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uh g2 &A1= Co-Cig, L7 Tl 5 vF 2 81| = Co-C ), 9 O}a 71 = Sl
oAl A o= Hd, vlolald, Buld, Y2 HE, AGE™ T 5 Ak Art A A
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[112] Br R R
NH X Pd,(dba), -
- S 7 / P(t-B_U)a \ ~NH ,
1/| NaO(t-Bu) X (RY)
R = > ¢l %, __PPh3
m(R?) Toluene = 0-DCB
(R?)

Pda(dba)s LA
P(t-Bu); |i1
NaO(t-B
+ X—L,—Art otE //l N, j: t
Toluene >
[
(X=1, Br, CI) (R") , =7 (R, Pd(dppf)CI2
m(R)

DMF

Pd(PPhs),
NaOH
+ X—L,—Br —
(X=l1, Br) THFH,0  1R)

[113] 1.1. Sub 1-1 &4 oA
[114]  <®Eg2] 4>

[115] oN Pd"(‘:g:gl,; e
(Ho) BK) THFIH,0 e D O

Sub1-141

o 0

Pd,(dba)s O oBEL
o) i adliey
a( u) Pd(dppfiCl,

Toluene KOAc

DMF

Sub 1 1.4 Sub1_1_57€<

[116] (1) Sub 1-1-1 &4

[117] Tt eE 2k 2~ A of] 2-Bromodibenzothiophene (100g, 380mmol), 2-Nitrophenyl
boronic acid (76g, 456mmol), Pd(PPh;),(18g, 15mmol), NaOH (46g, 1140mmol),
THF (1.2L)/H,0 (0.6L)< %=t} L& ol 70 °C e ell A 441 7F F<F 7k
FRAT ghgo] SR A F2o M FRTE Yol s|AA7] L
W] &l ¢l £ 2 2} o] = (Methylene chloride)9} & 2 F% 3}, 7] 52 MgSO,=
Azsle] 553 5 A H 313t=E S v el & 2 2} o] = (Methylene chloride)<}
& F(Hexane) 2. 2 A2 4 5Fo] A E Sub 1-1-1 (99g, 85%)2 AT,

[118]  (2)Sub1-1-29] A

[119] T tuPE = 22~ A0l Sub 1-1-1 (99g, 323mmol), PPh, (218g, 808mmol), o
-Dichlorobenzene (1.0L)& ¥ - -, 180 °Coll A| 24| ¢k &<t 7FE B A1 71T}

Sub 1-1-2 Sub1 1 3

© 0
o

Pd(PPh3),
NaOH

THF/H,0
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[120]
[121]

[122]
[123]

[124]
[125]

[126]
[127]

[128]
[129]

o] TAHA FX o7 W7 5 FHA. F5E o AAH 33 silica

column 2 #2743} A& Sub 1-1-2 (70g, 80%)E A At}

(3) Sub 1-1-39] AW

T tuPE = gk~ A ol Sub 1-1-2 (70g, 293mmol), N-Bromosuccinimide (52g,
293mmol), Methylene chloride (1L)E YW =T 1§ Fof 420l A 4A| I+ &<t
HESH) Hh-S-o] R EH SHE Y-S ¥, Methylene chloride®} &3
FE3) 77155 MgSO,2 A28 ] 5353 T A4 ¥ 31323 Methylene
chloride®} Hexane & 2 A2 A4 3}o] A= Sub 1-1-3 (86, 83%)= A T}

(4) Sub 1-1-42] $AH

T tuPE = ek~ A0l Sub 1-1-3 (30g, 84mmol), Iodobenzene (20.7g, 102mmol), Pd
»(dba); (3g, 3.3mmol), P(t-Bu); (1.8g, §.4mmol), NaO(t-Bu) (24.6g, 255mmol),
Toluene (240mL)S @i=t}. 23 Fofl 110°Coll A 8A17E F¢F 71 ShFA 71t
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FE3) 77155 MgSO,2 A28 ] 5353 & A A ¥ 31325 Methylene
chloride®} Hexane &2 A2 A 3}o] A= Sub 1-1-4 (28g, 76%)E A T}

(5) Sub 1-1-59] A H

T uEZ g~ A 9 Sub 1-1-4 (20g, 47mmol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (14.3g, 56mmol), Pd(dppf)Cl
»(1.5g, 1.9mmol), KOAc (13.8g, 141mmol), DMF (150mL)S ¥ =t} 13 - 110
cColl Al 8AIZE F <t 7FE i Al Z1 ) Hh-§-o] &R A ”goﬂﬁ THTE ¥
3] 4] A] 7] 21 Methylene chloride ®} &2 &3t} 7158 MgSO,2 A 2314
3% 2 A A ¥ 313E 2 Methylene chloride 2 =91 3 silica 2 H 3 -5 33,
53 % 33HE -5 Methylene chloride®} Hexane 2.2 A A 3}o] A A & Sub 1-1-5
(17g,76%)E AN}

(6) Sub 1-12] 33

S tuPE = ek~ 0l Sub 1-1-5 (17g, 35.8mmol), 1-Bromo-4-iodobenzene (12.1g,
42.9mmol), Pd(PPh;),(1.7g, 1.4mmol), NaOH (4.3g, 107mmol), THF (160mL) / H,O
(80mD)S =t} 1 Fol 110°Co) A 8AIZF FoF 71 ShF A 71 ), k-0
A5 H WA Ao M FFTE Yol 84 A 7] A Methylene chloride 2} & =2

FZ} 77152 MeSO,& 132381 553 3 A ¥ 83HE -8 Methylene
chloride® %1 ¥, silica B ¥] F F &3}, 5= ¥ 3132 Methylene chloride 2}
Hexane & 2 A 274 3}o] A& Sub 1-1 (12g, 65%)5 A AT

2. Sub 1-2 A A A

<{k-3-2] 5>
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[130]

[131]
[132]

[133]
[134]

[135]
[136]

[137]

Q O
~ s ¢ Qe 8 T

NaO(t-Bu)
.

—_—
Br O Toluene 3 Pd(dppfCl,
Sub 1-1-3 O O KOAC
DMF
Br

Sub 1-2-1

® &
Pd(PPhs),
wiag oea
o
Sub 1-2-2 K< Sub 1-2

(1) Sub 1-2-19] F4H

SoubEE g Aol B2 49 T A A& Sub 1-1-3 (30g, 84mmol) T,
4-lodo-1,1'-biphenyl (28.6g, 102mmol), Pd,(dba); (3g, 3.3mmol), P(t-Bu); (1.8g,
8.4mmol), NaO(t-Bu) (24.6g, 255mmol), Toluene (240mL)S €=t} 21 F9 110
°Coll A 8AIZF &t 7HE S AIZI T BEg-o] AR EW ALolM S/7TE5 2o
3] Al A] 7] 31 Methylene chloride ¢} & & F%3Ho}. 7] 58 MgSO, = 71238}
5% 2 A A ¥ 3}13E -2 Methylene chloride 2} Hexane & 2 Al 2 7d 3} o] A A &
Sub 1-2-1 (32g, 76%)S A At}

(2) Sub 1-2-29] F4H

SotaberE et~ A o) Sub 1-2-1 (23.7g, 47mmol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (14.3g, 56mmol), Pd(dppf)Cl
»(1.5g, 1.9mmol), KOAc (13.8g, 141mmol), DMF (150mL)S- ¥ +=t}. 1§ 2] 110
°Coll A 8AIZE &<)F 7FA BER A2t Wh-g-o] AR W oA T/7TE ¥
3] Al A] 7] 31 Methylene chloride 9} & & F%3H0}. 7] 58 MgSO.= 71238}
5t & A A ¥ 3}31E -8 Methylene chloride 2 %1 $, silica B & 533t}
¥ 3}3}= -8 Methylene chloride?} Hexane &2 A 2 % 5} o] A4 & Sub 1-2-2
(22g, 84%)= A At}

(3) Sub 1-2¢] 44

S tuPE = g2~ ol Sub 1-2-2 (19.7g, 35.8mmol), 1-Bromo-4-iodobenzene
(12.1g, 42.9mmol), Pd(PPh;),(1.7g, 1.4mmol), NaOH (4.3g, 107mmol), THF (160mL)
/H,0 (80ml)& ¥ =th. 17 Fofl 110 °Coll A 8A1ZE F<t 7+ {71t
vhg-o] kR ¥ Lol A SRS ¥ ol 3414 7] AL Methylene chloride9F = &
FE {715E MgSO,& 1126t 553 3 A E 313= S Methylene
chloride® %1 ¥, silica B ¥] F F &3}, 5= ¥ 3132 Methylene chloride 2}
Hexane 2. =2 A A A 3te] A4 E Sub 1-1 (14.5g, 70%)E At}

3.Sub 1-4 A H A

Ao Lo

=
[e)

=
[e)
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[138]
[139]

[140]
[141]

[142]
[143]

[144]
[145]

<®k-3-2] 6>

Q Pd,(dba)z

R P{t-Bu)

3 Br NaO(t-Bu)
oS gl —

Toluene

9or
<,
%

& Paappnel,
O KOAc
DMF

Br
Sub 1-4-1

OO e OO
B o =

w
c
T
—
T w
o 7

dBfO
Sub 1-4-z7€< Sub 14 B

(1) Sub 1-4-19] F4

SoubEE g Aol B2 49 T A A& Sub 1-1-3 (30g, 84mmol) T,
2-Bromonaphthalene (21.1g, 102mmol), Pd,(dba); (3g, 3.3mmol), P(t-Bu); (1.8g,
8.4mmol), NaO(t-Bu) (24.6g, 255mmol), Toluene (240mL)S €=t} 21 F9 110
°C A el A 8AIE &<t 7FE S-RA It vh-3-o] kg H G2 M F/RTE
o] 8| 4] A 7] 31 Methylene chloride®} & 2 &3}, 7-7] 55 MgSO,Z
Azsle] 53 5 A4 ¥ 3}3HE-S Methylene chloride ¢} Hexane & 2
A A A o] A E Sub 1-4-1 (34.6g, 86%) = A AT}

