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o A& E, sec- i, FE, iso-olE, I & E 5 2
[64] Bodbrg of] A 9] " A d (alkenyl)" & BHA-BHA o] 5 75?}% 17 )& 7}A
g 2 WX 409 A = S B3] vl frHE = 171

A
x| gk7] o), o] 9] o 2= H] d(vinyl), &= (allyl), 0] A3 2 3 A (isopropenyl),
'l (2-butenyl) 5 & T ).
[65] —“ﬁ: kg ol A o "b7] d (alkynyl)"- BhA-BHA AbE A 7R 1) o] 7R
A2 WA 409 A = S0 BE3 @AM fafiE = 171
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[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]
[77]
[78]

ol g}, o, are) 5 sk ol el ¥ha, whak A ek A= 1 WA 3709] BAThN,

0,8 1= Seot & a2 AL X sk}, ek 2 o] Ake] a7t & b
- 2H(pendant) 5] A E 3 e X ghE 4 9lar, Holrt o v o) e] 35
HEH % Egsh= A o= At o] el gt e Rold 9 d 2= 9Ed
A, s ud, 9o d, Edolxd 7 22 6-¢ BinAlo] & a1e,
7)) = A} E] ol] ' (phenoxathienyl), ¢! ] %] d (indolizinyl), 1% & (indolyl),
T+ 2] ' (purinyl), ¥ 5 E(quinolyl), ¥l & ¥] o} Z(benzothiazole),
ey} €& EeASI 2l 2, el
2-0)&AMEY, 2 el v, 2 M el Hl el d B2 5 5 3
= %}Dé o A 9] "o} H LA "= RO-E BAH = 1719 ]ﬂﬂfi._ AF7] RS R
5 A 609] o} & ofm|gtt), o] 2] gt o} A KA o] o 2= v D KA, Y- LA
i dSAl & & 5 A
- g o] A o] ek A "% RO-E TA ¥ = 1719 2372 A7 R'E= 1 A
4071 9] &7 -2 olv] 3, 2 #(linear), Z 2l (branched) H== AFo] 2 ¥ (cyclic)
T2E et A o= A gttt o] 8] gk A FA[ 9] o 2= HF A, ol EA],

A= [S}
nEREA, LEREA CEEA 0P EAL AEA 5 5 5 otk
3w ol A o] "o o}l n e B 6 11X 609] o} 2 x| 3hel ofl &
of ] 3.
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[S8]d 11TIC-12] $HA

<A 1> 5-(3-bromo-2-nitrophenyl)-1.2-diphenvl- 1H-imidazole 2] A

(o PRl

A 7% shell A 11.85 g (39.6 mmol)2] 5-bromo-1,2-diphenyl-1H-imidazole,
11.68 g (47.5 mmol)2] 3-bromo-2-nitrophenylboronic acid, 4.75 g (118.8 mmol)<]
NaOH¥} 200 ml/100 ml2] THF/H,0E ¥ L wHFSFSI T}, 40°Co A 2.29 g (5
mol%)<] Pd(PPh,), 2 4 i1 80°Cell Al 24| ZF &< aunkallth vk 4 &
e E2efo]| 2 535kl MgSO,E Wal dE et 2 H #7159
S E A7 F Ad Azt E1 ] S o] &3] H4 3gEel
5-(3-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole 11.15 g (26.5 mmol, yield: 67
%) 45383

'H-NMR : 6 7.43 (m, 2H), 7.55 (m, 6H), 7.64 (s, 1H), 7.86 (m, 3H), 8.24 (d, 2H)

@N (HO)2B ©\(/N
- /
8 oD
Br

<A 2> 5-bromo-1.2-diphenyl-1.4-dihydroimidazo[4.5-blindole 2] 34

S
/ =N
NO, - N J/NH
- PPhy Br
Br 1,2-dichlorobenzene

A A 715 3hell A 5-(3-bromo-2-nitrophenyl)-1,2-diphenyl- 1H-imidazole 9.12 g
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[101]

[102]
[103]
[104]

[105]

[106]

[107
[108
[109
[110

—_— e e

[111]

(21.7 mmol)Z} triphenylphosphine 14.2 g (54 2 mmol), 1,2-dichlorobenzene 100 ml=
e T 12A17F HEEFGI T HE-E- 5% 2 1,2-dichlorobenzene & A| A 3FaL
a2 @viod 223500 28 §7152 MgSO,2 & A7 st
| EJELEH}EZLEHJ] 2 o]-&3}e] B4 31gE-¢l
5-bromo-1,2-diphenyl- 1,4-dihydroimidazo[4,5-b]indole 5.75 g, (14.8 mmol, yield : 68
%)% 855,

'H-NMR : 6 7.22 (t, 1H), 7.43 (m, 3H), 7.54 (m, 6H), 8.04 (d, 1H), 8.25 (d, 2H),
11.32 (s, 1H)

< 3> 5-bromo-1.2.4-triphenyl-1.4-dihydroimidazo[4.5-blindole 2] $+Al

|
©\r“ aY ©\r Q
- N
N—y NH /N
Br N
@ Cu, KQCO3, N32304
nitrobenzene

A A 715 3hell A 5-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 5.5 g
(14.2 mmol), iodobenzene (5.79 g, 28.4 mmol), Cu powder (0.1 g, 1.42 mmol), K,CO;
(1.96 g, 14.2 mmol), Na,SO, (2.02 g, 14.2 mmol), nitrobenzene (100 m)E < 55} 11
210°Col 4 12413 FoF el gieh.

HE-8- &4  nitrobenzeneS A A3}l 1 %ﬂ%iE}O]EE F715& Helsto]
MgSO.E Ab&3ate] =& A At Eo] AAH F71EelA &ulE AAg
A AzvpE 1y 2 A A ste]
5-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.88 g (10.5 mmol, yield: 74
%)e DAL,

'H-NMR : 6 7.21 (m, 2H), 7.44 (m, 3H), 7.54 (m, 10H), 8.25 (d, 2H), 8.63 (d, 1H)

-, ——— Ts0e
©/ Pd(PPhs), NaOH @ O
THF, Ha0

A4 7% 3hell A 4.88 g (10.5 mmol) 2] 5-bromo-1,2-diphenyl-1H-imidazole, 2.1 g
(12.6 mmol)2] 2-nitrophenylboronic acid, 1.26 g (31.5 mmol)©] NaOHZ} 100 m1/50
mle] THF/H,0& ¥ 31 3l HHsF T, 40°Col| A 0 61 g (5 mol%)2] Pd(PPh,),& E 1L

80°CON A 24 E F ot BT Wk $ A Fvd A Reto| m R FEsta
MgSO.& ¥ HE a3t el E /7159 & & A A+
Al A mntE 29 5 o] &afo] 4 3}ehE<l
5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14 mmol,
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yield: 87 %)& & 5315l tt

[112]  'H-NMR: 6 7.31 (t, 1H), 7.44 (m, 3H), 7.56 (m, 10H), 7.67 (t, 1H), 8.02 (m, 3H),
8.28 (m, 3H), 8.68 (d, 1H)

[113]

[114] <tH7 5>T1C-19] 344

[115] ©\( Q @\r/N

N/ N

ai¥e =
PPhy ©’
O-N 1,o-dichlorobenzene O
2
N
H

[116] 5-(3-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole T ]
5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14
mmol)& AHE-8h= A& Al @l stals, 7] T8l 18] <d A 2>9F FLd T A&

