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oFHE A 7], AU A 7], o} Hol Rl V| A2 S, HHZAEFZ L],
,OLEREY] ol E AW Y], olH E AT GA o] Y] ©
ol AUV = AL FHH R T4, FEA, Aofn7], C~Cyo] &2 7], C~C
02 AL, CrCapl LTI 7], C~CapSl o} E 7], Y255 U %] 409
Sl Bl 2ot 7], Co~Cap®l OFHEA 7], C~Cip®] YA SAI 7], Co~Cyp®l oFH o}l 7],
C~Cipol A EF2LZ Y], AR5 3 WA 409] 3| Bl ZAF 2 UL 7], C~Cy®]
UZAAHY], C~Cpp® AR ET], Co~Cep2 OFHRZT], Co~Cyo®l oFH X237,
C6~C409] O]—%EZ_\.%%A]—O]Eﬂ L C6~C409] O]‘ A7 ]fﬁ O]*El‘o'];q
7o Z2HE AE R = S o] g X FVE X g 4= 2l o, opRk g ] X377
PN A5, AR Fda7t gl 5= A
=] o}ﬂlb*&ﬂ Rs WA Ryl A2 5 oVM olstH, 7t 7} H A o=
H]

[}

oL71 N =] 7] oL?]EEﬂ

.

G, e, B R M) X3 CC,o] o} 7], X8 i u] X Sk
9715 5 1) 409] S El 2ol y], @ A3 iz )

] 1__512_ 6~C40‘g]
olHol il 7| 5 o] Fo] Z] ol A AEl=E 4= 9l 31, ¢] ufFA A= A 7] Rs A R
100] I = /\/\01 2= O]Ijl_

o
ol 7, 7] Ry WA Ryy2] o 7], sl ol 7] 2 o} Fopul 7|3 22}
g0 F4a, B2l Aobiy], C-Cpsl BH7), CrCyol 27197, CnC

02 717, CnCip®] ok 7], 3215 5 4] 402] 8 Bl Z0F 7], ConCl ]
o} 5 A1 7], C~Cap®l S A 7], CCip®] OFHOFR7], CinCip®] A 2R LA,
214152 3 U 4] 409 B A FE U], C~Cyp®] LA, C=Cip?]
AR EV], Co~Cep®l oI RV, Co~Ca®l ol EATT], Co~Cip]

OlH E AT LALO| =7] B C~Cyp] o} HAH V| & o] F o] R o 0 7 HE]
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A= sht o] kel X8 & X3k 4 Qlat, vhek 7] 2| 87)7F B4l
A9 A2 BY omwo & 4 ek

(58] ¥ungel mE sheh 1% HAIHE SR o iz 5] 38
81514 147 A5 = E}% o] glizd), ofol g4 ekt

9] B3

34

[60]

[61]

[62]

[63]
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[64]

[65]

[66]

[67]

[68]

[69] shet4 13



14

WO 2014/104664 PCT/KR2013/011958

[70]

[71] 7] shebA] 3 WA 312 1400 A,

[72] R WA Ry X; R Xo3= 22 371 318k2] 104 g o) vl o) o

[73] B ool A AREE ) X 3k S v 1 U R 409] A A = Y]
3} kst Ao A frf = 17HY] ]ﬂﬂ O]m‘ olo] dlm=wE, o, &,

ol A, sec- -, HE, iso-olH, I F& E9HE

[74] "H] 2] &HE <A (alkenyl)" < BFA- E}/\ ol5 Ad= 171 o] 7Hx, ¥hA=E 2
W =] 409] A3 = S o] B3} whslaraol A ‘rrﬂﬁﬂ*‘ 17Fe] 21 gk7]o]H,
ol 9] o &2 = 1] (vinyl), <Q‘jé(allyl), o] A3 2 # 2 (isopropenyl),
2-F- 'l (2-butenyl) 5-©| A2, o] A ¥ = A& oL},

[75] "H] X g ¥ 7] (alkynyl)"-> EHA-EA A A2 17 o] T, e A2
WA 400 A3 = S0 B3} et FelE = 17 & $hr]olH,
o] 9] of &= o EF21 A (ethynyl), 2- 3 & 3491 A (2-propynyl) ‘&°] Ai=d], o]l
A g = A& of T}

[76] "B 2| ghE o} wHEE are] W= 2 o) o] ane) v 29, ©AAT 6 WA 609

S sl AR 171 X3S Q] git 2 o) e argl v M =

e - (pendant) ¥ 71 1 5§ (fused) FEI 2 -2 4= QU ofd 9] o 2=
dd, vz ddEH, ¢HER Fo] £3EH o]l §g ¥ = A1 of T

[77] "H) X $HE & H 2ol & AR 5 W] 408] B H ZALo] E ] Hi=

Z & H 2 Ao 28 WS el AR R fellE 1718 X8 & o] gk

] F st o] ] B, nhEA s A= 1 X 3709 ©47EN, O, S Bt Sesf

7o F e 2 dAE X3k u} 2 0]39] a1 7h A & e -2 (pendant) =] A o

=9 (fused) I B & -2 = Qla1, ol rb ol 7] 9 o] S99 FH

EtshE o= Aot dH EolE o] dE = dgd, vdkAd, gentd,

A d, EgjolAd 3 22 6-9 B Alo] 29 a1y

7)) = A} E] ol] ' (phenoxathienyl), ¢! ] %] d (indolizinyl), 1% & (indolyl),
2 9 (purinyl), 7 = E (quinolyl), ¥l Z E] o} % (benzothiazole),
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L= (carbazolyl)ljr Ao ZgAtolEE g E Jﬂo}ﬁ 2-5dkd,

N-o| v £ e, 2-0) $A1 %, 2.9 2] v, 2.3 2 u| v W B ¥ ahalis Aow
a4,

(78]  "H]X]3E o} Y S A= RO-E BAE = 1749] X $7]2A, AV R A S
W4 602] oF el oleh. obel Al e iz A S, LFEES A Tl d S A ol

[79] "A) XS A EA = RO-2 TAH = 17F] X724, 47 RE 1WA
4071 9] &7 -2 olv] 3, 2 #(linear), Z 2l (branched) H== AFo] 2 ¥ (cyclic)
TE2E X3k AR gt A S A9 o 2= W F A, o F A,

- SAL n-EE AL HEA] Go] 2 = gl o o]

f01 A ol
éﬂlﬂoleﬂ H]_u} aF =

257 6 WA 609] obE E X 3hel ofvlg o n| %
2 BT 3 Y A] 409 B Aol £

st 2 e e 1719 ]L 712 o] s},
)17 Apo) g R el o iz Aol FRIRA, Aol E LAY, Apo] FRA,
¥ (norbornyl), o} T} 7HE! (adamantine) - ©] ¥ 35| A 7k o] of] SA ¥ = A&

o

rxfl rlo

[ e

ofitt.

[82] "B 2| ghE FEH ZAIE RS AR 3 W A] 409 H] -
Stz R FdE 17k AS71E ouletd, iy 5 sh o] e ',
HhghA sl 1WA 3709 ©FA7EN, O = S92 S E 2 A= X $hel
ol o] H]-A| g2l o 2= E=EH, )92k 5ol 3

[83] "AARNEE B 1WA 409 DA R X ehE A R-olar, rolH AR
EEAa 5 WA 409] ofHE X3 AH S on] gt}

[84] "F(fused) L= HH AL g, S LS ], FF FH AN
g, H9 e Y iz ol 5] 23 FHE o] dih

[85] Hg of 315k 19] 3 ES AR Q] ol uhet e E 5= AT
Chem. Rev., 60:313 (1960); J. Chem. SOC. 4482 (1955); Chem. Rev. 95: 2457 (1995)
= 2z Bouby o] shhihel] o) 8k A8 34 B S Eahis 3A] o of A
TAH R 7] Eet S dih