(2) Sub 1-4-29] F4

T tuPE = e~ A ol Sub 1-4-1 (22.5g, 47mmol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (14.3g, 56mmol), Pd(dppf)Cl
»(1.5g, 1.9mmol), KOAc (13.8g, 141mmol), DMF (150mL)S- ¥ +=t}. 1§ 2] 110
°C A el A 8AIE &<t 7FE S-RA It vh-3-o] kg H G2 M F/RTE
o] 8| 4] A 7] 31 Methylene chloride®} & 2 &3}, 7-7] 55 MgSO,Z
Azste] 553 5 A4 ¥ 3}3HE S Methylene chloride 2 =5 ¢1 ¥ silica 2 & &
553}, 535 $31E S Methylene chloride®} Hexane &2 A2 4 5}o] A A &=
Sub 1-4-2 (22.7g, 92%) = A3}

(3) Sub 1-49] 44

S tuE = 2k~ ol Sub 1-4-2 (18.8g, 35.8mmol), 1-Bromo-4-iodobenzene
(12.1g, 42.9mmol), Pd(PPh;),(1.7g, 1.4mmol), NaOH (4.3g, 107mmol), THF (160mL)
/ H,0 (80ml)& =t} 717 F-of] 110 °C e ell A 8AIZE G2t 7HE B/ A 71T
vhg-o] kR ¥ Lol A SRS ¥ ol 3414 7] AL Methylene chloride9F = &
FET {715E MgSO,& 1125t 553 5 A E 313= S Methylene
chloride® %1 ¥, silica B ¥] F F &3}, 5= ¥ 3132 Methylene chloride 2}
Hexane 2. =2 A A4 3te] A4 & Sub 1-4 (13.9g, 70%)E Aot
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[146]  4.Sub1-6 A dAl:
[147] <52 7>
[148] &
@ Ty e it SN mEees
: ' T towee N & Pd(dppi)Cl
Sub 1-1-3 O "DV
Sub 1-6-1
&2 s
WL &
S o 1 8
8-Q
Sub 1-6-2°7€< Sub 1_ Br
[149] (1) Sub1-6-19] A8
[150]  FubeEdbsol jEg2] 49 T3 Al A & Sub 1-1-3 (30g, 84mmol) 7,
2-Bromodibenzothiophene (26.8g, 102mmol), Pd,(dba); (3g, 3.3mmol), P(t-Bu); (1.8g,
8.4mmol), NaO(t-Bu) (24.6g, 255mmol), Toluene (240mL)S €=t} 21 F9 110
°C Aefoll A A 7F Fot 71 S HA| 71t} kg o] 9g ¥ AP&O}]H Z=HTE
o] 8] A A]7] AL Methylene chloride?} & & FZ 3}, £-7]5-& MgSO,2
Azsle] 53 5 A4 ¥ 3}3HE-S Methylene chloride ¢} Hexane & 2
A AA o] WA E Sub 1-6-1 (32g, 72%)E LA T).
[151]  (2) Sub1-6-2°¢] A3
[152] T tuPE = ek~ Aol Sub 1-6-1 (25g, 47mmol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (14.3g, 56mmol), Pd(dppf)Cl
»(1.5g, 1.9mmol), KOAc (13.8g, 141mmol), DMF (150mL)-S- ¥ =1t} 18 39 110
°C Aefoll A A 7F Fot 71 S HA| 71t} kg o] 9g ¥ AP&O}]H Z=HTE
o] 3] A Al 7] Methylene chloride$} & & F& 3t} /7] 58 MgSO,=
A }_O}O% 5% T A A ¥ 33HE -2 Methylene chloride 2 3591 %, silica B & &
23t} U;FJ 3}31&E -2 Methylene chloride®} Hexane &2 A4 A 5to] A =
Sub 1-4-2 (23.5g, 86%)= A3}
[153]  (3) Sub1-69 ZAH
[154] S tuPE = 22~ Aol Sub 1-6-2 (20.8g, 35.8mmol), 1-Bromo-4-iodobenzene

(12.1g, 42.9mmol), Pd(PPh;),(1.7g, 1.4mmol), NaOH (4.3g, 107mmol), THF (160mL)
/ H,O (80ml)2 ¥+=t}. 1¢ ol 110°C A Holl A 8A|ZF &<t 7FLE Al 71T,
HhS-o] g5 ¥ A2A SHTE Yo -4“ A] 7] 31 Methylene chloride®} &=
F23) §715S MgS0, 2 Axsle] 553 T A H 3328 Methylene
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[155]
[156]
[157]

[158]
[159]

[160]

[161]

[162]
[163]

chloride® %1 ¥, silica B ¥] F F &3}, 5= ¥ 3132 Methylene chloride 2}
Hexane & 2 A 274 3}o] A& Sub 1-6 (12g, 55%)5 AU

5.Sub 1-8 A= dAl:

<HEZ-2| 8>

oy R D
Q O (HO)B THFIHZO ODCB O O o]

Sub 1-8-1 Sub 1-8-2
Pg(zt(féb?)s
-Bu
NBS NaO{t-Bu) @ @ j:Z;B_BA_Zi
Twe + D N

Toluene

—_—
o Pd(dppf)Cl,
KOAc
Br

DMF

Sub 1-8-3

Sub 1-8-4

2 ¢ . On

N
o) NaOH
O+ O e LY
THF/H,0
B-0O

d7€< @

Sub 1-8-5 Sub1.8 B

(1) Sub 1-8-12] FA4

v eE 2k 2 A o] 2-Bromodibenzofuran (50g, 202mmol), 2-Nitrophenyl
boronic acid (40.5g, 242mmol), Pd(PPh;), (9.3g, 8mmol), NaOH (24g, 606mmol),
THF (600mL)/H,O (300mL)S ¥ 3=t} 18 Fof 70 °C A e o) A 41| 7k Fot 719
A7 o] R WA FRo A THTE Yo 4“ /\1 3L Methylene
chloride®} &2 F&3c} §715 & MgSO,2E 125 5353 & AAH
$}31&-2 Methylene chloride ©} Hexane .2 A2 A 5}o] YA % Sub 1-8-1 (43g,
74%)S A AT

(2) Sub 1-8-29] FA4

St uPE = 22~ 00 Sub 1-8-1 (43g, 110mmol), PPh;(72g, 276mmol), o
-Dichlorobenzene (350mL)& ¥+t 18 & ] 180 °C %} Ef ol A 24 A 7t &2t 71

BEA| I} B2 o] EAEW AL 0 7 23] B =) 2y o] AAlH
3}3HE& silica column 2 A°2 A 1o A A= Sub 1-8-2 (23g, 82%)= A T}

(3) Sub 1-8-39] F4H

T tuFE = 2~ A ol Sub 1-8-2 (23g, 89mmol), N-Bromosuccinimide (16g,
89mmol), Methylene chloride (300mL)E % =t 17 $of] Ao A 4] 7t &<t
HESH) Hh-S-o] R EH SHE Y-S ¥, Methylene chloride®} &3
FE%H 57152 MgSO,2 A 28he] 553 3 A H 31352 Methylene
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[164]
[165]

[166]
[167]

[168]
[169]

[170]
[171]
[172]

[173]

chloride 2} Hexane & & A A A 5}o] AAE- Sub 1-8-3 (21g, 70%)= AT}

(4) Sub 1-8-42] FA4

T tuE &= ek~ ol Sub 1-8-3 (21g, 62mmol), lodobenzene (15.3g, 7Smmol), Pd,
(dba);(2.3g, 2.5mmol), P(t-Bu); (1.3g, 6.2mmol), NaO(t-Bu) (18g, 187mmol), Toluene
(200mL)& @ =t 717 Fofl 110 °C e ol A 8AIZE & <9F 7FE BH7A[ 71T
vhg-o] kR ¥ Lol A SRS ¥ ol 3414 7] AL Methylene chloride9F = &
FE {715E MgSO,& 1126t 553 3 A E 313= S Methylene
chloride®} Hexane & 2 A2 A 3}o] A= Sub 1-8-4 (16g, 63%)5 AT}

(5) Sub 1-8-59] FA4

T tuPE = ek~ A ol Sub 1-8-4 (19.4g, 47mmol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (14.3g, 56mmol), Pd(dppf)Cl
»(1.5g, 1.9mmol), KOAc (13.8g, 141mmol), DMF (150mL)S- ¥ +=t}. 1§ 2] 110
°C A el A 8AIE &<t 7FE S-RA It vh-3-o] kg H G2 M F/RTE
o] 8| 4] A] 7] 31 Methylene chloride®} & 2 &3}, 7-7] 55 MgSO,Z
Azste] 553 5 A4 ¥ 3}3HE S Methylene chloride 2 =5 ¢1 ¥ silica 2 & &
553}, 535 $31E S Methylene chloride®} Hexane &2 A2 4 5}o] A A &=
Sub 1-8-5 (18g, 84%)= A At}

(6) Sub 1-82] ¥4

S tuPE =22~ ol Sub 1-8-5 (16.4g, 35.8mmol), 1-Bromo-4-iodobenzene
(12.1g, 42.9mmol), Pd(PPh;),(1.7g, 1.4mmol), NaOH (4.3g, 107mmol), THF (160mL)
/ H,0 (80ml)& =t} 717 F-ol] 110 °C e ell A 8AIZE G2t 7FE B/ A 71T}
vhg-o] kR ¥ Lol A SRS ¥ ol 3414 7] AL Methylene chloride9F = &
FE {715E MgSO,& 1126t 553 3 A E 313= S Methylene
chloride® %1 ¥, silica B ¥] F F &3}, 5= ¥ 3132 Methylene chloride 2}
Hexane @ 2 A A A &}o] A A E Sub 1-8 (10g, 58%) & A AL}

6. Sub 1-15 A A

<Hb-5-2] 9>

EN; Q Pd(PPh;), (P Q

o Qe Y

c?% B O Br
Sub 1-1-5 Sub 1-15

SouperE ks o) HhE-2] 49] FhaA o A A A §F Sub 1-1-5 (17g,
35.8mmol), 1,3-Dibromobenzene (10.1g, 42.9mmol), Pd(PPh;),(1.7g, 1.4mmol),
NaOH (4.3g, 107mmol), THF (160mL) / H,O (80ml)S ¥ =t} 72 F¢f| 110 °C
el A 8AIZEHE R 7HE B AIZITh Hhgo] SR EW oA FRTE Y
8| A A 7] 31 Methylene chloride €} &2 F5§H0}. 7158 MgS0.2 7123}
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e ot

i&* -101'

o of of
% o o

. 54%) 5 AUt

/] 8 3} 3E-S- Methylene chloride® = %1 ¥, silica 2 ¢ 5
5} 3}-& & Methylene chloride?} Hexane 2.2 A2 A 5] A4 & Sub 1-15
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BEPT

