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[Fu] o 1] 3FE IC-1 2 1C-29] §A4
<97 1> 5-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yl)-2H-indazole 2] 34

o o/l
N lama\ aN'm
A —~0 o~ HN
Fo oA aville O
' Br Pd(dppf)Cl, {\}
KOAC
1,4-dioxane

A A 715 3Fell A 5-bromo-2H-indazole (25.22 g, 0.128 mol),
4,4,4'.4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (48.58 g, 0.191 mol),
Pd(dppf)CL, (5.2 g, 5 mol), KOAc (37.55 g, 0.383 mol) 2 1,4-dioxane (500 ml)E
Z9e vk, 130 °Coll A 124131 5 qF RS}

ghgol TAHE &, d"otAlE| o] ER fV] & FE3 the, MgSOE Fi-&
AL, A7) F715S AP T ZrtE 13 3] (Hexane:EA = 10:1 (v/v) &

A A 5ke] 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole (22.49 g, &
12%)& LAt
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[112] 'H-NMR: & 1.24 (s, 12H), 7.45 (s, 1H), 7.55 (2, 1H), 7.63 (d, 1H), 7.75 (d, 1H),
13.81 (s, 1H)
[113] <A 2> 5—(2—nitr01)henvl)—2H—indazole9] A

[114]
= ' E; F’d{pphg),;

o] NaOH
THFIH,O

[115] A2 715 3Fell A 1-bromo-2-nitrobenzene (15.23 g, 75.41 mmol) X} 37| F=4] o
19] <A 1> A Y& 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-2H-indazole
(22.09 g, 90.49 mmol), NaOH (9.05 g, 226.24 mmol) ¥ THF/H,0(400 m1/200 ml)E
Z33 T}, 40 °Coll A Pd(PPhs), (4.36 g, 5 mol%)E 2 3L, 80 °Coll A 124 7k 5ot

H].g}oﬂq_
[116] W3 4 ,Uﬂ% dF 20| EE 7758 F5 v+, MgSO.= ¥l

o] Hatglrt. @Azl F7]Fel A ol E A A+, A7 e AH
AZ2vE 18 3] (Hexane:EA = 3:1 (v/iv))ZE A A 8} 5-(2-nitrophenyl)-2H-indazole
(13.64 g, =5 63%) S LAt

[117]  'H-NMR: & 7.50 (m, 2H), 7.80 (m, 6H), 13.81(s, 1H)

[118] <%HA| 3> 5-(2-nitrophenyl)-2-phenyl-2H-indazole 2] 3+4

[119] Q;%Z ,

NayS04
nitrobenzene

[120]  #HA& 7]5 stoll A 7] &1 19] <A 2504 @&
5-(2-nitrophenyl)-2H-indazole (11.04 g, 46.17 mmol), iodobenzene (14.13 g, 69.26
mmol), Cu powder (0.29 g, 4.62 mmol), K,CO; (6.38 g, 46.17 mmol), Na,SO, (6.56 g,
46.17 mmol), nitrobenzene (200 ml)E 27}k T}, 190 °Coll A 124 ZF 5 <F
STl 3O ae

[121] Hh-g F 2 % nitrobenzenes A A ¢ th&, WA E 2 o] =R {75
W] 8kal MgSOL.E AH8-8te] =& Al AT o] F, 471 F715 el A %UH%—
AAG T AV F715S A A2 vE Y H (Hexane:MC = 3:1 (viv)) &
A A 5} 5-(2-nitrophenyl)-2-phenyl-2H-indazole (10.34 g, =8 : 71%)2 At}

[122] 'H-NMR: & 7.46 (t, 1H), 7.60 (m, 6H), 7.91 (t, 1H), 8.05 (m, 3H), 8.39 (d, 1H), 8.54
(s, 1H)

[123] <otAl 4> 313 E 1C-1 2 1C-29] $HA]
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[124]

]

o :‘ O

IC-1
Tripenylphosphine ¢

1.2-dichlorobenzene

" O

IC-2
[125] A& 715 stell A 7] 8] o 19] <A 304 &
5-(2-nitrophenyl)-2-phenyl-2H-indazole (5.01 g, 15.91 mmol), triphenylphosphine
(10.43 g, 39.77 mmol) ¥ 1,2-dichlorobenzene (50 m)E Z 33k t}-, 1247+ 59t
H]_g}oﬂq_
[126]  4F& EH % 1,2-dichlorobenzeneE A| 7 8tal LS 22 gto 2 §7]5&
T8 v, MgSO,E B2 A7staL, A7 #7155 AH A= E 1)
(Hexane:MC=3:1 (v/v))Z A Al 8to] & IC-1 2.39 g, 78:53%) R 3=
IC2E5 A%
[127] 3}3+= IC- M 'H-NMR: & 7.29 (t, 1H), 7.55 (m, 8H), 8.12 (d, 1H), 8.32 (d, 1H),
8.55 (s, 1H), 10.09 (s, 1H)
[128] 3}3HE 1C-29] 'H-NMR: & 7.29 (t, 1H), 7.56 (m, 8H), 7.85 (s, 1H), 8.12 (d, 1H),
8.52 (s, 1H), 10.21 (s, 1H)

[129]

[130] 8] d 2] 3+ E 1C-3 2L 1C49] A

[131] <A 1> 6-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-2H-indazole 2] 34
[132]

No ol |
B {8%8”& o ‘
) ""&Q Gn—"‘" ]
HN’N’“‘ 7 v’* N B-o
o Pd{dppfiCl, HN P
KOA:

1.4-dioxane
[133] oo 18] <A 1> 4 AF-8% 5-bromo-2H-indazole tHA!
6-bromo-2H-indazole(25.22 g, 0.128 mol)& AF-8-3= A& Al &l stars, 47|
TH o 19] <A 1> 5 U g B4 2 73 &}o
6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-2H-indazole & < 1T},
[134] 'H-NMR: & 1.25 (s, 12H), 7.45 (s, 1H), 7.56 (m, 2H), 7.75 (d, 1H), 13.72 (s, 1H)
[135]  <¥H7 2> 6-(2-nitropheny])-2H-indazole2] $H4
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[136] O,N

X Wl
N ~0 G A 1 Y
HN Pd(PPhs)s
NaOH
THF/H,0
[137] ) o] 19] <A 25004 A&
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole T 2! 4}7] 1] ¢ 29]
<A 154 ¥-& 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole
(22.09 g, 90.49 mmol)E AF&-3H= A& Al Q| 3lalt=, 4] ] o 19] <eb A 2>3
A% 74 S 423514 6-(2-nitrophenyl)-2H-indazole S & AT}
[138] 'H-NMR: & 7.19 (d, 1H), 7.60 (m, 3H), 8.00 (m, 4H), 13.75 (s, 1H)
[139] <2HA| 3> 6-(2-nitrophenyl)-2-phenyl-2H-indazole 2] $+4
[140]

nitrobenzene
[141] o] 19] <A 3>0| A AF-8-% 5-(2-nitrophenyl)-2H-indazole T 41 77|
TH]of 29] <] 250 A D2 6-(2-nitrophenyl)-2H-indazole(11.04 g, 46.17
mmol) & AF8-38h= A2 Al elslale, ] 8l 19 <A 3>3 s d g #F &
T35} 6-(2-nitrophenyl)-2-phenyl-2H-indazoles & 31t}
[142] 'H-NMR: 6 7.58 (m, 7H), 7.95 (m, 5H), 8.53 (s, 1H)
[143] <A 4> 3}9F= 1C-3 3 1C-42] $HA]
[144]

O,N
O et Tripenyiphosphine IC-3

N"’-«
@-N’ _ O 1,2-dichlorobenzene

Jeateeg

IC-4
[145] wH] o 19] <A 4>0| A A}F-8-% 5-(2-nitrophenyl)-2-phenyl-2H-indazole T}
2J7] 28] o 29] <A 3> A A& 6-(2-nitrophenyl)-2-phenyl-2H-indazole (5.01
g, 15.91 mmol) E AL-&3h= A& A9 8tari=, A7) 28] d) 19] <94 453 F U3
148 a3k e 1C-3 2 IC-45 AU}
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[146] 319+ = IC-39] tTH-NMR: 6 7.27 (m, 2H), 7.56 (m, 7H), 7.92 (d, 1H), 8.13 (d, 1H),
8.54 (s, 1H), 10.19 (s, 1H)

[147] 319t = 1C-42] 'H-NMR: & 7.29 (t, 1H), 7.59 (m, 8H), 7.85 (s, 1H), 8.11 (d, 1H),
8.54 (s, 1H), 10.22 (s, 1H)

[148]

[149]  [EM]d 3] &< 1C-59 &4

[150] <7 1>4-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-y1)-2H-indazole ¢] 34
[151] \

o, o-/L.
o
o 0"\

Pd(dppfIClz B
Br KOAc Q"o

1.4-dioxane )r—(\

[152] FH| o 19] <A 1> A AF-&3 5-bromo-2H-indazole T 2!
4-bromo-2H-indazole (25.22 g, 0.128 mol) & A-8-3F= A& A ¢l stal, 371
Tl ol 19] <A 1>3 FU g 24 -& 35t
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole2 9 % U}

[153] 'HNMR: 6 1.26 (s, 12H), 7.45 (t, 1H), 7.55 (s, 1H), 7.63 (d, 1H), 7.75 (d, 1H), 13.54
(s, 1H)

[154] <% 2> 4-(2-nitropheny])-2H-indazole 2] $H4

[155]

6
{@

Q,B\O  PA(PPhy)y

NaOH
%“f\ THF/H,0

[156] TH] o] 19] <A 250 A A8
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole T 2! 4}7] 1] ¢ 39
<A 1> 4 A& 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole
(22.09 g, 90.49 mmol)2 AF-&-3F= A2 A 2] 8kati=, A7) =4] 4] 19] <A 2>9}
A3 94 -S 52305} 4-(2-nitrophenyl)-2H-indazole2 ¢ At}

[157] 'H NMR: & 7.55 (m, 3H), 7.71 (m, 2H), 7.95 (m, 3H), 13.62 (s, 1H)

[158] <HA 3> 4-(2-nitrophenyl)-2-phenyl-2H-indazole 2] 4]
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[159]
i
NO, @
Cu powder
KoCO5
Na;SOy4
nitrohenzene

[160] o] 19] <A 3>0| A AF-8-% 5-(2-nitrophenyl)-2H-indazole T 41 77|
TH] of 39] <] 2> A -2 4-(2-nitrophenyl)-2H-indazole (11.04 g, 46.17
mmol)& AHE3H= A& Al el etaliE, EH) o 19] <A 3> FA e 39S
=383} o] 4-(2-nitrophenyl)-2-phenyl-2H-indazoleS- A 1t}

[161] 'H NMR: & 7.57 (m, 8H), 7.90 (t, 1H), 8.01 (m, 2H), 8.29 (d, 1H), 8.55 (s, 1H)

[162]  <¢tAl 4> 313H& 1C-59] $HA]

[163]

Triphenylphosphine
>

1,2-dichlorobenzene

[164] wH] o 19] <A 4>0| A A}F-8-% 5-(2-nitrophenyl)-2-phenyl-2H-indazole T}
2J7] 28] ¢ 39] <A 3> A A& 4-(2-nitrophenyl)-2-phenyl-2H-indazole (5.01
g, 15.91 mmol) S AF-&3h= AL Al €] slaris, 224 o 19] <9 459} FU 3
HAE Faste] shgtE IC-55 AU