[86] &, B2 {Q 3k 3}oha) 12 EA]Q% 3}gh=, vt

[87] TA Ao g, B a2 oF=f(anode), & =T(cathode), ¥ 471 F=3} &= Alo] o
AAGNEYE 15 o] 38 75 }:?}3}% F7] AA G A ZEA, G
15 oo 715 T Ao = shvb= A7) 3heha] 1= A H = 38,
vt A 8 A= 3182 32 A 3= ﬁ}?} WA 3heka] 142 A H = 3 e S
Egtgin o|ul, A7) StE S WiE 0 R =2 o] 4to] EjtE o] ALEEH
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[97]
[98] olsl, & WS AA o & Tt GAE] A et tha Eot |, 51
A= S o AShE A Y W, E b o] 517 A A oo of5f] ghg =
A& ot}
[99] [0l 1] 3H3HE 1C-19] &4
[100] <%+ 1> 6-bromo-5-chloro-1H-indole 2] 3141
[101] NO5
THF H Br
A Mger T @
Br -40°C Cl
Cl
[102] A A 715 3Fell A 2-bromo-1-chloro-4-nitrobenzene (25g, 0.107mol)S-
THFQ250mL)°ll =<1 %, - 40 °Coll 4] vinylmagnesium bromoide (1M in THF,
321mL, 0.321mol)& X H 8] A 7}e th&, - 40 °Coll A 1A} & <F L Rksl it NH
58002 Whe 2N %, 4902 AR ofF.
Ao AHONER F7158 25T T MgSO.Z 7715 A 42 A7
Thg el ool s E b, AL A 2ubE Lefs) 2 2 Aol
6-bromo-5-chloro-1H-indole (7.89g, 78 32%)& AT}
[103] IH NMR: 5.98(s, 1H), 6.98(s, 1H), 7.42(s, 1H), 7.48(s, 1H), 10.87(s, 1H)
[104] <Al 2> 5-chloro-6-(2-nitrophenyl)-1H-indole &} 4
[1os) OoN
N B(OH),  Pd(PPhgz)y, K;CO3 H O
N\ | ©/ THF/H,O = 4/1, reflux' {\l |
Cl
[106] 6-bromo-5-chloro-1H-indole (7.89g, 34. 3mmol)% THF/H,O (80mL/20mL)°l] = ¢!
2, 2-Nitrophenylboronic acid(5.71g, 34.3mmol), ¥ K,CO; (14.2g, 0.103mol)&
Wa1 A4 degassingA] T ©]F, ©] 7]l Pd(PPh,), (1.98g, 1 71mm01)% A 7Fgk
T, 85 °C = 4/\]7]_ E:_o]- "n;]]-o}Oﬂq_ o] J\IQOJ_EL_ %ﬁr}\] ,1_ THF =
&5t Glt o]o M, dlHolAHl o] ER {755 FE5E -, MgSO.=
FlFol M & A e vhe, B Pt w56, ARl ARnE I ®
A A8} 5-chloro-6-(2-nitrophenyl)- 1H-indole (6.72g, 5 72%)& A 1T}
[107]  'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.42(s,
1H), 7.96(d, 1H), 10.87(s, 1H)
[108]  <%tA| 3> 5-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole 2] 4]
[109]
ON Cu, KoCO3 Q O O
w @ Nitrobenzene, reflux - {\l |
Cl Cl
[110] A A 715 3hell A 5-chloro-6-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<
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Nitrobenzene (70mL)§_ =92l & o 7] 9] JTodobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), & K,CO; (6.81g, 49.3mmol)E A 7}3F t}-&-, S A 7] A A
147171 B9 Rkakglch, o) . 79} Tl 2@ elo] .0 2 Bl A AT o]of A,
el H ) ER £7]=S zﬁqu 3, MgSO,& Fr7]&Fol A 8-S A 7] 3

th&, e gato] s5stal, A AR v E 1] 2 4 A 5]
5-chloro-6-(2-nitrophenyl)- 1-phenyl-1H-indole (6.71g, 5 78%)< A 3o}

[111]  'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H),
7.42(s, 1H), 7.96(d, 1H)

[112] <%7 4> 5-chloro-1-phenyl-1.10-dihydropyrrolo[2.3-a]carbazole 2] $H4]

[113]
OoN
PeY )
\ | 1,2-Dichlorobenzene N
Cl reflux \ |
Cl

[114] A4 714 3hell A 5-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-&- 1,2-Dichlorobenzene(100mL)l| =<1 3, o] 7]l PPh; (15.1g,
57.7mmol)E YWl E-FA| 7| HA 14A] 7F 59t nHksl gt} o] 3 7t
txagddo]ldor §ujE A AL, ol dotAH | ER /7] 5& 753 v,
MgSO,E F7]5 oA /-8 A7 5} , el " sto] 5551
Ad g gnE 13 2 QA o] 33 % IC-1
(5-chloro-1-phenyl-1,10-dihydropyrrolo[2,3-a]carbazole)(4.57g, T8 : 75%)<
DA

[115] 3} IC-12] '"H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
7.42(s, 1H), 8.28(d, 1H), 10.78(s, 1H)

[116]

[117] [£1] ¢ 2] 3 E 1C-29] &4

[118] <7 1> 6-bromo-4-chloro-1H-indole 2] $HA]
[119] NO»

Br

E/ zI

THF
+ /\MgBr
Cl Br -40°C
Cl

[120] A4 715 3Fell A 1-bromo-3-chloro-5-nitrobenzene (57.4g, 0.243mol)<
THF(500mL)= =1 %, - 40 °Coll 4] vinylmagnesium bromoide (1M in THF,
728mL, 0.728mol) & ¥ 3 3] 2 71§k th, - 40 °Coll A 14| F &<t alEkskgith. NH
I gol0s i $AN F, 1802 52 A oo,

Ao ER £/ 52 32 F, MgSOE F71 204 542 478
0%, AEYate] w30 AAALrkE o9 2 G A
6-bromo-5-chloro-1H-indole (8.40g, 78 15%)& AT}
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[121] 'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.45(s, 1H), 7.72(s, 1H), 10.87(s, 1H)
[122] <%t 2> 4-chloro-6-(2-nitrophenyl)-1H-indole &] $t4]
[123] Y NO, OoN
N Br B(OH),  Pd(PPhg)4, KoCO3 H O
A * ©/ . - AN
@ THF/H,0 = 4/1, reflux 8 |
Cl
[124] 6-bromo-5-chloro-1H-indole (8.40g, 36.4mmol)< THF/HzO(SOmL/ZOmL) of] &2l
<, 2-Nitrophenylboronic acid (6.08g, 36.4mmol), 2 K,CO, (15.1g, 0.109mol) &
Wi A4 =2 degassingA| # TF. ©] %, Pd(PPh,), (2. llg, 1.82mmol)-& Y1, 85 °C=
47 3F FQE WRESEITE o] o] A, A2 0 & WZFAIZ] - THFE & %83t o] 7,
NEolHH | ER §7]15S FE8 F, MgSO,E 7Tl A & AAS
U, e P ste] w5t AdAzvtE g v 2 A A sk
4-chloro-6-(2-nitrophenyl)- 1H-indole (8.44g, 5 85%)S A 3o},
[125] 'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.40(s,
1H), 7.92(d, 1H), 10.85(s, 1H)
[126]  <%tA| 3> 4-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole 2] 4]
[127]
ON | ON
H O Cu, K,CO3 Q O
N N ~ N
© Nitrobenzene, reflux S |
cl Cl
[128] A A 715 3hell A 4-chloro-6-(2-nitrophenyl)-1H-indole (8.44g, 31.0mmol)<
Nitrobenzene(SOmL)?-_ =92l & o] 7] 9] Jodobenzene (6.93mL, 61.9mmol), Cu
(197mg, 3.10mmol), ¥ K,CO;(8.56g, 61.9mmol)E 7} T}, 37 A 7] H A
14X 3F 5 ¢ agkagiet. o] 5, 7t =g el oz v & A A S v+,
JEotAH | ER f7]5E %‘—%6& T, MgSO, = f7]5 ol =38-& A7 &
&, el " st w56t A7l A2 vt E 2] & A A5t
4-chloro-6-(2-nitrophenyl)- 1-phenyl-1H-indole (7.02g, 5~8: 65%)< AT},
[129] 'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H),
7.44(s, 1H), 7.96(d, 1H)
[130]  <%tAl 4> 4-chloro-1-phenyl-1.10-dihydropyrrolo[2.3-a]carbazole &] §t4]
[131]
Q PPhs Q HN O
\ | 1,2-Dich|orobenzene' N |
cl reflux N\
Cl
[132] A4 714 3hell A 4-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole (7.02g,
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[133]

[134
[135
[136
[137

—t e e

[138]
[139]

[140]

[141]

[142]
[143]

[144]
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20.1mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh; (15.8g,
BEFAIZI A 14X 3 & QF nEkat it o] %,

60.4mmol) & Y 11,

Addsdgeld e

T, MgSO,E 715

oA g A G 5, e eto] 538kl

AdaRvE T892 A sl 3= 1C-2
(4-chloro-1-phenyl-1,10-dihydropyrrolo[2,3-a]carbazole)(2.55g, 5 : 40%)<

A

% gul& A, LA ER §7]F S FEW

3}9+= IC-2 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),

7.42(s, 1H), 8.28(d,

1H), 10.78(s, 1H)

4] o 3] 3 E 1C-39] &4

<A 12 2>

FH] o 19] <A 1> 2 <A 252 T35 =3 5}
5-chloro-6-(2-nitrophenyl)-1H-indole-&- A %t}
<H 3> 1-benzyl-5-chloro-6-(2-nitrophenyl)- 1H-indole 2] 3+A

e

Cl

ZT

8

O.N
BnBr, KOH O
> N
Acetone, 0°C \ |
Cl

A4 714 3Fell A 5-chloro-6-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<

Acetone (100mL)°l] =<1 3. 0

0.129mol)E H 3| A 7}3F T oF 55 F<oF wHkal t}5-, o] 7] 9]