[174] 7.Sub 1-16 AW S Al:

[175] <Hk-5-2] 10>

[176] O O

D . g . Do
oSay L e =
. G0
o Br
Sub 1-2-2 Sub 1_

[177] T tuPE E e~ A ol HE-g-2] 5ol A A4 % Sub 1-2-2 (19.7g, 35.8mmol),
1,3-Dibromoenzene (10.1g, 42.9mmol) <}, Pd(PPh,),(1.7g, 1.4mmol), NaOH (4.3g,
107mmol), THF (160mL) / H,O (80ml)= ¥ =t} 1§ F-of] 110 °C &l H 8/\]7J
7R BFAI T HhEo] SR EW FRol A FHTE Eol 34 A7
Methylene chloride®} &2 %30}, 7152 MgSO,2 71 2381o] 553 ?
A/ ¥ 3}3E-2- Methylene chloride 2 =91 3 silica 2 H 3 553}, 535
$}31& -2 Methylene chloride®} Hexane & 2 A2 A 5}o] A A= Sub 1-16 (13g,
62%)E A ATt

[178] 8. Sub 1-28¢] FAH 4 A]:

[179] <HFE2] 11>

Qe -

A u 3
@ O Toluene cl o-DCB
Br
Sub 1-28-1
O NH o Pd,(dba); @\ 3 @
P(t-Bu);
I “ + |—< > NaO(t-Bu) N O Br
r O Toluene O
Sub 1-28-2 Sub 128
u -
[181] (1) Sub 1-28-1¢] &4y
[182] S LU & 2k 2~ A ol 2-Chloroaniline (67.2g, 525mmol),

1,4-Dibromodibenzothiophene (150g, 438mmol), Pd,(dba);(16.2g, 17.4mmol),
P(t-Bu); (15g, 43.8mmol), NaO(t-Bu) (126g, 1317mmol), Toluene (1.5L)& Y=
18 Fof] 70 °C Aol A 4A|ZF F¢F 7D SR A 71T BEgo] 9w
Ao M FFE W o] 84 Al 7] 3L Methylene chloride$} & & F% ),

O
7158 MgS0, 2 71 23810] 553 T A4 ¥ 3}31E -5 Methylene chloride 9}
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Hexane &= |24 s}lo] A4 E Sub 1-28-1 (135g, 79%)& A T

[183]  (2) Sub 1-28-2¢] &4

[184] S2ulebE gk~ 5 0]) Sub 1-28-1 (135g, 348mmol), PPh, (228g, 867mmol), o
-Dichlorobenzene (900mL)S ¥ +=t}. 18 & ] 180 °C el oll A 24A] 7} F<F 71
SER AT Wh-go] EA Y G o ® A% &, 5t w5E o AdH
3} 3+ =S silica column 2 A A A 3Fo] A A] = Sub 1-28-2 (91.8g, 75%) & A AT}

[185]  (3) Sub 1-28¢] FAH

[186] S tuE = 2k~ Aol Sub 1-28-2 (30g, 84mmol), Iodobenzene (20.7g, 102mmol),
Pd,(dba); (3g, 3.3mmol), P(t-Bu); (1.8g, 8.4mmol), NaO(t-Bu) (24.6g, 255mmol),
Toluene (240mL)< 2=t} 18 0l 110 °C A e ol A 84 ZF &< 71
SFA 7T gl R EE ”goﬂ A FH/TE gl 3 A A1 7] 31 Methylene
chloride®} &2 FZ&3%H). F-7]1 52 MgSO,2 71281 5353 T AAdH
3}31& -2 Methylene chloride®} Hexane & 2 A2 A 5to] A A= Sub 1-28 (28g,
76%)E A AT}

[187]  9.Sub1-329] 3tA W o A]:

[188] <HF-E2] 12>
[189] Pd,(dba); Q
P(t-Bu);
NaO(t Bu) O PPh,
Toluene ¢l o-| DCB
Sub 1 32 1
.: NiH o Pd.(dba),
P(t-Bu);
Q D + |—© NaO(t-Bu)
R —— e
by Toluene

Sub 1-32-2

Sub 1-32

[190] (1) Sub 1-32-1¢] &4y

[191] St uE & 2k 2~ A ol 2-Chloroaniline (67.2g, 525mmol), 1,4-Dibromodibenzofuran
(143g, 438mmol), Pd,(dba);(16.2g, 17.4mmol), P(t-Bu); (15g, 43.8mmol), NaO(t-Bu)
(126g, 1317mmol), Toluene (1.5L)S ¥ =1} 18 3o 70 °C AFe ol A 44| F F-<F
7HE BRAZITH BEgo] R EH 2o SHFE Yol sAAT] AL
Methylene chloride®} & & FE3H}, £-715 8 MgSO,& 2380 553 &
A28 3} 3= S Methylene chloride®} Hexane &2 A2 74 5} A A& Sub 1-32-1
(129g, 79%)S A AT}

[192]  (2) Sub 1-32-2¢] §AH

[193] T tuE = ek~ ol Sub 1-32-1 (129¢g, 346mmol), PPh;(227g, 865mmol), o
-Dichlorobenzene (900mL)& % =TF. 18 Fo] 180 °C A El oll A 24A] {F &< 71
SEA I B2 o] ZARE Y AL o7 A% T e} o] A
3} & silica column 2 A4 A 5le] A A E- Sub 1-32-2 (87.2g, 75%)E A St}
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[194]  (3) Sub 1-329] §A4 Y

[195] T tuE = ek~ Aol Sub 1-32-2 (28g, 84mmol), Iodobenzene (20.7g, 102mmol),
Pd,(dba); (3g, 3.3mmol), P(t-Bu); (1.8g, 8.4mmol), NaO(t-Bu) (24.6g, 255mmol),
Toluene (240mL)& H:=T} 17 Fol] 110 °C % Ef ol A 8AIF &<t 714
FRA T qhgo] SR A oA SRTE Yol 34X 7] 3 Methylene
chloride®} &2 FZ&3%H). F-7]1 52 MgSO,2 71281 5353 T AAdH
3}31& -2 Methylene chloride®} Hexane & 2 A2 A 5}o] A A= Sub 1-32 (26g,
76%)E A AT

[196] &, Sub 19] o Ali= ofef o} o, o]l Tk FD-MS #t2 & 13 &t
1222, Sub 19] 3F3FEo] of#f o A2 FHA = A2 of T

[197]

Sub 1-16 Sub 117 Sub 118 Sub 1-19 Sub 1-20
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[198]

v

O EN>
NS OO
o ©OQ,

Br
Sub 1-21

30

Sub 1-22

PCT/KR2016/002435

Sub 1-26 Sub 1-27 Sub 1-28 Sub 1-29 Sub 1-30

@ ®

D (N; oy O

e QUEE. v 10
-0 v (0

Sub 1-31 Sub 1-32 Sub 'IB-r33

[199] [E 1]
[200] e FD-Ms 33e FD-MS

Sub 1-1 | m/z=503.03(CooHsBrNS=504.44) | Sub 1-2 | m/2=579.07(CscH2,BrNS=580.54)
Sub 1-3 | m/z=579.07(CssHxBrNS=580.54) | Sub 1-4 | m/2=553.05(CssH;0BrNS=554.50)
Sub 1-5 | m/z=553.05(Co4HoBINS=554.50) | Sub 1-6 | m/2=609.02(CsH;0BrNS,=610.58)
Sub 1-7 | m/z=593.04(C16H,oBrNOS=594.52) | Sub 1-8 | m/2=487.06(CsoH:sBrNO=488.37)
Sub 1-9 | m/z=563.09(Cs6H,BrNO=564.47) | Sub 1-10 | m/2=563.09(CsH;:BrNO=564.47)
Sub 1-11 | m/z=537.07(C14H,oBrNO=538.43) | Sub 1-12 | m/2=537.07(CsH,sBrNO=538.43)
Sub 1-13 | m/z=593.04(CssHoBrNOS=594.52) | Sub 1-14 | m/2=577.07(Cs¢HBrNS,=578.45)
Sub 1-15 | m/z=503.03(CsoH:sBrNS=504.44) | Sub 1-16 | m/z=579.07(Cs¢H.,BrNS=580.54)
Sub 1-17 | m/z=579.07(CssHBrNS=580.54) | Sub 1-18 | m/z=553.05(CsHa0BrNS=554.50)
Sub 1-19 | m/z=553.05(Cs4HoBrNS=554.50) | Sub 1-20 | m/2=609.02(CsH,0BrNS,=610.58)
Sub 1-21 | m/z=593.04(CssH,0BrNOS=594.52) | Sub 1-22 | m/z=579.07(Cs¢H,,BrNS=580.54)
Sub 1-23 | m/z=584.10(CssH:/DsBrNS=585.57) | Sub 1-24 | m/z=503.03(CsoH BrNS=504.44)
Sub 1-25 | m/z=508.07(CsoH:;DsBrNS=509.47) | Sub 1-26 | m/z=427.00(Co4H,BrNS=428.34)
Sub 1-27 | m/z=503.03(CsoHisBrNS=504.44) | Sub 1-28 | m/z=427.00(CosH,BrNS=428.34)
Sub 1-20 | m/z=503.03(CsoH:sBrNS=504.44) | Sub 1-30 | m/2=411.03(C,H,BrNO=412.28)
Sub 1-31 | m/z=487.06(CsoH:sBrNO=488.37) | Sub 1-32 | m/z=411.03(C,4H,BrNO=412.28)
Sub 1-33 | m/2=487.06(CsoH,sBrNO=488.37)

[201]

Sub 2 A 4 Al
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[202] oA Ao F, HHEA] 19] Sub2i= 5] W2 139] e A 7o) &l T E 4

o)
DA

[203] <Hb-3-2] 13>

[204] Pd,(dba); / P(t-Bu)s /Ars
Ar2-NH, 4+ Br—Ar > HN

NaOt-Bu / Toluene \Arz

Sub 2

[205] 1. Sub 2-282] $HAl o A
[206] <Hb-3-2] 14>

[207] @
. Br Pd,(dba), / P(t-Bu), HN
HoN NaO¢-Bu / Toluene Q

-

Sub 2-28

[208] 4-bromo-1,1'-biphenyl (5.6g, 24mmol)e & Fl ol Q1 2,
[1,1'-biphenyl]-4-amine (3.4g, 20mmol), Pd,(dba); (0.5g, 0.6mmol), P(t-Bu), (0.2g,
2mmol), NaOr-Bu (5.8g, 60mmol), toluene (300 mL)-& Z+2+ & 718 H | 100°C ol A
24X 2 L RE B3 AT ghg-o] E R EH W etherdt EE FE F §U15E
MgSO,E 1 Zstal 55 ¢ 5 A E /7] &< silicagel column 2 A2 A 5}
Sub 2-282 6.2g (57 80%) A AL