=8 5ho] 524 3}gHE 11C-1 3.30 g (6.95 mmol, yield : 76 %)<= AT}

[117] 'H-NMR : 6 7.31 (t, 1H), 7.45 (m, 3H), 7.54 (m, 12H), 7.64 (d, 1H), 8.12 (d, 1H),
8.28 (d, 2H), 8.48 (d, 1H), 11.21 (s, 1H)

[118]
[119] 4] o 21 11C-2 & TIC-39] §HA

[120]  <%HAl 1> 5-(4-bromo-2-nitrophenyl)-1.2-diphenyl-1H-imidazole2] $H4
[121]

ON
©\(/N (HO)ZB—<\ )—Br ©\(/

N/

b Pd(PPh3)4, NaOH
THF. H,0

[122] 3-bromo-2-nitrophenylboronic acid 4! 4-bromo-2-nitrophenylboronic acid 11.68 g
(47.5 mmol)& AFE-8hi= & Al 9l shar=, 7] Tuld 19 <A 1>3 F <A %
B4 & 73835} 5-(4-bromo-2-nitrophenyl)-1,2-diphenyl- 1H-imidazole 11.5 g (27.3
mmol, yield: 69 %)= A AT}

[123] 'H-NMR : 6 7.42 (m, 2H), 7.55 (m, 6H), 7.65 (s, 1H), 7.99 (m, 2H), 8.28 (d, 2H),
8.62 (s, 1H)

Br

[124]
[125] <SHA 2> 6-bromo-1.2-diphenyl-1.4-dihvdroimidazo[4.5-blindole 2] 314

[126]
©\(/N ©\(
/ N

N

NO» > N // ~NH
@ PPhs
1,2-dichlorobenzene

Br

Br
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[127]

[128
[129
[130
[131

—t e e

[132]

[133
[134
[135
[136

—t e e

[137]

[138]

[139]
[140]

5-(3-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole T ]
5-(4-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole 9.12 g (21.7 mmol)&
Ab&BhE g Al Q) skari=, 7] THl el 18] <dA| 2591 5 A 3 34 & =3 5o
6-bromo-1,2-diphenyl- 1,4-dihydroimidazo[4,5-b]indole 5.90 g (15.2 mmol, yield: 70
%)e A AT

'H-NMR : 6 7.40 (m, 3H), 7.55 (m, 7H), 7.99 (d, 1H), 8.29 (d, 2H), 11.33 (s, 1H)

< 3> 6-bromo-1.2.4-triphenyl-1.4-dihydroimidazo[4.5-blindole 2] $+Al

|
@N O O
/) NH _ "

@’ Cu, KxCO3, NazSO,4 @’

nitrobenzene
Br

S-bromo-1 ,2—d1pheny1— 1,4-dihydroimidazo[4,5-b]indole TH 4!
6-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-bJindole 5.5 g (14.2 mmol)&
AbgBhE g Al 9l skariE, 7] THl el 18] <d A 3>3 5 A 3 34 & =3 5o
6-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 5.14 g (11.1 mmol, yield:

78%)S ATt
'H-NMR : 6 7.19 (d, 1H), 7.45 (m, 3H), 7.58 (m, 10H), 8.27 (m, 3H), 8.73 (s, 1H)

<A 4> 6-(2-nitrophenyl)-1.2.4-triphenyl- 1.4-dihydroimidazo[4.5-blindole 2] $+Ad

ON
©\( Q (HO)QBO ©\FN
Nt/ N
Pd(PPh3)4 NaOH O NO,
o THF, H,0

®

5-bromo-1,2-diphenyl- 1H-imidazole T 4!
6-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.88 g (10.5 mmol)<
AbgBhE g Al 9l skari=, 7] THl el 18] <dHA| 4>9F 5 A 3 34 & =Y 5o
6-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14 mmol,
yield: 87 %) AT}

'H-NMR : 6 7.42 (m, 3H), 7.57 (m, 10H), 7.63 (m, 2H), 8.02 (m. 3H), 8.27 (d, 2H),
8.49 (s, 1H)

<tHA 5> 11C-2 ¢ ic-32] 3kA
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[141]

[142]

[143]

[144]

[145
[146
[147
[148

— e e

[149]

[150]

[151]
[152]

pee
A
O NH
=N E) O
N
N~ | PPhs
@ O NO» 1,2-dichlorobenzene

- O
N
% / N

5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
6-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14
mmol)& AH&-Sh= A& Al 9l stals, 7] EHl ol 19] <A 559 LT A&
T3} 1IC-2 1.56 g (3.29 mmol, yield: 36 %)<} IIC-3 1.43 g (3.02 mmol, yield: 33
%)e A AT

IIC-22] 'H-NMR : & 7.30 (t, 1H), 7.43 (m, 3H), 7.55 (m, 11H), 7.63 (d, 1H), 7.89 (d,
1H), 8.12 (d, 1H), 8.27 (d, 2H), 8.43 (d, 1H), 10.22 (s, 1H)

IIC-32] 'H-NMR : & 7.30 (t, 1H), 7.44 (m, 4H), 7.54 (m, 12H), 7.63 (d, 1H), 8.12 (d,
1H), 8.28 (d, 2H), 10.21 (s, 1H)

\

4] o 31 11C-4 $} TIC- 54 A

ON :
.
Q NO,
Pd(PPhs)4, NaOH
THF, Ho0

3-bromo-2-nitrophenylboronic acid T 2! 5—br0m0—2—nitrophenylboronic acid 11.68 g
(47.5 mmol)& AH&8h= A& Al el stali=, 7] EHlol 19] <A 1>3 5 A&
B4 & 385} 5-(5-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole 11.3 g (26.9
mmol, yield: 68 %)= A AT}

'H-NMR : § 7.42 (m, 2H), 7.53 (m, 6H), 7.65 (s, 1H), 7.76 (s, 1H), 7.99 (d, 1H), 8.24
(m, 3H)

<A 2> 7-bromo-1.2-diphenyl-1.4-dihydroimidazo[4.5-blindole 2] 34
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[153]

[154]

[159]

[160
[161
[162
[163

— e e

[164]

PPh3
1,o-dichlorobenzene

5-(3-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole T ]
5-(5-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole 9.12 g (21.7 mmol)&
Ab&BhE g Al Q) skari=, 7] THl el 18] <dA| 2591 5 A 3 34 & =3 5o
7-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 6.15 g (15.9 mmol, yield: 73
%)e A AT

'H-NMR : 6 7.42 (m, 3H), 7.55 (m, 7H), 7.99 (s, 1H), 8.28 (d, 2H), 11.33 (s, 1H)

i”N ©\VN
/ Ut
J N & - LI
Br

Br

< 3> 7-bromo-1.2.4-triphenyl-1.4-dihydroimidazo[4.5-blindole 2] $+Al

I :
©\(/N ©\r/N Q
—_—
N //NH Nt/ N
Cu, KoCO3, NaySOy
nitrobenzene

Br Br
5-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
7-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-bJindole 5.5 g (14.2 mmol)&
AbgBhE g Al 9l skariE, 7] THl el 18] <d A 3>3 5 A 3 34 & =3 5o
7-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.94 g (10.7 mmol, yield:
75%)& A A,
'H-NMR : 6 7.25 (d, 1H), 7.44 (m, 3H), 7.54 (m, 10H), 7.79 (d, 2H), 8.27 (d, 2H)