25.8mmol)E %

3] A7} 2 13A] 7F SoF wukElgl )l o] 3, Acetone

T, o EolAH o ER #7]5 S 58 U, MgSO,E 7715

AAG 7, AE

CE P&ttt o], o] 7] KOH (7.25g,

BnBr (3.07mL,
A
off A -

Slo] &35, AP aEvtE 19 a5 A A5k

1-benzyl-5-chloro-6-(2-nitrophenyl)-1H-indole (8.63g, 7~&: 92%)& A AT}
'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(s, 1H),

7.26-7.32(m, 7H), 7.36(s, 1H), 7.92(d, 1H)
<97 4> 1-benzyl-5-chloro-1,10-dihydropyrrolo[2.3-aJcarbazole 2] 34

<jk\ -
N
NG

23.8mmol)-& 1,2-Dichlorobenzene (100mL)Z =<1 &

71.4mmol)E ¥ a1

Haddoldog S & Al A ska, o dotAlE o] ER 7]

MgSO,= #7155

PPhg Q\\ HN O
> N
1,2-Dichlorobenzene N\ |
reflux Cl

A4 714 3hell A 1-benzyl-5-chloro-6-(2-nitrophenyl)- 1H-indole (8.63g,

Cl

FFA A 1447 B ST o) 7,

] 1 T‘T“E. Xﬂ7%6}14—g JJEiTﬂol,oq %:;8}

, @171l PPh; (18.7g,

7LOL

A
TEEED T,
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[145]

[146]
[147]

[148]

[149]

[150
[151
[152
[153

— e e

[154]
[155]

[156]

A A2 vtE 23] & A A5t
1-benzyl-5-chloro-1,10-dihydropyrrolo[2,3-a]carbazole (5.51g, =5 70%)& A 3T}
'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H), 7.26-7.32(m, 7H),
7.36(s, 1H), 8.28(d, 1H), 10.78(s, 1H)
<7 5> 1-benzyl-5-chloro-10-phenyl-1.10-dihydropyrrolo[2.3-alcarbazole ] $7d

Q\\ HN Cu, K>CO3 @\\Q O
. N
Nitrobenzene, reflux N
o \ |
Cl

A4 714 3hell A 1-benzyl-5-chloro-1,10-dihydropyrrolo[2,3-a]carbazole (5.51g,
16.6mmol)-S- Nitrobenzene (80mL)Z =<1 3, o] 7] ]| Todobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), = K,CO;(4.60g, 33.3mmol)& % 7}8} 11
SHFAIZIAA 1443 5 qF /st o] 3, At e dlo]d o 2 G &

A A star, ool AH ol ER F7]5& 58 -, MgSO,=E F7]5olA &
A A G v, el sto] w56t A A2 vt E 239 2 A A st 83E 1C-3
(1-benzyl-5-chloro-10-phenyl-1,10-dihydropyrrolo[2,3-a]carbazole)(5.08g, <++5:
75%)& LAt

3}3HE IC-3 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H),
7.26-7.32(m, 12H), 7.36(s, 1H), 8.28(d, 1H)

[£¥] 4 4] 3H3HE 1C-49] ¥4

<A 12 2>

oo 29] <A 1> 2 <] 259} F L3 538 5o
4-chloro-6-(2-nitrophenyl)- 1H-indole & & 31t}

<%7 3> 1-benzyl-4-chloro-6-(2-nitrophenyl)- 1H-indole 2] $H4

O,N @\\ O,N
H O BnBr, KOH O
N | - N
N\ Acetone, 0°C \ l
Cl

Cl

A4 714 3hell A 4-chloro-6-(2-nitrophenyl)-1H-indole (6.91g, 25.4mmol)<
Acetone (100mL)°ll =591 5, 0 °CE FZFA| Zl T} o] %, o] 7]l KOH (7.11g,
0.127mol)& 313 3] A 7}eh F of 53 & ¢k a W3 U, BnBr (3.01mL,
25.4mmol)E 3] A 713k 3 134 7F FoF aluksl St o] o] A, AcetoneS-
F5otaL, ol oMo ER {75 S FET -, MegSOE 7150l &

A A G v, el " sto] w56t A A2 vt E 223 2 A A5t
1-benzyl-4-chloro-6-(2-nitrophenyl)-1H-indole (8.37g, 7+&: 91%)& A AT}
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[157] IH NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(s, 1H),
7.26-7.32(m, 7H), 7.40(s, 1H), 7.92(d, 1H)
[158] <%HA 4> 1-benzyl-4-chloro-1.10-dihydropyrrolo[2.3-alcarbazole 2] 3H4
o O
O PPh3 HN O
N > N
S | 1,2-Dichlorobenzene N |
reflux
Cl Cl
[160] A A 715 sFell A 1-benzyl-4-chloro-6-(2-nitrophenyl)-1H-indole (8.37¢,
23.1mmol)-& 1,2-Dichlorobenzene (100mL)Z =<1 ¥, o] 7] ¢|| PPh, (18.1g,
69.2mmol)E F 7HeF th&, SR A7 A 144 3F &b RS T, o] -, )
tadyoldow GulE AAsaL, dHolAEH | ER 77 5& =8
MgSO,E #7150l A -5 A7 8 o5, e Y sto] 5561l
Az = ehE 1o 3 2 A A 5ol
1-benzyl-4-chloro-1,10-dihydropyrrolo[2,3-a]carbazole (3.05g, =& 40%)-2 A At}
[161] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H), 7.26-7.32(m, 7H),
7.40(s, 1H), 8.26(d, 1H), 10.75(s, 1H)
[162] <%HA| 5> 1-benzyl-4-chloro-10-phenyl-1.10-dihvdropyrrolo[2.3-a]carbazole 2] $T4]
[163]
@\\ | Cu, K,CO3 @
N . @ : > Q\\ N O
N | Nitrobenzene, reflux N
cl A\ |
Cl
[164] A A 715 3Fell A 1-benzyl-4-chloro-1,10-dihydropyrrolo[2,3-a]carbazole (3.05g,
9.23mmol)-S Nitrobenzene (40mL)Z =<1 3 o] 7] 9] Jodobenzene (2.07mL,
18.5mmol), Cu (59mg, 0.923mmol), 2 K,CO;(2.55g, 18.5mmol)E 2 11,
SEFAIZIH A 144 ZF 59 ksl Qin). o] &, bk v g glo| o ® B &
A A star, ool AH ol ER F7]5& 58 -, MgSO,=E F7]5olA &
A7 g ok, e Y ete] sFoln AR AR E 1R GA| et 3= 1C-4
(1-benzyl-4-chloro-10-phenyl-1,10-dihydropyrrolo[2,3-a]carbazole)(3.19g, 5+5:
82%)& LA
[165] 3}3}H= IC-4 'TH NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H),
7.26-7.32(m, 12H), 7.40(s, 1H), 8.26(d, 1H)
[166]
[167] ol o 51 3HHE 1C-59 &4
[168]  <¢tAl 1WA 3>
[169]

Zlel 29] <A 1> WA <A 353 T A8t =3 5t
4-chloro-6-(2-nitrophenyl)- 1-phenyl-1H-indole-& ¢ %1
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[170]  <%Al 4> 4-chloro-1-phenyl-1.5-dihydropyrrolo[3.2-blcarbazole 2] 314l
[171]
Q O,N
O PPhs3 Q
N .
\ | 1,2-Dichlorobenzene N |
reflux \
Cl
[172] A4 714 3hell A 4-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole (7.02g,
20.1mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh; (15.8g,
60.4mmol) & Y a1, 3FFA| 7| A A 144 7F & QF 1 HkEl gl T), o] &, 7k
vagdoldor fu S A7 s, o dolAEl o] ER /7] i% FET 2
MgSO,E 7|50l A 35 A7 5} =, dE g sto] F5ekal
AP agnte iy 2 GAste] 3}¢E 1C-5
(4-chloro-1-phenyl-1,5-dihydropyrrolo[3,2-b]carbazole)(2.55g, 78 : 40%)& A AT}
[173] 3}3H= IC-5 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.01(s, 1H), 7.14(d, 1H),
7.28-7.38(m, 7H), 8.28(d, 1H), 10.78(s, 1H)
[174]
[175]  [EM4 6] 3&E 1C-69] &4
[176] <%+l 1> 6-bromo-7-chloro-1H-indole 2] 3+4
[177] cl Cl
O5N Br THF H Br
O e e O
-40°C
[178] A A 715 3hell A 1-bromo-2-chloro-3-nitrobenzene (25g, 0.107mol)< THF
(250mL)= =<1 §, - 40 °Col| 4] vinylmagnesium bromoide (1M in THF, 321mL,
0.321mol) & 3 3] A 7}gk th&, - 40 °Col A 1A X 5 2F RS}t NHLCI
FEANoR g FTAANY F, AL 08 FAZT o F, dEHolAHo| ER
s FET S, MgSOE-— F71Fol A FiE AA S v, BH P st
&6t AdhaEvtE 19y &2 4G A 5] 33HE- 6-bromo-7-chloro-1H-indole
(7.89g, T8 32%)= ALY
[179] IH NMR: 5.98(s, 1H), 6.98(s, 1H), 7.08(s, 1H), 7.48(s, 1H), 10.87(s, 1H)
[180] <%HA| 2> 7-chloro-6-(2-nitrophenyl)-1H-indole 2] §+4
[181] H Cl NO, o
N Br B(OH)» Pd(PPh3)4, Ko;CO3 H O
@ ' ©/ THF/H,O = 4/1 reflux N |
’ \ NO,
[182] 6-bromo-7-chloro-1H-indole (7.89g, 34.3mmol)< THF/H,O (80mL/20mL)= =<1