[209]  Sub29| dAl= vt o, ool gHAE = A ol o] &l T gt
FD-MS #k- 3 29} 2.
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[210] , 7N OMe ¢
) 8 {3 = A { Y
_/ _ HN />_/ ) 7N\
/ HN —/ < 7 N\
HN HN 7\ HN ) \ o
\ \ > VAR ¢ . NN HN HN
2 7N A o 7N P \ HN
—/ — \:/ / \ — > </7\ / \>
\_/ —
Sub 241 Sub 22 Sub 2-3 Sub 24 Sub 2-5 Sub 26 Sub 27 Sub 28
=\ = R /
<\J’ -~ @ ) 9 e b
HN /,/] e ' A X ﬁ_> <ﬁ> & i \/
. - — _ -
C‘ O C{‘EM7 o™ S o~ ““\ﬁF>
A £ JN_7 2 <>:\§3/’ Y,
g ) o & a s
Sub 2-9 Sub 2-10 Sub 211 Sub 2-12 Sub 2413 Sub 2-14 Sub 2-15 Sub 216
7 \
7 = = T D) , OMe /
! /\/ S O o 7 F> 7 1
Nl =P >ﬁ> S = -
JEAN HN v ~ N / >= HN, \:> HN Na
o 2R j TR \/,/ HN 7 s \ \
o AN ! S 4 ™ m ¢ > HN>_N 2 <>—\
v \7%\; @ ) — ) —
Sub 247 Sub 218 Sub 219 Sub 2-20 Sub221  Sub2-22 Sub2-23 Sub2-24
= . i VAR « z
) § @ = ) @ B
Y NS N - 7~ o )= Yy
i = Ni %/) HN ! //'\ e S:> h Hn H%
\ 2N ) N\ =y 2 HN ) &N N
'8 <QHT® & N Q 7N T QQ\ &
_ &N ==
Y \ 4 N\ =/ 7 A -
\ 7/ S S <\:/ = -y i
Sub 2-25 Sub 2-26 Sub 227 Sub 2-28 Sub 2-29 Sub 2-30 Sub 231 Sub 2-32
m .
- \ 7 /=N N
L D ~ \j s Y
U [\j HN>:/ <>:/> - >/A\\7 " e ™ \g};\
Yo .o W O nTo "0l
Z// /\J @ Nh) 7 HN TN TN
=~ = A=/ N 7 T\\ /‘ N J
O g - -
S
Sub 233 Sub2-34 Sub 235 Sub 236 Sub2-37 Sub 2-38 Sub 2-39 Sub 240
OMe / :J /OMe OMe \
a r\ﬁ > 7 ) F</ 77
_ 7 //'§ M (\‘ N s -
HN/L HN\># - HN\K\\ ‘/ — HN>‘,\\ L _ HN
& 7 HN = 7)) Y
\;\/ \=\> \/O @ —'\© =
OMe OMe //«OMe X N A
Sub 2-41 Sub 242 Sub 243 Sub 2-44 Sub 245 Sub 246
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[211] ‘,

[212]

AN/APEN
) Q\]
HN =7
e
¢ S N_7
.
Sub 2-48

Sub 2-60

S
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r sy 57y
HN\/—\ \ HN‘\'\ LN - HN‘)/—%‘ \7/)\[:\
85t 0 Tty
g ) |
Sub 2-50 Sub 2-51 Sub 252
S a o
ate o ’/\. i)
HN HI Q
¢
D o0

Sub 2-58

Sub 2-64
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2131 | sm= FD-MS s3tE FD-MS

Sub 2-1 m/z=169.09(C;;H;1N=169.22) Sub 2-2 m/z=219.10(C;sH;3N=219.28)
Sub 2-3 m/z=219.10(C4cH.3N=219.28) Sub 2-4 m/z=245.12(C4sHsN=245.32)
Sub 2-5 m/z=170.08(C,,H,cN>=170.21) Sub 2-6 m/z=199.10(C,,H,:NO=199.25)

Sub 2-7 m/z=225.15(C,¢H.sN=225.33) Sub 2-8 m/z=285.15(C;H,sN=285.38)
Sub 2-9 m/z=409.18(C;,H,:N=409.52) Sub 2-10 | m/z=407.17(C31H21N=407.51)
Sub 2-11 | m/z=269.12(C;HsN=269.34) Sub 2-12 | m/z=269.12(C;pH,5N=269.34)

Sub 2-13 | m/z=295.14(C,,H,;N=295.38) Sub 2-14 | m/z=220.10(C45H,N,=220.27)
Sub 2-15 | m/z=249.12(C17H,2NO=249.31) Sub 2-16 | m/z=275.17(C;pHN=275.39)
Sub 2-17 | m/z=335.17(C;sH21N=335.44) Sub 2-18 | m/z=459.20(C35H2sN=459.58)
Sub 2-19 | m/z=457.18(C3sH;N=457.56) Sub 2-20 | m/z=269.12(Cx»H;sN=269.34)
Sub 2-21 | m/z=295.14(C,,H,;N=295.38) Sub 2-22 | m/z=220.10(C45sH,N,=220.27)
Sub 2-23 | m/z=249.12(C,;H,sNO=249.31) Sub 2-24 | m/z=275.17(CxHN=275.39)
Sub 2-25 | m/z=335.17(C,sH21N=335.44) Sub 2-26 | m/z=459.20(C35sHsN=459.58)
Sub 2-27 | m/z=457.18(C3sH,3N=457.56) Sub 2-28 | m/z=321.15(C,4H:sN=321.41)
Sub 2-29 | m/z=246.12(C,7;H14N>=246.31) Sub 2-30 | m/z=275.13(C1oH:,NO=275.34)
Sub 2-31 | m/z=301.18(C,,H,;N=301.42) Sub 2-32 | m/z=361.18(C,;H,;N=361.48)
Sub 2-33 | m/z=485.21(Cs;H,;N=485.62) Sub 2-34 | m/z=483.20(C;s;HsN=483.60)
Sub 2-35 | m/z=171.08(C1oHosN3=171.20) Sub 2-36 | m/z=200.09(C,,H,,N,0=200.24)
Sub 2-37 | m/z=226.15(C4sH1sN>=226.32) Sub 2-38 | m/z=286.15(C,H13sN,=286.37)
Sub 2-39 | m/z=410.18(C3H2:N,=410.51) Sub 2-40 | m/z=408.16(C3H,N,=408.49)
Sub 2-41 | m/z=229.11(C14H:sNO,=229.27) | Sub 2-42 | m/z=255.16(C,7H;NO=255.35)
Sub 2-43 | m/z=315.16(C;;H,NO=315.41) Sub 2-44 | m/z=439.19(C3,HsNO=439.55)
Sub 2-45 | m/z=437.18(C;5,H,3NO=437.53) Sub 2-46 | m/z=281.21(CxH»;N=281.44)
Sub 2-47 | m/z=341.21(C,sH;N=341.49) Sub 2-48 | m/z=465.25(C3;H3/N=465.63)
Sub 2-49 | m/z=463.23(C3sHxN=463.61) Sub 2-50 | m/z=401.21(C3,H»;N=401.54)
Sub 2-51 | m/z=525.25(C4H3:N=525.68) Sub 2-52 | m/z=523.23(C4oH»sN=523.66)
Sub 2-53 | m/z=351.11(C4H.;,NS=351.46) Sub 2-54 | m/z=401.12(Cx3HsNS=401.52)
Sub 2-55 | m/z=357.11(CH.7NS=375.48) Sub 2-56 | m/z=427.14(C3H>/NS=427.56)
Sub 2-57 | m/z=335.13(C24H.;,NO=335.40) Sub 2-58 | m/z=335.13(Cx4H,sNO=335.40)
Sub 2-59 | m/z=349.11(C;4H,sNO,=349.38) | Sub 2-60 | m/z=381.06(C,4H;NS,=381.51)
Sub 2-61 | m/z=365.09(C;4,HsNOS=365.45) | Sub 2-62 | m/z=533.13(C;ssH.:NS,=533.70)
Sub 2-63 | m/z=501.17(C36H23NO,=501.57) | Sub 2-64 | m/z=517.15(C3;H,;NOS=349.38)

[214] Product®] 34 %

[215] vt E g~ Sub 1 SR (19 E)S WAL, Sub 2 3tE& (19%), Pd,
(dba)s (0. 03~0 05 5, P(t-Bu); (0.08 2 %), NaO(t-Bu) (3% %), Toluene (3mmol)-S
Y=ok 17 Fol) 100°C A Efoll A 7FE B Al 71T whE-o] e ) Aol A
THTE Y 01 3] A A] 7] 31 Methylene chloride ¢} & & =3¢t} 7] & MgSO,
2 Azxs} %35 ¢ A H 3358 335 S Toluene X} Acetone &=
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zﬂﬁ?ﬂ o}oq /\gﬂ 0 gj\u}
[216] 33 E 1-19 A

[217]
Pd,(dba);
NaOfeBy
O O Br o+ : Toluene O O

Sub1 -1 Sub 228

[218] T EuteEZek A~ A9 Sub 1-1 (5g, 10mmol), Sub 2-28 (3.2g, 10mmol), sz(dba)3
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =Tk 1™ Fof] 110 °C Aol A 3AIZE F<F 71l Al A1)
Hhg-o] &R A ’“goﬂ S HTE Yol 84 Al 7] 3L Methylene chloride$} & &
FE3) 77152 MgS0,2 28] F35 T A4 ¥ 313HE2 Tolueneol]
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AN AAR ] WA E 1-1 (6.4g, 86%)Z L AT

[219]  3t§HE1-29 &4

[220] O *
5 oy ad
A f 6. S0 HE.aj O O

) Q.
Sub11 Sub 2-32 1-2 Q

[221] S tuFE = e~ 00 Sub 1-1 (5g, 10mmol), Sub 2-32 (3.6g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =Tk 1™ Fof] 110 °C Aol A 3AIZE F<F 71l Al A1)
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
9] silica filterE &}, Filter7F YE ¥ 898 553 3 Toluene?} Acetone 2.2
AAA s Y& 1-2 (582, 74%) 5 AU