<A 4> 7-(2-nitrophenyl)-1.2.4-triphenyl- 1.4-dihydroimidazo[4.5-blindole 2] $+Ad

=N /© (HO)QBD N

7\
- = N NO5
Pd(PPhz)4, NaOH
THF, H>O
Br

5-bromo-1,2-diphenyl- 1H-imidazole T 4!
7-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.88 g (10.5 mmol)-
AbgBhE g Al 9l skari=, 7] THl el 18] <dHA| 4>9F 5 A 3 34 & =Y 5o
7-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14 mmol,
yield: 87 %) AT}

AN
=z
=z
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[165] 'H-NMR : & 7.45 (m, 3H), 7.54 (m, 10H), 7.72 (m, 2H), 7.99 (m, 4H), 8.18 (d, 1H),
8.27 (d, 2H)

[166]

[167] <¢HA 5> 11C-4 ¢} 11IC-59] $HA

[168] @

N ®
0 s
/ ] PPhs
©/4N NO2 1,0-dichlorobenzene

Y

Z; ~
z
I

[169] 5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
7-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14
mmol)& AFg-8h= 212 A2l ehals=, 7] 0] d 18] <A 559} A3 (A=
T3} 1IC-4 1.48 g (3.11 mmol, yield: 34 %)<} IIC-5 1.73 g (3.66 mmol, yield: 40
%)e A AT

[170] IIC-42] 'TH-NMR : & 7.30 (t, 1H), 7.43 (m, 4H), 7.53 (m, 12H), 7.63 (d, 1H), 8.12 (d,
1H), 8.28 (d, 2H), 10.21 (s, 1H)

[171] IIC-52] 'TH-NMR : & 7.29 (t, 1H), 7.44 (m, 3H), 7.55 (m, 11H), 7.63 (d, 1H), 7.96
(m, 2H), 8.12 (d, 1H), 8.27 (d, 2H), 10.22 (s, 1H)

[172]
[(173]  [E¥]d 4111C-69] A
[174] <97 1> 5-(2-bromo-6-nitrophenyl)-1.2-diphenyl-1H-imidazole ] 34
[175] ON
N
©\‘?N (HO),B ; v
! \% Br . N NG,
Pd(PPhs),, NaOH @B
@ Br THFS,)f-izo r

[176] 3-bromo-2-nitrophenylboronic acid 4! 2-bromo-6-nitrophenylboronic acid 11.68 g
(47.5 mmol) & A&k A& Al 9l starts, A7) Euld 19] <@ A 1> Fd e
B4 & 3835} 5-(2-bromo-6-nitrophenyl)-1,2-diphenyl-1H-imidazole 11.3 g (26.9
mmol, yield: 68 %)= A AT}
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[177] 'H-NMR : 6 7.42 (m, 2H), 7.55 (m ,7H), 7.65 (s, 1H), 7.99 (m, 2H), 8.27 (d, 2H)
[178]

[179] <%HA| 2> 8-bromo-1.2-diphenyl-1.4-dihydroimidazo[4.5-blindole 2] 314
[180]
Q Ol
Br Np — - N /T NH
Q‘\\/h 1,2-dichlorobenzene @
NO, Br
[181] 5-(3-bromo-2-nitrophenyl)-1,2-diphenyl-1H-imidazole T ]
5-(2-bromo-6-nitrophenyl)-1,2-diphenyl-1H-imidazole 9.12 g (21.7 mmol)&
Ab&BhE g Al Q) skari=, 7] THl el 18] <dA| 2591 5 A 3 34 & =3 5o
8-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 5.90 g (15.2 mmol, yield: 70
%)e DAL,
[182] 'H-NMR : 6 7.27 (t, 1H), 7.33 (d, 1H), 7.42 (m, 2H), 7.56 (m ,7H), 8.27 (d, 2H),
11.32 (s, 1H)
[183]
[184] <%HA 3> 8-bromo-1.2.4-triphenyl-1.4-dihydroimidazo[4,5-b]indole 2] $+4]
[185] | _@
O Cl O
N4 RNH ' N—/ N
©/ Cu, KaCOs, NazSO; ©/ %
nitrobenzene
Br Br
[186] 5-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
8-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 5.5 g (14.2 mmol)-&
AbgBhE g Al 9l skariE, 7] THl el 18] <d A 3>3 5 A 3 34 & =3 5o
8-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.94 g (10.7 mmol, yield:
75%)2 LA
[187] 'H-NMR : 6 7.17 (d, 1H), 7.23 (t, 1H), 7.44 (m, 3H), 7.54 (m ,10H), 7.88 (d, 1H),
8.27 (d, 2H)
[188]
[189]  <%tA| 4> 8-Q2-nitrophenyl)-1.2.4-triphenyl-1.4-dihydroimidazo[4.5-blindole®] ¢+
[190]

N Q (H%BO NN

N— ) @/ﬁ
@ Pd(PPha),, NaOH

Br THF, H,0 @ O NO,
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[191]

[192]

[193]
[194]
[195]

[196]

[197]

[198
[199
[200
[201

—t e e

[202]

[203]

[204]

5-bromo-1,2-diphenyl- 1H-imidazole T 4!
8-bromo-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.88 g (10.5 mmol)&
AbgBhE g Al 9l skari=, 7] THl el 18] <dHA| 4>9F 5 A 3 34 & =Y 5o
8-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.68 g (9.25 mmol,
yield: 88 %) A AT},

'H-NMR : 6 7.38 (t, 1H), 7.43 (m, 3H), 7.55 (m ,10H), 7.67 (t, 1H), 7.98 (m, 5SH),
8.28 (d, 2H)

<A 5> 11C-62] A

e

- A0
N 1 2-drch|orobenzene @ N i
@ efs

5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
8-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole 4.63 g (9.14
mmol)& AH&-Sh= A& Al 9l stals, 7] EHl ol 19] <A 559 LT A&
38 3}e] TIC-6 2.95 g (6.22 mmol, yield: 68 %)< & AT}

'H-NMR : 6 7.28 (t, 1H), 7.43 (m, 3H), 7.56 (m ,11H), 7.63 (m, 1H), 7.94 (d, 1H),
8.12 (d, 1H), 8.28 (d, 2H), 11.21 (s, 1H)

[0 9 5111C-7 3 TIC-89] §HA
<A 1> 7-(2-nitrophenyl)-1.2-diphenyl-1 4—dihvdroimidazo[4.5—b]indole9] A

o
N
N// NH (HO)zB© N / "

Pd(PPh3)4 NaOH
THF, H20 NO,
Br

5-bromo-1,2-diphenyl- 1H-imidazole T 4!
7-bromo-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 4.08 g (10.5 mmol)&
AbgBhE g Al 9l skari=, 7] THl el 18] <dHA| 4>9F 5 A 3 34 & =Y 5o
7-(2-nitrophenyl)-1,2-diphenyl-1,4-dihydroimidazo[4,5-b]indole 4.11 g (9.56 mmol,
yield: 91 %)& A AT}

'H-NMR : 6 7.43 (m, 2H), 7.55 (m, 6H), 7.68 (m, 3H), 7.89 (m, 2H), 8.02 (m, 2H),
8.27 (d, 2H)
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[205] <eHA 2>
4-(3-(4.6-diphenyl-1.3.5-triazin-2-vDphenv)-7-(2-nitrophenyl)-1.2-diphenyl-1.4-dihyd

[206]

[207]

[208]

[209]

[210]
[211]
[212]

roimidazo[4.5-blindole 2] $HAd

o ety O

N N
_——
& O N
Cu, KoCO3, NaSQ4 N
NO, nitrobenzene ;