[165] 'H NMR: § 7.29 (t, 1H), 7.58 (m, 7H), 8.09 (m, 2H), 8.35 (d, 1H), 8.56 (s, 1H), 10.21

(s, 1H)
[166]
[167] T4 o 4] 3= 1C-69] F4
[168] <t 1> 7-(4.4.5.5-tetramethyl-1.3.2-dioxaborolan-2-yI)-2H-indazole ¢ ¥4
[169]
o ol \,L{/
Br BB o, .0
Ne Al e L3
HN > N
KOAc e ;
1,4-dioxane

[170] H] o] 19] <A 1>00] 4 A% 5-bromo-2H-indazole T 4]
7-bromo-2H-indazole (25.22 g, 0.128 mol) & AF-8-3F= 41 & A £ 3Fal=, 1] <
18] <A 1>3 T A g HA = 3 5o
7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole2 9 % U}

[171] 'H NMR: & 1.25 (s, 12H), 7.44 (t, 1H), 7.56 (m, 2H), 7.75 (d, 1H), 13.51 (s, 1H)
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[172] <%7ﬂ 2> 7-(2-nitrophenyl)-2H-indazole 2] 4

[173]
@ I | NO,

N Pé(PPhgh ]
HN _ NaOH HN :
THFIH,O

[174] 8] 19] <A 25014 A5
5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole T 2! 4}7] 1] ¢ 42]
<A 1>oA A& 7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2H-indazole
(22.09 g, 90.49 mmol)S A-8-3F= A& A9l slal=, ] 19] <dA] 2>}
A3 94 S 52305} 7-(2-nitrophenyl)-2H-indazole-3 ¢ At}

[175] 'HNMR: 6 7.53 (m, 3H), 7.67 (t, 1H), 7.90 (m, 4H), 13.47 (s, 1H)

[176]  <%t7 3> 7-(2-nitrophenyl)-2-phenyl-2H-indazole 2] ¥4

[177] .
\ | :

~N
Cu mwder N \

K;}CQ:; ) ’ ‘
Nay S04 . ) NO;
nitrobenzene
[178] o] 19] <A 3>0| A AF-8-% 5-(2-nitrophenyl)-2H-indazole T 41 77|
TH] of] 49] <] 2>0 A -2 7-(2-nitrophenyl)-2H-indazole (11.04 g, 46.17
mmol) S AFE38= A& A 93t ati=, 1) o 19] <A 3>3 U3 914 2
=383} o] 7-(2-nitrophenyl)-2-phenyl-2H-indazoleS A 1t}
[179] 'HNMR: 6 7.56 (m, 8H), 7.89 (m, 2H), 8.02 (m, 2H), 8.55 (s, 1H)
[180]  <%tAl 4> 3}et& 1C-69 $HA

[181]
: Z” Triph&nyipmsphme*
1,2-dichlorobenzens

1C-6
[182] wH] o 19] <A 4>0| A A}F-8-% 5-(2-nitrophenyl)-2-phenyl-2H-indazole T}
A71 F8) ol 49] <A 3>0ll A - 7-(2-nitrophenyl)-2-phenyl-2H-indazole (5.01
g, 15.91 mmol) S AF-&3h= AL Al €] slaris, 224 o 19] <9 459} FU 3
HA & skl shgtE IC-62 AU
[183] 'HNMR: & 7.29 (t, 1H), 7.58 (m, 7H), 7.92 (d, 2H), 8.14 (d, 1H), 8.53 (s, 1H), 10.70
(s, 1H)
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[184]
[185]  [E£4]4d 5] 8= 1C-79 &A
[186] <THA 1> 2-(4.6-diphenyl-1.3.5-triazin-2-y1)-5-(2-nitrophenyl)-2H-indazole 2] $+4
[187]
-
K2CO4 dm
Na,S0,
nitrobenzene
[188]  =H|d] 19 <&t 3> 4] AF-8-% Todobenzene 4]
2-bromo-4,6-diphenyl-1,3,5-triazine (21.62 g, 69.26 mmol)= A}-&3}= A=
Aol skal=, FHl o 19] <A 3> 5L g A4 & a5t
2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-(2-nitrophenyl)-2H-indazole & 9 % T}
[189] 'H-NMR: & 7.45 (m, 6H), 7.65 (m, 2H), 7.90 (t, 1H), 8.03 (m, 2H), 8.38 (m, 7H)
[190]  <9tAl 2> sletE 1C-7 o] §HA
[191] Q
L Y,
N ”r«:H ,/ Triphenylphosphine A —
Q 1,2-dichlorobenzene N
- vl
IC-7
[192] wH] o 19] <A 4>0| A A}F-8-% 5-(2-nitrophenyl)-2-phenyl-2H-indazole T}
71 E8) ol 59 <A 15014 A&
2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-(2-nitrophenyl)-2H-indazole (7.48 g, 15.91
mmol) S A& A2 Al 9] stal=, TH] o 18] <3 A 4> g #42
Felsto] 3E IC-7E At
[193] 'H-NMR: & 7.29 (t, 1H), 7.49 (m, 8H), 7.63 (d, 1H), 8.11 (d, 1H), 8.28 (m, 6H),
10.11 (s, 1H)
[194]
[195]  [EM]4 6] &= 1C-89] &4

[196]

<THAl 1> 5-(5-bromo-2-nitrophenyl)-2H-indazole 2] 3+4
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[197] OsN
=
Br
Pd(PPha)s
NaOH
THF/H0

[198]

[199]
[200]
[201]

[202]

[203]

[204]
[205]

[206]