[222]  3t&HE1-39] A

[223] O O O
; foiy ; ]
@\ o . NaO(t Bu) @N N O
N O O : TTotwene O O O
J v > <
1-3 @

Sub 1-1 Sub 2-33

[224] S tuPE = ek~ 00 Sub 1-1 (5g, 10mmol), Sub 2-33 (4.9g, 10mmol), Pd,(dba);
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =rf 717 Tl 110 °C e ol A 341K & <2F 71 S A7 T
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Hhg-o] &R A /‘c}%oﬂ M FHTE Yol sAA7] L Methylene chloride®} &=

[225]
[226]

[227]

[228]
[229]

[230]

[231]
[232]

FE3) 77152 MgSO,2 28] F 35 T A4 ¥ 313HE 2 Tolueneol
=] silica fllter = 3T}, Filter7F 95 -?_ L ol.8 =23 T Toluene Acetone X =
s

@‘f?}g 1-42] ?J/é

Pd,(dba);
P{t-Bu)s
NaO(t Bu)
N O O Br + O. Toluene

Sub 11 Sub 2-34

S tuFE = ek~ 00 Sub 1-1 (5g, 10mmol), Sub 2-34 (4.9g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =Tk 1™ Fof] 110 °C Aol A 3AIZE F<F 71l Al A1)
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AN AR S BAE 1-4 (Tg, 77%)E A A

SIS 1-59 A

O O Pd,{dba)s O g O
S "BV G U
@NBH @ —;-@NN

Toluene

J 9 @

Sub 11 Sub 2-563 15 @

= aupekZ el 4 ol Sub 1-1 (5S¢, 10mmol), Sub 2-53 (3.5g, 10mmol), Pds(dba)s
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)E Y=t} 17 Zol 110 °C el oll A 3A1 3 E?F 71E B A1 21T
vh3o] e EH /\Lgoﬂ X S5 o] 84 A 7] 2 Methylene chloride 2} & =
FE3) 77152 MgS0,2 28] F35 T A4 ¥ 313HE2 Tolueneol]
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
A A sk WA E1-5 (6.8g, 88%)2 AUt

SIEHE 1-69] A

Q_ W) e Q. ‘.
N Lo O o e

¢ W

Sub 1-2 Sub 2-28
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[233]

[234]
[235]

[236]

[237]
[238]

[239]

[240]

S tuFE = e~ Aol Sub 1-2 (5.8g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)E Y=t} 17 Zol 110 °C el oll A 3A1 3 E?F 71E B A1 21T
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AAA st Y& 1-6 (6.2g, 76%) 5 AT

313 E 1-169 §A

L, ey ‘.
QY. g9V “
&

Sub 1-4 Sub 2-28

S tuFE = ek~ A0l Sub 1-4 (5.5g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& Y=t 218 F0l] 110 °C e ol A 3413 & <F 7FE Sk Al 71T
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AA7gste] A= 1-16 (5.4g, 68%)E A AT

313 E 1-269] §A

s -0 ;
Br .ﬁ - N
J

Sub1-6 Sub 2-28 @

S tuFE = e~ A0l Sub 1-6 (6.1g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =Tk 1™ Fof] 110 °C Aol A 3AIZE F<F 71l Al A1)
Hh-3-o] ¢kR = /\Lgoﬂ X S5 o] 84 A 7] 2 Methylene chloride 2} & =
FE3) 77152 MgS0,2 28] F35 T A4 ¥ 313HE2 Tolueneol]
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
A A7 ste] YA E 1-26 (6.3g, 74%) S DAL

SI3HE 1-369 A
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[241]

[242]

[243]
[244]

[245]

[246]
[247]

[248]

O 0 HN
@sr e Sl
J 9

Sub 1-8

38

Pdy(dba)g
P(t-Bu)s
NaO(t Bu)

Toluene

Sub 2-28

PCT/KR2016/002435

¢’

S ulekEal 2~ ol Sub 1-8 (4.9g, 10mmol), Sub 2-28 (3.2g, 10mmol), sz(dba)3
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)2 Y=tk 1§ F-of] 110 °C A e ol A 3AIE FoF 71 S/ 71T

Hk-5-o] ¢k5 = /\Lgoﬂ X S5 o] 84 A 7] 2 Methylene chloride 2} & =
FE3) 77152 MgSO,2 28] F 35 T A4 ¥ 313HE 2 Tolueneol

=] silica filterS $+c}. Filter7} 9% %O 25

A A gsle] A E 1-36 (6.5g, 89%)E

SIeHE 1-389] A

(A

@Nsr+

J o

Sub 1-8

Sub 2

A

Pd,(dba);

P{t-Bu)s
. NaO(t Bu)
O Q Toluene

-33

Z 3 3 TolueneZ} Acetone &5

e YaYall®
® &

S tuFE = e~ A0l Sub 1-8 (4.9g, 10mmol), Sub 2-33 (4.9¢, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)2 Y=tk 1§ F-of] 110 °C A e ol A 3AIE FoF 71 S/ 71T

HEg-o] eh A Aol A

A = =

oI TT=

o] 5]414]7]

3l Methylene chloride®} &=

FEIT 77152 MgSO,2 1 x35t0] 55 5 A4 H 3}9E§ Toluene
= 9] silica filterE 3FC}. Filter7F 95
AN AR ] WA E 1-38 (Tg, 79%)E A3}

33 E 1-719 A

H gl

W RN

P(t-Bu);

O O NaO(t-Bu)
N : Toluene

Sub1 -15

Sub 2-28

Z 3 3 TolueneZ} Acetone &5

Q

ol

S ulerEgl 2~ 0] Sub 1-15 (5g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba);
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& W=tk 1™ Fof] 110 °C A E ol A 34 & <E 7H SR Al 71t

HEg-o] eh A Aol A

A = =

oI TT=

o] 5]414]7]

3l Methylene chloride®} &=
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[249]
[250]

[251]

[252]
[253]

[254]

[255]
[256]

FEETE F715S MeSO,E 11x3te] 5535 = A 33E-E Tolueneol
9] silica filterE 3}, Filter 7} 955 £ N8 533 3 Toluene ¥} Acetone O &
A AR ] YA E 1-71 (6.3g, 85%) S A3}

3131 E 1.739 A

E S Pds(dba)s
@ P(t-Bu);
\ NaO(t Bu)
A f b
‘oluene
Q Br

Sub1-15 Sub 2-33

O

St uPE = 22~ A0l Sub 1-15 (5g, 10mmol), Sub 2-33 (4.9g, 10mmol), Pd,(dba);
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)E Y=t} 717 $of) 110 °C e ol A 3A1 {5 QF 71 BHF A 71T
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
=] silica filterE ¢}, Filter7| $H59 %0“% %% 3 Toluene ¥} Acetone & &
A A gste] A E 1-73 (6.7g, 74%) S DAL

3138 1.759] §A

_H Pd,fdba);
P{t-Bu)s
O Q i,

Toluene

Sub 1-16 Sub2-28

S tuPE = ek~ A0l Sub 1-16 (5.8g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba)
3(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)S =t} 218 Fofl 110 °C A el ol A 3AZF B 9F 7k $kA 71
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO.2 1 x3to] 5538 5 A 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AA7gste] AR 1-75 (6.3g, 77%)E DAL

SI3HE 1-1059] 34
Pdy(dba)g :
P(t-Bu), @
NaO(t BU)
Toluene

Sub 1-26 Sub 2-28 1106
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[257] T tuPE = ek~ A ol Sub 1-26 (4.3g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba)
3(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)E Y=t} 17 Zol 110 °C el oll A 3A1 3 E?F 71E B A1 21T
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEe 77158 MgSO,2 1 x8te] 5538 5 A4 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AAAsEe] YA E 1-105 (5.9¢, 88%)E A St

[258]  3&HE 1-1079] &4

[259] A
Pd;{dba); s O @
woemn &N

—-_»
Toluene N O N
Sub 1-28 Sub 2-28 1-107 @

[260] T tuFE = ek~ A ol Sub 1-28 (4.3g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba)
3(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& ¥ =Tk 1™ Fof] 110 °C Aol A 3AIZE F<F 71l Al A1)
Hh5-o] ¢h5 ¥ A2 A F757E ¥ o] 84 A 7] Al Methylene chloride®} & =
FEo §7158 MgSO, & x5 5353 & A H 815825 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
A A ske] WA E 1-107 (4.3g, 65%) 2 A AT

261] 3= 1-111¢] §A

[262]

d

Pd,(dba)s
P(t-Bu)s
NaO(t-Bu)
—_—

Toluene

Sub 1-32 Sub 2-28 1-111 @

[263] S tuFE = ek~ Aol Sub 1-32 (4.1g, 10mmol), Sub 2-28 (3.2g, 10mmol), Pd,(dba)
3(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL) 2 W=t 29 ol 110 °Cel A 3417k Fok 74 SF A1t ukgo)
AR E A F2oA FFTE o] 84 A] 7] AL Methylene chloride 9} & &
T {715E MgSO,E 1 xato] 553 5 A4 H 8¢E 2 Tolueneoll
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AAA s AR 1-111 (3.8g, 58%)5 L AT

[264]  3H3HE 1-1139] ¥4
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[265]

[266]

[267]
[268]

[269]

[270]

Pd,(dba), l O
Q P(t-Bu),
N . HN NaO(t Bu) O O
O O S @ Toluene ’@
- O

Sub 1-26 Sub 2-1 1113

S tuFE = e~ A0l Sub 1-26 (4.3g, 10mmol), Sub 2-1 (1.7g, 10mmol), Pd,(dba),
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& @i=t} 19 Foll 110 °Coll A 3AIZF & QF 71 37 A 71T}, Hh-&-0]
b & B Aol 7\1 S HITE ¥ o] 84 Al 7] L Methylene chloride 9} & &
FEe 77158 MgSO.2 1 x3to] 5538 5 A 31925 Toluene
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AN AAR ] WAL 1-113 (3.0g, 59%)E A AL