A 715 shell A 7—(2—nitr0pheny1)—1,2—dipheny1—1,4—d1hydr01nndaz0[4,5—b]indole
6.11 g (14.2 mmol), 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (11.0 g, 28.4
mmol), Cu powder (0.1 g, 1.42 mmol), K,CO; (1.96 g, 14.2 mmol), Na,SO, (2.02 g,
14.2 mmol), nitrobenzene (100 ml)E = 93}31 210°Cel| A 124171 &<t
L HEEL U}

HbS &2 ¥ nitrobenzene-& Al A 8}aL W %ﬂ%fﬁa}ol CE 8728 Basle
MgSO,5 AH88te] B2 AASAT) Zo| AAH §7150)4 S| AAT 5
Ay ARntE 132 QA st
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-7-(2-nitrophenyl)- 1,2-diphenyl-1,4-dihyd
roimidazo[4,5-bJindole 7.23 g (9.80 mmol, yield: 69 %)= A At}

'H-NMR : 6 7.43 (m, 5H), 7.56 (m, 11H), 7.68 (m, 2H), 7.89 (d, 1H), 8.01 (m, 4H),
8.27 (m, 8H)

<THA 3> 11C-7 3 11C-82] $HAl

SN

Moy ass
byl

PPhs

-\ N
N Q 1.a-dlichlorobenzene
Ay
\
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[213]

[214]
[215]
[216]

[217]
[218]

[219]

[220]

[221]
[222]
[223]

5-(2-nitrophenyl)-1,2,4-triphenyl-1,4-dihydroimidazo[4,5-b]indole T ]
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-7-(2-nitrophenyl)- 1,2-diphenyl-1,4-dihyd
roimidazo[4,5-bJindole 6.74 g (9.14 mmol)S- AF&35}= A& A 9|5t ali=, 43 7]
o 19] <A 559} T A g B4 = 3 sto] 11C-7 2.39 g (3.38 mmol, yield: 37
%)<} 11C-8 2.58 g (3.66 mmol, yield: 40 %)S A3}

IIC-72] 'H-NMR : & 7.29 (t, 1H), 7.44 (m, 6H), 7.53 (m, 13H), 7.63 (d, 1H), 8.09
(m, 2H), 8.27 (m, 7H), 11.22 (s, 1H)

IIC-82] 'H-NMR : & 7.29 (t, 1H), 7.45 (m, 5H), 7.52 (m, 12H), 7.63 (d, 1H), 7.99
(m, 3H), 8.12 (d, 1H), 8.28 (m, 7H), 11.22 (s, 1H)

¢ U 0

[3Ad o 1] Inv-19] $HA

N/ N

N~ | @/
G O oo U oD
N N - N
Pd(QAGC),
©/ O O NaO(t-bu) N \/Q
N P(t-bu)s \
H N

~
Toluene N

Inv-1 é
A 715 shell A 1IC-1 (3 g, 6.32 mmol),

2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine (2.61 g, 7.59 mmol), Pd(OAc), (0.07 g,
5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu), (0.13 g, 0.63 mmol) ¥ Toluene
(100 ml)2 &35} a1 110°Cell A 1241 {F & 9F ksl giTt,

vhgo] FAE F oo H | ER 53 tha MgSO,E /-8 Al 78k,
Ay A2 v E 183 (Hexane:EA = 2:1 (viv))Z A A 8] Inv-1(3.36 g, 5 68
%)< DA

GC-Mass (©] 2*]: 781.30 g/mol, =7 #]: 781 g/mol)

[3Ad o 2] Inv-29] $HA
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[224]

[225]

[226]

[231]

[232]
[233]

O Br
- [
NZ N NN
g Y
N N
7 N -
Cu powder
SeVl -
NasSO4
H nitrobenzene O

Inv-2

A4 715 kel A TIC-1 (3 g, 6.32 mmol),
2-(5-bromobiphenyl-3-yl)-4,6-diphenyl-1,3,5-triazine (4.40 g, 9.48 mmol), Cu powder
(0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 mD)E 338} a1 200°C0 A 244 7F &9t nlHks}Si T}

b A T pitrobenzene S A 713l WEH A E 2 o)== §-7]5 S Fd 5o
MgSO., & AH&3te] B8 A7 sl = o] A AE 715l &l & Al A+
Ay A2 E 18 3] (Hexane:MC = 1:1 (viv)E G A 31 Inv-2 (2.82 g, & 52
%)y ARt

GC-Mass (©] & *]: 857.33 g/mol, =7 *]: 857 g/mol)

ol

[3d o 3] Inv-39] ?}’é
o p o
§ )
Fe N
b e .
- h

IIC-1 (3 g, 6.32 mmol), 2-(4'-chlorobiphenyl-3-yl)-4,6-diphenyl-1,3,5-triazine (3.19
g, 7.59 mmol), Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu);
(0.13 g, 0.63 mmol) & Toluene (100 ml)2 AF-&35Fe] 7] Al o 13} F A et
o g XA 3ehE Inv-3 (3.80 g, & 70 %) S 555

GC-Mass (©] & *]: 857.33 g/mol, =7 *]: 857 g/mol)
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[234]  [&Ad 4] Inv-49] $A

[235] O

ZN
G o o™
o C
N/ N
©/ O Pd(QAC),
O NaO(t-bu)
N P(t-bu)s
H Toluene

[236] IIC-1 (3 g, 6.32 mmol), 2-(3-chlorophenyl)-4,6-diphenylpyridine (2.59 g, 7.59
mmol), Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu); (0.13 g,
0.63 mmol) ¥ Toluene (100 ml)S AF-&35}o], 7] 4o 13} s o2
24 31¢= Inv-4 320 g, 78 65 %)= 5330

[237] GC-Mass (©] &3]: 779.30 g/mol, =7 *]: 779 g/mol)

[238]

[239] A 4 51Inv-52] A

[240] Q Q
QL 0, P D

_N /@ O N O
N/ N @ N
c d
O 00 e h »
NaySOy4
H nitrobenzene N
Inv-5 @

[241] IIC-1 (3 g, 6.32 mmol), 3-iodo-9-phenyl-9H-carbazole (3.50 g, 9.48 mmol), Cu
powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)-& AF-8-3}o], A7) A o 23} 5Lt Wb o 7 I
shet=2l Inv-5 2.17 g, 78 48 %) 5 & 53513t

[242] GC-Mass (©] &3]: 715.27 g/mol, =7 #]: 715 g/mol)

[243]

[244]

[34 4 61Inv-6°] 34
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[245]
NS
SO e S v
N~/ N N @ O § )
©/ O Cu powder
KoCO3
NaySOy4
nitrobenzene
Inv-6

[246] IIC-1 (3 g, 6.32 mmol), iodobenzene (1.93 g, 9.48 mmol), Cu powder (0.04 g, 0.63
mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol), nitrobenzene (100
ml) & ARgate], A7) e 2 sdd W o s 54 3hgHE <l Inv-6 (1.88 g,
T 54 %) 5 53T

[247] GC-Mass (©] &*]: 550.22 g/mol, =7 *]: 550 g/mol)
[248]

[249] [BA A 71Inv-7¢] &4

[250]

