Yil 100 CollA 8AI7F H<oF wukdle] Wk AT}, Whe £33
T HO0 : MColl Z=E8E 3 & AAAA (N-HEXANE : MC)3to] <574 6-2>5 11 g (& 78%) +531%t).
[0154] (3) Alxd 3 : 33HE 62 FA
<‘,m§>
=
<
N HN . - C§:v\ <<:>
O0 . n 0 — oo
o o B >
-
-0 T
—/
6
[0155]
[0156] Z2v4 1-5 (5 g, 0.0126 mol), F%FAl 6-2 (8.49 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.025 mol,

sigma aldrich), Zv] Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,
0.0013 mol, sigma aldrich)o] Toluene 100 mLE Y3 100 ColA 8A17F B¢t wukste] WFEA| T, ®H-E 2
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[0157]

[0158]

[0160]

[0161]

[0162]
[0163]

[0165]

[0166]
[0167]

[0169]

[0170]
[0171]

SIES 10-2018-0096458
2 F H0 : MCol =EuE 3 = AWAA (N-HEXANE : EA)Ste] 33E 68 8.6 g (& 77.8%) F5319Tt.

H-NMR (200MHz, CDC13):& ppm, 1H(8.55/d, 7.94/d, 7.59/d, 7.45/m, 7.43/m, 7.33/m, 7.25/m) 2H(7.81/d,
7.58/m, 7.52/d, 7.50/d, 7.47/m, 7.41/m, 7.38/m) 3H(7.79/d) 4H(7.85/d, 7.51/m) 6H(7.54/d, 6.69/d)

LC/NS: m/z=880[ (M+1)']

Srde] 4 3H5HE 189

1::01'

4

(D) Azl 1 : F3HA] 18-19] 34

Br s Br B(OH), B O
S0 0 =Y

18-1

4, 6-dibromodibenzo[b,d]thiophene (10 g, 0.030 mol, Yurui), phenylboronic acid (4.28 g, 0.035 mol,
sigma aldrich), potassium carbonate (12.12 g, 0.088 mol, sigma aldrich), Pd(PPhs;), (1.69 g, 0.0015 mol,

sigma aldrich), THF 150 mL, H,0 30 mL Y3l 4A]ZF 59 3F wwsle] WA ZATH, WS F2 3 H0 @ MCE

o] &3lo] FRYE I F AAPAA] (N-HEXANE : NO)3lo] <744 18-1>2 7 g (& 70.6%) F53F3 .

tm

Jlﬂ

(2) Az 2 : FHA] 18-29] $HA]

SRR

ZZHA] 18-1 (10 g, 0.030 mol), Bis(pinacolato)dibron (6.59 g, 0.038 mol, sigma aldrich), potassium
acetate (5.79 g, 0.059 mol, sigma aldrich), PdCl,(dppf) (0.65 g, 0.0009 mol, sigma aldrich), 1,4-

Dioxane 200ml Wil 95 CollAl 12A12F F<F wykste] wHAIZTH W8 T8 F 00 ¥a F8IE & F 49

A (N-HEXANE : MC)3te] <=74A] 18-2>Z 7.6 g (& 66.74%) FE538+ .

%
|

(3) Az 3 : F3HA 18-39] $HA]

18-2 18-3

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma Aldrich), S%FA 18-2 (16.39 g, 0.042 mol), Sodium tert-
butoxide (9.37 g, 0.098 mol, sigma aldrich), Zw] Pd(dba), (1.40 g, 0.0024 mol, sigma aldrich), tri-

tert-Bu-phosphine (0.99 g, 0.0049 mol, sigma aldrich)e] Toluene 150 mLE= ¥3il 100 ColA 6A1%F &<k oL
whate] S AT HES TR 5 W0 0 MCol SEE I T ARAA (NEXANE : MCO)3H <F3HA] 18-3>%
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[0173]

[0174]
[0175]

[0177]

[0178]
[0179]

[0180]

[0181]

[0183]

[0184]

[0185]
[0186]

ZIHS3d 10-2018-0096458

15.8 g (578 82%) 533t

(4) Az 4 @ FA 18-49] 34

Br

e

18-4

ZZFA) 1-8 (10 g, 0.026 mol), 3-aminobiphenyl (5.26 g, 0.031 mol, sigma Aldrich), Sodium tert-butoxide
(4.98 g, 0.052 mol, sigma aldrich), Zwu} Pd(dba), (0.74 g, 0.0013 mol, sigma aldrich), tri-tert-Bu-

phosphine (0.52 g, 0.0026 mol, sigma aldrich)ol] Toluene 150 mLE Y¥Wil 100 CollA 8A|ZF &<t nwkslo] HE
SAIAT. 9 FE T H0 ;0 MColl SEEE 3 F AP AA (N-HEXANE : MC)3he] <Z3HA] 18-4>5 9.3 g (F7