[207]
[208]

o] 19] <A 2> 4 A8 1-bromo-2-nitrobenzene TH 2!
2,4-dibromo-1-nitrobenzene (21.18 g, 75.41 mmol) = AF-8-3Fi= A& A &8t E,
TH ol 18] <A 259} T A e 745 =8 5o
5-(5-bromo-2-nitrophenyl)-2H-indazole-s & 1 T}

'H NMR: 6 7.52 (m, 2H), 7.72 (m, 3H), 7.97 (d, 1H), 8.19 (d, 1H), 13.12 (s, 1H)

<%7| 2> 5-(5-bromo-2-nitrophenyl)-2-phenyl-2H-indazole 2] $+4

-

Cu powder
K2CO4

Br Na,SO,

nitrobenzene

TH] o 19] <7 3>0 A A8 5-(2-nitrophenyl)-2H-indazole T Al “J7]
TH]of 62] <] 1> A &2 5-(5-bromo-2-nitrophenyl)-2H-indazole (14.69 g,
46.17 mmol)= AH&38h= 2l Al 98 al=, 1) o 19] <A 3> 5L 8 A &
T35} 5-(5-bromo-2-nitrophenyl)-2-phenyl-2H-indazole < & 31t}

'HNMR: 6 7.45 (t, 1H), 7.60 (m, 5H), 7.72 (s, 1H), 7.98 (d, 1H), 8.07 (s, 1H), 8.19
(d, 1H), 8.38 (d, 1H), 8.52 (s, 1H)

<7 3> 7-bromo-2-phenyl-2.10-dihydropyrazolo[4.3-a]carbazole ¢ 4

Triphenylphosphine _ @

1,2-dichl ombanzene

=)o 19] <A 4>l A AFE% 5-(2-nitrophenyl)-2-phenyl-2H-indazole th 4!
A7) 8] 69 <A 2500 A A&
5-(5-bromo-2-nitrophenyl)-2-phenyl-2H-indazole (6.27 g, 15.91 mmol) & A}-&3}=
Z& A e etaLi=, 8] o] 18] <A 4>9F F A e A & =3l 5ol
7-bromo-2-phenyl-2,10-dihydropyrazolo[4,3-a]carbazole-S A %1 T},

'H-NMR: & 7.54 (m, 8H), 8.03 (s, 1H), 8.33 (d, 1H), 8.53 (s, 1H), 10.55 (s, 1H)

<7l 4> 319k = 1C-829] 94
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[209]

HN ‘ Br Cu powder
KaCOy

Na,S0,

nitrobenzene

IC-8

[210] o] 19] <A 3>0| A AF-8-% 5-(2-nitrophenyl)-2H-indazole T 41 77|
oo 69 <A 3> 4 A&
7-bromo-2-phenyl-2,10-dihydropyrazolo[4,3-a]carbazole (3.98 g, 11 mmol) & A}-&-3F
A& AlQstar, 8] o 19] <A 3> TA g o = 31ehE IC-88 AT

[211] 'HNMR: & 7.25 (d, 1H), 7.58 (m, 11H), 7.72 (s, 1H), 7.88 (d, 1H), 8.32 (d, 1H), 8.53
(s, 1H)

[212]

[213] [ 113 & C19 &4

[214] 0

1C-1

[215] A4 715 shell A =] o 194 &4 ¥ 3135 1C-1 (3.76 g, 13.29 mmol),
2-(4-bromophenyltriphenylene (10.18 g, 26.57 mmol), Cu powder(O 17 g,2.66
mmol), K,CO5(3.66 g, 26.57 mmol), Na,SO4(3.78 g, 26.57 mmol) ¥ nitrobenzene(100
m)E &3 o 8 , 190 °Col| A 12A] 7+ &t n RS} T

[216] HE-2-o] =A% Z pitrobenzenes A At WE A F 2ol =8 G715 S
& v, MgSO,E AHEste] =& A7 a3l o) %, 7] #7159 &=
AN Z A7 f71%S APaavtE 1g 9 2 AAste] 35 C-1(5.37 g,
T 69%)S DAL

[217] GC-Mass (©] &*]: 585.69 g/mol, =7 #]: 585 g/mol)

[218]

[219]  [@/d 2] 83E C29 &4
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[220]

o o
e Jeachys gle

Cu powder

KoCO;4 S
N8,50; O
1C-1 nitrobenzene Q

C-2

[221] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
4-(4-bromophenyl)-6-phenyldibenzo[b,d]thiophene (11.03 g, 26.57 mmol) <
AbEehE AS Alestals, o 13 F A A S s sto] 3gtE C-2 (4.92
g, T8 60%)= LAt

[222] GC-Mass (©] &3]: 617.76 g/mol, =7 A]: 617 g/mol)
[223]
[224] (&4 3] 3 E C-39 &4
[225]
P ®
N= l N‘ P
2o Y. o
HN - .
Cu powder
KoCOs
Na,S0
iC-1 nitrobenz:;ne

c-3
[226] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
2-bromo-6-phenylpyridine(6.22 g, 26.57 mmol) & AF-8-3}= A& A 9] 8L+,

(a3

e r

T 13 L A S 5] 3= C-3@.12g T8 71%) = AU

S

[227] GC-Mass (©] &3]: 436.51 g/mol, =7 A]: 436 g/mol)
[228]

[229] [3H4d ol 4] 3 & C-49] FA

[230]

N:gN @,r?; Q

- N_v;:(
Cu powder Q N /N
KoCOs
NazSO4
IC-1 nitrobenzene O

C-4
[231] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
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2-chloro-4,6-diphenylpyrimidine (7.08 g, 26.57 mmol) & A-&-3}= 31-&
Aelstarz, Aol 13} T A A& A sto] 3HhE C4 (511 g, 78
75%)2 LA