SIS 1-1269] 34

~N
2

© Pdy(dba);
NS O + HN O P(t-Bu)s ‘_ﬂ
A B, GG
Br O
Sub 1-28 Sub 2-2 @

1126

T tuFE = g2~ A ol Sub 1-28 (4.3g, 10mmol), Sub 2-2 2.2g, 10mmol), Pd,(dba);
(3g, 0.4mmol), P(t-Bu); (1.8g, 0.8mmol), NaO(t-Bu) (24.6g, 30mmol), Toluene
(50mL)& @i=t} 19 Foll 110 °Coll A 3AIZF & QF 71 37 A 71T}, Hh-&-0]
SR EH F2oM FFFE Wl 34 A[7]3L Methylene chloride 2} & &
T {715E MgSO,E 1 xato] 553 5 A4 H 8¢E 2 Tolueneoll
0] silica filterE $Hc}. Filter7F Fa ¥ 8998 53¢ 3 Toluene ¥} Acetone & &
AAA s AR 1-126 (3.5g, 62%) 5 L AT

3t 3]
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2711 [ gme FD-MS sste FD-MS
141 | m/z=744.26(CsaHseN,S=744.94) 1-2 | m/2z=784.29(Cs7HaoN,S=785.01)
13 | m/z=908.32(Ce7H4aN,5=909.14) 1-4 | m/2=906.31(CesH1N,5=907.13)
1-5 | m/z=774.22(CsaHaN,S,=774.99) 1-6 | m/z=820.29(CooHN,S=821.04)
1-7 | m/z=860.32(CssH4aN,5=861.10) 1-8 | m/2=984.35(C;5HsN,S=985.24)
149 | m/z=982.34(C;5HaeN,S=983.22) 1-10 | m/z=850.25(CeoH5sN,S,=851.09)
1-11 | m/2=820.29(CeoH10N,S=821.04) 1-12 | m/2=860.32(CesHaaN,5=861.10)
1-13 | m/z=984.35(C;3HaN,S=985.24) 1-14 | m/2=982.34(C;5HaN,S=983.22)
1-15 | m/z=850.25(CeoHseN,S,=851.09) 1-16 | m/2=794.28(CssHssN,5=795.00)
1-17 | m/z=834.31(CsH,:N,S=835.06) 1-18 | m/2=958.34(CyHaN,S=959.20)
1-19 | m/2=956.32(C;1HuaN,S=957.29) 1-20 | m/2=824.23(CssH:N,S,=825.05)
121 | m/z=794.28(Cs3HssN,S=795.00) 1-22 | m/z=834.31(Ce;HaN,S=835.06)
1-23 | m/z=958.34(C;1HaeN,S=959.20) 1-24 | m/2=956.32(C;1H4aN,5=957.29)
1-25 | m/z=824.23(CssHseN,S,=825.05) 126 | m/2=850.25(CeoH5sN,S,=851.09)
1-27 | m/z=890.28(CssH,N,S,=891.15) 1-28 | m/z=1014.31(Cy3HaeN,S,=1015.29)
129 | m/z=1012.29(C;sHuN;S,=101327) | 1-30 | m/2=880.20(CeoH:sN,S5=881.14)
1-31 | m/z=834.27(CssHssN,05=835.02) 132 | m/z=874.30(CssH1N,05=875.09)
1-33 | m/z=998.33(CysH,eN,05=999.22) 134 | m/2=996.32(C;5H.N,05=997.21)
1-35 | m/z=864.23(CooHseN,05,=865.07) 1-36 | m/z=728.28(CsaH5sN,0=728.88)
1-37 | m/z=768.31(Cs7H,oN,0=768.94) 138 | m/2=892.35(Cs;H,sN,0=893.08)
1-39 | m/z=890.33(CesH,,N,0=891.06) 1-40 | m/z=758.24(CssH5:N,05=758.93)
1-41 | m/z=804.31(CsoHsoN,0=804.97) 1-42 | m/2=844.35(Ce3HaaN,0=845.04)
1-43 | m/z=968.38(C;3H,sN,0=969.18) 1-44 | m/2=966.36(Cy3H4sN,0=967.16)
1-45 | m/z=834.27(CeoHssN,05=835.02) 1-46 | m/2=804.31(CeoH4N,0=804.97)
1-47 | m/z=844.35(Cs3H,sN,0=845.04) 1-48 | m/2=968.38(CsH.sN,0=969.18)
1-49 | m/z=966.36(C;sHseN,0=967.16) 1-50 | m/z=834.27(CeoHssN,05=835.02)
1-51 | m/z=778.30(CssHssN,0=778.94) 152 | m/z=818.33(Cs;H1:N,0=819.00)
1-53 | m/z=942.36(Cy1HeN,0=943.14) 1-54 | m/z=940.35(C71HaN,0=941.12)
1-55 | m/z=808.25(Cs3HseN,05=808.98) 156 | m/z=778.30(Cs5HssN,0=778.94)
1-57 | m/z=818.33(Cs1H,:N,0=819.00) 1-58 | m/z=942.36(Cy1HasN,0=943.14)
1-59 | m/z=940.35(C;1H,N,0=941.12) 1-60 | m/z=808.25(Cs5H;sN,05=808.98)
1-61 | m/z=834.27(CssH1sN,05=835.02) 1-62 | m/z=874.30(CssHaN,05=875.09)
1-63 | m/z=998.33(Cy3H,eN,05=999.22) 1-64 | m/2=996.32(Cs5HaN,05=997.21)
1-65 | m/z=864.23(CooHseN,0S,=865.07) 1-66 | m/z=818.29(CooH:sN,0,=818.96)
1-67 | m/z=858.32(CsH,:N,0,=859.02) 1-68 | m/z=982.36(C7sH4eN,0,=983.16)
1-69 | m/z=980.34(C;3H.N,0,=981.14) 1-70 | m/z=848.25(CooH5sN,0,5=849.01)
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[272] 1-71 | m/z=744.26(C5;H:sN-5=744.94) 1-72 | m/z=784.29(Cs,H.oN.S=785.01)
1-73 | m/z=908.32(C¢;H.sN,S=909.14) 1-74 | m/z=906.31(Cs;H42N,S=907.13)
1-75 | m/z=820.29(CeoH20N,5=821.04) 1-76 | m/z=860.32(C4sH44N,5=861.10)
1-77 | m/z=984.35(C73H,sN,S=985.24) 1-78 | m/z=982.34(C;3H4sN,S=983.22)
1-79 | m/z=820.29(C¢oH,0N.5=821.04) 1-80 | m/z=860.32(C4sH4N,S=861.10)
1-81 | m/z=984.35(C73H,sN,S=985.24) 1-82 | m/z=982.34(C;3H46N,S=983.22)
1-83 | m/z=794.28(CssH:sN,5=795.00) 1-84 | m/z=834.31(C41H4.N.S=835.06)
1-85 | m/z=958.34(C;,H.sN,$=959.20) 1-86 | m/z=956.32(C;1H4N,S=957.29)
1-87 | m/z=794.28(Cs;H;:N.S=795.00) 1-88 | m/z=834.31(C4,H,2N,S=835.06)
1-89 | m/z=958.34(C7,H.sN,S=959.20) 1-90 | m/z=956.32(C;1H44N,5=957.29)
1-91 | m/z=850.25(C¢oH::N,S,=851.09) 1-92 | m/z=890.28(CssH4oN,S,=891.15)
1-93 | m/z=1014.31(C;sH4N,S,=1015.29) 1-94 | m/z=1012.29(C73H44N,S,=1013.27)
1-95 | m/z=834.27(C¢eH;:N.0S=835.02) 1-96 | m/2=874.30(Cs:H,,N,0S=875.09)
1-97 | m/z=998.33(C73H.sN,05=999.22) 1-98 | m/z=996.32(C;sH4N,05=997.21)
1-99 | m/z=820.29(C¢oH.0N,5=821.04) 1-100 | m/z=749.29(CssH;,DsN,S=749.97)
1-101 | m/z=825.32(CeoH3sDsN,S=826.07) 1-102 | m/z=820.29(CooH4oN,S=821.04)
1-103 | m/z=749.29(Cs,H;,DsN,S=749.97) 1-104 | m/z=825.32(CsoH1sDsN,S=826.07)
1-105 | m/z=749.29(Cs4H3,DsN,S=749.97) 1-106 | m/z=956.32(C71H1N,S=957.29)
1-107 | m/z=749.29(Cs4H;,DsN,S=749.97) 1-108 | m/z=890.28(Cs:H.:N.S,=891.15)
1-109 | m/z=749.29(Cs4H3,DsN,S=749.97) 1-110 | m/z=1012.29(C73H44N,S,=1013.27)
1-111 | m/z=749.29(C5,H;,DsN,S=749.97) 1-112 | m/z=874.30(Cs:H..N,0S=875.09)
1-113 | m/z=516.17(C3sH24N,S=516.65) 1-114 | m/z=647.24(C4sH,sDsN,S=647.84)
1-115 | m/z=794.28(Cs;H1sN,S=796.00) 1-116 | m/z=501.18(C55H,3N;0=501.58)
1-117 | m/z=516.17(C3sH4N,S=516.65) 1-118 | m/z=566.18(C4oHxsN,S=566.71)
1-119 | m/z=692.23(CsoH;.N,S=692.87) 1-120 | m/z=578.21(C4oH»sN.0=578.66)
1-121 | m/z=566.18(C4oHsN,S=566.71) 1-122 | m/z=566.18(C4oHxsN,S=566.71)
1-123 | m/z=616.20(C44H.:N,S=616.77) 1-124 | m/z=576.22(C4.H»sN,0=576.68)
1-125 | m/z=519.15(C3;H;NsS=519.62) 1-126 | m/z=566.18(C4HxsN,S=566.71)
1-127 | m/z=632.23(C4sH;.N,S=632.81) 1-128 | m/z=600.22(C,sH,sN.0=600.71)
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[286] e TEXY | MRYE | HE &8 +dH CIE
V) (MmA/cm?) | (cd/m?) | (cd/A) | T(95) x V)
Hlzol(1) | ulm3tEE A 6.6 20.8 5000.0 | 24.0 | 60.2 | (0.31, 0.60)