©/ Cu powder
O NH KoCO3
Na>SO4
nitrobenzene
O Inv-7

[251] IIC-2 (3 g, 6.32 mmol), 6-bromo-2,3'-bipyridine (2.23 g, 9.48 mmol), Cu powder
(0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)= AF-&3Fe], A7) &4 o 23 EL3 v o 7 24
shetE<l Inv-7 (1.95 g, 78 49 %) & & 5383t

[252] GC-Mass (©] & *]: 628.24 g/mol, =7 A]: 628 g/mol)
[253]

[254]  [ZA A 8]1Inv-8¢] &4

[255]

A0 v P
NN @
o DN s T
O nit’r\c|>abzesncz)gne @ O
Inv-8
[256] IIC-2 (3 g, 6.32 mmol), 2-bromoquinoline (1.97 g, 9.48 mmol), Cu powder (0.04 g,
0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol), nitrobenzene
(100 ml)= AF&3fo], 7] e ol 23} A g v o = H-4] 31etE<l Inv-8
(1.71 g, 78 45 %)= 853513,
[257] GC-Mass (©] &3]: 601.23 g/mol, =74 #]: 601 g/mol)
[258]
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[259] [3HA < 9] Inv-92] 34

[260]
o [ Cigggger $
NasSOy4
O nitrobenzene \Q\

Inv-9
[261] IIC-2 (3 g, 6.32 mmol), 4-bromo-N,N-diphenylaniline (3.07 g, 9.48 mmol), Cu
powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 m)S AF-&38to], A7) SHAd of 23} =Yg Wb o 7 B %
shet=<l Inv-9 (2.09 g, 78 46 %) & 53513t

[262] GC-Mass (©] &*]: 717.29 g/mol, =7 *]: 717 g/mol)
[263]

[264] A < 10] Inv-102] A

[265]

o e @
o

O NH cu soud N_
u powder

KoCO3 \_7/
NaySO4

nitrobenzene
Inv 10

[266] IIC-2 (3 g, 6.32 mmol), 2-bromo-4,6-diphenylpyridine (2.94 g, 9.48 mmol), Cu
powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)-& AF-8-3}o], A7) A o 23} 5Lt Wb o 7 I
3}3HE2l Inv-10 (2.14 g, 8 48 %) & & 53513t

[267] GC-Mass (©] &3]: 703.27 g/mol, =7 *]: 703 g/mol)

[268]

2691 [EAd 111 Inv-119] §4
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[270] cl
o o <
= N
O OO0 s
N O PACAT, @ N
@ NaO(t-bu) @ N
P(t-bu)s
HN O

Toluene

\>,z

N

Q;§
O,

Inv-11
[271] IIC-3 (3 g, 6.32 mmol), 2-chloro-4,6-diphenylpyrimidine (2.02 g, 7.59 mmol),
Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu); (0.13 g, 0.63
mmol) & Toluene (100 ml)= AF-&351o], 7] Al 13 L3 HhH o & 24
3hgh= Inv-11 2.63 g, 75 59 %)= & 5353t

[272] GC-Mass (©] &3]: 704.27 g/mol, =7 *]: 704 g/mol)
[273]
[274] 1A o 12] Inv-129] A
[275] Q

O W S D

gty ) WAL
N O Cu powder o \ N
& = OO
O NagSO4
HN nitrobenzene VAR
Inv-12  \—"

[276] IIC-3 (3 g, 6.32 mmol), 3-(4-bromophenyl)pyridine (2.22 g, 9.48 mmol), Cu powder
(0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)= AF-&3Fe], A7) &4 o 23 EL3 v o 7 24
SFEHERl Inv-12 (1.79 g, 8 45 %) & & 5313

[277] GC-Mass (©] &*]: 627.24 g/mol, =7 A]: 627 g/mol)
[278]

[279] [3Ad o] 13] Inv-139] 34

[280]

N
O NaH
s
HN O
Inv-13

[281] A2 3}oll A NaH 0.23 g (9.48 mmol)< 50 ml DMF ©f] o] a¥k&tgitt. o 7] 4]
DMF 50 mlel] %¢1 1IC-3 3 g (6.32 mmol)S 3 3] H7lsbar 147k 7FaF

©\</N ] NQ @i\;jl\@:
o5 SO
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AL HFSE}SI T}, 0] 9] 4 DMF 100mi®l] ¥ <1 2-chloro-4,6-diphenyl-1,3,5-triazine 2.54 g
(9.48 mmol)S HH 3| H7lslar 1247 et wuket it v Fun F & L%%
A7t degsta B v 2 AL T v A sl 54 315 E
Inv-13 (3.26 g, & 73 %)& AU

Lu:

[282] GC-Mass (©] &*]: 705.26 g/mol, =7 *]: 705 g/mol)
[283]

[284]  [&Ad 14] Inv-149] 4

[285]

QHQ

Cu powder
K>CO3
NaySO4
nitrobenzene
Inv-14

[286] IIC-3 (3 g, 6.32 mmol), 3-bromobiphenyl (2.21 g, 9.48 mmol), Cu powder (0.04 g,
0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol), nitrobenzene
(100 ml) & AM&-3fo] A0 ¢ 2¢9F FU st Wl o2 54 3352l Inv-14 (1.62 g,
8 4195 G535,

[287] GC-Mass (©] &3]: 626.25 g/mol, =7 *]: 626 g/mol)
[288]
[289] [3H4d <l 15] Inv-15-°4 A

]

= Q
— N
N
/
Cu powder > O
K>CO3z
NaxSO4
nitrobenzene

Inv-15

[291] IIC-4 (3 g, 6.32 mmol), 5-bromo-2,2'-bipyridine (2.23 g, 9.48 mmol), Cu powder
(0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)-& AF-8-3}o], A7) A o 29} 5Lt Wb o 7 14
3}3E2l Inv-15 (1.71 g, 8 43 %) & & 53513t

[292] GC-Mass (©] & *]: 628.24 g/mol, =7 A]: 628 g/mol)

[293]

[294] [&Ad 16]1Inv-169] ¥4
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N/{;} N/ Q%N\F@
O 4= %N

N NH Pd(OAc)2
NaO(t-bu) N
O P(t-bu)s
Toluene @
Inv-16

[296] IIC-4 (3 g, 6.32 mmol), 4-chloro-2,6-diphenylpyrimidine (2.02 g, 7.59 mmol),
Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu); (0.13 g, 0.63
mmol) 2 Toluene (100 mD)& AF&31o], 7] Ao 13 U3 i H o2 24
S}3HE Inv-16 2.72 g, 5 61 %)& E 5350

[297] GC-Mass (©] &3]: 704.27 g/mol, =7 *]: 704 g/mol)
[298]

2991 [ d 171 Inv-179] §4

[300]

@ Br Q O
D) Oy .