[232] GC-Mass (©] &3]: 513.59 g/mol, =7 #]: 513 g/mol)
[233]

[234] [3H4 4l 51 3t & C-5¢ &4

[235]

Cl

" ,

Cu powder ,

KaCOs O
Nastg \

IC-1 nitrobenzene C-5

[236] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
2-chloro-4,6-diphenyl-1,3,5-triazine (7.11 g, 26.57 mmol) & A}-&3}= A&
A Qs A 139 w4 & A4 & Falete] shtE C-5 @71 g, 8
69%)S A ATt

[237] GC-Mass (©] &*]: 514.58 g/mol, =7 *]: 514 g/mol)
[238]

[239] @44 6] 3= C-69 FA

[240]

e
E“* | Br/@ O O/N O O

1C1 nitrobenzens
C-8

[241] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]

T 139 L e AA S Flto] 3HE C-6 (434 g, TH: 62%) = DU
[242] GC-Mass (©] &*]: 526.63 g/mol, =7 *]: 526 g/mol)
[243]
[244] [ 4 71 3t & C-7¢ &4
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[245]

[246]

[247
[248
[249
[250

— e e

[251]

[252]
[253]
[254]

1C-1 nifrobenzene o7

Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
3-bromo-9-(4,6-diphenyl-1,3,5-triazin-2-yl)-9H-carbazole (12.68 g, 26.57 mmol)=
AbgahE A1E Al el et dA o 13 L E 38 Fske] ke C-7(5.24
g, 81 58%)S A

GC-Mass (©] &3]: 679.77 g/mol, =74 A 679 g/mol)

[ o 8] 3H3HE C-89 &A

~ »

Cu powder
KoCOy 0
1C-1 NasS0y
nitrobenzene

Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
10-(4-bromopheny1)-9,9-dimethyl-9,10-dihydroacridine(9.67 g, 26.57 mmol) =
AbgahE RS Al QlstarE, fHAd ol 17 T g g8 alsho] 33E C-8(5.72
g, T8 76%)S AU

GC-Mass (©] & *]: 566.69 g/mol, =7 ] 566 g/mol)

[ o 9] 3}3HE C-99 &A
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[255]

Cu powder
KoCOs
Na;SO,g
nitrobenzene
[256] Ad o 10 4] A8 2-(4-bromophenyl)triphenylene EH Al
(4-bromophenyl)triphenylsilane(11.04 g, 26.57 mmol) & AF8-3l= A&
Astale=, FAd o 13 5L 4 S A5t 3hgh=E C-9 (4.68 g, 78
57%)E A 31Tt

QO
020 L i

[257] GC-Mass (©] 23]: 617.81 g/mol, =7 *]: 617 g/mol)
[258]

[259] &4 d10] 3FE C-109] A

[260]

£ o0

N=
Nz
Oy N«-N

Cu powder

KoCO 3 »f
2otz

NazS0, C-10
1C-1 nitrobenzene

[261] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine(10.32 g, 26.57 mmol) & A}-&-3} =
A ALlstariz, o 19 F A A& sk 8-S C-10(6.28 ¢, &
80%)= AUt

[262] GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)

[263]

264] (R4 11]3FE C-119] A
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[265] - Q Q
Cu powder B d

nitrobenzens o1

[266] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
2-(4'-bromo-[1,1'-biphenyl]-3-yl)-4,6-diphenyl-1,3,5-triazine(12.34 g, 26.57 mmol)&
AbEshE e Al etalis, A 13 ST A& sk S8E C-11
(7.44 g, T8 84%) & A}

[267] GC-Mass (©] &*]: 666.77 g/mol, =7 *]: 666 g/mol)
[268]

[269] [34d ol 121 8+3HE C-129] &4

[270]

<3
L
HN~ Cu powder

KaCOy

ic-1  NaaS04 N
nitrobenzene
C-12

[271] Ad o 10| 4] A8 2-(4-bromophenyl)triphenylene T 4]
4-(4-bromophenyl)-2,6-diphenylpyrimidine (10.28 g, 26.57 mmol)< AF-&3H= A&
AQstari=, A 19 LT AG & st 3= C-12 (6.42 g 78
82%)5 AUt
GC-Mass (©] &*]: 589.69 g/mol, =7 *]: 589 g/mol)

1
]

[274] [ d 13] 3EE C-139] A4
]

&? P
V" @“gb

Cu powder s
KyCO4 Q

Na.S0,
nitrobenzene C-13
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[276]

[277
[278
[279
[280

— e e

[281]

[282
[283
[284
[285

—t e e

[286]

[287]
[288]
[289]

A o 1001 4] AF-E-H 3H3HE IC-1 2] 28] o 104 A 8FEE 1C-2 (3.76
g, 13.29 mmol)Z A}-&-3}= &% xﬂs’ﬁ}ﬂ% Fa ol 109 FL 3 A=

F3iale] 3HEHE C-13 (5.65 g, 8 72%) S LAt
:/ Ny
==N

GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)
N
[N b
@”"‘
Q Cu powder \I'
IC-2

KaC04

[3d o 14] 3 & C-149] &A

Naz80,
nitrobenzene C-14

Al o] 12004 AL-2¥ 35HE IC-1 thal F1) o] 1o)X A9 IC-2 (3.76 g, 13.29
mmol) S AFE3h= AL A9 slarts, Al o] 129 U3 748 =35l o]
3}HE C-14 (5.95 g, 78:76%)2 AUt}

GC-Mass (©] &*]: 589.69 g/mol, =7 *]: 589 g/mol)

[ d 151 3 E C-159] A4

@
OO0

Cu powder
KsCOs

iIC-3 Na S0y

nitrobanzene C-15

A3 ol 10014 A8 8F-2 1C-1 T4l 8] o 204 4 | 813H& 1C-3 (3.76
g, 13.29 mmol) E AH&-3h= AL A 9] st 4o 103 53 A4S