& 71%) TSI

(5) Az 5 : 3FE 189] A

=74 1-5 (5 g, 0.0126 mol), =7+A] 18-4 (7.59 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.025
mol, sigma aldrich), Zu Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,
0.0013 mol, sigma aldrich)o] Toluene 100 mLE Y3 100 ColA 8A17F B¢t wubste] WhEA| T, ®H-E 2
2 5 HO @ NColl TEEE 3 F A-AA (N-HEXANE : EA)Se] 3HE 18 7.4 g (& 71.8%) 53kt

H-NMR (200MHz, CDC13):8 ppm, 1H(8.55/d, 7.94/d, 7.79/d, 7.59/d, 7.45/m, 7.44/m, 7.43/m, 7.33/m,
7.25/m, 6.89/s, 6.838/d, 6.59/d) 2H(8.41/d, 8.20/d, 7.50/d, 7.41/m) 4H(7.58/m, 7.54/d, 7.52/d, 7.51/m,
6.69/d)

LC/MS: m/z=820[ (M+1)']

110"

Ao 5 ¢ 33tE 729 34

(1) Az 1 : =24 72-19] 34

17 721

1-bromo—-3-iodobenzene (10 g, 0.035 mol, sigma aldrich), SXFA 1-7 (15.71 g, 0.042 mol), potassium
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[0188]

[0189]
[0190]

[0192]

[0193]
[0194]

[0195]

[0196]

[0198]

ZIHSd 10-2018-0096458

carbonate (14.66 g, 0.106 mol, sigma aldrich), Pd(PPhs), (2.04 g, 0.0018 mol, sigma aldrich), Toluene
200 mL, Ethanol 40 mL ¥i 4A|ZF F<F 87 wwRksle] wHSAIFTH, W8 THE T 00 : MCE o]&35td T&
S ¢ & A=Y (N-HEXANE : MC)3to] <z 7HA] 72-1>& 11 g (& 78%) F53F3T).

(2) Az 2 @ FIHA 72-29] 4

724
72-2

A 72-1 (10 g, 0.025 mol), 3-aminobiphenyl (5.09 g, 0.030 mol, sigma Aldrich), Sodium tert-
butoxide (4.81 g, 0.050 mol, sigma aldrich), Zw} Pd(dba), (0.72 g, 0.0013 mol, sigma aldrich), tri-

tert-Bu-phosphine (0 51 g, 0.0025 mol, sigma aldrich)el To uene 150 mLE ¥ 100 CeolA 8A17F ¢
Hske] RESAIZTH. WS TR S HO0 ¢ MCl SEEE e & HAHPAA (N-HEXANE © NCO)ste] <F3HA| 72-2>5

8.8 g (& 72%) FE5319t}.

(3) Az 3 : s3HE 729] A

] O

Q O + O O NH - a /ﬁ\HN/PJ p
o N

& i O~

Yoo o OF

15 72-2 72

=24 1-5 (5 g, 0.0126 mol), =xFA| 72-2 (7.35 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.0251
mol, sigma aldrich), Zu Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,

0.0013 mol, sigma aldrich)ol] Toluene 100 mLZ i 100 ColA 8A|7F H<¢F nlwkaho] HP—C’*/\]ﬁU‘r FS £8
FH0 : NCol FETES 3 F AAA (N-HEXANE : MCO)3lod 33HE 722 7.8 g (& 77%) o}—oﬂE]—

H-NMR (200MHz, CDC13):8 ppm, 1H(8.55/d, 7.94/d, 7.79/d, 7.59/d, 7.45/m, 7.43/m, 7.33/m, 7.25/m)
2H(7.85/d, 7.81/d, 7.58/m, 7.54/d, 7.50/d, 7.44/m, 7.41/m, 7.38/m, 6.89/s, 6.88/d, 6.69/d, 6.59/d)
4H(7.52/d, 7.51/m)

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

St 5 ¢ 33kE 949 3
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[0199]

[0200]
[0201]

[0203]

[0204]
[0205]

[0207]

[0208]
[0209]