‘s

» N
@N NH Cu powder
KoCO3
O Na,SO,
nitrobenzene

[301] IIC-4 (3 g, 6.32 mmol), 2-(3-bromophenyl)naphthalene (2.69 g, 9.48 mmol), Cu
powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)-& AF-8-3}o], A7) A o 29} 5Lt Wb o 7 14
3}3HE2l Inv-17 (1.71 g, 8 40 %) & & 53513t

[302] GC-Mass (©] &*]: 676.26 g/mol, =7 *]: 676 g/mol)
[303]

[304] [$t4d o 18] Inv-182] ?}fé

[305]

& ©N 2y "
Cu powder
KoCO3
Nas;SO4

nitrobenzene

[306] C-4 (3 g, 6.32 mmol),
3-bromo-9-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-9H-carbazole (5.25 g, 9.48

Inv-18
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mmol), Cu powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g,
6.32 mmol), nitrobenzene (100 ml)S AF-&3to], 7] g4 o 29} A Wi o =
B4 32l Inv-18 (2.16 g, 78 36 %) & & 535ttt

[307] GC-Mass (©] & 3]: 946.35 g/mol, =7 *]: 946 g/mol)
[308]

[309] [3HA] o 19] Inv-192] $HA

[310]

—N
—_—
\ Cu powder \
KoCO5
nitrobenzene

Inv-19
[311] IIC-5 (3 g, 6.32 mmol), 3-bromopyridine (1.50 g, 9.48 mmol), Cu powder (0.04 g,
0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol), nitrobenzene
(100 m)& AH&3to], 7] ol 29} 5L gk g o = 34 318221 Inv-19
(1.81 g, 78 52 %)= 5353

[312] GC-Mass (©] &*]: 551.21 g/mol, =7 #]: 551 g/mol)
[313]
[314] [3HA] o]l 201 Inv-209] §HA]

]

[315 ?CI

N

N N

\ N
Pd(OAc)2
N NaO(t-bu)
P(i-bu)z
Toluene

Inv-20

[316] IIC-5 (3 g, 6.32 mmol), 2-(3-chlorophenyl)-4,6-diphenyl-1,3,5-triazine (2.61 g, 7.59
mmol), Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu); (0.13 g,
0.63 mmol) ¥ Toluene (100 ml)S AF-&35}o], 7] 4o 19} s io =2
54 335 Inv-20 (3.31 g, 78 67 %) & 5355t

[317] GC-Mass (©] 2*]: 781.30 g/mol, =7 #]: 781 g/mol)

[318]

[319] [&Ad 211 1Inv-219] ¥4
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[320]
o e 2

\ Q
~ I
\ Cu powder O
N KoCO3
N32804 N
nitrobenzene \
Inv-21

[321] IIC-5 (3 g, 6.32 mmol), 2-bromo-6-phenylpyridine (2.22 g, 9.48 mmol), Cu powder
(0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol),
nitrobenzene (100 ml)= AF-&3Fe], A7) &4 o 29F EU3 v o 7 24
3}HEQl Inv-21 .02 g, T8 51 %) & & 5313

[322] GC-Mass (©] &*]: 627.24 g/mol, =7 A]: 627 g/mol)
[323]

[324] [&A 4 22] Inv-22-°4 A

[325]

g“z. p

/ Cu powder
KoCO5
Na>S0O4
O nitrocbenzene
Inv-22

[326] IIC-6 (3 g, 6.32 mmol), 2-(5-bromobiphenyl-3-yl)-4,6-diphenyl-1,3,5-triazine (4.40
g, 9.48 mmol), Cu powder (0.04 g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO,
(0.90 g, 6.32 mmol), nitrobenzene (100 ml)< AF-&35}o], A7) 34 of 29} & A 3t
Wyo 2 B4 3192l Inv-22 2.50 g, & 46 %) 5 & 533,

[327] GC-Mass (©] & *]: 857.33 g/mol, =7 *]: 857 g/mol)
[328]

[329] [3HAd of 23] Inv-23-°4 A

[330]

nitrobenzene

Cu powder
KoCO3
TG E Y "
Inv-23
[331] IIC-6 (3 g, 6.32 mmol), 2-bromonaphthalene (1.96 g, 9.48 mmol), Cu powder (0.04
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g, 0.63 mmol), K,CO; (0.87 g, 6.32 mmol), Na,SO, (0.90 g, 6.32 mmol), nitrobenzene
(100 ml)& AH&3t], 7] A ol 29 A g Wi o 2 -4 3132l Inv-23
(1.82 g, =& 48 %)= & 53}

[332] GC-Mass (©] 2 3]: 600.23 g/mol, =7 *]: 600 g/mol)
[333]

[334]  [3A o 24] Inv-24¢] §A4

[335]

. 00 Q,
? o LB
) \N Pd(O ; O N
.g @ A ot @

Toluene N N
Inv-24 .

[336] IIC-6 (3 g, 6.32 mmol), 2,4-di(biphenyl-3-yl)-6-(3-chlorophenyl)-1,3,5-triazine (3.76
g, 7.59 mmol), Pd(OAc), (0.07 g, 5 mol%), NaO(t-bu) (1.52 g, 15.80 mmol), P(t-bu);
(0.13 g, 0.63 mmol) ¥ Toluene (100 ml)S AF-&3510], A7) Al o] 13} 5 U &
W o g B 3SR Inv-24 (3.84 g, 8 65 %) 53T

[337] GC-Mass (©] &3]: 933.36 g/mol, =7 *]: 933 g/mol)
[338]

[339] [3HA] o 25] Inv-252] §HA

[340]

%:\@N L O Q@ e
A0 To Peste
a0

Na>SO4 N

nitrobenzene d\ E

Inv-25

[341] IIC-7 (3 g, 4.25 mmol), iodobenzene (1.30 g, 6.38 mmol), Cu powder (0.03 g, 0.43
mmol), K,CO; (0.59 g, 4.25 mmol), Na,SO, (0.60 g, 4.25 mmol), nitrobenzene (100
ml)S ARgste], 3] FAd o 29 FUg I o2 54 E3HEQ] Inv-25 (1.43 ¢,
TE 43 %)E 553t

[342] GC-Mass (©] 2*]: 781.30 g/mol, =7 #]: 781 g/mol)

[343]

[344]  [&Ad 26]1Inv-269] ¥4
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[345] Q Br
|\N
N
i x O O N
v AXED ™ o m
\ NasSOy4 )

/Z

N

@L E nitrobenzene
Inv 26

[346] C-7 (3 g, 4.25 mmol), 2-bromo-4,6-diphenylpyridine (1.98 g, 6.38 mmol), Cu
powder (0.03 g, 0.43 mmol), K,CO; (0.59 g, 4.25 mmol), Na,SO, (0.60 g, 4.25 mmol),
nitrobenzene (100 ml)< AF&3Fo], A7) dHAd of 29 T U e W o 2 4
sheh=2l Inv-26 (1.59 g, 78 40 %) & & 53513t

[347] GC-Mass (©] & 3]: 934.35 g/mol, =7 *]: 934 g/mol)
[348]

[349] [3HA] o 27] Inv-272] §HA

[350]

:
P go.ct 2.8

N KoCO3
N82304
E nitrobenzene
Inv 27

[351] IIC-7 (3 g, 4.25 mmol), 2-bromobiphenyl (1.49 g, 6.38 mmol), Cu powder (0.03 g,
0.43 mmol), K,CO; (0.59 g, 4.25 mmol), Na2804 (0.60 g, 4.25 mmol), nitrobenzene
(100 ml)= AFE3to], 7] &4 ol 29} S A& g o =2 H-4 519=<l Inv-27
(1.39 g, 75 38 %)= & 531}

[352] GC-Mass (©] & *]: 857.33 g/mol, =7 *]: 857 g/mol)

[353]

[354]  [&Ad 28] Inv-289] §H4
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[355]

[356]

[357
[358
[359
[360

— e e

[361]

[362]
[363]
[364]

Cu powder
KoCO4
NazS0y4 Ny N
nitrobenzene 2 \© O O
Inv-28

IIC-8 (3 g, 4.25 mmol), 1-bromo-3,5-diphenyl benzene (1.97 g, 6.38 mmol), Cu
powder (0.03 g, 0.43 mmol), K,CO; (0.59 g, 4.25 mmol), Na,SO, (0.60 g, 4.25 mmol),
nitrobenzene (100 ml)-& AF-8-3}o], A7) A o 29} 5Lt Wb o 7 14
332l Inv-28 (1.55 g, T8 39 %) & & 5313t

