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A8 E = o] nkeA s,

[49] ojuj, A7] Ar, WA Ars] &2 7], o} 7], gl =olH 7] & o} Holnl 7] =
FA, T2, Ao}, Ci~Cyp2] L 7], ConChpl] A1 EZEZ 7], (A3
7] 409] 81 241 2 291217, ConCp] oF217], 391422 5 114 60°]

Sl :oFE 7], C~Cyp 2] LA S A 7], Co~Cop®l OFE A 7], C~Cyp2] AL -E I,
Cs~Ce®] OFH A H 7], Ci~Cyo® A HEZ7], Co~Cso® OFHH E7], Co~Cep 2]
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T
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L2

(2
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AR

O

5

°©

1

p

B(OH)»
Pd(PPhsy),
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THF/H,0

3ol A 6.5 g (32.98 mmol) 2] 5-bromo-1H-benzo[d]imidazole, 6.6g

S

N=\

715
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HERnveon F5sto] A& 77155 MeS0,=2 3123 tha 4h9)

o] 3T o e 7SS A e 5, AR AR EIH 9] E o] &5

8} 3+ 5-(2-nitrophenyl)-1H-benzo[d]imidazole 5.2 g (yield: 66 %)= & 53} %t}
[127]  'H-NMR: & 7.68 (m, 2H), 8.02 (m, 5H), 8.14 (s, 1H), 8.45 (s, 1H)
[128] <A 2> 31 3HE- CorelA Y CorelB2] $HA]
[129]

Y
zT
pd
T

NH
2 O PPhs
O 1,2-dichlorobenzene

|

Core1B

[130] A& 7] stoll A FHl el 19] <A 1>l 4 42
5-(2-nitrophenyl)-1H- benzo[d]imidazole 5.2g(21.73 mmol)%, triphenylphosphine
11.4 g (43.47 mmol), 2 1,2-dichlorobenzene 100 ml¥} <3} 3 12 A 7} &<t

WS T WS =8 3t ~E o] AS F3 1,2- dlchlorobenzene*g A| A &AL

HEzaddon f7]53 5o 58 77152 MeSO,= A= v+
ek odstelvh. ol fF715S A S 5, A AR E a9 E
o]-&3lo] 3}3HE CorelA 1.8 g (yield: 40 %) 2 3}$5- CorelB 1.3g (yield: 28%)<
AATE

[131]  8}8HE CorelA2] TH-NMR: & 7.31 (t, 1H), 7.55 (m, 3H), 7.87 (d, 1H), 8.15 (m, 2H),
8.43 (s, 1H), 10.23(s, 1H)

[132]  88HE Core2B 2] 'H-NMR: & 7.29 (t, 1H), 7.52 (t, 1H), 7.68 (m, 3H), 8.13 (m, 2H),
8.47 (s, 1H), 10.18(s, 1H)

[133]

[134]  [EY]4 2] S+FE Core2A 2 Core2B2] 4

[135] <%HA 1> 5-(2-nitrophenyl)-1H-benzo[d][1.2.3]triazole ] &+4]
[136] B(OH);

NO»
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[137] F1] o 19] <A 1>9] 4 AF-84¥ 5-bromo-1H-benzo[d]imidazole t 2]
5-chloro-1H-benzo[d][1,2,3]triazole 7.9g2 A}-&-3}= A2 A9 3lal+, 1] o] 19]
<7 1>} &Sk 4 S 5238 3o 5-(2-nitrophenyl)-1H-benzo[d][1,2,3]triazole
6.3 g (yield: 51 %)< 3532t}

[138] 'H-NMR: 6 7.68 (m, 2H), 7.92 (t, 1H), 8.03 (m, 3H), 8.20 (s, 1H)

[139] <Al 2> 813t Core2A & Core2B 9| $H4]

o
go
N
NH

N Core2A
o Q N PPhs
1,2-dichlorobenzene

H
N
> O NH
O
N
CoreZB
[141] F1] ol 19] <A 2590 A /\}-QLQ 5-(2-nitrophenyl)- 1H-benzo[d]imidazole Tt 4!
=H]of 29] <7 1>0l A &2 5-(2-nitrophenyl)-1H-benzo[d][1,2,3]triazole 6.3g<
A3k AS A Q) 5kart, ) d) 19 <ihA 259} H A 8 3145 53] 5)o]
3} 9+ Core2A 2.3g(yield: 42 %) 2 $}31& Core2B 0.8g (yield: 14% )< A AT}
[142]  &3HE Core2A 9] 'H-NMR: & 7.28 (t, 1H), 7.48 (m, 2H), 7.65 (d, 1H), 7.98 (d, 1H),
8.13 (d, 1H), 10.33(s, 1H)
[143]  &3HE Core2B9] TH-NMR: & 7.30 (t, 1H), 7.52 (t, 1H), 7.65 (d, 1H), 8.02 (m, 2H),
8.15(d, 1H), 10.35(s, 1H)

Y

[144]

[145]  [EY]4 3] 3FE Core3A 2 Core3B2] 34
[146] <7 1> 5-(2-nitrophenyl)benzol[dloxazole &] 314
[147] 0

i
; as
Q Pd(PPh3)4 02N
NaCH
THF/H,0O

[148]  EHlel 1] <A 1> AF&-# 5-bromo-1H-benzo[d]imidazole T 4!
5-chlorobenzo[d]oxazole 5.7gS AF-&38F A& A 9] gale, 1 o 19] <7
1>3} & gk 34 S 4238 3} o] 5-(2-nitrophenyl)benzo[d]oxazole 4.1 g (yield: 46
%)% 8533

[149] 'H-NMR: 6 7.65 (t, 1H), 7.88 (m, 4H), 8.12 (m, 3H)
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[150] <A 2> 31 3HE Core3A 2 Core3B2] $HA]
[151] - O 5
" O 2
N
NH
o}
O 7 PPhs Core3A
O2N 1,2-dichlorobenzene
v :
N
- -
P
N
Core3B
[152] 1) o) 19] <A 250 A AFEF 5-(2-nitrophenyl)- 1H-benzo[d]imidazole TH 4!
=H] of 39] <7 1>9 A ¥ 5-(2-nitrophenyl)benzo[d]oxazole 4.1g-S A}-&3}
AL A atarts, =1 o 19] <9HA] 259 H AT AL =8 5lo] 3455
Core3A 1.6 g (yield: 45 %), 2 3}3HE Core3B 0.4 g (yield: 14 %)= A A1},
[153] 3} 3 Core3A 2] 'TH-NMR: & 7.02 (d, 1H), 7.28 (t, 1H), 7.53 (t, 1H), 7.72 (d, 1H),
7.98 (s, 1H), 8.15(m, 2H), 10.38(s, 1H)
[154] 3} 3+ Core3B 2] tH-NMR: 6 7.30 (t, 1H), 7.42 (s, 1H), 7.58 (m, 3H), 7.98 (s, 1H),
8.18 (d, 1H), 10.34(s, 1H)
[155]
[156] [Z8] o 4] 3} 3HE CoredA 2 CoredB 2] A
[157] <%+ 1> 6-(2-nitrophenyl)benzo[d]thiazole2] ¥4
[158] B(OH)»
NO2
S
s R
oy COr
_—
. ey U
THF/H,O
[159] FH]of] 19] <A 1>00] A AF-&% 5-bromo-1H-benzo[d]imidazole U] A
6-bromobenzo[d]thiazole 6.3g-S A& 3 Z-& A9 8oL, 0] o 19] <
1>3} & gk 34 S 528 3} o] 6-(2-nitrophenyl)benzo[d]thiazole 4.7 g (yield: 62
%) 25313t
[160] IH-NMR: & 7.72 (m, 2H), 7.92 (m, 3H), 8.35 (s, 1H), 9.28 (s, 1H)
[161] <A 2> 313HE Cored4A & CoredB 2] 3HA]

[162]
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NO- O PPhs CoredA
1,2-dichlorobenzene