T35l 3}3tE C-15 (6.75 g, T5:86%)= Dt

GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)

[EA4 4 16] 3HEE C-169] A
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[290]

Cu powder
KaCOs
Nas80,

nitrobenzene C-16

[291] Ao 12014 ALEH 3}3HE IC-1 T4l 524 o 29 H A H 1C-3 (3.76 g, 13.29
mmol) & AF838F= A& A9 stars, 34 o 129 T U A2 -3 51
3}HE C-16 (5.64 g, 5 72%)S A}

-3

[292] GC-Mass (©] &3]: 589.69 g/mol, =7 #]: 589 g/mol)
[293]

[294] [ 4 171 3 E C-179 4

[295]

A\ M . . m
H KaCOy ’ N

Nay 50,

IOl nitrobenzene AT Q

[296]  FAd el 10014 AFEH 3}eHE IC-1 thAl 4] o 2004 4 H 3HHE IC-4 (3.76
g, 13.29 mmol) & AFE-5}= A2 A9l slali=, &4 o 1037 5D 3 34 &
F3iale] 3H3HE C-17 (4.63 g, 81 59%)S LAt
[297] GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)
[298]
[299]  [&A 4 18] & C-189] &A
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[300]

[301]

[302
[303
[304
[305

[306]

[311]

A o 120 4 A& 23
mmol) & AF-8-3F= 41-& A S
3}3HE C-18 (4.93 g, 8 63%)2 A

GC-Mass (©] &*]: 589.69 g/mol, =

S

[ 4 19] 3H&EE C-199] A4

N™ N
|
@N/‘\Q < >.,
B
N
Cu powder =N
KoCO;3
NapB8Q0,
-5 nitrobenzene c-19

d o) 1004 A% 33E 1C-1 g2 1] o 3014 3H4d ¥ 3}3HE 1C-5 (3.76
g, 13.29 mmol) = AF&3HE A& A Qstars, A4l o 109 53 44
F3)ale] 3H3HE C-19 (6.83 g, 8 87%) S AU}
GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)

[EA4 4 20] 3HEE C-209] A4

nitrobenzene G20
Aol 1200 4 AL-&H 3FSHE IC-1 thAl S28] of) 304 A1 | IC-5 (3.76 g, 13.29
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[312
[313
[314
[315

[316]

[317
[318
[319
[320

[321]

[322]
[323]
[324]

mmol) E A& A2 Al ¢l stal=, &4 o 129 5L $ A4 & 573 5}
313E C-20(5.79 g, 75: 74%)E AT
GC-Mass (©] &3]: 589.69 g/mol, =7 #]: 589 g/mol)

[ d 211 3EE C-219 A4

¢
% o¥
o

Na.S0,
nitrobenzene

-6

A o 1004 AH-&H 3= IC-1 Tt A
g, 13.29 mmol)S A& 7/\% xﬂﬂé}ﬂ%

F3iale] 3H3HE C-21 (455 g, 8 58%) 3 A

GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)

[EA4 o 22] 3t E C-229 A4

i 1 ] e
- - ;:; fN
{_‘i Cu powder
KGOy
Nas80y
IC-6 nitrobenzene c-22

SHA o 1200 4 AFEH 313 IC-1 thAl S5H] 9 401]7\1 S H IC-6 3.76 g, 13.29
mmol) & A&l A2 A9 sl A o 129 U3 34 2 53 5o
Sh3HE C-22(3.84 g, 751 49%)S AU

GC-Mass (©] &*]: 589.69 g/mol, =7 *]: 589 g/mol)

[EA4 o 23] 3t &E C-239] A4
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e O wh

nirobenzene C-23
[326] Aol 10914 Ag¥ 83 IC-1 thAl 8ol 7oA A ¥ 3HEHE 1C-7(5.82
g, 13.29 mmol)< A}-8-3}3L, 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine T 2]
iodobenzene(5.42 g, 26.57 mmol)< A&l A2 A9l slar e, 34 o 103
TAe g -S Faste] S3E C-23 (547 g, & 80%)E DAL

[327] GC-Mass (©] &*]: 514.58 g/mol, =7 *]: 514 g/mol)
[328]
[329] [ ol 24] 31 E C-249 T4

]

[330 Q
7N N'N\ 7; \ N &
(St aAY N
d HN Cu powder O
KGO,
1C-7 MNa:-80y

nitrobenzensa Q
C-24

[331] 3HAd of 23| 4 Al-8-% iodobenzene T Al 4-bromo-1,1'-biphenyl (6.19 g, 26.57
mmol)& AF85h= A& A9 stars, 4] o 233 T U A2 3l 5o
SHEHE C-24 (5.18 g, 8 66%)2 AT,

[332] GC-Mass (©] &*]: 590.67 g/mol, =74 *]: 590 g/mol)
[333]

[334] [EAd 251 33E C-259 A

[335]

by
oo oty SES SR
ey é

1,4-DioxanalH,O

[336] A& 7|5 toll A S o 6ol A A 3Hh= IC-8 (3.20 g, 7.31 mmol),
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
(3.81 g, 8.77 mmol), NaOH (0.87 g, 21.93 mmol), Pd(PPh;),(0.25 g, 0.21 mmol) ¥
1,4-dioxane, H,O (30 ml, 8 mD)E =3+ th=, 100 °Coll A 12A]XF &<t
awyket vk, jbg T4 -, cldotAlHl o] ER f7]58 F5 8 v+, MgS0, &5
73

==
=
9o degsgn AP E 4150 295 AR %
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[337
[338
[339
[340

— e e

[341]

[342
[343
[344
[345

—t e e

[346]

[347]