ZIHS3d 10-2018-0096458

(D Alze] 1 @ 1A 94-19] §HA

B s o 0 }o/%
S RRp :
\_/

941

4-bromodibenzo[b,d]thiophene (10 g, 0.038 mol, sigma aldrich), Bis(pinacolato)dibron (8.50 g, 0.050
mol, sigma aldrich), potassium acetate (7.46 g, 0.076 mol, sigma aldrich), PdCl,(dppf) (0.83 g, 0.0011

=

mol, sigma aldrich), 1,4-Dioxane 200 mL giL 95 ColA 12417t E<¢F wyksle] Wk AT, ¥ES 28 & HO

i FEeE 3 5 A-AA (N-HEXANE @ MO)sko] <F3HA] 94-1>2 8.1 g (& 68.7%) F53kth.

s

(2) Az 2 : FIHA] 94-29] $HA]

E S &
958

1-bromo-4-iodobenzene (10 g, 0.035 mol, sigma aldrich), XA 94-1 (13.16 g, 0.042 mol), potassium
carbonate (14.66 g, 0.106 mol, sigma aldrich), Pd(PPhs), (2.04 g, 0.0018 mol, sigma aldrich), THF 150

mL, H0 30 mL ¥l 61 F<t g uwnbste] whEAZG. wg FE F 00 0 NCE ol&3ste] SEdE & F

APAA (N-HEXANE : MC)3te] <ZF3HA] 94-2>5 9.2 g (5876.7%) 53131t}

(3) Alze] 3 : FFA] 94-39] SHAd

o HN O
Y mo— OO
LT e

=24 94-2 (10 g, 0.030 mol), 3-aminobiphenyl (5.99 g, 0.035 mol, sigma Aldrich), Sodium tert-
butoxide (5.67 g, 0.059 mol, sigma aldrich), Zmv] Pd(dba); (0.85 g, 0.0015 mol, sigma aldrich), tri-

tert-Bu—phosphine (0.60 g, 0.0029 mol, sigma aldrich)°l] Toluene 150 mLE ¥ 100 CeollA 6A17F &<k L
Hksle] HESAIF Y. HHE FE T H0 - MCAl FEEE ¢ & AHAGA (N-HEXANE : MC)3te] <FZHA|l 94-3>&

9.7 g (578 77%) 53t

_50_



[0211]

[0212]

[0213]

[0214]

[0215]

[0217]

[0218]

[0219]
[0220]

[0222]

[0223]

[0224]

ZIHS3d 10-2018-0096458

(4) Az 4 : 3t3HE 949 A

a5
O

1-5

=74 1-5 (5 g, 0.013 mol), S7A) 94-3 (6.44 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.025 mol,
sigma aldrich), Zm} Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,
0.0013 mol, sigma aldrich)ol Toluene 100 mLZ= @i 100 TColA 12417t B¢t nuksle] wke Az, whe &
2 3 0 ¢ MCol RS 3 T APAA (N-HEXANE : MC)3le] 33E 942 7 g (FE7 4.8%) F53H1T).

H-NMR (200MHz, CDC13):8 ppm, 1H(8.55/d, 8.45/d, 8.41/d, 8.20/d, 7.98/d, 7.94/d, 7.79/d, 7.59/d,
7.45/m, 7.44/m, 7.43/m, 7.41/m, 7.33/m, 7.25/m, 6.89/s, 6.88/d, 6.59/d) 2H(7.51/m) 3H(7.58/m, 7.52/m,
7.50/m) 4H(7.54/d, 6.69/d)

LC/NS: m/z=744[ (+1)']

Sdel 7 sHekE 1019 $Hd

(D) Az 1 : FZHA 101-19] A4

> OO — oo

101-1

4-bromodibenzofuran (20 g, 0.081mol, 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)el]l Toluene 200 mLE Y i 100 ColA
IAIRE S wnksto] WhEAIZT. WhE TR F 0 ¢ NCOl FRElE ¥ F AHAA (N-HEXANE : EA)Ste] <5

_frz
ZHA 101-1>% 19.2 g (5% 70.7%) $~53F3ic).