C

- O

CoredB

1] e 19] <A 2>l A A}-8-4 5-(2-nitrophenyl)- 1H-benzo[d]imidazole T}
=h] e 48] <A 1> 4 -2 6-(2-nitrophenyl)benzo[d]thiazole 4.7gS Al-&-3} =
A Asl ek, 206 19 <6 259 FAG Y& Falsho] s
CoredA 2.2 g (yield: 53 %), = $}31%& CoredB 0.9 g (yield: 21 %)< 2 AT

3} 3 Core4A 2] 'TH-NMR: & 7.25 (t, 1H), 7.55 (m, 3H), 7.78 (d, 1H), 8.15 (d, 1H),
9.26 (s, 1H), 10.27(s, 1H)

3} 35 Core4B 2] TH-NMR: 6 7.26 (t, 1H), 7.52 (t, 1H), 7.66 (d, 1H), 8.10 (m, 2H),
8.25 (s, 1H), 9.27(s, 1H), 10.42(s, 1H)

[Z1] 4] 5] 3}3E CoreSA 2 CoreSBY] 34
<% 1> 5-(2-nitrophenyl)-1H-benzo[d]imidazole 2] +4]
0o 19] <] 1>7} F A8 A Fa)8lo] g3
5-(2-nitrophenyl)-1H-benzo[d] imidazole= & U},
<%/ 2> Core5-1. Core5-2 2] 34
|

=\
NO- O NH C der'
u powder )
O — KyCOs Cored-1

N82804

Coreb-2
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[172]

[173]
[174]

[175]
[176]

[177]

[178]

[179]

[180
[181
[182
[183

—_— e e

A 715 sholl A EHl o] 58] <A 1>0ll A A2
5-(2-nitrophenyl)- 1H-benzo[d]imidazole 7.5 g (31.35 mmol), iodobenzene 9.6g (47
mmol), Cu powder 0.2 g (3.135 mmol), Na,SO,8.9g (62.7 mmol), = U K,COs4. 3g
(31.35 mmol)=-, 100 m19] nitrobenzene®l| ¥ 31 24 A| 7} &<t &5 uwks} St}
7 3 t]A~E g o] S % nitrobenzene= A| A% H Y EFE 2w E O
glo] A2 77158 MeSO,=2 &3 th& 14} o #3k3lv), o] 7k
7S ASE SR v, AE AR E DY A F o] &-8fo] 39k Core5-1
2g (yield: 42 %), 2 8}3F5 Cores-2 3.6¢ (vield: 36%)2 & 53131 U}

3} 3+& Core5-12] 'TH-NMR: & 7.55 (m, 6H), 7.98 (m, 2H), 8.05 (m, 4H), 8.32 (d,
1H)

3} 3+ Core5-22] 'H-NMR: & 7.58 (m, 7H), 7.92 (m, 2H), 8.07 (m, 4H)

<77 3> sl3tE CoreSA 2 CoreSB2] $H4]

©
(¢}

==

=0

o o 1 1

&~

O

» ¥ N
& guas
N
NO» N PPhs CoreSA
O 1,2-dichlorobenzene :
Core5-1 » Nm
(’ N
L,
H
CorebB
=h] e 19] <A 2500 A /\}-QLQ 5-(2-nitrophenyl)- 1H-benzo[d]imidazole T} 3!
0] ol 59 <A 25014 A& §}3FE Core5-1 4.2gS AFE-3F+= 31& A 98l ar+,
Tl o] 19] <A 259} U g HG& 3 5ko] 3} Core5A 1.6¢ (yield: 42

%), 2 $}3E Core5B 1.1g (yield: 29 %)<= LT}

3} 35 Core5A 2] 'TH-NMR: & 7.27(t, 1H), 7.58 (m, 8H), 7.83 (d, 1H), 8.12 (m, 2H),
10.32 (s, 1H)

3} 3+ Core5B2] 'H-NMR: 6 7.28 (t, 1H), 7.62 (m, 9H), 8.08 (m, 2H), 10.35 (s,
1H)

ZH] 9] 6] 313 E Core6A Z Core6B2] 34
<t+7) 1> 5-(2-nitrophenyl)-1H-benzold1[1.2.3]triazole ] $+A]
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B(OH)»
NO,
N
H ~
N, uN
éd ON N
—b,
Pd(PPhs),
cl NaCH O
THF/HC

[184] F1] o 19] <A 1>9] 4 AF-84¥ 5-bromo-1H-benzo[d]imidazole t 2]
5-chloro-1H-benzo[d][1,2,3]triazole 6.5g< AF-&3}= A2 A 9] 3lal+, 1] 19]
<7 1>} &L S 34 S 5238 3o 5-(2-nitrophenyl)- 1H-benzo[d][1,2,3]triazole<
6.8g(yield: 68% )& 5 &} 3t}

[185] <A 2> 313HE Core6-1 2 Core6-2 2] $HA]

[186] |
O
\
o C N
H - O
) )
O2N O N Cu powder' Core6-1
KoCOs
O N82804
> NO; N
L
D
Core6-2
[187] =1 of] 52 <A 1>0]) A A}%% 5-(2-nitrophenyl)-1H-benzo[d]imidazole TH 4!
=H]of 62] <7 1> A &2 5-chloro-1H-benzo[d][1,2,3]triazole 6.8gS
AR&SkE Zle Al 9l kalss, £ o] 59 <A 2>9F T A7 P& ko
5} 944 Core6-1 4.2 g (yield: 47 %), = €}31+= Core6-2 2.8 g (yield: 31 %)<
5] =53h9l ok,
[188] 3}3H= Core6-12] 'H-NMR: 6 7.43 (t, 1H), 7.60 (m, 6H), 7.88 (t, 1H), 8.00 (m, 3H),
8.18 (s, 1H)
[189]  3}3HE Core6-29] 'H-NMR: & 7.47 (t, 1H), 7.64 (m, 6H), 7.92 (t, 1H), 8.03 (m, 3H),
8.22 (s, 1H)

[190] <tHA 3> 3l 3LE- Core6A 2! Core6BS] $HA
[191]
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N,
as o O
N
o ] PPhs O
O 1,2-dichlorobenzene CoreBA

Core6-1 N,

D

Core6B
[192] FH| o 19] <eHA]| 201 A /\}-QLQ 5-(2-nitrophenyl)- 1H-benzo[d]imidazole Tt 4!
EH] o] 69] <A 2504 A2 3}3hE Core6-1 4.2gS A8l A& A9 stae,
o] 19] <A 259} 5L g HG & 3 5Fo] 8} Core6-1 1.5 g (yield: 39

%), 2 3}3HE Core6-2 0.8 g (yield: 21 %)= ¥ 53}t
[193]  3}§HE Core6A 2] 'H-NMR: & 7.32 (t, IH), 7.48 (m, 3H), 7.65 (m, 5H), 7.98 (d, 1H),
8.13 (d, 1H), 10.45(s, 1H)
[194]  3}§HE Core6B 2] 'H-NMR: & 7.29 (t, 1H), 7.62 (m, 7H), 8.01 (m, 2H), 8.16 (d, 1H),

10.42(s, 1H)
[195]
[196]  [EH] ¢l 7] 3-3E Core7A 2 Core7B9] 373
[197] <A 1> 5-(2-nitrophenyl)-2-phenylbenzo[d]oxazole 2] 314
[198] B(OH);
©/NOZ
O
o ) 8 A
Q'N — O,N N
Pd(PPh3)4
© NaOH O
THF/H>O

[199] 1] o) 19] <A 1> A4 AF8-3H 5-bromo-1H-benzo[d]imidazole U] 4!
5-chloro-2- phenylbenzo[d]oxazole 6.45g = AL-&8t A2 A9 gtar e, 1] o 19
<A 1> 5L gk 34 & 528 3} o] 5-(2-nitrophenyl)-2-phenylbenzo[d]oxazole 4.8
g (yield: 54 %)= 3 g 533l