<, 2-Nitrophenylboronic acid (5.71g, 34.3mmol), ¥ K,CO; (14.2g, 0.103mol) &
SR AN =, degassu’lg/\] 7}, o] 3, o] 7] Pd(PPh;), (1.98¢g, 1.71mmol)= =i
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85 °CE 4A1 7+ F <t ﬂ‘i%}% Ol olx, Ao 2 YA &, THFE 553},
ol o] ER F7]F 3 2, MgSO,E 750l A -5 A7 ¢
v, BE P 3to] a;o}ﬁ Z @ﬂin}iza}ﬂi A A 5}
7-chloro-6-(2-nitrophenyl)- 1H-indole (6.72g, 5 72%)< A o).

[183] 'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.17(d, 1H) 7.28(m,
2H), 7.96(d, 1H), 10.87(s, 1H)

[184] <%t 3> 7-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole 2] $HA

[185]
@ Cu, K5CO3 /:( cl O
. > N
\ O Nitrobenzene, reflux S | NO,

[186] 2 A 7] 5 31l 7\1 7-chloro-6-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<-
Nitrobenzene (70mL)§_ =21 3 o] 7] 9] Todobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), ¥ K,CO;(6.81g, 49.3mmol)E ¥ i1, -FA| 7| HA] 14A]{F
£or ks st o) F, 705k vl 2ol Mo 2 g e A7 s,

ool E o] ER ‘!Tﬂzo FE3 2, MgSO,E 7] 5ol A 735 Al 7 g
v, dE Fste] F5etal Al ARt E T & A A 6o
7-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g, 5 78%)S A 3l T}

[187] IH NMR: 5.98(s, 1H), 6.96(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.18(d, 1H),
7.28-7.38(m, 7H), 7.96(d, 1H)

[188]  <%t7l 4> 10-chloro-1-phenyl-1.5-dihydropyrrolo[3.2-b]carbazole 2] $t4]

[189]
o LN
N o
\ \ 1,2-Dichlorobenzene N O
NO2 reflux N\ |
N
H

[190] A 4 714 3hell A 7-chloro-6-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-& 1,2-Dichlorobenzene (100mL)Z =<1 %, o] 7] ¢|| PPh, (15.1g,
57.7mmol)E Yl Al 7| HA 14X 3F & <F nHksh it o) 3, 7t
Haggeldor & & A 7lstaL, ol dotAHo| ER f7]5S 53 F,
MgSO, = fr715 ol F=i-& A7 8 v, e G ato] 553t
AR AZntE T 2 A et 3= 1C-6 (4.57g, T8: 75%)= L3t

[191]  3}3FE IC-6 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.02(s, 1H), 7.14(d, 1H),
7.28-7.38(m, 7H), 8.28(d, 1H), 10.78(s, 1H)

[192]
[193] FH o 713 EE 1C-79] &4
[194] <eHA 1 A 3>
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[195]  &H]ell 49 <@ A 1> WA <@ A 3>7} FUHA| 5= 5t
1-benzyl-4-chloro-6-(2-nitrophenyl)- 1H-indole-s & L T}
[196] <7 4> 1-benzyl-4-chloro-1.5-dihydropyrrolo[3.2-blcarbazole®] 34

[197] oN
O PPhs
N > N
S | 1,2-Dichlorobenzene S |
reflux N

[198] A4 714 3hell A 1-benzyl-4-chloro-6-(2- nitrophenyl) 1H-indole (8.37¢,
23.1mmol)< 1,2-Dichlorobenzene (100mL)= =<1 ¥, & 7| ]| PPh; (18.1g,
69.2mmol)E Wil EFA| 7| HA 14A] 7F 59t nHbsl gt} o] 3 7het
Haddo]ldow §ulE A AL, ol dotAlH | ER RV 5& 753 5,
MeSOLZ 57150l A4 252 A7 8 T8, Del e sfo] 553
AdgZvte 18y 2 AA S
1-benzyl-4-chloro-1,5-dihydropyrrolo[3,2-b]carbazole (3.05g, =& : 40%)-S A A}

[199] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.10(s, 1H), 7.16(d, 1H),
7.26-7.32(m, 7H), 8.26(d, 1H), 10.75(s, 1H)

[200] <%HA| 5> 1-benzyl-4-chloro-5-phenyl-1.5-dihydropyrrolo[3.2-b]carbazole 2] 34]

[201]
Q\\ Cu, KoCO3, NaySOy \ O
N O + - A\ |
\ | Nitrobenzene, reflux N
N
e

[202] A4 719 3hell A 1-benzyl-4-chloro-1,5-dihydropyrrolo[3,2-b]carbazole (3.05g,
9.23mmol)-S Nitrobenzene (40mL)Z =<1 3 o] 7] 9] Jodobenzene (2.07mL,
18.5mmol), Cu (59mg, 0.923mmol), 2 K,CO,(2.55g, 18.5mmol)& 2 1L
SRR 14812 Bk nkakelcy, o), 7ist vl eo o 2 e
AP S, S EoL A o E 2 5758 5 T MgSO,2 771 Zol 4] 432
718 T, e R aol S el AR A mvE 1o 9 = AAlale] 3R 107
(1-benzyl-4-chloro-5-phenyl-1,5-dihydropyrrolo[3,2-b]carbazole)(3.19g, & 82%)&
AU

[203] 3}3+= IC-7 '"H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(s, 1H), 7.16(d,
1H), 7.26-7.32(m, 12H), 8.26(d, 1H)

[204]
[205] [£1] 4 8] 33 E 1C-89] &4
[206] <gHA 12 2>

]

(207 #=H]d] 62] <] 1> L <A 259} T L5} =3 5}
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[208]
[209]

[210]

[211]

[212]
[213]

[214]

[215]

[216]
[217]

[218]

7-chloro-6-(2-nitrophenyl)- 1H-indole 2 & 31t}
<THA 3> 1-benzyl-7-chloro-6-(2-nitrophenyl)- 1H-indole 2] 3+Ad

cl Q\\ i
H BnBr, KOH
. O §
| > |
\ NO2 Acetone, 0°C \ O

A 4 714 3hell A 7-chloro-6-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone (100mL)°ll 91 %, 0°C& YZFA| 71 U5, o 7] 9] KOH (7.25g,
0.129mo)E 3 38] A 7Fgk 5 oF 5% & <QF uwkek v, o] 7] ol BnBr (3.07mL,
25.8mmol)E %3] A 713k 3 13A| 7t F-9F nHkE} S t), 0] %, Acetones
SEotaL, o HolAHOl|ER f7]5S F53 -, MgSO,E #7]15 ol F3&

A A g E} o, e G oto] w5t AR ARvtE L9 2 A A 5k
1-benzyl-7-chloro-6-(2-nitrophenyl)-1H-indole (8.63g, 7~&: 92%)& A AT}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(d, 1H), 7.16(d,
1H), 7.26-7.32(m, 7H), 7.96(d, 1H)

<7 4> 1-benzyl-10-chloro-1.5-dihydropyrrolo[3.2-b]carbazole &] 34

@ cl O PPhs ©\\ cl
T T
1,2-Dichlorobenzene
\ NO2 reflux \

A 715 shell A 1—benzy1—7—Ch10r0—6—(2—nitr0pheny1)—lH—indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh, (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
Haddo]ldow §ulE A AL, ol dotAlH | ER RV 5& 753 5,
MgSO, = F7] 5ol A & A7 3 v &, BE P ato] 5535kaL
Aw g g nE 193 2 A A 5]
1-benzyl-10-chloro- 1,5-dihydropyrrolo[3,2-b]carbazole (5.51g, =% 70%)< A A}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.16(s, 1H),
7.26-7.32(m, 7H), 8.28(d, 1H), 10.78(s, 1H)