(2) Az 2 : 33E 1019 3IA
N o M «T
0P FEC0 — ol

Oy 3O
p—
1011 ®/
Br

1-5 101

=24 1-5 (5 g, 0.0126 mol), &7HA 101-1 (5.05 g, 0.0151 mol), Sodium tert-butoxide (2.41 g, 0.025
mol, sigma aldrich), Zmuj Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,
0.0013 mol, sigma aldrich)el] Toluene 150 mLZ il 100 T oA 8A|zF &<t _’HPOP‘-’% vrS Al T, bk F
2% L0 MOl RS 3 T APAA (N-HEXANE @ MCO)3le] 3HEE 101S 6.5 g (56 79%) 53Tt



[0225]

[0226]

[0228]

[0229]

[0230]
[0231]

[0233]

[0234]

[0235]

[0237]

[0238]
[0239]

ZIHS3d 10-2018-0096458

H-NMR (200MHz, CDC13):8 ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.79/d, 7.66/d, 7.59/d, 7.45/m, 7.43/m,
7.41/m, 7.38/m, 7.33/m, 7.32/m, 7.07/m, 6.39/d) 2H(7.58/m, 7.52/d, 7.51/m, 7.50/d, 7.25/m) 4H(7.54/d,
6.69/d)

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

Sde] 8 ¢ sk 154¢] A

(D) Az 1 @ F7HA] 154-1¢] 3t

. e aom D
S0 O IS

154-1

4 ,6-dibromodibenzofuran (20 g, 0.061 mol, Yurui), phenylboronic acid (8.98 g, 0.074 mol, sigma
aldrich), potassium carbonate (16.96 g, 0.123 mol, sigma aldrich), Pd(PPhs;), (3.54 g, 0.0031 mol, sigma

aldrich), THF 250 mL, H,0 50 mL ¥ I 4A]17F FoF 357 wukste] wkSA AL, Whs F85 3 00 : MCE o] &3}
of FHUE 3 F APAA (N-HEXANE : MOt <F7HA 154-1>% 14.3 g (& 72%) 5313},

ofj

(2) Az 2 @ FIHA] 154-29] A

s o OO :;

1544
154-2

=74 154-1 (10 g, 0.031 mol, Yurui), 3-aminodibenzofuran (6.80 g, 0.037 mol, sigma aldrich), Sodium
tert-butoxide (5.95 g, 0.62 mol, sigma aldrich), Zu} Pd(dba), (0.89 g, 0.0015 mol, sigma aldrich),

tri-tert-Bu-phosphine (0.63 g, 0.0031 mol, sigma aldrich)el Toluene 150 mLE @il 100 CeolA 1A]7F =<t
ksl gEEA AT, HhE FE T H0 0 MCAl FEEE 3 & A7 AGgA (N-HEXANE : EA)Sho] <ZHA 154~
2>5 10 g (& 76%) 533t

(3) Alze] 3 : gt 1549 A

o'

154

Z2r4 1-5 (5 g, 0.0126 mol), =%FA| 154-2 (6.41 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.0251
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[0240]

[0241]

[0243]

[0244]

[0245]

[0246]

[0248]

[0249]
[0250]

[0251]

[0252]

[0254]

ZIHS3d 10-2018-0096458

mol, sigma aldrich), Zuj Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine (0.25 g,

0.0013 mol, sigma aldrich)el Toluene 100 mLZ Y3 100 CTolAl 8AIZF EoF muksle] wkeA AT, HlE 23
I 0 : MCol =EFE 3 = A AA (N-HEXANE : MC)3Fe] 3atE 1548 7 ¢ (58 75%) $=3}5it}.

H-NMR (200MHz, CDC13):§8 ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.85/d, 7.81/d, 7.79/d, 7.66/d, 7.64/d,
7.59/d, 7.45/m, 7.41/m, 7.33/m, 7.32/m, 7.07/m, 6.39/d, 6.33/d) 2H(7.58/m, 7.54/d, 7.52/d, 7.51/m,
7.50/d, 7.43/m, 7.38/m, 7.25/m, 6.69/d)

LO/MS: m/z=742[ (W+1)']

Sdel 9 ¢ speke 1779 $HAd

(D) Az 1 F3A 177-12] §A4

4 \ & \——NH -
Br—\ //H(—H >

1771

4-Bromo-p-terphenyl (10 g, 0.03 2mol, TCI), 4-aminobiphenyl (6.57 g, 0.039 mol, sigma aldrich), Sodium
tert-butoxide (6.22 g, 0.065 mol, sigma aldrich), ="} Pd(dba), (0.93 g, 0.0016 mol, sigma aldrich),

tri-tert-Bu-phosphine (0.65 g, 0.0032 mol, sigma aldrich)el Toluene 150 mLE ¥al 100 CeolA 1A7F =<t
ksl WESAIZ T, WHEEE F H0 ¢ MCol FEEE 3 & A-AA (N-HEXANE : EA)3te] <F3HA] 177-1>&