[200] 'H-NMR: 6 7.34 (m, 2H), 7.66 (m, 2H), 7.95 (m, 4H), 8.18 (d, 1H), 9.50 (s, 1H)

[201]  <©A| 2> 3}t Core7A 3 Core7B2| 4]

[202]
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[203]

[204]

[205]

[206
[207
[208
[209

—_— e e

[210]

[211]

[212]
[213]

Y

CIs
Sonaw
NH
O?ﬁ Core7A

1,2-dichlorobenzene

- 3\©

Core/B

=H] of 10| 4] A}-8-% 5-(2-nitrophenyl)-1H-benzo[d]imidazole t Al 5=H] o] 72]
<A 1>01 4] & 5-(2-nitrophenyl)-2-phenylbenzo[d]oxazole 4.82 A}-& 3} 3
A Q) slati=, 1o 12] <A 2>9)F 5 U 8k 298 53 5ko] &35 Core7A 1.9¢
(vield: 44 %), 2} 5 Core7B 0.7g (yield: 16 %)< 2 AT},

3}3HE Core7A 2] 'H-NMR: & 7.02 (d, 1H), 7.33 (t, 1H), 7.51 (m, 4H), 8.08 (m, 4H),
10.44 (s, TH)

3}3HE Core7B 2] 'H-NMR: & 7.28 (t, 1H), 7.55 (m, 7H), 8.05 (m, 3H), 10.42 (s,
1H)

Y

ZFH] o] 8] 3} E CoreSA 2 Core8B2] A4
<A 1> 6-(2-nitrophenyl)-2-phenylbenzo[d]thiazole &] $+4]
B(OH)

S
h\ h\
N —_— NO, N
/Jéf Pd(PPhs)y O
Br NaOH O

THF/H,0

1] o 19] <& 1500 4] AL 5-bromo-1H-benzo[d]imidazole T Al
6-bromo-2-phenylbenzo[d]thiazole 7.2gS A& 3 A& A9 8Fal e, 1] o 19
<A 1> 5L gk 34 & 5238 3} o 6-(2-nitrophenyl)-2-phenylbenzo[d]thiazole 4.2
g (yield: 51 %)& 85315t

'H-NMR: 6 7.45 (m, 3H), 7.68 (t, 1H), 7.78 (m, 2H), 7.93 (t, 1H), 8.03 (m, 4H),
8.36(s, 1H)

<t 2> 513t Core8A 2 Core8B2] 3HA]
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w0, 9 PPhs Core8A
O 1,2-dichlorobenzene

(0 :
>7N/©

Core8B
[214] F1] ol 19] <A 2590 A /\}-QLQ 5-(2-nitrophenyl)- 1H-benzo[d]imidazole Tt 4!
=h] e 89] <A 1> 4 2 6-(2-nitrophenyl)-2-phenylbenzo[d]thiazole 4.2g=
AR& R A1S Al 9l atare, E1) ol 19] <@ A 259 S AT A} S G2 5ol
3} 315 Core8A 1.3g (yield: 39 %), 2 &} 315 Core8B 0.8g (yield: 24 %)< A T,
[215]  &3HE Core8A2] 'H-NMR: & 7.32 (t, 1H), 7.51 (m, 6H), 8.07 (m, 3H), 10.38 (s,

1H)
[216]  8}3HE Core8B2] 'H-NMR: & 7.29 (t, 1H), 7.45 (m, 4H), 8.05 (m, 4H), 8.26 (s, 1H),
10.35 (s, 1H)
[217]
[218]  [EY] 9] 33 E CoreA Z CoredB2] A4
[219] <A 1> 5-(2-nitrophenyl)-2-phenyl- 1H-benzo[d]imidazole 2] L4
[220] B(OH)»
NO»
N N=
NH . NO, NH
Pd(PPhs), O
Br NaOH
THF/H,0O

[221] F1] o 19] <A 1>9] 4 AF-84¥ 5-bromo-1H-benzo[d]imidazole t 2]
5-bromo-2-phenyl-1H-benzo[d]imidazole 8.6< A}-& 3} A2 A 9] 8}ali=, 1] 9
19] <& 153 s d ek S ) 5ho]
5-(2-nitrophenyl)-2-phenyl-1H-benzo[d|imidazole 6.2 g (yield: 62 %)< & 53} 1.

[222]  'H-NMR: 8 7.51 (m, 3H), 7.67 (m, 2H), 8.03 (m, 5H), 8.32 (m, 2H), 8.45 (s, 1H)

[223] <A 2> SFSFE Core9-1 B Core9-2 2 SHA]

[224]
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[225]

[226]

[227]

[228]
[229]

[230]

o .90

Cu powder' Core9-1

NH
2 O KyCOs
O Na,SOy

y
z

»
.
&

1] e 59] <A 2>0)| 4 A}-8-4 5-(2-nitrophenyl)- 1H-benzo[d]imidazole T 2!
=h]a] 99] <A 1> 4 2 5-(2-nitrophenyl)-2-phenyl-1H-benzo[d]imidazole
6.2g9 A&l A S Al Q] slale, 0ol 59 <vh A 259 s A g g S

S8 3}ko] 3}3HE Core9-1 3.1 g (yield: 40 %), 2 3}3HE- Core9-2 2.3 g (yield: 30
%)e 1538k T

3} 3 Core9-12] 'H-NMR: & 7.45 (m, 6H), 7.63 (m, 4H), 7.95 (m, 2H), 8.07 (m,
3H), 8.31 (m, 2H)

3} 3 Core9-22] 'H-NMR: & 7.43 (m, 6H), 7.63 (m, 3H), 7.92 (m, 2H), 8.03 (m,
3H), 8.28 (m, 3H)

<57 3> 513t Core9A & Core9B 2] 34

5
Qo o

PPh3 Core9A

NO» N ]
O O 1,2-dichlorobenzene
Core9-1 > N7/©
Q-
N
N
H

Core9B
=h] e 19] <A 2500 A /\}-QLQ 5-(2-nitrophenyl)- 1H-benzo[d]imidazole T} 3!
EH] o] 99] <A 250 A A2 3F3hE Core9-1 3.1gS AFE-3l= A& A9 slae,
TH| o] 19] < A| 259} 5 Uk 3G & 23 3 o] 3}ekE Core9A 1.2 g (yield: 42
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[231]
[232]
[233]

[234]
[235]

[236]

[237]

[238
[239
[240
[241

—_— e e

[242]

%), 2 3} 35 Core9B 0.6 g (vield: 21 %)< 53191 o),

3} 32 Core9A 2] H-NMR: & 7.28 (t, 1H), 7.45 (m, 7H), 7.62 (m, 4H), 7.87 (d, 1H),
8.15(d, 1H), 10.42(s, 1H)

3} 32 Core9B 9] 'H-NMR: & 7.32 (t, 1H), 7.47 (m, 7H), 7.62 (m, 5H), 8.15 (d, 1H),
8.30 (m, 2H), 10.45(s, 1H)

(374 o 1] $3HE Inv-19] FA4

=
NH
[
O Cu powder

KoCOs5
core1A Na,SO,
hitrobenzene

A 7)5F sl A E1) o) 104 3+ H $hsE Corel A (2.48 g, 12.00 mmol) <,
2-bromo-6-phenylpyridine (6.74 g, 28.80 mmol), Cu powder(0.08 g, 1.20 mmol), K,
COx(1.66 g, 1.20 mmol), Na,SO,4(1.71 g, 12.00 mmol) 2 nitrobenzene(100 ml)3}
E3Hek U, 190 °Coll Al 12 A17E 52t anyksl gl o},

HE-§-0] 54 ¥ 3§ nitrobenzenes A| A3l ME A S 2o =2 {75
w3 U, MgSO,E A& ko] A7 frr]Foll A 22 Al ek AT 7] 5ol A
L& A AT S, A FEvpE 18 3] (Hexane:EA = 3:1 (v/v)) %2 A A 3}o]
F3hE Inv-1 (4.61 g, T8: 75 %) LA