<%7| 5> 1-benzyl-10-chloro-5-phenyl-1.5-dihydropyrrolo[3.2-b]carbazole &] 34

| @ 7
©\\ cl Cu, KoCO3 N O
v A )
A\ | * Nitrobenzene, reflux N\ |
N N

65%

A4 714 3hell A 1-benzyl-10-chloro-1,5-dihydropyrrolo[3,2-b]carbazole (5.51g,
16.6mmol)-S- Nitrobenzene (80mL)Z =<1 3, o] 7] ]| Todobenzene (3.73mL,
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33.3mmol), Cu (106mg, 1.67mmol), = I K,CO; (4. 60g, 33.3mmol) = a1
FFAZIAA 144 2E E<F ksl o) 5, st v deold e g S &
AABEAL, A HolA Bl o] ER #7158 FE3 5, MgSO,E 7] 5ollAM 85
AT v, B eto] sHeta, A AR v R I 2 G A ste] gheta
IC-8 (1-benzyl-10-chloro-5-phenyl-1,5-dihydropyrrolo[3,2-b]carbazole)(5.08g, &
75%)& LA

[219] 3}3H= IC-82] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.16(s,
1H), 7.26-7.32(m, 12H), 8.28(d, 1H)

[220]

[221] 4l 4 9] & 1C99 &4

[222] <%t 1> 5-bromo-4-chloro-1H-indole 2] 4]
[223]

O.N THF H
*+ /\MgBr A\ |
Br -40°C Br

Cl Cl

[224] A A 715 3Fell A 1-bromo-2-chloro-4-nitrobenzene (57.4g, 0.243mol)<
THF(500mL)= =1 %, - 40 °Coll 4] vinylmagnesium bromoide (1M in THF,
728mL, 0.728mol)& 3 3] A7}k th, - 40 °)Coll A 1A &2t nlREs} I
o] %, NH,Cl &N e & vhg TAANT F, A0 7 5 LA 7T o] o] A,

eolAH | ER §7]|5& FEF F, MgSOE_ FrrlFol M & A e =+,

de| g eto] w5atal, Ayl AzvtE 13 2 A st
5-bromo-4-chloro-1H-indole (8.40g, <5 15%)= ¥ T}

[225] 'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.42(d, 1H), 10.87(s, 1H)

[226] <%HA| 2> 4-chloro-5-(2-nitrophenyl)-1H-indole 2] §+4

[227] H NO, H
| B(OH),  Pd(PPhs)y, KoCO3 N | NO5
N\ + > N\
Br THF/H0 = 4/1, reflux
Cl Cl
[228] 5-bromo-4-chloro-1H-indole (8.40g, 36.4mmol)< THF/HZO (80mL/20mL) % =7¢!
2, o] 7] of] 2-Nitrophenylboronic acid (6.08g, 36.4mmol), & K,CO; (15.1g,
0.109mol)E ¥ 31, A A= degassingA| 7! TF-, o] 7] ¢l Pd(PPh;), (2.11g,
L 82mmol)S % 3L, 85 °Coll A] 4A| ZF 5 ¢F aHkal STt o] F, A2 0 2 WZIAIZ]
- THF F53tal, ool Aol ER fU5E& FE§ ?‘, MgSO,=
Fr71Eol A & A A o, BEEste] g5t dH AR v E IR
7‘3 A5t 4-chloro-5-(2-nitrophenyl)-1H-indole (8.44g, <5 85%)< A T}
[229] IH NMR: 5.98(s, 1H), 6.99(s, 1H), 7.02(d, 1H), 7.08(d, 1H), 7.12(d, 1H), 7.28(m,
2H), 7.96(d, 1H), 10.85(s, 1H)
[230] <%t 3> 4-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole 2] $HA
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[231]

[232]

[233]

[234]
[235]

[236]

[242]

N |
S | NO2 Cu, KoCO3
+ : ” N NO
2
Cl O Nitrobenzene, reflux S |
Cl O

A4 714 3hell A 4-chloro-5-(2-nitrophenyl)-1H-indole (8.44g, 31.0mmol)<
Nitrobenzene(80mL) = =21 &, o] 7] o] Todobenzene (6.93mL, 61.9mmol), Cu
(197mg, 3.10mmol), ¥ K,CO;(8.56g, 61.9mmol)E ¥ i1, 75| 7| HA] 14A]{F
EF aEks it o %, A v ol Ao R Gl & A AstaL,

o oA H o] EZ f-7]5 & FE3 F, MgSO,= 715 ol A =& A A gk
th&, e g ato] Fstal A AR E 183 2 A 5o
4-chloro-5-(2-nitrophenyl)- 1-phenyl-1H-indole (7.02g, 5~ 65%)< AT},

'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.02(d, 1H), 7.07(d, 1H), 7.12(d, 1H),
7.28-7.38(m, 7H), 7.96(d, 1H)

<57 4> 4-chloro-1-phenyl-1.9-dihydropyrrolo[2.3-b]carbazole & $+4]

Q PPh; Q
N - H
\ | NO2 1,2-Dichlorobenzene N N
reflux N |
Cl
Cl

A4 714 3hell A 4-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole (7.02g,
20.1mmol)-&- 1,2-Dichlorobenzene(100mL) 2 =<1 3, o] 7] ol] PPh; (15.8g,
60.4mmol) Z 2 31 3+F A7) A 144 7F F-oF ksl o), o] &, 7<)
tadyoldow GulE AAsaL, dHolAEH | ER 77 5& =8
MgSO,E #7150l A -5 A7 g o5, e sto] 556l
AdaznE a2 GA sk 343E 1C-9
(4-chloro-1-phenyl-1,9-dihydropyrrolo[2,3-b]carbazole)(4.46g, =5 70%)S A Tt

3}3HE 1C-99] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.14(s, 1H), 7.18(d, 1H),
7.28-7.38(m, 7H), 8.28(d, 1H), 10.78(s, 1H)

[£4] 4 10] 3HEE 1C-109] 4
<A 1> 5-bromo-7-chloro-1H-indole 2] 3HAl
Cl Cl

ON THF N
+ ZMgBr N
Br -40°C Br

A A 715 3hell A 4-bromo-2-chloro-1-nitrobenzene (25g, 0.107mol)< THF
(250mL)= =<1 §, - 40 °Col| 4] vinylmagnesium bromoide (1M in THF, 321mL,
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[243]
[244]
[245]

[246]

[247]

[248]
[249]

[250]

[251]

[252]

0.321moly& W3] A 7Hak thg, - 40 °Col A 1A17F F9k ksl ). o) %, NH,
ClFgNoR ihe TAA T, Ae R 527 ool A,

NEolAH | ER §7]5& 53 T, MgSO,Z 7] 5ol 78-S A7 g
&, el " st w56t A7l A2 vt E 2] & A A5t
5-bromo-7-chloro-1H-indole (7.89g, T5:32%)S ATt

'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.42(s, 1H), 7.78(s, 1H), 10.87(s, 1H)

<A 2> 7-chloro-5-(2-nitrophenyl)-1H-indole 2] $+4

H Cl NO, H Cl

N B(OH)» Pd(PPh3z)4, KoCO3 N NO,
®Br ' ©/ THF/HO = 4/1, refluxr \ | O

5-bromo-7-chloro-1H-indole (7.89g, 34.3mmol)< THF/H,O (80mL/20mL)Z = <!
<, 2-Nitrophenylboronic acid (5.71g, 34.3mmol), ¥ K,CO; (14.2g, 0.103mol) &
Wil AR degassingAl 71 T, 1 7] ¢l PA(PPhs), (1.98g, 1.7 lmmol)< ¥ 3L 85
°CE 4A| ot aRbal i), o] &, A2 0 8 WA Z1 § THFE 5353l
RolA | ER f7]% & 5% F, MgSO,E 7] Foll A 3-8 Al A g
U, B g eto] s5eta Ad A2 v R I 2 G A 5o
7-chloro-5-(2-nitrophenyl)- 1H-indole (6.72g, 5 72%)< A 3o}

'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.42(s,
1H), 7.96(d, 1H), 10.87(s, 1H)

<A 3> 7-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole 2] 34

Cl
N |
Q | NO2 Cu, K,CO3 Cl
> N
O * Nitrobenzene, reflux S | NO2

A4 714 3hell A 7-chloro-5-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<
Nitrobenzene (70mL)Z =<1 3, ¢ 7] 9] Iodobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), 3 K,CO; (6.81g, 49.3mmol)E ¥ 1L SHFA[ 7] A A] 144 3F
&b ks Qitt. o] &, Ak ol d e g Gy & Al 78t aL,
NeolAH | ER {7]5& FEF F, MgSOE #7150l 735 A7 g
&, el " st w56t A7l A2 vt E 2] & A A5t
7-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g, <5 78%)S A I}