9.4 g (578 73%) 53t

(2) Az 2 : s3tE 177¢] A

b .
o o
7N 7~
gi N
£ 7
o/ 1771 =(
1-5

=74 1-5 (5 g, 0.0126 mol), =74 177-1 (5.99 g, 0.015 mol), Sodium tert-butoxide (2.41 g, 0.0251
mol, sigma aldrich), Zw] Pd(dba), (0.36 g, 0.0006 mol, sigma aldrich), tri-tert-Bu-phosphine(0.25 g,
0.0013 mol, sigma aldrich)®] Toluene 100 mLE YiL 100 CeollA 8A]7F &<t HPO}‘# HES A AT, WS F R
B0 1 NColl SRS 3 F ARAA (N-HEXANE : MC)&te] 3}gE 177% 6.7 g (578 74.7% T:o}aiﬂ}.

H-NMR (200MHz, CDC13): &6 ppm, 1H(8.55/d, 7.94/d, 7.79/d, 7.59/d, 7.45/m, 7.43/m, 7.33/m) 2H(7.58/m,
7.50/d, 7.41/m) 4H(7.52/d, 7.51/m) 5H(7.25/d) 6H(7.54/d, 6.69/d)

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

%
>

5] c—)]oﬂ 10 : §]_61—D 187-4 61—/\4
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[0255]

[0256]

[0257]

[0259]

[0260]
[0261]

[0263]

[0264]

[0265]

[0266]

ZIHSd 10-2018-0096458

(D) Az 1 : F3HA] 187-19] A

Br ¢ ¢
Q~~

Br o-B

\
P
1-4

1,3-dibromo-5-iodobenzene (10 g, 0.028 mol, TCI), &% Al 1-4 (12.25 g, 0.033 mol), potassium carbonate
(11.46 g, 0.83 mol, sigma aldrich), Pd(PPh:g)4 (1.60 g, 0.0014 mol, sigma aldrich), THF 150 mL, H,0 40

187-1

ol H3 4ARE O BF mukslel WA W R F OHO  MCE olgdtel RS @ ¥ AYAA

(N-HEXANE : MC)3}e <53tA| 187-1>8 10.3 g (& 78%) +53F3tt.

(2) Az 2 : F3HA 187-29] A

> y
o0 e O :
el 4

187-1 187-2

ZZHA] 187-1 (10 g, 0.021 mol), phenylboronic acid (3.07 g, 0.025 mol, sigma aldrich), potassium
carbonate (8.69 g, 0.63 mol, sigma aldrich), Pd(PPhs), (1.21 g, 0.001 mol, sigma aldrich), THF 150 mL,

B0 40 mL 93 4A7F 59 35F wwsle] v A AT, B E8 T [0 : MCE o] &sle] ZEFE 3 T A

=

A A (N-HEXANE : MC)3}o] <Z7HA) 187-2>S 7.8 g (5% 78.5%) 539},

(3) Az 3 : 3= 1872] A

~®§:“

101-1

187-2
187

=74 187-2 (10 g, 0.0211 mol), =74 101-1 (8.48 g, 0.025 mol), Sodium tert-butoxide (4.05 g,
0.0422 mol, sigma aldrich), Zm Pd(dba), (0.61 g, 0.0011 mol, sigma aldrich), tri-tert-Bu-phosphine

(0.43 g, 0.0021 mol, sigma aldrich)el Toluene 200 mLE ¥ il 100 TollA 8A|ZF &<k wHEsto] wWHE-A|F T},
g T8 3 U0 : MCol FE2E 3 5T APAA (N-HEXANE : MC)&te] 3HgHE- 1872 11.8 g (4% 76.8%) <

S,

H-NMR (200MHz, CDC13):8 ppm, 1H(8.55/d, 7.94/d, 7.89/d, 7.79/d, 7.66/d, 7.59/d, 7.45/m, 7.43/m,
7.38/m, 7.33/m, 7.32/m, 7.07/m, 7.06/s, 6.39/d) 2H(7.58/m, 7.54/d, 7.50/d, 7.41/m, 7.25/m, 6.85/s,
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[0267]

[0269]

[0270]

[0271]
[0272]

[0274]

[0275]
[0276]

[0278]

[0279]
[0280]

ZIHSd 10-2018-0096458
6.69/d) 4H(7.52/d, 7.51/m)