GC-Mass (©] & *]: 513.20 g/mol, = % #]: 513 g/mol)

(34 ol 2] $3HE Inv-29] FA

&
Br N
N=— N7 \
N=
=
§ NH \ N=\ =
[ - <Y
O Cu powder I
KoCOs O
core1A NasSO4 Inv-2

nitrobenzene

F+4d ol 10| 4] A}-&-* 2-bromo-6-phenylpyridine t] ] 2-(3-bromophenyl)pyridine

2.48g2 AH&SE A1E Al Q] staly, R ol 19 A3 W o 2 sl slo] 5ok
Inv-2 (4.31 g, 7&:70 %)E DA
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[243] GC-Mass (©] & *]: 513.20 g/mol, = % #]: 513 g/mol)
[244]
[245] [ 4 3] S3FE Inv-39] FA4
[246]

o0 t’@

Cu powder
KoCO3
core1B NaySO4 Inv-3
nitrobenzene

[247] SHd ol 10| 4] A& 835 Corel A T2l & 1] of] 164 34 ¥ $}3F& CorelB
2.48g2 AF-&38}aL, 2-bromo-6-phenylpyridine t) 42! bromobenzene 2.81g2 AF-& Sk
A& A9l stale, Aol 19 T L B o 2 5233k ShhE Inv-3 (3.14 g,
FE:13%)E LS

[248]  GC-Mass (°] & 3]: 359.42 g/mol, =78 A]: 359 g/mol)
[249]

[250] [/ 4] & Inv-49] &

[251]

D t‘@

Cu powder
KoCO3 \
core1B Na,SO, Inv-4

nitrobenzene
(2521 §FA ol 1ol AL 8}5HE CorelA U4l 0] o) 1141 4409 8151 CorelB
2.48g2 AF-&38}al, 2-bromo-6-phenylpyridine U 4] 2-bromopyridine 2.83gS A}-&-$F
AL A atars, Al o 13 L I o R S8 51o] 313 Inv-4 (3.20 g,
T 74 %) DAL

[253] GC-Mass (©] & *]: 361.40 g/mol, = #]: 361 g/mol)
[254]
[255]  [@74 4 51 33FE Inv-59] T4

|

[256
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[257]

[262]

[267]

[
O Cu powder

KoCOs
core2B Na>SOy4
nitrobenzene

A o 10| 4 A8 8}3E CorelA 2] 1] o] 20 A §+4d ¥ 8}3+= Core2B
2480 A8 28 A9l B0, ol 19} BAD RO Z Aol ke
Inv-5 (438 g, T&: 71 %)E AU}

GC-Mass (©] & *]: 514.58 g/mol, = % A]: 514 g/mol)

Inv-5

[ <l 6] 3= Inv-69] A

Br
N_ N/ \
NH \ / =~
Cu powder
KoCOg
core?B Na>SOy

nitrobenzene
ghd ol 2001 4 AL-&-4 3}3HE Corel A T4l &1 ¢ 201%1 /4 ¥ 3}ghE Core2B
2.48¢% AFEF A2 A9 shaliz, ol 29F $ AT W o Sl sl
Inv-6 (4.38 g, T&: 71 %)E AU}
GC-Mass (©] & *]: 514.58 g/mol, = % A]: 514 g/mol)

(374 ol 71 S3HE Inv-79] FA

® N’N,:N'NH B@ _ d |

Cu powder
KoCOs5
coreZA Na,SOy4 Inv-7
hitrobenzene
LA o 30| A AFE 4 }FSHE- Corel B t] 4] <=1 o] 20| A $H4 H §}3kE Core2A

248g= ARE-EE B Al @l stal e, 31 ol 3JJr A PO st gt
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[268
[269
[270
[271

—_— e e

[272]

[273
[274
[275
[276

—_— e e

[277]

[278
[279
[280
[281

—_— e e

Inv-7 (3.24 g, 8: 75 %) & A}
GC-Mass (©] & *]: 360.41 g/mol, =7 #]: 360 g/mol)

[3A < 8] 3135 Inv-89] A

~N
Br
N
:N y \
D t’ &
® -

N Cu powder

H KoCOs \
core2A NasSQ4 Inv-8
nitrobenzene

S+ of] 4ol A A8 3}31E CorelB Ul 2] 521] o] 20 4] 314 ¥ 813+ Core2A
2.48g2 AH&SE A1E Al Q] slal=, HA o] 49 AT I o B Sl slo] Sl ehE
Inv-8 (3.26g, &: 75 %) LT}

GC-Mass (0] & A]: 362.39 g/mol, = #]: 362 g/mol)

[ < 9] 3135 Inv-99] FA

NaH N
Core3A DMF
d Inv-9

A A 75 3l A 1] o 304§ ¥ 313 Core3A (2.50 g, 12.00 mmol)<
DMF 100 ml®l| =] 3L, o] 7] || NaH (0.43 g, 18.00 mmol)e Yl 1 A7 &
aksko] g 3HES AT ©] %, DMF 100mlel =<1
2-chloro-4,6-diphenyl-1,3,5-triazine (3.84 g, 14.40 mmol)< 7] HE-g &31&9
A28 AR o .3 Alg Bk WU e, WEE ErA D
3= A7 2y gsta B deE 2 S 5 & A AT &7t
AAE 1A E A A 2vE 233 (Hexane:EA = 1:1 (v/v)) & A A 3}
Inv-9 (3.74 g, 8: 71 %)S A

GC-Mass (0] & *]: 439.47 g/mol, 7 A]: 439 g/mol)

_&
S
=
i

[3H/d <l 10] 3+3HE Inv-109] 4
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s
VY
N
N” "N O N
O o Br\@/J\\N| N=
<‘ 4 N
/> N
NH >
Core3A Cu powder
ore KaCOs Inv-10
N82804

nitrobenzene

[282] A& 7]5F sfoll A EH] e 304 §HAd H 3}9hE Core3A (2.50 g, 12.00 mmol)+,
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (5.59 g, 14.40 mmol), Cu powder(0.08
g, 1.20 mmol), K,CO;(1.66 g, 1.20 mmol), Na,SO,(1.71 g, 12.00 mmol) 2
nitrobenzene(100 ml)¥} <313k v}, 190 °Coll A 124 7+ & oF nlwk&} it

[283] HE-S-o] =A% 5 nitrobenzeneS A 73}l vE A F ZElo| =8 FU]|5S
=y & o, MeSO,E AHEske] A7) 7715l =S AT 715l A
L& A AT S, A FEvpE 18 3] (Hexane:EA = 3:1 (v/v)) %2 A A 3}o]
B}3HE Inv-10 (4.45 g, +5: 72 %)E LT

[284] GC-Mass (©] £ *]: 515.56 g/mol, =7 *]: 515 g/mol)
[285]
286]  [F8 4 11] SFE Inv-119] FA4
[287] cl
A

| G
H =
N N \ /N
e) @ J\O N\<
2 - N o
N NaH O
Core3B DME O

Inv-11
[288] kA of] 9ol A AF-E-H 8} 3FE Core3A U141 <=1 of 304 44 ¥ 3}31& Core3B
2.43g2 AF&SE A5 A9l star e, A o] 99F T U Sk i o 2 S8l slo] gk
Inv-11 (3.69 g, 75: 72 %) & LA}

[289]  GC-Mass (°]&4]: 439.47 g/mol, 54 X]: 439 g/mol)
[290]
2911  [&Ad 12] 3 FE Inv-129] A4

|

[292
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[293]

[294
[295
[296
[297

—_— e e

[298]

[299
[300
[301
[302

—_— e e

e
o T d
Core3B C&Eivcé;j N/>

nitrobenzene Inv-12
/g o] 1004 A& 2} Core3A T4l 1] of) 304 4 H gk
Core3B 2.5g2 AF&-3F A& A9 8laLt, 4 o 103} 5Dk Wby o 2 G238 3)o]
3}EHE Inv-12 (4.39 g, 51 71 %)= I}