'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.02(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H),
7.42(s, 1H), 7.96(d, 1H)

<77 4> 10-chloro-1-phenyl-1.9-dihydropyrrolo[2.3-blcarbazole 9] $}+4]
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[253]

[254]

[262]

[263]

[264]

Cl
; PPh3 Q ¢l
N -
N | NO2 1,2-Dichlorobenzene N N
O reflux N | Q

A4 714 3hell A 7-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 %, o] 7] ¢|| PPh; (15.1g,
57.7mmol)E ¥ il FFA 71 A 1441 3E &< alnks} i), o) -, 7h<t
Hadeeolder Gl g AL, ol detAlEo| ER f7]58 #5385, MgSO
w2 7SO e A S 5}8, Bl ofo] F5ahar
AR A ZntE 1 2 A she] 5135 1C-10
(10-chloro-1-phenyl-1,9-dihydropyrrolo[2,3-b]carbazole)(2.44g, =5 40%)-E
AU

3} IC-102] '"H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
8.22(s, 1H), 8.28(d, 1H), 10.78(s, 1H)

[E49]d 11] 7 E 1C-119] 4

<A 12 2>

0] o) 99 <A 1> <A 2>9} F A A 523 51
4-chloro-5-(2-nitrophenyl)- 1H-indole 2 & 31t}

<%7 3> 1-benzyl-4-chloro-5-(2-nitrophenyl)- 1H-indole 2] $HA4

H
N NO, BnBr, KOH Q\\
3 - N | NO,
Acetone, 0°C \
cl
cl

A4 714 3hell A 4-chloro-5-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone (100mL)°l =<1 ¥, 0°CE WZIA] 7] 3L, o] 7] ]l KOH (7.25g, 0.129mol) &
AR A7ber F of s FoF aukdl thg-, o] 7] o]l BnBr (3.07mL, 25.8mmol)Z
8] A 7FeE F 13417 & QF wwks} Qi) o] %, Acetones % 3}L,

o oA H o] E 2 Tr71 T& FET T, MgSOE TSl A s A S
U5, Y sto] w5eta A A2t 1o v 2 A 6o
1-benzyl-4-chloro-5-(2-nitrophenyl)-1H-indole (8.63g, 7~&: 92%)& A AT}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(d, 1H), 7.16(d,
1H), 7.26-7.32(m, 7H), 7.96(d, 1H)

<7 4> 1-benzyl-4-chloro-1.9-dihydropyrrolo[2.3-b]carbazole &] 34
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[265]

[266]

[267]

[268]
[269]

[270]

[271]

[272
[273
[274
[275

—t e e

[276]

Q\\ PPhg Q\\ H
N il § "
4 | NO» 1,2-Dichlorobenzene A\ |
reflux O
) Cl

A 715 shell A 1—benzy1—4—ch10r0—5—(2—nitr0pheny1)—lH—indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, o] 7] ¢|| PPh; (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
taddold o= Gu & Al A8, oA Hl o] ER ‘rr7]*% FET
MgSO,E F7]5 oA /-8 A7 ﬁ &, el " sto] 555k
A A2 vtE 23] & A A5t
1-benzyl-4-chloro-1,9-dihydropyrrolo[2,3-b]carbazole (5.51g: 58 70%)2 At}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H), 7.16(s, 1H),
7.26-7.32(m, 7H), 8.28(d, 1H), 10.78(s, 1H)

<A 5> 1-benzyl-4-chloro-9-phenyl-1.9-dihydropyrrolo[2.3-b]carbazole ] 4

Cu, K>CO3 Q\\ /
N N
Nitrobenzene, reflux N | O

A 75 }01 ] 1-benzyl-4-chloro-1,9- d1hydr0pyrr010[2 3-b]carbazole (5.51g,
16.6mmol)-S Nitrobenzene (80mL)Z =<1 3, o] 7] o] Jodobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), = I K,CO; (4. 60g, 33.3mmol) = a1
FFAZIAA 144 2E E<F ksl o) 5, st v deold e g S &
AALL, N-OFAH O] ER 77|52 FE7 5, MgSO,E 7[5l &
AT v, B eto] sHeta A AR v R I 2 GAsho] 8 eha
IC-11 (1-benzyl-4-chloro-9-phenyl-1,9-dihydropyrrolo[2,3-b]carbazole)(5.08g, &
75%)& AT}

3= IC-119] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H), 7.16(s,
1H), 7.26-7.32(m, 12H), 8.28(d, 1H)

#4949 12] &£ 1C-129] ¥4

<Al 122>

TH) o 109] <A 1> B <A 259} F LA 35t
7-chloro-5-(2-nitrophenyl)- 1H-indole & & 31t}

<7 3> 1-benzyl-7-chloro-5-(2-nitrophenyl)- 1H-indole 2] $HA4d
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H Cl

N BnBr, KOH

\ - e
O Acetone, 0°C \ O

[278] A A 715 3hell A 7-chloro-5-(2-nitrophenyl)-1H-indole (6.91g, 25.4mmol)<
Acetone(100mL)°l 5%l 2, 0 °CE YZFA| At} o] %, o] 7] o] KOH (7.11g,
0.127mol)E 3] A 7}et 3 oF 5¥-F wnket v, o] 71 ¢l BnBr (3.01mL,
25.4mmol)E A 3] 47}k 3 13A]F B¢ kst o] o] A, Acetone S
EE5 5, ol oAl E o] Ei F71TE FET T, MgSOE 71500 &

A A ok, el " ste] w56t Al A mvtE 2 v 2 A A5t
1-benzyl-7-chloro-5-(2-nitrophenyl)-1H-indole (8.37g, 7+&: 91%)& A AT}

[279] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(s, 1H),
7.26-7.32(m, 7H), 7.40(s, 1H), 7.92(d, 1H)

[280] <%+ 4> 1-benzyl-10-chloro-1.9-dihydropyrrolo[2.3-blcarbazole 2] 314d

[281]
@\\ % PPh; @\\

Cl
N > N
Q | NO» 1,2-Dichlorobenzene \ |
O reflux

[282] A4 715 3Fell A 1-benzyl-7-chloro-5-(2-nitrophenyl)-1H-indole (8.37¢,
23.1mmol)-& 1,2-Dichlorobenzene (100mL)Z =<1 %, o] 7] ¢|| PPh; (18.1g,
69.2mmol) & Wl 3 A 7] HA], 144 3 & QF nl kst o) ¢, 7St
vzgold oz gulE A7 staL, o oAl Bl o] ER f-7] i% FET
MgSO,= F7] 5ol A ¥ & Zﬂﬂﬁ} &, el " sto] 55511,
AdgZvte 18y 2 AA S
1-benzyl-10-chloro-1,9-dihydropyrrolo[2,3-b]carbazole (3.05g, 8 : 40%)< & At}

[283] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H), 7.26-7.32(m, 7H),
8.22(s, 1H), 8.26(d, 1H), 10.82(s, 1H)

[284] <%HA 5> 1-benzyl-10-chloro-9-phenyl-1.9-dihydropyrrolo[2.3-b]carbazole 2] 34

[285]
O

Cu, KxCO3 cl ;\
: N N
S O Q Nitrobenzene, reflux A | Q

[286] A4 715 stell A 1-benzyl-10-chloro-1,9- d1hydr0pyrr010[2 3-b]carbazole (3.05¢,
9.23mmol)-S Nitrobenzene (40mL)Z =<1 3 o] 7] 9] Jodobenzene (2.07mL,
18.5mmol), Cu (59mg, 0.923mmol), = I K,CO; (2. 55g, 18.5mmol) & a1
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FFAITTHA 144 3E E < kel gl cAd Aol Ao SuE
AL, ol dotAlE ol ER #7158 F28 F, MgSO, = F7]5olA 22
AA G =, BE ool 58t 2d Azt 1 v 2 YA ste] 3ghE
IC-12 (1-benzyl-10-chloro-9-phenyl-1,9-dihydropyrrolo[2,3-b]carbazole)(3.19g, &
82%)= AUt

[287] 313+ IC-129] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H),
7.26-7.32(m, 12H), 8.20(s, 1H), 8.26(d, 1H)

iy

.0l

»

m{w

[288]

[289] [£4] < 131 1C-139] T4

[290] <ctAl 1 WA 3>

[291] =14 109 <A 1> WA <A 3>3 B A3} =38 5}

7-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole-& 4 1T},
[292] <% 4> 4-chloro-3-phenyl-3.10-dihydropyrrolo[3.2-a]carbazole 2] 34