GC-Mass (©] &*]: 933.36 g/mol, =7 #]: 933 g/mol)

[3A o 29] Inv-29¢] 3A

Qwﬁv
@ﬁ : ‘v

N . Cu powder
KoCO3

NaQSO4

Inv-29 Q

IIC-8 (3 g, 4.25 mmol), 4-(3-bromophenyl)dibenzo[b,d]thiophene (2.16 g, 6.38
mmol), Cu powder (0.03 g, 0.43 mmol), K,CO; (0.59 g, 4.25 mmol), Na,SO, (0.60 g,
4.25 mmol), nitrobenzene (100 ml)S AF-&36}o], 47 4 o 29} st i o2
54 3152 Inv-28 (1.52 g, =& 37 %) & & 53513t

GC-Mass (©] 23]: 963.31 g/mol, =7 *]: 963 g/mol)

[3HA < 30] Inv-302] $HA
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[365]

N
7 N
S 00 0 0
N Cu powder
ol
N= Na,;S0,4 \ N
nitrobenzene \©

Inv-30
[366] IIC-8 (3 g, 4.25 mmol), 4-bromobiphenyl (1.49 g, 6.38 mmol), Cu powder (0.03 g,
0.43 mmol), K,CO; (0.59 g, 4.25 mmol), Na,SO, (0.60 g, 4.25 mmol), nitrobenzene
(100 ml)= AF&3to], 7] 94 ol 29} F A& g o =2 -4 319221 Inv-30
(153 g, 58 42 %)E 5390

[367] GC-Mass (©] & *]: 857.33 g/mol, =7 *]: 857 g/mol)
[368]

[369] [ o 311 Inv-319] &4

[370] cl

W B
QTN/ N $ ® ‘ ©\(; / O)
©/ Pddba)y @ N

O O K2CO3 7N
N BINAP N O
H 1,4-dioxane O

Inv-31
[371] A4 719 shell A TIC-1 (3 g, 6.32 mmol), 2-chloro-4-phenylquinazoline (1.83 g,
7.59 mmol), Pd(dba); (0.29 g, 5 mol%), K,CO; (2.62 g, 18.97 mmol), BINAP (0.20 g,
5 mol%) % 1,4-dioxane (50 ml)< ifﬂ%}ﬂ 12/«] k&t FHF ke A
[372]  ®hgo]l TEE FdAE o) ER 53 UhE MeSO, = -2 Al 718k,
AP AZnE 189 (Hexane:MC = 4:1 (vv) 2 G A 5Fe] 54 3131E0] Inv-31
(137 g, T8 32 %)= AATL

[373] GC-Mass (©] &*]: 678.25 g/mol, =7 A]: 678 g/mol)

[374]

[375] [AAld 1~31] f7] EL £39] A&

[376] Al ol 1-319] 4] $HA ¥ 3}31E Inv-1 ~ Inv- 313 Aoz Ay o R

AR FIAPAE & F ol Aol whet %A f{-7] EL &AL A 2 sl o)

[377] W 4], ITO (Indium tin oxide) 7} 1500A F7 & H—}‘j—} FEE §8 7|He =F
Z20E AHs . TR Al H ol 11_:%14'11] o|Ax = AL ofAE, HEHE:
Y SAZE 2539 A H & AL 212 A7 F UV OZONE Al A 7] (Power sonic
405, SHA1E| A1) R o] HFAI ThE UVE o] &3] 7] 71 9h-& 51k Al 3t aL
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g FAV|E 7|32 o] F3 it

[378] o]=Z A =4 ¥ ITO 5" A= ¢l o] m-MTDATA (60 nm)/TCTA (80 nm)/Inv-1 ~
Inv-312] Z+2+e] 3}3HE + 10 % Ir(ppy)s (300nm)/BCP (10 nm)/Alqs (30 nm)/LiF (1
nm)/Al (200 nm) <=0 & A Z3}e] §-7] EL &4 A 21353 )

[379] m-MTDATA, TCTA, Ir(ppy);, CBP & BCP2| t %= 317 ¢} ¢t}

@%@N}@% & @ o

U0

[381] &

In(ppY)s

[382]

[383] Bl o) 1] 7-7] EL £ 2}¢] A %}

[384] HEFT PN BF TAE EAZA 3EE Inv-1 U2l CBPE AREH= 418
Al @] etz AA o 13 FA g BY 0 =2 77| EL &AHE A 2HsEsitt

[385]

[386]  [E7}d]

[387]  AA[d 1-31 E B ale] 1ol A A 2H 2H2 o] {7 EL &Aol] thsle] A fH
10 mA/cnol| A o] &A%k AFas 2D 43 935 543504, 1 4945 5]
3 1ol YER AT

[388] F 1
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[Table 1]

ME ITRE T% AHV) |[EL ¥ A (mm) |AFER(cd/A)
A 1 Tnv-1 6.85 516 38.3
2] 2 Inv-2 6.72 515 39.4
A 3 Inv-3 6.73 516 39.0
2 A< 4 Inv-4 6.77 518 39.3
Al 5 Inv-5 6.81 517 40.1
A 6 Inv-6 6.82 516 41.0
2] 7 Inv-7 6.90 517 39.9
A 8 Inv-8 6.73 516 39.1
A9 Inv-9 6.75 516 39.5
2 10 Inv-10 6.78 517 39.2
A 11 Inv-11 6.83 518 38.6
A 12 Inv-12 6.91 518 39.7
2] 13 Inv-13 6.87 515 40.6
2 14 Inv-14 6.81 516 39.9
2 15 Inv-15 6.79 517 39.7
2 Al 16 Inv-16 6.83 517 38.6
AN 17 Inv-17 6.85 516 39.5
2] 18 Inv-18 6.71 517 40.5
2 Al 19 Inv-19 6.69 518 39.9
2] 20 Inv-20 6.72 517 38.5
2] 21 Inv-21 6.78 516 39.6
2] 22 Inv-22 6.85 518 39.3
2] o] 23 Inv-23 6.81 515 38.9
2] o] 24 Inv-24 6.88 516 39.0
2] o] 25 Inv-25 6.84 517 40.3
2 Al 26 Inv-26 6.78 516 39.7
2] o] 27 Inv-27 6.74 517 39.5
2] o] 28 Inv-28 6.77 518 38.8
2 Al <] 29 Inv-29 6.82 517 39.0
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A A4 30 Inv-30 6.76 517 39.1
A A4 31 Inv-31 6.79 517 41.3
H] al e 1 CBP 6.93 516 38.2
[389] 71 3 19 YER Bl o], B dhgd o) whE 313HE(Inv-1 ~ Inv-31)&
W3 0 2 ARehE A Ao 1-319] 54 f-7] EL A&4h=, F 8 CBPE A&
H] 3ol 19] = §-7] EL A A9} H] 3§ asZ ?%Xd%“jdﬂ]*i a1y
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AT

at7] shote] 12 Al ke

[&Feh4 1]

n(Ra)
s

VN
~ “ X4

N ! Rs
R
Ry Ra

Rs

7] sFeka 1ol A,
R,%} R, R, 7} R, 3= R,9} R, 5 3} 8}7] 31812 29} A 3ta} o
%3 g = gAlsha,
[3}3}2] 2]