GC-Mass (©] & *]: 515.56 g/mol, 5 7 #]: 515 g/mol)

[3HA4 ¢l 13] 35 Inv-139] A

C| ’
NaH
CoredA DMF

Inv-13

S of] 9ol A AF-E-H 3} 3FE Core3A U421 <=1 of 40 A 44 ¥ 3}3H& CoredA
2.68g5 AHESE A1 A 9] 8kal=, §hA o 99 AT | o = =) slo] Bhek
Inv-13 (3.82 g, ‘F%. 70 %)E AU

GC-Mass (0] & *]: 455.53 g/mol, = 7 A]: 455 g/mol)

[&74 ol 14] 33 E Inv-149] F73
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Cu powder
CoredA KoCOs
N82804

[303]

[304
[305
[306
[307

—_— e e

[308]

[309
[310
[311
[312

—_— e e

hitrobenzene

SHAd ol 1000 A AF-8-¢ ?i} F& Core3A U4l &=1] of] 40f A
Core4A 2.68g=- A& 'J ALl stare, §Hd o 1037} 5

B} &5 Inv-12 (4.46 g, =51 70 %)= I}
GC-Mass (©] & *]: 531.63 g/mol, = #]: 531 g/mol)

[$A ¢ 15] 33HE Inv-159] A4

Cl

N

N N

NaH
DMF

Core4B

F+4d ol] 9ol A Al-&- 8315 Core3A Al 1] ol 4

2.68g2 A& 2lE A9 }E—E 7 o 99F T A F 1
Inv-15 (3.76 g, T5: 69 %)= A AT}

GC-Mass (0] £ *]: 455.53 g/mol, =4 ] 455 g/mol)

[3H/d <l 16] 3+ E Inv-169] 4

N

=
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Core4B Cu powder
KoCOg s
Na2804

hitrobenzene Inv

S+ of) 10001 4] AF-&- &-3HE Core3A Al &1 ¢ 40 A 3

Core4B 2.68g< /\}-Qhﬂ 28 A Q) slai=, A o 103} &2
3} &5 Inv-16 (4.46 g, =51 70 %)= I}
GC-Mass (©] & *]: 531.63 g/mol, = #]: 531 g/mol)

[$A ¢l 171 33HE Inv-179] FA4

<)
ﬂIﬁ‘;ﬁl (j)N)Tij

\
i
> N 1
4% 0
NaH
CorebA DMF

16
| et

3l =
'& ‘?é O =2 =8 5}o]

Inv-17

kA of] 9ol A AFE 5 3} 3HE- Core3A )21 =1 o soﬂxﬂ A ¥ 535 CoreSA

3.69g= AHE-RE Al Al 9] }i—t— g el 9ok & Aok
Inv-17 (4.63 g, T78: 69 %) L ATt
GC-Mass (0] & *]: 514.58 g/mol, =4 =] 514 g/mol)

(374 < 18] 3+ E Inv-189] ¥4

o2 S sto] Bt
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NaH
Core5A DMFE

Inv-18
SHAd o] 9ol A A8 8}3E Core3A 2] 1] o 50 A §4d ¥ 8}3+= CoreSA
3.39g= A}-&38}aL, 2-chloro-4,6-diphenyl-1,3,5-triazine T 4!
2,4-di(biphenyl-3-yl)-6-chloro-1,3,5-triazine 6g< AF-&3F 518 A 2] 3} &
99} A3 Uy o 2 =8 3lo] 3}3HE Inv-18 (5.43 g, 5 68 %)= AUt}
GC-Mass (0] & A]: 666.77 g/mol, = A]: 666 g/mol)

(374 <l 19] 3+ E Inv-199] 4

Q N/ N
H
N N
N N‘\
/ |
S as ~
Cu powder

KoCOs
Na,SO,
nitrobenzene Inv-19

A of] 1000 4 AR 8}3FE Core3A U 2] 21| of 50 A 9+ H s}eh&
Core5A 3.39g% AF&3F A& Al 9] 8lat+=, 4] ol 107} 5 A3k 5H o = 528 3} o]
SI3HE Inv-19 (4.95 g, 75: 70 %)5 G AT

GC-Mass (©] & *]: 590.67 g/mol, =7 #]: 590 g/mol)

CorebA

[3H/d < 20] 3+ E Inv-209] ¥4
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N Br N
LA - N
Cu powder Q O

KsCO
Coredsh Na,SOs Inv-20
nitrobenzene
[333]  ¥/d ol 10004 A& 33 Core3A T4l 4] ol 5014 43 Core5AE
A}-&-3} 3L, 2-chloro-4,6-diphenyl-1,3,5-triazine tl 2] 2-bromo-6-phenylpyridine
5.56g= AF-&3 A5 A9 gtar e, $Ad o 109 5L sk i o 2 =3 slo] g5k
Inv-20 (4.17 g, 5 68 %) & At}

[334] GC-Mass (©] & A]: 512.60 g/mol, = % #]: 512 g/mol)
[335]
[336]  [&dd 21] 3FE Inv-219] FA
[337]
C|
NaH

Core5B DMF )@
d\ Inv-21

[338] SHAd o 9ol A A8 $}3FE Core3A 2] 1] o 59| H +4d ¢ $}3HE Core5B
3.39g% AFESE 1S Al 9] akaltE, g ol 99F A G WH o ® S alaho] sl ek
Inv-21 (4.01 g, 5: 65 %) & AU}

[339]  GC-Mass (] & X]: 514.58 g/mol, %4 X: 514 g/mol)
[340]
[341]  [&Ad 22] 3 FE Inv-229] A

|
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Core5B

NaH
DMF

§H4d ofl 18014 AL-E

&

¥ 835 Core5A U141 3=1] o 501 4

Core5B 3.39g2 A28k 21& A 9] 8lal+=, §A) o] 183} &

315 Inv-22 (5.43 g, 51 68 %)= I}

GC-Mass (0] & A]: 666.77 g/mol, = A]: 666 g/mol)

[3HA ¢l 23] 35 Inv-239] A

d\@*b

Cu powder
KoCO4
Nast4
nitrobenzene

Core5B

S ofl 100114 AL-&
Core5B 3.39gS A&
3} 3 Inv-23 (4.88 g, T8 69 %)= AT}

QO
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Inv-22

H Qs 1:]%
SR SEERR PR

=N
Inv-23

»

H 3}3+E Core3A )4l <=1] o] 50| 4
5t AL A Q) stars, Ao 109 Y

GC-Mass (©] & *]: 590.67 g/mol, =7 #]: 590 g/mol)

[3HA ¢l 24] 3 EE Inv-249] A
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N
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N
g N
N Cu powder N7\
KoCOs = O
Core5B Na,SO,
nitrobenzene Inv-24

g4 ol 200 4 AH-&H 8F3HE Core5A U4l 1] o 504 -4 H 8} 3h&
Core5B 3.39g2 A3 218 A 9] 3l at+=, §HA of] 203} 5 A 3k W o = 53] 5o
313+ Inv-24 (3.99 g, 78: 65 %)E LU

GC-Mass (©] & A]: 512.60 g/mol, = % #]: 512 g/mol)

[3HA ¢ 25] 3 HE Inv-259] A

Cl
O & Or
N” "N \ N
N N< \N| N~ Q
]

N~
Tt 070 Wy

CorebA DMF

Inv-25
SHAd o] 9ol A A8 )& Core3A 2] 1] o 60l A §4d ¥ $}3H= Core6A
34ge A& AS A9 state, §4d ol 99 E U | o =3l sto] 31k
Inv-25 (420 g, 5: 68 %)5 At}
GC-Mass (©] & *]: 515.57 g/mol, 5 % #]: 515 g/mol)