[293] Q
Q ¢l PPhs

Cl
N
N >
9 | NO2 1,2-Dichlorobenzene \ ‘
reflux
HN O

[294] A4 714 3hell A 7-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-& 1,2-Dichlorobenzene (100mL)Z =<1 %, o] 7] ¢|| PPh, (15.1g,
57.7mmol)E ¥ L A 7 HA] 1441} & F awkshSl o), o] 2, 7kt
Hzdeeolder Gl g Ar sk, ol dolAH o ER 7752
MgSO,= 7150l & A S v, BE Y sto] s5ataL
AP EZntE 18 o) 2 QA k] 332 1C-13
(4-chloro-3-phenyl-3,10-dihydropyrrolo[3,2-a]carbazole)(2.44g, 5 : 40%)<
AU

[295] 3} 1C-132] '"H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H), 7.28-7.38(m, 7H),
8.26(s, 1H), 8.40(d, 1H), 10.78(s, 1H)

= = o
T= 9 7,

[296]
[297] [£1] e 14] 313 E 1C-149] A
[298] <7 1> 5-bromo-6-chloro-1H-indole2] 3+
[299] NO,
THF § cl
N O
Cl -40°C Br
Br

[300] A4 715 3Fell A 1-bromo-2-chloro-4-nitrobenzene (57.4g, 0.243mol)-& THF
(500mL)= =<1 §, - 40 °Col| 4] vinylmagnesium bromoide (1M in THF, 728mL,
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[301]
[302]
[303]

[304]

[305]

[306]
[307]

[308]

[309]

[310]

3l

%

1o

=
=<

3l

0.728mol) Zd
Cl 84 )
7 =32, MgSO,E 750l A 7i-& Al A & th &, B & 5o
=35} HAaRvE 183 2 g A 3] 5-bromo-6-chloro-1H-indole (8.40g,
T8 15%)= LT

IH NMR: 5.98(s, 1H), 6.98(s, 1H), 7.40(s, 1H), 7.42(s, 1H), 10.87(s, 1H)

<%l 2> 6-chloro-5-(2-nitrophenyl)-1H-indole 2] 3H4]

bt o

kS AN

,-40°Co A 1A ZF Fot nHkElit) o] 3 NH,
, A0 2 F2AZATY o] o|HolAEHo| ER

o
o ol
N
o fo do

=

O

ol

SR

o

i e jo o

NO, “
cl B(OH),  Pd(PPhs)s, KoCO3 Q |
+ -

Br THF/H,0 = 4/1, reflux O
O,N

5-bromo-6-chloro-1H-indole (8.40g, 36.4mmol)< THF/HZO (80mL/20mL)ZE =21
2, o] 7] of] 2-Nitrophenylboronic acid(6.08g, 36.4mmol), 2 K,CO; (15.1g,
0.109mol)E 3l H A= degassingA 71 5, ¢ 71l Pd(PPhs), (2.11g, 1.82mmol)<
J_SSOCE 4/\]7]_501- a]-o}oﬂ;} o] Ngoi%fr}\]y] ?—THF*‘E‘
5ok, o QobAElo E 2 7158 22T T MeSO.2 F7] 204 18
AA G e, Rl W ohe] 53ehn AT 2obs 1ehs) 2 A 3ol
6-chloro-5-(2-nitrophenyl)- 1H-indole (8.44g, T8 : 85%)a & At}
'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.08(d, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.40(s,
1H), 7.96(d, 1H), 10.85(s, 1H)
<A 3> 6-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole 2] 34

cl Cu, K,CO3 Q cl
© . g \ |
Nitrobenzene, reflux O
OoN O.N
A 4 714 3Fell A 6-chloro-5-(2-nitrophenyl)-1H-indole (8.44g, 31.0mmol)<
Nitrobenzene (SOmL)?-_ =92l & o 7] 9] Jodobenzene (6.93mL, 61.9mmol), Cu
(197mg, 3.10mmol), 2 K,CO;(8.56g, 61.9mmol)S @il FH-F A 7| WA 1447+
&b ks it o] &, st vl ad o] o' Gul & A 718k,
NEoAH | ER #7158 F58 T, MgSO& F7]FollA -8 A A&
U, e P ste] w5t AdAzvtE g v 2 A A sk
6-chloro-5-(2-nitrophenyl)- 1-phenyl-1H-indole (7.02g, 5~ 65%)= A T}
'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.08(d, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
7.42(s, 1H), 7.96(d, 1H)
<%H7] 4> 5-chloro-3-phenyl-3.10-dihydropyrrolo[3.2-alcarbazole 9] 3141

Cl

E/ ZT
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[311]

[312]

[320]

[321]

[322]

N <l PPh3 N of
1,2-Dichlorobenzene
O reflux HN O
OsN

A4 714 3Fell A 6-chloro-5-(2-nitrophenyl)-1-phenyl-1H-indole (7.02g,
20.1mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh; (15.8g,
60.4mmol)E Wil 37 Al 7| HA] 14X 3F &< nwksh it o) 3, 7t
zgdol o gu2 A7l ek, o op ol ER $715 8 22 T,
MgSO,2 #7154 508 A7 8 v, Helstel 25
Ay a=zntE v 2 HAlste] 838 I1C-14
(5-chloro-3-phenyl-3,10-dihydropyrrolo[3,2-a]carbazole)(4.46g, 5 70%)<
29,

831 1C-142] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
7.40(s, 1H), 8.28(d, 1H), 10.78(s, 1H)

[E£9] 4 15] 372 1C-19] &4

<A 12 2>

THl o] 129] <A 1> 2 <A 259} & L 3HA| 5738 5}
1-benzyl-7-chloro-5-(2-nitrophenyl)- 1H-indole-s & L T}

<%H7] 3> 13-benzyl-4-chloro-3.10-dihydropyrrolo[3.2-alcarbazole 2] 3+

Oy s o (O
N > N
q | NO»o 1,2-Dichlorobenzene \ |
reflux
{2

A4 714 3Fell A 1-benzyl-7-chloro-5-(2-nitrophenyl)- 1H-indole (8.37¢g,
23.1mmol)-& 1,2-Dichlorobenzene(100mL)Z =<1 3, o] 7]l PPh, (18.1g,
69.2mmol)E Wil EFA| 7| HA 14A] 7F 59t nHbsl gt} o] 3 7het
vagdoldor fu S A7 s, o dolAEl o] ER /7] i% FET
MgSO, = fr715 oA =3-& Al 7] ﬁ U, DE H 5o 5 55kal
Al A mntE 23] & A A 6o
3-benzyl-4-chloro-3,10-dihydropyrrolo[3,2-a]carbazole (3.05g, 5 40%)& A 3T}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H), 7.26-7.32(m, 7H),
8.28(d, 1H), 8.46(s, 1H), 10.82(s, 1H)

<%tA| 4> 3-benzyl-4-chloro-10-phenyl-3.10-dihydropyrrolo[3.2-a]carbazole ] 4]
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523 @\\ cl | Q\\ cl

N CU, K2CO3 N
| + . N\ |
N\ Nitrobenzene, reflux
HN O @N O

[324] A4 714 3hell A 3-benzyl-4-chloro-3,10-dihydropyrrolo[3,2-a]carbazole (3.05g,
9.23mmol)-S Nitrobenzene (40mL)Z =<1 3 o] 7] 9] Jodobenzene (2.07mL,
18.5mmol), Cu (59mg, 0.923mmol), 2 K,CO;(2.55g, 18.5mmol)& & 1L
SHFAIZTRAA 144 3F & 2F nikslgitt. o] &, 7het g do|d o= gul &
A AL, oA o] ER {75 F Zﬁi T, MgSO, 2 F715 oA -
A A th&, HE|Hsto] F5sta A svtETd ¥ 2 YA ste] 3=
IC-15 (3.19g, T5: 82%)S A3}

[325] 3= IC-159] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.16(d, 1H),
7.26-7.32(m, 12H), 8.22(d, 1H), 8.45(s, 1H)

[326]

[327] Z4] 4 16] IC-169] A

[328]) <etA 122>

[329] ) d 149 <A 1> 2 <A 2594 FA3HA 523 5o

6-chloro-5-(2-nitrophenyl)- 1H-indole 2 & 31t}
[330] <%HA 3> 1-benzyl-6-chloro-5-(2-nitrophenyl)-1H-indole 2] 34

[331]
¢ Q\\
NO- BnBr, KOH
N |

. N Cl'vo
0 N\ | 2
Acetone, 0°C O

[332] A A 715 3hell A 6-chloro-5-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone(100mL)%l #<1 3 0°CE YA # T}, o] 3, o] 7] o] KOH (7.25g,
0.129mol)E X X 3] % 7}t T oF 5%-7F 1 Hk3sl v} BnBr (3.07mL, 25.8mmol) &
3] A7 el & 13A]KF E<¢F i Hke 9Tl o] 3, AcetoneS F 53 &,

ol AE o] ER {75 S FE8 U, MgSO,E 7|5l A i<
A A skaL, EH Hsle] 553 v, Al ARt E 13 2 A 5o
1-benzyl-6-chloro-5-(2-nitrophenyl)- 1H-indole (8.63g, 5=&: 92%)2 A1t}