Ro
<X2 Rs

= R7

Ra
A7) 3}ska] 20| A AL 3)s)

o) o] A3z o],

>
o
)
ot
il
i)
Wi
ot
°

11
Se, N(Ar)), C(Ar)(Ar;) 2 Si(Ary)(Ars) 2B A H
SOl A A o] & Shbi= N(Ar) o] ™,
R, WA R, 2 Rat= A& T3 A = Ao]5hH, 77}
EHAOR Fh FFA, TR, Aok, C~Cypel A7), C~Cyy
o] LAY 7], C~Cip@l A7 L 7], Co~Cip@] o}& 7], Y25 5 A
409] & H| 2ol 7], Co~Cap® OFEFAI7], C~Coo® A ZA 7], Cs
~C409] O]-Tﬂao]_lﬂﬂ, C3"'C409] }\]%i%}ﬁﬂ, Q%X}ZF 3 LHX] 409]
A E ZAFRAAT], C~Cy o] SAAHT], C~Cy ] SR ET],
Co~Ci2 OV H B E7], CnCyp2 oL HFE 2T 7], ConCio®
P ¥ W S AP 7] R CnCy©] oFF A -7 & 0] Fo) 7
Tolld AeEar, = o] 58 A H 3= 79 Agete] %3
Y E AT g Ao,
n-> 0 A 49] o)L,
Ary WA A= A 2 FAstY s dolsh, 47 By Ao R
Ci~Cup2 &Z 7], Co~Cip] EAL 7], Co~Cypl &7 7], Co~Cip2l
ol 7], MY A5 5 WA 402 F B 2o} 7], Ce~Copd] OFH & A]7],
C~Cyp2] G ZA LA 7], Co~Cyp] o} Hol 1 7], Ci~Csp ]
ANE2 A7), A2 3 A 409 S el ZAIZF 2L 7], C~Cy
o] bZI A2l 7] C~Cpd] YZHET] CenCipd] ot HHZ7], Ce~Cap
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S

o] o} AT 7], ConCyo] O} E E AT LA}0) = 7] D CnCyp ]
LAY 7R o] o]z Frof| A Al

7] R, WA Ry Ra B Ar, WA Ars9l A1, C~Cyo @l 7], CnCi®
AALD 7], Cp~Cip2l LT 7], Ce~Cho&] o+ 7], Y A}5= 5 U A]
402 S E| 2o} 7], C~Cypl oFE Z A 7], C~Cy® EZA KA 7], Cs
~C409] O]-Tﬂao]_lﬂﬂ, C3"'C409] }\]%i%}ﬁﬂ, Q%X}ZF 3 LHX] 409]
HHEAZ2UZLT], C~Cyp €ZAHY], C~Cp® AR ET],
Co~Cy2l OFE HEV], C~Cyp2 PR ETAV], ConCyp

ol % 23 SALO 7] Bl CCy ] o} E A Y3 47

S0 R Tk, R, AlofeT], C~Cypel €A, C~Cip¥]
AL 7], CrCyp2l E7197], Ce-Cyp@] 018 7], 3 P25 51 %)
409] S E| 2ol 7], C~Cypl P LA 7], C~Cyo®l EASAI7], Cs
~C409] O]-Tﬂao]_lﬂﬂ, C3"'C409] }\]%i%}ﬁﬂ, Q%X}ZF 3 LHX] 409]
SHEZAFRAA7], C~Cyp] SARHT], C~Cypp2] SR EY,
Ce~Ci8 oFEH R E7], CenCip® o} HE AT 7], CenCap S
OFHFE AW Ao 2 7] Bl Ce~Cyp®] oA AV R o] Foi]

T O RNE HE Y= 1E o] o X5E 5 9

Al1grel]l lol A, 71 sheha] 178 A ¥ =

3 A 382l 8 = o) Bl E A EE AL ER O ® F=
sH3HE

[3}3812] 3]

n(Ra)

@N b
B Cr

o

<

A\

[5}2H4 4]
n(Ra)
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[5he2 6]
n(Ra)

//\

(3212 71
n(Ra)

[} 8]
n(Ra)

(ﬁRW X
== /N/1R5
4

X2
Re
Ro
R
Rg '

A7) 3}ek2] 3 WA 8ol A,
Xy, Xo, Ry 4] Ry, Ra, Ary WA Ars B n Al 130l A 75 2] & v}

= o) 5},

7873 3] Alrgel oA, X, B X, = EF N(Ar)°lH, o714 22+ Ar
A BB i o8 AS SO B e,

[;‘g]ergc]_ 4] Al18re] ¢ O-]/\ﬂ A7) Al‘lT: =] 3k 1= 8 =] 3k C6~C40/] ]‘%7],

E= X8 = v 2] ghE A2} 5 W 4] 409] S H 2 olH 7] o],
71 Ce~Cyp®l oF 7], AR5 5 W =] 409] & e ZolH 7] &= 77}
SYPA R FaL, TR, Alolx7], C~Cyxp®l €A 7], Co~Ci
AL 7], C~Cip® &71D 7], Co~Cu®l o} & 7], AR 5 A



WO 2014/092483

[7d -3} 5]

[7d -3} 6]

51

PCT/KR2013/011532

409] S E| 2ol 7], C~Cypl P LA 7], C~Cyo®l EASAI7], Cs
~Cy o HolRIV], C~Cyd] Al Z 27, 3} 3 4] 409
SHZAZEZ2 U], C~Chpol EZAAHT], C~Cp &HRET],
C6~C409] O]_FL]EE%7], C6~C409] O]-Tﬂai]-_/\_ﬂ7], C6~C409]

ol X AL ALo] ET] B C~Cypd] o} H A - 7] R o] Folx]

T O B NE AE Y= 1F o] XSV R X ShE A =

H| 2| 2 = Al s 54 2 2 ah= 313

A1kl oA, 7] R A Ry 2 Rav= A 2 s Hst7 v ==
Jolst, 7247 m g A 0 R G4, F5A(D), X $ = 8] x| 3k
Ce~Cpo] o} 7], X3 il ] X 3hy AP A5= 5 U] #] 409

e Zold 7], W X3 = v X 3HE C~Cypd] oFolrl 7| &

o] F-of 7l ol Al A E ],

/\01'7] C6~C409] O]’E] 7], _—H’?_ }‘F 5 LHX] 40/] °ﬂ Eﬂiol‘a 7] C6~C40
ol ofHolnl V&= A7t Hd A o7 F4h, @RI, Alolx7], C~C
202 LT, Co~Cho2l LA, Cr~Ciol L7171, Ce~Cio®l

ol 7], A} 5 W A 409 & H 2ol H 7], Ce~Cul o} EZA 71,
CM%J%@%N]CM%Q@%@@ﬂJ%Q&

AN 2LV, A2 3 A 409 S HEASE2LZA 7], C~Cy
Q%ﬁ@%ﬂC«%QﬂﬂiiﬂcM%ﬂdaiiﬂcM%
o] o} HE AT, Co~Cyp?] o} EH X WAL 7] E CenCyp 2]
ol AHV|E o] Fof Xl QB TH AEE = 18 o] 49

A 2H7] 2 X g A} s B X 3kE] = A& S 0 R S
3

shee.

Al1gtel 9o A, 471 Ar, AT Ars Ry WA Ry, 2 mhqq
SYA R Fa = 517 S1 A S204% A H 3= A 84
WOl AR E = S 5H 08 s 3
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