[EHA ¢ 26] 3 EE Inv-269] A
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Core6A SI?AHF O
Inv-26
[3631  §Hd ol 189 4] Al-& 3}3HE CoreSA tl4l 1] of 60l A 3174 € ﬁ}ﬁa%
Core6A 3.4g2 A& 212 A9l shal=, A4 ol 1839} & A §h {0 =2 528 5} o]
3315 Inv-26 (5.20 g, 75 65 %)E A AT
[364] GC-Mass (©] & A]: 667.76 g/mol, = 7 A]: 667 g/mol)
[365]
[366]  [E/8 271 & E Inv-279] &4
[367]
Q N/ N
H
o “N
Cu powder
Core6A |\||<2CO3
a,S04
nitrobenzene Inv-27
[368] 3t/ ol 1094 A& 85HE Core3A thAl 1] ol 6ol A 3] € &3h&
Core6A 3.4g2 AF-&3F 212 A 93l ari=, $hAd of] 103} 5 g W 0 2 423) 5} o]
3131 Inv-27 (4.68 g, T8 66 %)E DAL
[369] GC-Mass (©] & 4]: 591.66 g/mol, = #]: 591 g/mol)
[370]
3711 [/ 28] SFE Inv-289] FA
|

[372



WO 2014/010810

[373]

[374
[375
[376
[377

—_— e e

[378]

[379
[380
[381
[382

—_— e e

49

a0
=N

N Br
I
R
Cu powder

KoCOs

Coreb6A

Na2804
nitrobenzene

&g ol 200014 A& 346“3 Core5A T4l &1l ol 6014 7 31 8=
Core6A 3.4g2 A3 212 A 9] alari=, §HA4 of] 203} 5 8- W O = 4238 5o
3} 315 Inv-28 (4.00 g, 75 65 %)E A AT

GC-Mass (©] & *]: 513.59 g/mol, 5% #]: 513 g/mol)

[EHA ¢l 29] 31 3HE Inv-299] A
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Sk of] 9oll A AFE- 3}3HE Core3A U2l =1 o) 6
3.4ge A& A S A9 slali=, 914 ol 99 T ¢l
o

NaH
CorefB DMF

Inv-29 (4.14 g, 75167 %) 5 EMB}
GC-Mass (°]£4]: 515.57 g/mol, =

[ < 30] 3135 Inv-309] A

d%]: 515 g/mol)
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O Inv-30
-

gl ol 1800 A A& 9 3135 CoreSA t) Al 21 of 6ol A &4 ¥ & 3h&-

Core6B 3.4g2 AF&-3F 212 A 9] &}al=, 4 o 189 5

3 3HE Inv-30 (5.28 g, 5 66 %) 2 A AT

GC-Mass (°] £ 4]: 667.76 g/mol, =7 *]: 667 g/mol)

[$A ¢ 311 33HE Inv-319] A4

H Cu powder
KoCO3
Core6B Na,SO,

hitrobenzene

s of] 1000 4 AR 8}3FE Core3A U121 =H] of 601 A
Core6B 3.4g2 AF&-3F 212 Al 9] &}al=, 4 o 109 5

3}3HE Inv-31 (4.89 g, 58 69 %)= DA Th.

. .

GC-Mass (©] & 4]: 591.66 g/mol, = #]: 591 g/mol)

[$A ¢ 32] 33HE Inv-329] A4

H
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&g ol 200114 A}
Core6B 3.4gS A3
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GC-Mass (°] £ 4]: 513.59 g/mol, =

[ < 33] 3135 Inv-339] A

Cu powder

nitrobenzene

H 3}8HE CoreSA U2l S21] of] 6ol A
| & 3kar=, 9k ol 209 &
£:70 %)%— QA

%]: 513 g/mol)
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A © 2 5ol

0 OO r@
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?51—/\4 oﬂ 90]] 1 ?;Sj
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[A ¢ 34] 313HE Inv-349] A4
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[403] A of] 189l A A4 3135 CoreSA 4] =1 of 704 3+ H s)3t&
Core7A 3.4gS A8 A8 A9 alars=, §H4 o] 99} U a Wi o & S8 5o
3}3HE Inv-34 (5.12 g, F £ 64 %) 2 A AT

[404] GC-Mass (©] & A]: 667.76 g/mol, = 7 A]: 667 g/mol)
[405]

[406]  [¥H/d o 35] 3}3HE Inv-359] &4

[407]

IO
=) UU\@ NP

Core7A Cu powder
KoCOs5
NaxSOy4 Inv-35
nitrobenzene
[408]  FHdoll 10114 AL 3HeHE Core3A T4l & W ol 7014 9Hd € Shete
Core7A 3.4g:& AHE& 218 A9 hitiz, Fd ol 109§ F i 0.2 53 alo)
S Tnv-35 (4.60 g, 54 65 %) LA

[409]  GC-Mass (] #X]: 591.66 g/mol, 54 A]: 591 g/mol)
[410]

[411] [ 36] 3FE Inv-369 FA

[412]

O

(NH’ ~ 0
Core7A Cu powder
KoCO5
N32804 Inv-36

nitrobenzene

[413] Ao 20014 ALEE B3 CoreSA T Al 1] ol 7o) A4 3H4 ghat
Core7A 3.4g2 A3 A4S A 9] 8} a1z, 34 o 204 Eo) gk W O 7 428 5o

318+ Inv-36 (3.69 g, 7 60 %)E LU

[414]  GC-Mass (] 2X]: 513.59 g/mol, Z 4 A: 513 g/mol)
[415]
[416] [3A o] 37] 83 Inv-379] A
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DMF

Inv-37

kAd of] 9of| A AL 3}3HE Core3A )4l 1] o 70| 4 A ¥ 813 core7B
3.4gS A& A S A9l slaris, §Hd o 99F F U Sk W o2 8 slo] §)9t =

Inv-37 (4.14 g, 75 67 %)5 LA}
GC-Mass (©] £ *]: 515.56 g/mol, =7 *]: 515 g/mol)

[3A < 38] 3} 3= Inv-389] A

H
N
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Core7B NaH
DMF
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Inv-38

7 of] 180N 4 AR-&H 313 Core5A T4l EH] ol 70l 4 $4 4 815+

Core7B 3.4g2 AF&-3F A& A 9 8} ar+=, §HA4d o 189 5

S}k Inv-38 (4.96 g, 78 62 %)5 AUt
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Core7B Cu powder /
KyCOs N
NazS04 Inv-39

hitrobenzene
[428] Aol 1004 AM-&H 3135 Core3A U141 21 o] 7o) 4] §H4) H 8} 3=
Core7B 3.4g% AHG & 212 A 9] 3k513, 314 ol 103} B ek P 0 2 58 3o
31315 Inv-39 (4.82 g, 75: 68 %)E A AT

[429]  GC-Mass (] #4]: 591.66 g/mol, 54 *]: 591 g/mol)
[430]

(4311 [#2 ol 401 BFE Inv-409] 74

[432]

N Cu powder
Core7B KoCOs3
Na2804
nitrobenzene Inv-40

[433] kA of] 2000 A AF8E 35 CoreSA 2] =1 of 70 A 3kA] H 8} ok&
Core7B 3.4g2 AF&-3F 212 Al| 9] 8} oL+, §H4 o 203 5 &k HhH o =2 5238 5]¢f
3} 315 Inv-40 (4.00 g, 5 65 %)E AT

[434] GC-Mass (©] & *]: 513.59 g/mol, 5% #]: 513 g/mol)
[435]

[436]  [&7dd 41] 3FE Inv-419] FA

[437]

o 00 Y0

NaH

Core8A
DMF Inv-41
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[438] SkA] of] 90| 1 }%% S}3HE Core3A 4l 1] o] 8ol A 34 ¥ 813 Core8A
3.6g2 AHESH A& Xﬂﬁ’%'«‘f}i’—t—, SHd ol 99} F U gl W o 2 G slo] §)9t =