LC/NS: m/z=728[ (W+1)']

o] 11 ¢ 33tE 2289 314

(D) Az 1 : F3HA] 228-19] A4

02N
NO, B(OH())ZI
Oy Qo

Br Cl

228-1

4-bromo-1-iodo-2-nitrobenzene (10 g, 0.031 mol, Yurui), 2-chlorophenylboronic acid (5.72 g, 0.037 mol,
sigma aldrich), potassium carbonate (12.65 g, 0.092 mol, sigma aldrich), Pd(PPhs;), (1.76 g, 0.0014 mol,

sigma aldrich), THF 150 mL, H,0 40 mL Y3l 4A)1ZF 59 3F wwsle] WA ZATH. WS F2 3 H0 @ MCE

o] &3lo] FRYEZ 3 F AAAGA] (N-HEXANE : NCO)3lo] <F3hA 228-1>2 7.7 g (& 80.8%) 53t}.

(2) Az 2 : FIHA] 228-29] A

O — Lo

Cl

228-1 228-2

2 1-1 (10 g, 0.032 mol), triphenylphosphine (25.18 g, 0.096 mol, sigma aldrich), 1,2-
dichlorobenzene 150 mL Y3 180 ColAl 12A17F ToF mukslo] v A FH L, ¥S 27 5 1,0 : MCo RIS

3 5 APAA (N-HEXANE)3Fe] <F3HA] 228-2>5 7.2 g (& 80%) F53FUtt.
(3) Azl 3 @ F1hA] 228-39] FHAd

o o™ GO0

228-2 228-3

ZZHA] 228-2 (10 g, 0.036 mol), phenylboronic acid (5.22 g, 0.043 mol, sigma aldrich), potassium
carbonate (14.78 g, 0.107 mol, sigma aldrich), Pd(PPhs)y (2.06 g, 0.0018 mol, sigma aldrich), THF 150

mL, H,0 40 mL Y3l 4A]3F &< 37 wuksie] RESAIATEH ¥HS TR F W0 : MCE o] &3l TEEE

A AA (N-HEXANE : MC)3}o] <F7+A] 228-3>5 7.4 g (5% 74.8%) 5319},

roh

5
T
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[0282]

[0283]
[0284]

[0286]

[0287]

[0288]

[0290]

[0291]

[0292]

T AHAA (N-HEXANE : MC)3}e] <F3HA 228-6>5 16.9 g (57& 92

SIES 10-2018-0096458
(4) Az 4 @ FIHA 228-49] A

T >
“OD o oo

228-3

228-4

=74 228-3 (10 g, 0.036 mol), iodobenzene (11 g, 0.054 mol,

sigma aldrich), potassium carbonate
(12.44 g, 0.090 mol, sigma aldrich)

, Cu (4.58 g, 0.072 mol sigma aldrich), dibenzo-18-crown—-6 (1.3 g,
0.004 mol, sigma Aldrich), Dimethylformamide 150 mL 23 150 ColA]l 12417+ B+ wpksle] BH-EA #Th. ®E

£ Z8 3 HO0 : MCol Z=EYE 3 T AUAA| (N—HEXANE)o}O% <EF7HA228-4>5 9.7 g (& 76%)

s,

(5) Az 5 @ FHA 228-59] A

O L

228-4 228 5

FHA] 228-4 (10 g, 0.028 mol)

, Bis(pinacolato)dibron (9.33 g, 0.037 mol, sigma aldrich), potassium
acetate (5.55 g, 0.057 mol,

sigma aldrich), PdCl,(dppf) (0.62 g, 0.0008 mol, sigma aldrich), 1,4-
Dioxane 200 mL €L 95 T oA 12417k FoF wukale] WhgA T, W& =&

& o=

H,0 : Tolueneo] =E#ZE 3t

ke
k3
T+ APAA (N-HEXANE © MO)3te] <F7HA] 228-5>F 8.6 g (& 68%) T53F3It}.

(6) Az 6 : FIA 228-62] A

. e
0 — DO

&

2286 Br

228 5

FZHAl 228-5 (10 g, 0.023 mol)

, 1-boromo-4-iodobenzene (7.62 g, 0.027 mol
carbonate (9.31 g, 0.067 mol

, sigma aldrich), Pd(PPh3), (1.30 g
E 60 ml €3 60 T oAl 12417+ FoF wutsle] WS AJAT).