Hlmo(2) | Hl2sEE B 6.1 14.0 5000.0 | 35.7 | 97.4 | (0.31, 0.61)
HlmOi(3) | YlmstEE C 6.0 12.9 5000.0 | 38.9 | 98.1 | (0.31, 0.60)
HRO0f(4) | H|REEE D 6.2 16.0 5000.0 | 31.2 | 76.4 | (0.33, 0.61)
B|of(5) | HIRZEE E 6.2 15.5 5000.0 | 32.3 76.9 | (0.33, 0.61)
HAIG(1) gErE(1-1) 5.6 9.4 5000.0 | 53.0 | 118.8 | (0.30, 0.60)
HAl0(2) SHEHE(1-2) 5.7 9.4 5000.0 | 53.0 | 116.3 | (0.31, 0.61)
A A0[(3) SHEHE(1-3) 5.6 9.7 5000.0 | 51.5 | 117.4 | (0.31, 0.60)
HAloll4) SHErE(1-4) 5.5 9.6 5000.0 | 52.0 | 1129 | (0.33, 0.61)
AL A0 (5) B}8HE(1-5) 5.8 9.8 5000.0 | 51.1 | 111.3 | (0.32, 0.61)
2 Al0l(6) HEr=(1-6) 5.5 9.6 5000.0 | 51.8 | 115.3 | (0.33, 0.60)
A A0 (7) SHEHE(1-7) 5.6 9.4 5000.0 | 53.2 | 116.5 | (0.32, 0.61)
A Al0l(8) SHEHE(1-8) 5.7 9.4 5000.0 | 53.3 | 114.0 | (0.31, 0.60)
A Ald(9) seE(1-9) 5.7 9.6 5000.0 | 52.1 115.1 | (0.31, 0.61)
dAlo(10) | EEHE(1-10) 56 9.4 5000.0 | 53.4 | 115.2 | (0.31, 0.60)
MGy | ESEE0-11) 5.7 9.2 5000.0 | 54.5 | 115.0 | (0.33, 0.61)
AAH(12) | EEE(1-12) 5.6 9.2 5000.0 | 54.6 | 112.8 | (0.30, 0.60)
HAO(13) | SEE(1-13) 5.6 9.3 5000.0 | 53.8 | 117.8 | (0.31, 0.61)
AlLAGI(14) | EEHE(1-14) 56 9.2 5000.0 | 54.4 | 118.4 | (0.31, 0.60)
Al (15) | EEHE(1-15) 5.6 9.2 5000.0 | 54.5 | 112.7 | (0.33, 0.61)
2AN(16) | ZHEFE(1-16) 5.7 9.7 5000.0 | 51.7 | 112.0 |(0.32, 0.61)
MAMG(17) | SEE(1-17) 5.7 9.2 5000.0 | 54.1 | 116.4 | (0.33, 0.60)
HAIO(18) | SIEHE(1-18) 57 9.7 5000.0 | 51.8 | 118.2 | (0.32, 0.61)
A0 (19) | skErE(1-19) 5.6 9.8 5000.0 | 50.8 | 111.4 | (0.31, 0.60)
Ao 20y | FHEE(1-20) 5.7 9.4 5000.0 | 53.0 | 111.3 | (0.31, 0.61)
M@y | &EEa-21) 5.7 9.6 5000.0 | 51.9 | 115.5 | (0.31, 0.60)
MAlOI(22) | &EE(1-22) 5.7 9.7 5000.0 | 51.7 | 1183 | (0.33, 0.61)
HAl0(23) | EEE(1-23) 5.6 9.3 5000.0 | 53.6 | 117.7 | (0.30, 0.60)
AA0(24) | EEE@A-29) 5.7 9.9 5000.0 | 50.4 | 115.2 | (0.31, 0.61)
HAG25) | EEHE(1-25) 5.7 9.5 5000.0 | 52.6 | 115.9 | (0.31, 0.60)
MAlof(z6) | EHEFE(1-26) 5.8 9.7 5000.0 | 51.5 | 112.0 | (0.33, 0.61)
AlAlG(27) | &HEHE(1-2T) 5.6 9.6 5000.0 | 52.2 | 1135 | (0.32, 0.61)
HAlof28) | EEHE(1-28) 5.5 9.3 5000.0 | 53.8 | 1129 | (0.33, 0.60)
AlALOI(29) | &HEHE(1-29) 5.7 9.3 5000.0 | 53.9 | 111.2 | (0.31, 0.61)
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[287] AAlol(30) | SHEE(1-30) 5.6 9.6 5000.0 | 52.2 | 111.1 | (0.31, 0.60)
HA@31) | EHEE(1-31) 5.6 9.2 5000.0 | 54.6 | 119.5 | (0.33, 0.61)
AAlG(32) | EHEHE(1-32) 5.6 9.8 5000.0 | 51.3 | 1153 | (0.32, 0.61)
aAl0(33) | stEE(1-33) 5.8 9.9 5000.0 | 50.5 | 118.1 | (0.33, 0.60)
AAo(34) | &HErE(1-34) 5.5 9.5 5000.0 | 52.9 | 118.2 | (0.32, 0.61)
HAlo(35) | SHEE(1-35) 5.6 9.9 5000.0 | 50.4 | 113.1 | (0.31, 0.60)
HAlol36) | 2EHE(1-36) 5.5 10.2 5000.0 | 49.2 | 113.3 | (0.31, 0.61)
AA0(37) | SEEAN-37) 5.6 10.3 5000.0 | 48.7 | 1106 | (0.31, 0.60)
A Al0(38) | &HEHE(1-38) 5.8 10.5 5000.0 | 47.6 | 1158 | (0.33, 0.61)
ALAI0I(39) | BIEE(1-39) 5.7 10.1 5000.0 | 49.4 | 113.9 | (0.30, 0.60)
AAlo(40) | EHEHE(1-40) 5.8 10.2 5000.0 | 48.9 | 1145 | (0.31, 0.61)
AA[O@1) | SEE(1-41) 5.5 10.6 5000.0 | 47.1 | 113.6 | (0.31, 0.60)
AAlo42) | EEE(1-42) 5.5 10.5 5000.0 | 47.5 | 118.8 | (0.33, 0.61)
AAI0[(43) | EEE(1-43) 5.7 10.6 5000.0 | 47.3 | 1108 | (0.32, 0.61)
AA0(44) | SEE(-49) 5.6 10.5 5000.0 | 47.8 | 119.8 | (0.33, 0.60)
AlAl0(45) | &HEE(1-45) 5.5 10.2 5000.0 | 49.2 | 118.0 | (0.32, 0.61)
HAlol4e) | shEE(1-46) 5.7 10.2 5000.0 | 48.8 | 118.8 | (0.31, 0.60)
HAlO@47y | sHErE(1-47) 5.5 10.3 5000.0 | 48.3 | 114.4 | (0.31, 0.61)
aAlof(48) | =hEtE(1-48) 5.7 10.8 5000.0 | 46.3 | 117.3 | (0.31, 0.60)
AAl0l49) | SHEHE(1-49) 5.8 10.1 5000.0 | 49.6 | 111.2 | (0.33, 0.61)
AAl0(50) | EEE(1-50) 5.5 10.1 5000.0 | 49.5 | 118.0 | (0.30, 0.60)
AN G | sE=E(-51) 5.6 10.1 5000.0 | 49.6 | 113.0 | (0.31, 0.61)
AMA0fG52) | EEE(1-52) 5.6 10.7 5000.0 | 46.5 | 1125 | (0.31, 0.60)
AAl0(53) | BHEHE(1-53) 5.7 10.2 5000.0 | 49.2 | 1125 | (0.33, 0.61)
AA0[(54) | BHEHE(1-54) 5.8 10.2 5000.0 | 49.2 | 114.9 | (0.32, 0.61)
HA0(55) | BEE(1-55) 5.7 10.2 5000.0 | 49.0 | 1159 | (0.33, 0.60)
AAlo(56) | EEE(1-56) 5.6 10.7 5000.0 | 46.9 | 115.6 | (0.32, 0.61)
HAOG7) | SHERE0-57) 5.7 10.9 5000.0 | 45.7 | 111.9 | (0.31, 0.60)
AlAl0(58) | B1EHE(1-58) 5.8 10.3 5000.0 | 48.6 | 115.2 | (0.33, 0.61)
HAlo(59) | HEHE(1-59) 5.6 10.7 5000.0 | 46.8 | 115.5 | (0.30, 0.60)
AAl0l60) | ZHeHE(1-60) 5.5 10.0 5000.0 | 49.9 | 113.0 | (0.31, 0.61)
HA061) | SEE(1-61) 5.6 10.7 5000.0 | 46.8 | 110.5 | {0.31, 0.60)
AAlo62) | 2HEHE(1-62) 5.7 11.0 5000.0 | 45.4 | 119.0 | (0.33, 0.61)
AAlol(63) | SHEE(1-63) 5.5 10.6 5000.0 | 47.3 | 110.7 | (0.32, 0.61)
HAlOl(64) | EHEHE(1-64) 5.6 11.1 5000.0 | 45.1 | 111.8 | (0.33, 0.60)
AA0(65) | BHEHE(1-65) 5.6 10.9 5000.0 | 45.7 | 1126 | (0.32, 0.61)
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[288] MAlGI66) | BHEHE(1-66) 5.7 10.8 5000.0 | 46.4 | 1135 | (0.31, 0.60)
HAl0l(67) | EEE(1-67) 5.6 10.5 5000.0 | 47.4 | 113.5 | (0.31, 0.61)
aAlole8) | =EHE(1-68) 5.5 10.3 5000.0 | 48.6 1154 | (0.31, 0.60)
HA0(69) | SHEHE(1-69) 5.7 10.5 5000.0 | 47.6 112.6 | (0.33, 0.61)
Alof(70) | ZEE(1-70) 5.7 10.6 5000.0 47.3 111.3 | (0.30, 0.60)
MAGT7) | SEEG-TD 5.5 9.7 5000.0 | 51.6 | 118.7 | (0.31, 0.61)
HAo(72) | EEEN-72) 5.6 9.7 5000.0 | 51.5 117.1 | (0.31, 0.60)
AAO(73) | SEE(-73) 5.7 9.9 5000.0 | 50.4 | 110.7 | (0.33, 0.61)
AAld(74 | BEE(1-74) 5.6 10.0 5000.0 50.2 118.3 | (0.32, 0.61)
A0 (75) | EHEE(1-75) 5.6 9.7 5000.0 51.6 119.8 | (0.33, 0.61)
AAl0(76) | EHEE(1-76) 5.6 9.8 5000.0 50.8 119.1 | (0.30, 0.60)
MAlGIZT) | SEHEQ-TD 5.7 9.8 5000.0 | 50.9 | 116.3 | (0.31, 0.61)
HAO(78) | ZEE(1-78) 5.7 10.0 5000.0 | 50.0 | 117.2 | (0.31, 0.60)