Inv-41 (4.07 g, 5 64 %)= & ‘211:}.
[439] GC-Mass (O]%X]: 531.63 g/mol, =4 #]: 531 g/mol)
[440]
[441] [ o 42] SHEHE Inv-429] &
|

[442 CI N
@

S

N

ST

Core8A

NaH
DMF

[443]  §HAd ol 1801 AL-&4 3} §HE CoreSA ThAl s=1] o 8ol A A1 H 8} gH5
Core8A 3.6g2 AF-&3F 212 A 9] 3l ari=, $hAd of] 189} 5 g 1 0 2 4=3) 5} o]
13 Inv-42 (4.99 g, 8: 61 %) AT

Inv-42

[444] GC-Mass (©]&X]: 683.82 g/mol, 54 =]: 683 g/mol)
[445]
[446] [ o 43] SHFE Inv-439] 34

|

o
A" \©“©£ Np

Core8A Cu powder
KoCO3
N82804 Inv-43
nitrohenzene
[448] A o 100 4 A8 )& Core3A 2] 1] o 80l A 34 ¥ 5}3)
Core8A 3.6g2 AH&3F 718 A9 3lale, A ol 103 5L 3k i o
3} E Inv-43 (4.51 g, 51 62 %) 5 AT

Fe
i 3]

[449]  GC-Mass (©]&3]: 607.73 g/mol, =4 2]: 607 g/mol)
[450]
[4511  [F73 < 441 ST E Inv-449] FA
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kA o] 2000 A AL-E5 ﬁ}?f“j CoreSA 4l =1 o] 8ol A A ¥

GC-Mass (©] & 4]: 529.65 g/mol, =

[$A ¢l 45] 31 3HE- Inv-459] A4
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S}
Core8A 3.6g2 A3 218 A 9] 3l a1+=, §HA of] 203} 5 U 5k W o = 53] 5o
3} E Inv-44 (4.12 g, 51 65 %)E AT

A X]: 529 g/mol)

Core8B

kA o) 9ol A A2 8} SHE Core3A HA] 1] o
3.6g2 A&S A& A9l slari=, 314 o 99} &

Inv-45 (433 g, & 66 %) & DAY
GC-Mass (©] £ A]: 531.63 g/mol, =%

[3H/d <l 46] 3+ E Inv-469] 4

NaH
DMF

QAls
=

Inv-45
| 8ol A 74 ¥ 3}3+& Core8B
F bR o 2 sl gk

4 %]: 531 g/mol)
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DMF

e
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[463] ehAd o 180l A A8 S}§HE- CoreSA thAl 1] of 8ol A &HA] & 3=
Core8B 3.6g2 A&k 2l Al 9] salw=, §4d o 183} & A g | o5 =385}
3}3HE Inv-46 (5.41 g, 51 66 %)E AT}

[464] GC-Mass (©] & *]: 683.82 g/mol, = #]: 683 g/mol)
[465]

[466]  [&/dd 47] 3 FE Inv-479] FA

[467]

N7 =\|
9y N~ |N \NJ\©
N Br \N
VR Sans
\
N
Core8B Cu powder )\@

KoCOs s

NapSO4 Inv-47
nitrobenzene

[468] g+ o) 1000]A] AL &}3HE Core3A thAl 0] o 8ol A 4 H 33k &
Core8B 3.6g2 A& 21 A 9] 8FaLt=, §4) o 103} 5D 3k HPE 0 7 928 3} o]
318 Inv-47 (4.59 g, 78: 63 %)E AT

[469] GC-Mass (©] & A]: 607.73 g/mol, = #]: 607 g/mol)
[470]

[471]  [&/3 4 48] 3 3FE Inv-489] A

[472]

S Cu powder
Core8B KaCO3
Na2804
nitrobenzene Inv-48
[473] Aol 200014 AL-&H 855 CoreSA U4l 1] o] 8ol A 4 W &} 5h&
Core8B 3.6g< A& A& Al @) sl al+=, §4d ol 207} & A gk WH o2 =88l o]
3} & Inv-48 (4.25 g, 781 67 %)E A ]

[474]  GC-Mass (] 2 X]: 529.65 g/mol, %4 A: 529 g/mol)
[475]
[476] [ o 49] SHFE Inv-499] 34

|
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Core9A DMF

4.3g8 A& A1 S A9 8kl §14d 4
Inv-49 (4.60 g, 75 65 %) 5 L AT}

9%}

GC-Mass (©] & *]: 590.67 g/mol, =7 #]: 590 g/mol)

[EHA ¢ 50] 3EE Inv-509] A

Q “ (O
Q HNEQ O >
NaH
Core9A DMF

sk of] 189l 4 AF& 3}3FE CoreSA U121 =H] of 90l A
Core9A 4.3g2 AH&3- 712 A9 slare, &4l o 187} &

3}3HE-1 Inv-50 (5.34 g, 581 60 %) 3 A At}
GC-Mass (0] 2 2]: 742.87 g/mol, =4 X]: 742 g/mol)

[$A ¢ 511 33HE Inv-519] A4
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Cu powder
KoCOg
Core9A Na,SO,
nitrobenzene

Core9A 4.3gS AF-&-3F 212 A 9] 3}a =, §HAd o 109} &<
S}k Inv-51 (5.11 g, 78 64 %)= A ATt
GC-Mass (0] & A]: 666.77 g/mol, = A]: 666 g/mol)

[3HA ¢l 521 3HE Inv-529] A

Inv-51

g of] 100 4 AF-&-% 3} Core3A THA] &0 ol 90l 4 Hd H 8} 8=
g 0 % Sl ool

@p ’Q’@p

aLr

Cu powder
KoCO4
N82804
hitrobenzene

Core9A

sk of] 2000 4 AF&H 3135 CoreSA U 2] =H] of 90]| A

Ol

Core9A 4.3gS A&k 22 A 9 3}ar =, §H4] o 209} &
813HE Inv-52 (4.58 g, 5751 65 %) S AU Th
GC-Mass (©] & *]: 588.70 g/mol, = % #]: 588 g/mol)

[3HA ¢l 53] 3EE Inv-539] A

=

Inv-52
sl H gfelkE
H o =8 5)ol
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H DMF
Core9B
Inv-53

[498] SkA) o) 9of| A AR5 33HE- Core3A 2] £21] o 01 H -4 ¥ 3} 3HE Core9B

4.3g2 AHEE Al Al Q) skale, FAd o 99F s U g W o= S8l 5k B¢k
Inv-53 (4.60 g, =5 65 %)= AU

[499] GC-Mass (©] & *]: 590.67 g/mol, =7 #]: 590 g/mol)

[500]

[501] [ 54] S E Inv-549] T4

[502]

CI

P :;.,

[503] kA of] 189l 4 AF-& 8}3FE CoreSA U 2] 21| of 90| A 3+ H s}k
Core9B 4.3gS A3k 18 A 9] slat+=, 34 ol 184 % Sk o = 8l 5o
3} S Inv-54 (5.43 g, T8 61 %)= A}

[504]  GC-Mass (°] £4]: 742.87 g/mol, 574 2]: 742 g/mol)
[505]
[506]  [&A 55] 3FE Inv-559] T4

|

[507
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[518]

N
g g o
N Cu powder \

H KoCOs
Core9B NaySOy4
nitrobenzene Inv-55

S/ ol 10014 A& ﬁ} 2 Core3A Hl Al &H| of 90l A §H74d ¥ 3} 9=
Core9B 4.3g2 AF&-3F A A9 8lare, 4 o 103} 5Dk Wy o 2 =8 3)o]
3}EHE Inv-55 (5.11 g, 51 64 %)= I}

GC-Mass (0] & A]: 666.77 g/mol, = A]: 666 g/mol)