, sigma aldrich), potassium
0011mol, sigma aldrich), THF 200 mL,

0.
g TR F H0 1 NCE ol &3] S

mlm
ro
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[0294]

[0295]
[0296]

[0298]

[0299]
[0300]

[0301]

[0302]

[0304]

[0305]

[0307]

[0308]

[0309]

ZIHSd 10-2018-0096458

(1) Az 7 @ F3HA] 228-72] A

DU
oy s OO —— Q%

9,9-dimethy1-9H-f luoren-2-amine (20 g, 0.096 mol, Yurui), 4-bromobiphenyl (22.28 g, 0.096 mol, sigma
aldrich), Sodium tert-butoxide (27.55 g, 0.28 mol, sigma aldrich), Zw] Pd(dba), (2.75 g, 0.005 mol,

228-7

sigma aldrich), tri-tert-Bu-phosphine (1.93 g, 0.01 mol, sigma aldrich)ol] Toluene 200 mLEZ ¥ 100 C
oA 1AIRE St ankste] WREAIZ T, W FE F HO0 : NC ol TEEE o F AHAEA (N-HEXANE:MC) 8He

<Z7HA] 228-7>S 28 g (5% 81%) FEF L),

(8) Az 8 : 3}3HE 2289 A

y <ol o8,

2086 228-7

=744 228-6 (10 g, 0.021 mol), =7rA] 228-7 (9.14 g, 0.025 mol, sigma aldrich), Sodium tert-butoxide
(4.05 g, 0.042 mol, sigma aldrich), Zvw] Pd(dba), (0.61 g, 0.0011 mol, sigma aldrich), tri-tert-Bu-

phosphine (O 43 g, 0.0021 mol, sigma aldrich)el Toluene 200 mLE Yil 100 CollA 1Ak %<t wykate] wk
SAIZT v TR S 0 ¢ MCol FREE ¥ AAA (N-HEXANE:MC)3tel 3}jHE 2288 12.4 g (&
78%) 53Tt

H-NMR (200MHz, CDC13):&6 ppm, 1H(8.18/d, 8.10/d, 7.90/d, 7.87/d, 7.79/d, 7.55/d, 7.45/m, 7.39/m,

7.38/m, 7.28/m, 6.75/s, 6.58/d) 2H(7.62/m, 7.58/m, 7.50/d, 7.41/m) 4H(7.54/d, 7.52/d, 7.51/m, 6.69/d)
6H(1.72/s)

LC/NS: m/z=754[ (W+1) ]

el whE AAldelA, 110 F98 A= 25 mm X 25 mm < 0.7 mmJ el 71 94 of, IT0 79 d=o] ¥
e 110 e 7185 ol&ste], o WAool 2 om X 2 mm A7} HES AEHYE F AASH. 7dE

0
Avlo] ARe T Wo]x ol 1 X 10 torr7} HEE & T G712 A7 110 9ol 37 P2z §7]=

woagel W [etd 112 FAHE SRS AAAF
el =13

i 21 e 2 6‘]—04‘ 6‘]—7]9,]— 71,:1—_8__ 5\_1]_ e ;;__‘__.‘:
A g {7 AARF LS Axste], W 58 o

=4 ehelnh.

IT0 / AZFYSHATCN 5 nm) / BEFES(a-NPB 100 nm) / AAAAF(10 nm)/ 2

ol)l'

(20 nm) / AR
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[0311]

[0313]

[0314]

[0316]

[0317]

[0318]

[0320]

[0321]

[0322]

ZIHS3d 10-2018-0096458

%% (201:Liq 30 nm) / LiF(1 nm) / Al (100 nm)

IT0 1 Ao AeFUES FAsH7] 8 [HAT_N]S o] &3te] AFFAF FAS 5 mE ¥ 452 v
WHoz PFA3ta, olF HAFFEZTE o-NPBE AMEste] ATsiglth. AA AAFL 2 dyor FHEE 38t
211, 3, 6, 18, 36, 54, 72, 94, 101, 126, 154, 1778 AF&3le] 10 nme] FAZ Aot mah, wag=d
= S2E 3gE2E [BH1]S AMgsta, =RE 3322 [BD1]S AFE3te] FA7F 20 nm A7 HES Ao
st o, F7R AR} 4537 [201] 3HsHE Liq 50% =3) 30 nm % LiF 1 nm % &FuH 100 mmE =
o R Auste], {7 AEFAEAE A 2T
2 Hlad 1

= AL A

A wlale] 15 9% frIAARE AR 7] Al 19 xR AAAASE AR @

Ao 10 22 Al 1 WA 129 g 54
A7) AAd 1 WA 8o wEl Azd" §7)A =
650, Photo Research)& o]-g3ke] gk, AF H *?—;%1 a8S SAAAL, AF U= 10 mA/arrt HiE AgS