[348]

AP ARt E 139 E o] &ato] 3HFE C-25(2.38 g, T8:49%) A AT}
GC-Mass (©] &*]: 666.77 g/mol, =7 *]: 666 g/mol)

[EA4 4 26] 3HEE C-269] A

PA{PPhy),
NaOH
1,4-Dioxane/H,0

0, L ®;
BN
i:i— Brid :
O M= e L
O 0
g O
C-26

A ol 250 A AF-E-E
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
th 2! 9-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole(3.23 g,
8.77 mmol) 2 AL-&3h= AL Al 9lstar, $4d o 259 T e 748 =23 5o
sheh= C-26 (1.71 g, 7 8:39%)= DAt

GC-Mass (©] 23]: 600.71 g/mol, =74 *]: 600 g/mol)

[A A4 1] 7] EL &3] A&

gl 1014 A E B E C12 BRH L
S3AE & F oo B ol whef =54 f7]

W #], ITO (Indium tin oxide)7} 1500 A 7] & =2}F=}
Zaq=2 AFHSET. SHT Ml F o] U, o]l Az 2 AR, oM E,
e 5o AR Z2ev Al A star dzAZ] ]
sonic 405, BHA B 2 & o] & A 71 thS, UVE o] &3] A7) 7] #-S 557k
AABAL A F F27] 2 73S o] E8 %l

ol & A #=H) ¥ ITO 51 A= 9] m-MTDATA (60 nm)/TCTA (80 nm)/3} 3%
C-1+ 10 % Ir(ppy)s (30 nm)/BCP (10 nm)/Alq; (30 nm)/LiF (1 nm)/Al (200 nm)
o= A Z38lo] §7] EL £AHE A 2Fsh i),

m-MTDATA, TCTA, Ir(ppy);, CBP & BCP2| t %= 317 ¢} ¢t}
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[351]
[352]
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[355]
[356]

[357]

[358]
[359]
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[361]

s

O
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%@

TCTA

[EA A 2] ~ [A Ao 26] - =4 7] EL &27}9] A&

2N e 10| A 3= S A B 5 A EARA AL
@@ﬂz~%WHﬁﬁ ¥ 33t E C-2 ~ C-268 ALE-
17} B Y8 A ste] A

A A

¥ 2o 1] 7] EL &2 2] A 3

= O

7] EL 2225 Al 2

m
o
o
il
o

I

AAT ol 1ol A g FAAA WG TAE EAEA EEE C-1 4] CBPE

A3
A ek gich. b

o
= A=

309%

[ 714 1]

A el 1 U] 26 2 H]aLe] 10 4]
AFUE 10 mA/arol| A 2] &7 9F
7] 3 1o YERA AT

4

J

kR

=
=

1

[}

4

2

il

3} ).
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[Table 1]

ME ITRE T% A (V) [ELY I (nm) |[AFEE (cd/A)
A1 C-1 6.89 515 40.5
A 2 C-2 6.61 518 41.5
A 3 C-3 6.68 515 41.3
A< 4 C-4 6.62 516 43.5
Al 5 C-5 6.87 518 41.7
A 6 C-6 6.64 517 41.6
A7 C-7 6.91 518 38.8
A 8 C-8 6.65 518 40.3
A9 C-9 6.91 517 40.2
A ATl 10 C-10 6.65 515 39.1
A 11 C-11 6.91 517 39.2
A 12 C-12 6.84 516 39.3
A ATl 13 C-13 6.66 516 39.4
2 Al 14 C-14 6.63 517 41.2
A ATl 15 C-15 6.68 517 41.2
A AT 16 C-16 6.71 517 38.8
ANl 17 C-17 6.69 517 41
2]l 18 C-18 6.7 517 40.6
A ATl 19 C-19 6.71 517 40.7
A ] ef] 20 C-20 6.72 516 40.8
2] 21 C-21 6.89 516 39.8
2] 22 C-22 6.73 518 40.9
2] ef| 23 C-23 6.73 516 38.4
2 Al ) 24 C-24 6.87 518 41.2
A A]ef| 25 C-25 6.75 516 41.2
A ATl 26 C-26 6.75 516 38.3
H)ald 1 CBP 6.93 516 38.2

[362] 271 10 YERA vhe) o) Bk o) & 3} 3HE(C-1 ~ C-26)2 UEFo R
AREEF A A o 1 WA 269] 554 §-7] EL 2AH2] 72 9-, &8 CBPE AF&-3
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AT

at7] shote] 12 Al ke

[heb 1]
R1
/N\ R2
Arq—N
—
R3
Rs5 R4

(37] B3 16 A,
R, WA Ryi= A2 5Q8 ol sk, 42 B2 0 S,

Tah, GRA, Alob, A $F HEi= B A $HE C~Ch o A7, X 3H
L2 S| AR R C2~C4o/] AL 7], 23 = 1] 2] 3 C~Cyp 2l
A7 7], A gk Bz WX 2HE Co~Clp®l oFE 7], A S 3=

H| X gkl 3 xp== 5 W] %] 409] &l e 2 o}H 7], x| gk 1= v X $H¥
Ce~Cip®l oFH S A1 7], 2 8 3= ] 2] $HE C~Cypp ] HA A7,
2| gk 1= A ] Hl Co~Cyo®l o} ol 7], A 8 3= B A $HE C,
~Cyo] A EE L7 7], X3 = 1] X 2k Y2 3 U %] 409
& Eﬂ?-—/\]ﬁié 7], A #F Hi= B A S C~Cp® A=Y,

A gk HE1= B A HE C~Cp® GARE V], X 3h Hi= B 2] $hE G
~Cyp8] oFH K E7], 2|3k 3= H] X 3HE Co~Cyp 2] oFHE 2TV,
A8 T B A 28] CprCaf] P E T ARO| 2], 0 A B i