[EHA ¢ 56] 3EE Inv-569] A

N N
N Cu powder N7\
Ko,COg = O
Core8B Na,S0,
nitrobenzene Inv-56
SHAd ol 2000 A AF-8-E §} H& Core5A T4 521] o) 99 *1 S H shgh
Core9B 4.3g2 A& A& A9 8laL, 4 o 203 Ak Wby o 2 =8 3)of

shek Inv-56 (4.44 g, 781 63 D)2 AU
GC-Mass (©] & *]: 588.70 g/mol, = % #]: 588 g/mol)

[A A4 1] 7] EL 23}9] A%

el 1614 48 B5HE Inv-1S B3H 02 el WP o R N8R
S AE st 5 ol o] Fg el whe} f7] EL &

ITO (Indium tin oxide) 7} 1500 A 57| = whu} si8) | 2] 7%
Z a2 A AT FHF Al A o] U, o] AR o F &, of A&,
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[519]

[520]
[521]

[522]

[523]
[524]
[525]

[526]
[527]
[528]

[529]
[530]
[531]

2 5o A2 29 A AS dal £ A7 F-, UV OZONE A 4 7]
sonic 405, SR E| AR o] 5 A1 X1 T, UVE 0] 830 7] 7] 82 537
/q] al ;]_-7 ;ﬂ%ﬁ Z—i‘%ﬂ?_ 7] j]_.g o]zg-g]_oﬂq_

A719F o] 1] H I1TO 78 =1 919 m-MTDATA (60 nm)/TCTA (80 nm)/
33+ Inv-1 + 10 % Ir(ppy)s (300nm)/BCP (10 nm)/Algs (30 nm)/LiF (1 nm)/Al (200
nm) 50 2 A5 38o] 7] EL 2245 Az 3813t

AF-&-¥ m-MTDATA, TCTA, Ir(ppy)s, CBP X BCP9| % += &}7] 9} 1.

@%@Nj@% & @ o

e

m-MTDATA TCTA

(Power

Ir(ppy)s

[AA] o 2 ~56] 7] EL 23}+¢] A%

AR o] 1o A WG FPA] AE BA R AREH 813 Inv-1 U)2] 344
] 5601 4] 242} 3HAd H 81 3HE Inv-2 ~ Inv-562 AF-&-3F A2 A 9] 3oL+,
AA ol 13} F A sHA =3 3ke] 771 EL 2242 A28k,

of 2

[H] 2] 1] 7] EL 222} A&

AA) o 10| A Gz S AA] W S AE BA R AREE ;;}@L Inv-1 ﬂ];\]
CBP (4,4-dicarbazolybiphenyl) & A}-& 3} Z1-& A 9] 8} al+
HA O 2 7] EL A4S A 2Fsh4 o) /\}-Q—Q CBPo] +%=
whs} 2o,

[ 7}4]
Aol 1A 56, 2 Bl aLe] 10| A Z+2t A2 E 7] EL Aol df 8¢
AFHEE 10 mA/arrol] 49 54, AFas W g ya3 =439 a1, =1
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[Table 1]

s IXE 75 Ak (V) AFEE (cd/A)
2 Ao 1 Inv-1 6.60 42.4
2 Al e 2 Inv-2 6.55 423
Al 3 Inv-3 6.60 42.5
2 Ao 4 Iny-4 6.62 41.2
Al 5 Inv-5 6.68 41.6
ALl 6 Inv-6 6.70 42.0
2 A] o] 7 Inv-7 6.59 41.5
Al 8 Inv-8 6.60 41.6
Al 9 Inv-9 6.70 41.3
21 Al 4 10 Inv-10 6.65 42.2
2] o] 11 Tnv-11 6.71 41.1
2 Al o] 12 Inv-12 6.60 423
2 Al 13 Inv-13 6.65 43.2
2 A] o] 14 Inv-14 6.63 41.5
2 A4 15 Inv-15 6.60 43.2
2 Al 4] 16 Inv-16 6.58 423
A AT e 17 Inv-17 6.50 41.5
2 Ao 18 Inv-18 6.55 41.6
2 Al 19 Inv-19 6.60 41.3
21 Al o) 20 Inv-20 6.65 40.8
2 A] o] 21 Inv-21 6.66 40.2
2 A] o] 22 Inv-22 6.72 425
2 Al o) 23 Inv-23 6.60 41.2
2 A o] 24 Inv-24 6.63 41.1
2 Al o 25 Inv-25 6.65 40.9
2 A o) 26 Inv-26 6.51 40.1
A AT e 27 Inv-27 6.59 41.5
2 A o 28 Inv-28 6.51 40.9
2 A o) 29 Inv-29 6.60 41.1
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21 AT of] 30 Inv-30 6.65 40.2
2 Al ¢ 31 Inv-31 6.70 42.0
2 AT ol 32 Inv-32 6.65 42.3
2 4] of] 33 Inv-33 6.62 41.2
2 AT of] 34 Inv-34 6.63 42.3
2] of] 35 Inv-35 6.61 41.7
21 AT o) 36 Inv-36 6.60 41.5
2 Al o) 37 Inv-37 6.55 40.6
21 4] of] 38 Inv-38 6.60 41.3
21 AT o)) 39 Inv-39 6.65 41.8
2L AT of] 40 Inv-40 6.58 40.2
2 A o] 41 Inv-41 6.70 41.5
2 A o] 42 Inv-42 6.60 42.2
2] of] 43 Inv-43 6.63 41.1
2 A o] 44 Inv-44 6.65 40.9
2] o] 45 Inv-45 6.53 40.1
2 A o] 46 Inv-46 6.55 41.5
2 A o] 47 Inv-47 6.50 40.9
2 A o 48 Inv-48 6.70 41.1
2 AT ol 49 Inv-49 6.60 41.2
2 AT of] 50 Inv-50 6.72 42.0
2 Al ¢ 51 Inv-51 6.70 41.3
2] ol 52 Inv-52 6.62 422
2] of] 53 Inv-53 6.63 41.3
2] of] 54 Inv-54 6.60 42.7
2] o] 55 Inv-55 6.65 41.5
2] o)) 56 Inv-56 6.60 41.9
IS CBP 6.93 38.2

[533] 7] 314 & <7 Qla= vhe) #ol], g of] whE 8}k (8 Inv-1 ~
3} Inv-56)S WEF A B(EARE B2 AFES 3524 £-7] EL 2 A2 A] 4

pN

1 WA 56004 2+ A 29 §7) EL 24+, =8 CBPE 3. 4AE Z4 2 AL-8-3)
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A7) EL 22k el 19] 7] EL 22hyel] vl &) A7 a& 2 75 a9

=
.
el A W} S5 a %S ekl 4S9 5 At
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Box Ng. I Observations where certain claims were found unsearchable (Continuation of item 2 of {irst sheet)

This international search repeort has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

E::é Claims Nos.:

because they relate to subject matter not required 1o be searched by this Authority, namely:

Ju—

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an

extent that no meaningful international search can be carried out, specifically:

O

3. E::} Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Ne. (Il Observations where upity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Invention 1: A part of the invention as in claims 1-9 relates to a compound represented by chemical formula 3, or to an organic
electroluminescent element including the same.

Invention 2: A part of the invention as in claims 1-9 relates to a compound represented by chemical formula 4, or to an organic
electroluminescent element including the same.

Invention 3: A part of the invention as in claims 1-9 relates to a compound represented by chemical formula 6, or to an organic
electroluminescent element including the same.

Invention 4: A part of the invention as in claims 1-9 relates to a compound represented by chemical formula 7, or to an organic
electroluminescent element including the same.

Invention 5: A part of the invention as in claims 1-9 relates to a compound represented by chemical formula 1 which does not
correspond to chemical formulae 3, 4, 6 and 7, or to an organic electroluminescent element including the same.

E:j As all requured additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

-

¥

2. E‘_:j As ail searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E::é As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No reqmived additional search fees were tiruely paid by the apphicant. Cousequently, this fnternational search report is
resiricted to the invention first mentioned in the clams; it is covered by clairus Nos.:
A part of claims 1 to 9 (Invention 1)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.
E} The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

[:::E WNo protest accompanied the payment of additional search fees.
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