"5 g o Aejstel wasr}. Az

F 1
A Al AAAA F v cd/A QE(%) T
1 33l 1 3.92 9.22 8.68 146
2 s}ak4l 3 4.06 9.00 8.47 121
3 3}stal 6 4.13 8.95 8.39 132
4 3}814] 18 4.10 8.64 8.10 122
5 3}sh2] 36 4.16 8.72 8.18 128
6 3}atal 54 4.10 8.56 8.02 132
7 slela] 72 4.02 9.07 8.51 136
8 3}atal 94 4.04 8.91 8.36 121
9 ke 101 4.10 8.89 8.38 126
10 3}3l2] 126 4.18 8.77 8.26 117
11 3}34 154 4.12 8.83 8.28 118
12 s}akAl 177 4.09 8.90 8.35 115
vl 1 A9kt 4.14 5.4 4.6 2

\ 7/ N O
/m@ﬁ} © S <gs
S co :

[HAT_CN] [a-NPB] [BH1] [BD1] [201]
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[0324]

[0325]

[0326]

[0328]

[0330]

[0331]

[0333]

[0334]

[0335]

[0337]

ZIHS3d 10-2018-0096458

2AF AAle 13 WA 24

B ool nE (3 112 TANE 3FES AFFEFY HPRE o, 1% 2 a4 T2E 2t
AN g FAAALGRAE Azdtel, BY LES TFF TY 54 S

ofj

IT0 / AFFUSHATCN 5 nm) / AFFES(100 nm) / 4= (20 nm) / AAF$ES (201:Liq 30 nm) /
1 (1

LiF(1 nm) / A 00 nm)

IT0 ¥4 A5l AFF95S JAst7] A8 [HAT_ONI= 019~6}0% BEFAZ FAS 5 mE IE 45 v
WMo FAet, o]F Xg% ° 3, 6, 18, 36, 54, 72, 94, 101, 126,
154, 1775 AH&3ke] 100 ek, w3, WFFolE TAE FgEZE [BHIS AMSslal, =
TE I3HEZ [BD1S A}%o}ﬁ FAZE 20 nm A=V HEE Jusigon, F71E Hdx £E35(87] [201] )
= Liq 50% =) 30 nm 2 LiF 1 nm 2 <4FvH 100 mE AP Adusle], f7AALF LS A%

ik,

A Hale]

[\

i
ﬂ,
ot
il

At vlae] 28 9% FAATFEAE 7] AN 19 RATRAA ATEEF B Byl uf
= AL Aslekn FUsA AL,

Ao 2 0 A Ao 13 UX] 249] g 54

A71 AAl 13 WA 249 wgt AlFxE FI1AALFAAE Source meter (Model 237, Keithley)<l 3 =4
(PR-650, %MOR%%mmg-ﬂ&ﬂﬂ A, AF H ¥ a8 SAET, AF U= 10 mA/ a7} == A
S "IE AYgror AHostal £H-E 1000nit 71E T95% SAste] vttt AdE sl [ 2]¢ #).

X
o

i}

¥ 2
AA 4] AFTES )i cd/A QE(%) T4 (h)
13 38kl 1 4.09 7.38 6.95 75
14 3}sta] 3 4.18 7.26 6.84 62
15 3}32] 6 4.20 7.34 6.38 68
16 3}sk4] 18 4.19 7.18 6.73 63
17 3}32] 36 4.22 7.09 6.65 66
18 3}sha] 54 4.19 6.97 6.53 68
19 38k 72 4.13 7.30 6.85 70
20 3}382] 94 4.10 7.12 6.68 62
21 3}3k4 101 4.13 7.04 6.64 65
22 38k 126 4.23 6.88 6.49 60
23 313k 154 4.21 7.17 6.73 61
24 38k 177 4.17 7.20 6.76 59
Hlale) 2 a -NPB 4.14 5.4 4.6 2
71 [ 2]° e ZA3ts A9y, WA, 2 Oy mE HI35FE5TS SE Ak 483 A9 FE
22F(H] 2o 2)o H|ste] g &, A 28 2 g 5 WG 5o d48] ¢S AT & A
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oN ‘ .,
A Q o X2 2, & sge
e cancs Sl e IR S hae e cads
Nﬁm N OO ©\N O O
[0338] @ =
[0339] [HAT_CN] [ a-NPB] [BH1] [BD1] [201]
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