HAO(79) | SHEHE(1-79) 5.5 9.3 5000.0 | 53.6 | 119.8 | (0.33, 0.67)
HA080) | EEE(1-80) 5.6 9.1 5000.0 | 54.7 116.9 | (0.32, 0.61)
AlAl0f(81) | EEE(1-81) 5.6 9.1 5000.0 54.7 111.5 | (0.33, 0.60)
A A|0(82) 182 (1-82) 5.7 9.6 5000.0 | 51.8 | 110.4 | (0.32, 0.61)
aAl083) | =HEE(1-83) 5.6 9.3 5000.0 | 53.5 | 110.4 | (0.31, 0.60)
MAl0(84) | ZEHE(1-84) 5.7 10.0 5000.0 | 50.1 115.1 | (0.31, 0.61)
AA0)(85) | BHEHE(1-85) 5.6 9.5 5000.0 | 52.8 | 115.2 | (0.31, 0.60)
HAl0)(86) | =HEFE(1-86) 5.5 9.7 5000.0 51.5 110.8 | (0.33, 0.61)
AAlaEe7)y | sEE1-87) 5.6 9.2 5000.0 | 54.6 | 115.7 | (0.30, 0.60)
MAl0f(88) | EEE(1-88) 5.6 9.7 5000.0 | 51.7 | 115.1 | (0.31, 0.61)
AlA0(89) | SEE(1-89) 5.6 9.7 5000.0 | 51.3 | 110.2 | (0.31, 0.60)
HAl0i90) | SHEHE(1-90) 5.8 9.2 5000.0 | 54.2 | 119.2 | (0.33, 0.61)
HAl0l(g1) | BEF=E(1-91) 5.6 9.2 5000.0 54.5 118.2 | (0.32, 0.61)
dAol92y | EHE(1-92) 5.7 10.0 5000.0 | 50.2 | 111.9 | (0.33, 0.60)
AAIG(93) | EEE(1-93) 5.7 9.2 5000.0 | 546 | 117.3 | (0.31, 0.61)
AAl0l(94) | BEE(1-94) 5.5 9.4 5000.0 | 53.1 114.0 | (0.31, 0.60)
AlAlofl(95) | BEHE(1-95) 5.7 9.9 5000.0 | 50.3 | 120.0 | (0.33, 0.61)
dAldl96) | BHEHE(1-96) 5.5 9.1 5000.0 | 54.6 | 110.8 | (0.32, 0.61)
aAAroe7 | SEE0-97) 5.5 9.5 5000.0 | 52.6 | 114.4 | (0.33, 0.60)
AA0(98) | BEE(1-98) 57 9.9 5000.0 | 50.3 117.3 | (0.32, 0.61)
AlAlO(99) | BFEME(1-99) 5.6 9.2 5000.0 | 54.5 | 111.0 | (0.31, 0.60)
HA0(100) | EE=(1-100) 5.6 9.5 5000.0 | 52.8 | 1189 | (0.31, 0.61)
Al 101y | sHEHE(1-101) 5.5 9.7 5000.0 | 51.7 | 114.4 | (0.31, 0.60)
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[289] A Al0(102) | EFEHE(1-102) 5.6 9.2 5000.0 | 54.2 | 118.0 | (0.33, 0.61)
A A0(103) | SHEHE(1-103) 5.6 9.6 5000.0 | 51.9 | 110.6 | (0.30, 0.60)
AA0f(104) | EFEHE(1-104) 5.8 9.7 5000.0 | 51.5 | 112.1 | (0.31, 0.61)
A A0(105) | EFEFE(1-105) 5.6 9.3 5000.0 | 54.0 | 110.3 | (0.31, 0.60)
Alof(106) | BHEHE(1-106) 5.6 9.3 5000.0 | 53.7 | 119.4 | (0.33, 0.61)
AA0(107) | EEHE(1-107) 5.8 9.1 5000.0 | 54.8 | 110.2 | (0.33, 0.61)
AlAlOfl(108) | B1EHE(1-108) 5.7 9.2 5000.0 | 544 | 119.9 | (0.30, 0.60)
& Al06l(109) | SFEHE(1-109) 5.6 10.2 5000.0 | 49.0 | 117.1 | (0.31, 0.61)
M (110) | EEHE(1-110) 5.6 10.9 5000.0 | 45.9 119.4 | (0.31, 0.60)
AAlO(111) | BHEHE(1-111) 5.7 10.0 5000.0 | 49.8 | 114.8 | (0.33, 0.61)
AlAlol(112) | BHEHE(1-112) 5.8 11.1 5000.0 | 45.0 | 118.6 | (0.32, 0.61)
HAl0(113) | EEE(1-113) 5.5 9.5 5000.0 | 52.5 | 110.1 | (0.30, 0.60)
AA0I(114) | BEE(1-114) 5.7 9.8 5000.0 | 51.1 | 115.6 | (0.31, 0.61)
Arof(115) | steHE(1-115) 5.7 9.5 5000.0 | 524 | 115.2 | (0.31, 0.60)
AMo(116) | SFEE(1-116) 5.9 10.4 5000.0 | 48.0 | 114.0 | (0.33, 0.61)
dAl0(117) | SEFEA-117) 5.6 9.5 5000.0 | 52.8 | 111.4 | (0.32, 0.61)
AHrjof(118) | EHHE(1-118) 5.7 9.3 5000.0 | 53.7 | 111.8 | (0.33, 0.60)
HA0(119) | SFE(1-119) 5.6 9.2 5000.0 | 54.4 | 114.2 | (0.32, 0.61)
AAlo(120) | EEE(1-120) 5.9 10.7 5000.0 | 46.7 | 115.0 | (0.31, 0.60)
AlAlofi(121) | BEHEQ0-121) 5.8 9.2 5000.0 | 54.5 | 113.2 | (0.31, 0.61)
dAG(122) | FEE0N-122) 5.6 10.0 5000.0 | 50.1 110.6 | (0.31, 0.60)
HAlo(123) | SHEHE(1-123) 5.5 9.3 5000.0 | 53.2 | 110.5 | (0.33, 0.61)
AArlol(124) | SFERE(1-124) 5.8 10.0 5000.0 | 49.8 | 112.5 | (0.30, 0.60)
AAlofi(125) | EEHE(1-125) 5.6 9.5 5000.0 | 52.5 | 118.6 | (0.31, 0.61)
HArlGi(126) | SEE(1-126) 5.6 9.8 50000 | 51.1 | 116.6 | (0.31, 0.60)
HA0f(127) | ESEE(1-127) 5.7 9.5 5000.0 | 52.4 | 113.9 | (0.33, 0.61)
AAl0(128) | BEE(1-128) 5.6 10.6 5000.0 | 47.0 | 117.3 | (0.30, 0.60)
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[305] .. | vsnu|mmuE | s= | =8 | +@ CIE
oreE v) (mA/cm?) | (cd/m?) | (cd/A) | T(95) X y
H| 120{|(6) - 6.4 329 2500.0 7.6 84.9 0.66 | 0.34
Hlzol(7) | HlasEE B 6.6 29.1 2500.0 8.6 104.0 | 0.66 | 0.32
Hl2Ol(8) | BHImBEE C 6.5 28.4 25000 | 8.8 1144 | 0.67 | 0.34
H[ZO|(9) | HIZSIEE D 6.7 29.4 2500.0 8.5 108.1 | 0.66 | 0.33
H|2GI(10) | HImEIEE E 6.5 30.1 2500.0 8.3 1033 | 0.66 | 0.33
MAIGI(129) | BHEHE(-1) 6.1 19.2 25000 | 13.0 1387 | 0.66 | 0.34
MAlG(130) | 3EEA-T) 6.0 18.5 2500.0 | 135 1345 | 0.67 | 0.34
HAG(131) | SHEHE(1-13) 6.1 19.2 2500.0 | 13.0 | 1322 | 0.66 | 0.33
MAIGI(132) | BHEHE(1-19) 6.1 175 25000 | 143 1395 | 0.66 | 0.32
AA0)(133) | EIEE(1-25) 6.1 35.2 5000.0 | 14.2 1371 | 0.67 | 0.34
HAlG(134) | EhEHE(1-29) 6.2 33.8 5000.0 | 14.8 1359 | 0.65 | 0.33
HA[O(135) | SHEE(1-33) 6.1 34.7 5000.0 | 144 1384 | 066 | 0.34
AAl6l(136) | BHEHE(1-37) 6.1 21.5 2500.0 | 11.6 1385 | 0.67 | 0.33
HAG(137) | sHEHE(1-41) 6.1 21.0 25000 | 11.9 1326 | 0.67 | 0.34
HAl0(138) | BHEHE(1-47) 6.2 23.2 25000 | 108 1334 | 0.67 | 0.33
HAlGI(139) | BHEHE(1-53) 6.2 23.7 25000 | 106 | 1325 | 0.67 | 0.32
AMAlGl(140) | EEHE(1-59) 6.2 21.5 25000 | 116 1325 | 0.66 | 0.33
AAlGI(141) | SHEHE(1-65) 6.0 24.7 25000 | 10.1 1316 | 0.67 | 033
HA6l(142) | ZHEHE(1-69) 6.0 23.9 2500.0 | 105 1306 | 0.66 | 0.34
HAlol(143) | BEE(1-72) 6.1 18.6 25000 | 134 138.7 | 0.66 | 0.33
HAl0I(144) | EEHE(1-75) 6.0 17.6 25000 | 14.2 135.2 | 0.66 | 0.33
HA|0](145) | EIEHE(1-80) 6.2 18.4 2500.0 | 13.6 1388 | 0.65 | 0.32
HA[0f(146) | E}EHE(1-85) 6.1 18.4 2500.0 | 13.6 1323 | 0.65 | 0.34
MAO(147) | EEE(1-99) 6.2 19.0 25000 | 13.2 1353 | 0.66 | 0.32
HAlo(148) | SEHE(1-97) 6.1 17.8 25000 | 14.0 1376 | 0.66 | 0.33
Al A0](149) | 31EHE(1-100) 6.2 18.1 2500.0 | 13.8 1383 | 0.66 | 0.32
A0 (150) | ZHEE(1-104) 6.2 17.3 25000 | 145 138.2 | 0.66 | 0.34
HAO(151) | SHEE(1-109) 6.1 23.7 25000 | 106 139.8 | 0.66 | 0.33
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and claims 1-7.
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