H] X] 8H%] Co~Cyp2] o} E A H 7|2 o] Fo X ol A A B = A,
= o)W Bl )9 Adtele] 23 ne B HAT 4 9lon,
ek R17<R2 R, 2 Ry, R, ¥ R, T Ao % &)= A 2 A E5}o]
871 8h1 4] 22 TAE = H el T F s

[sheH4 2]
Re
X1 R7
<
Rs
Ro

7] 3hehA] 200 A,

X2 0, S, Se, N(Ar,), C(Ar:)(Ar,) 2 Si(Ars)(Arg) 2.2 o] F0 %]
ol A A B e G

Ar, WA Args= A & a7 o o)y, A2 S g s o= 23k
= v X8 C~Chpdl & 7], A3 H= H] 2| 2HE C,~Cyp 9l
AL 7], X B E= ¥ X 2HE Co~Cpo®] 717, X 3 =
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H| 2| 2HEl Co~Cyp 2 o} 7], A 8 Hi=

40°] Fe|=2opd ], X3k iz H A7,
A gk iz B2 2hE C~Cy®l S AV, X 8 i B2 3h C

~Cy2] oF ORI 7], A3 iz W] X 808 CCyp2] A 22U,
)3 = v X 3HE Y24 3 U] 409 B BEA 2 e,
2 g iz W] X b C-Cy®l LA™Y, A 8 iz v A 8hE ¢

~Cpd] SZHEV] X3 = v X3y C~Cy8 o B E 7],

A3 HE1= B X 3HE Co~Cyo®] OFE =2 V], X3 i = ¥ X 3hyl C
~Cyo2l oFEE A K Ao = 7] 9 X3 = H] %] 3 Co~Cyy
ol AV = o] Fo X1 ol A A ElH;

Re WA Rei= A 2 FU3AY AolsiH, 47 s g4 o= 4,
Sa, TR, Alof i, 2|3 HEi= B X3 C~Cy®] &E V], X3
E= YA 3 CpCyp®] A 7], X3 = 1] X 3hg C~C ]
o719 7], X3 = B X35 C~Cy2] o} 7], X3 =
71,

v 2] gk A AFG 5 U4 409] & 2ol 7], X g = v x| g
Co~Cpp2] o} H A 7], X 3F HEi= B X 35 C~Cy] &2 5A17],

2] 8k = H| 2] 8 1C6~C404 oftolrl 7], x| gk 3= v X 24 C,
~Cy] AlER L], X3 = ¥ X 3 2= 3 U] #] 409
e ZAE 2L V], X 3 = ) @H Ci~Cyp8] A A7,
A3 IE= 1 X 3 C~Cyp] A HEV], 2| 3 = ¥ X 34 G
~Cp ol R E7], X & == 1] ] g 1c6~c404 ol EAHY],

X 3 = 8] X 3hE Co~Cy2 o EE AT Ao =y W X3 =

H) 2] H5 Co~Cyp2] oA V| 2 o] Fo 3] ol A A 8w A,
E= QA shE 79k Astste] 3 el E g4 e,
ol], 71 Ry tHA] Ry, B Ar, WA] Are®] &2 7], &AL 7],
A71d7], o}d 7], s el Zold V], o} H A V], A4 KA] V],
oldolnl 7], AlZF 2L, U 2ZAF2LZ 7], 477,
AGAREY] o}HREY], o} HE ATV, }%ié» SAfol =71 H
ol AU = 747t B A o7 FHh, TR, Aol C~Cy
o] &7, C~Cip® LA, CnCop®l E719 7], C~Cyp¥]

ol 7], A} 5 W A 409 FH 2ol H 7], Ce~Cyol oFE5A 71,
C~Cy®l LZAZA7], C~Cyp®l oFHOIRI7], Ci~Cy
AlE2LZ 7], Y2 3 WA 409] Sl el ZAIEZ2 LA 7], C~Cy
o AT, C~Cypl G R E], Ce~Ca® oFHEE7], Cs~Cy
o] o} E A, Co~Cyo®l oOFHE A ZALO| 7] F ConCaol
2 o] Fojx o ZYHE] M= 15 o] ]

2712 X FE 5 a1, gRk A X871 7F E5 A9 AR

1
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=17
Ry 7] Ry, Ay 2 X, 7424 Al13ol 4 ol 5 vhe} 28,
7413 3] A 18 o] Qo] A,
X2 N(An)©°] 3L,
Art= A 150 4ol 5 uel g Ao] S SFHE,

7873 4] A 18kl 910y A,
371 Ar A A= A& FAstAY Aol e, 247 S A o
A Bk 3= W) X 3 Co~Cyp®] oFE Y], B A 3 Hoi= u] X 3
& Q2= 5 W« 409] S| ol 7] &2 o] Folx o ZILE]
A e AL

17, Ar, 17 Ar®] ol 7] 2 alEzol e A7 By 0w

T, SR, Aol C~Cypl EA 7], CrClpdl &AL, C,
C®l ST, CmCa®] oF 7], B 21415 5 ) 4] 402]

SE 2 0k 7], Co-Ca®] OFA 54171, CnCy®] 275171, CoeC
] ohelob717], CrCufl Al 2717, 8924 3 14 409]

e 2=AE2UAV], C~Cypdl ¢ZAHY], C~Cpp® SHAREV],
Co~Cyp2l oFH R Z 7], Co~Cpp oFHFE 2], Co~Cip

OFHFE AW ZALO| 27 B Co~Cypp®] o} H A AV R o] Foi]

o BB AE Y= 1F o] g el A 8]

o> HUnJ*

215k = 9lH, 7]
A7) 78 e B9, A2 Fde AU Aol e 4= = Aol
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=70
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