[333] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(s, 1H),
7.26-7.32(m, TH), 7.42(s, 1H), 7.96(d, 1H)

[334] <%HA 4> 3-benzyl-5-chloro-3.10-dihydropyrrolo[3.2-alcarbazole 2] 4

ZT
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[336]

[337]

[338]
[339]

[340]

[341]

[342
[343
[344
[345

—t e e

Q\\ PPh3 Q\\
N Cl - N Cl
Q | NO, 1,2-Dichlorobenzene A\ |
reflux
=~

A4 714 3hell A 1-benzyl-6-chloro-5-(2-nitrophenyl)- 1H-indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene(100mL)Z =<1 3, o] 7] ol] PPh; (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
Hzaddeldo s G E A7 haL, ol dotAlH o] ER #7] i% FET
MgSO, = fr715 ol F=i-& A7 8 v, e G ato] 553t
Azl e 2 4 A 5ol
3-benzyl-5-chloro-3,10-dihydropyrrolo[3,2-a]carbazole (5.51g, 5: 70%)& A 3T}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.26-7.32(m, 7H),
7.40(s, 1H), 8.26(d, 1H), 10.82(s, 1H)

<A 5> 3-benzyl-5-chloro-10-phenyl-3.10-dihydropyrrolo[3.2-a]carbazole ] 4]

Cu, KoCO5

Cl
@ Nitrobenzene, reflux
HN

A4 715 3ol A 3-benzyl-5-chloro-3,10- d1hydr0pyrr010[3 2-acarbazole (5.51g,
16.6mmol)-S Nitrobenzene(80mL)ZE =<1 3, &1 7] 9]] Iodobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), = U K,COs (4. 60g, 33.3mmol) = a1
SFAIII WA 144 7E B3k kel ey, o), 7hek vl g wo| Mo v fu) 2
AABEAL, A HolA Bl o] ER #7158 FE 3 5, MgSO. = f7] 5ol A 85
AT v, B eto] sHeta A AR v R I 2 GAsho] 8 eha
IC-16 (3-benzyl-5-chloro-10-phenyl-3,10-dihydropyrrolo[3,2-a]carbazole)(5.08g,
TE:T5%)5 AU

3} 1C-162] '"H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H),
7.26-7.32(m, 12H), 7.40(s, 1H), 8.28(d, 1H)

FH]d) 17] 3HEE 1C-179] A4
<A 1> 7-bromo-4-chloro-1H-indole 2] 3HAl
NO» Br

Br THF N
+ /\MgBr N\ |
cl -40°C

Cl
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[346] A A 715 3Fell A 1-bromo-4-chloro-2-nitrobenzene (25g, 0.107mol)<-
THF(50mL)= =1 %, - 40 °Coll 4] vinylmagnesium bromoide (1M in THF,
321mL, 0.321mol)& X8| A7} b, - 40 °Coll A 1A 7F & <F awhks} T,
Olﬁr, NH.CI z,: oﬂ o7 u]-p_ }_73/\] 71 6 Ngoi z::g/\]?ﬂq_ o]o—]}q

NEolMEH O ER f7]5S 5 T, MgSO.E #7578 A A g
+, B Psto] st Ad Azt E g9 2 A A5k

7-bromo-4-chloro-1H-indole (7.89¢g, T5:32%)S ATt

[347] 'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.42(d, 1H), 7.48(d, 1H), 10.85(s, 1H)

[348]  <%tAl 2> 4-chloro-7-(2-nitrophenyl)-1H-indole®] %41

[349]
Br NO, O NO
2

H
N B(OH),  Pd(PPhz)s, KoCO3
N\

H
| * = N
THF/H,0 = 4/1, reflux Y

Cl
Cl

[350] 7-bromo-4-chloro-1H-indole (7.89g, 34.3mmol)<- THF/HzO (80mL/20mL) % =7¢!
2, & 7] || 2-Nitrophenylboronic acid (5.71g, 34.3mmol), ¥ K,CO; (14.2¢,
0.103mol)E ¥ 31 A A= degassingX| 71 ¥, PA(PPh;), (1.98¢g, 1.71mmol)= % 31 85
°CH 4/\]7]_ E:_o]- 1;]]-0}0314_ o] /\IQOE%7L}\]7] ?—THFE‘ l':-:q‘o}

ool | ER Tr7]z & FEF T, MgSO,E F7]5olA & ]ﬂﬁ
o, E| g 5te] &t AdAZntE 18 9] & A A5t
4-chloro-7-(2-nitrophenyl)- 1H-indole (6.72g, 5 72%)< A 3o}

[351] 'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.08(d, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.42(d,
1H), 7.96(d, 1H), 10.87(s, 1H)

[352] <%+ 3> 4-chloro-7-(2-nitrophenyl)-1-phenyl-1H-indole 2] $+4

[353] O O
H NO2 Elj Cu, KoCO3 Q NO
N + > N
S | Nitrobenzene, reflux S ‘

[354] A A 715 3hell A 4-chloro-7-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<
Nitrobenzene(70mL)?-_ =92l & o] 7] 9] Jodobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), 2 K,CO;(6.81g, 49.3mmol)Z @l Z-F A 7| WA 1447+
o} "nﬂ]-o}oﬂq_ O]?—, 7LoL 1—4 X~ El Eﬂ o]/\q o7 _Q.UHE ;q]ﬂ o} ,

ool E o] ER ‘!Tﬂ*z‘g' FE3 2, MgSO,E 7] 5ol A 735 Al 7 g
o, E| g 5te] &t AdAZntE 18 9] & A A5t
4-chloro-7-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g, 5 78%)S A T}
[355] IH NMR: 5.98(s, 1H), 6.96(s, 1H), 7.08(d, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
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7.42(d, 1H), 7.92(d, 1H)
[356] <%HA 4> 4-chloro-1-phenyl-1.6-dihydropyrrolo[3.2-c]carbazole 2] $HAl

o,
Q NO, PPhs . Q
> NH
1,2-Dichlorobenzene N
\ | reflux N\ |
Cl

[358] A A 715 3hell A 4-chloro-7-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, PPh; (15.1g, 57.7mmol)&
ol SEFAT| A 1441 3E E ) iks} it o] -, st vl ad ol Ao g

Sl E A7 ek, A dolAlElo| ER {7158 Zﬁi 7, MgSO, 2 715l A

T A7 s, dEE o] w58t AdAzntE 1w v 2 A A sle]
3}3}+= 1C-17 (4-chloro-1-phenyl-1,6-dihydropyrrolo[3,2-c]carbazole)(4.57g, &
75%)_ }Aq

[359] 3}3H= IC-179] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H), 7.28-7.38(m, 7H),
7.40 (s, 1H), 8.28(d, 1H), 10.76(s, 1H)

]
1 [£4ld 18] 3+&E 1C-189] &4
[362] <%HAl 1> 7-bromo-5-chloro-1H-indole 2] 34

] NO» Br

Br THF y
L V 1 = \|
-40°C cl
cl

[364] A A 715 3hell A 2-bromo-4-chloro-1-nitrobenzene (25g, 0.107mol)< THF
(250mL)= =<1 §, - 40 °Col| 4] vinylmagnesium bromoide (1M in THF, 321mL,
jﬁl A 71k U, - 40 °Coll A 1A ZF & <¢F 1lRFEESI T ©] -, NH,
2HRE FAAN T Ao ® FAZ T o] F, ool A H o] ER
%%, MgSO.E F715 ] A e A g 351‘3]0}04
z

T8 32%)S AU}
[365] 'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.42(s, 1H), 7.76(s, 1H), 10.85(s, 1H)
[366] <%HA 2> 5-chloro-7-(2-nitrophenyl)-1H-indole 2] 3H4

[367]
Br NO- O
H NO,
N | B(OH)» Pd(PPhg)4, KoCO3
+ -
N\ _
cl THF/H0 = 4/1, reflux \ | y

[368] 7-bromo-5-chloro-1H-indole (7.89g, 34.3mmol)S THF/H,O (80mL/20mL)Z %!
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2, & 7] || 2-Nitrophenylboronic acid (5.71g, 34.3mmol), ¥ K,CO; (14.2¢,
0.103mol)E ¥ 31 A A= degassingX| 71 ¥, PA(PPh;), (1.98¢g, 1.71mmol)= % 31 85
°Coll A 4RI 2L FF nRksLGITh o] 3, A2 0 & YZFA| 7l & THFE 55 38Fal
o oA H o] EZ f-7]5 & FE3 F, MgSO,= 715 ol A =& A A gk

v, BEHele] gFea AdazntEr v 2 A5
5-chloro-7-(2-nitrophenyl)- 1H-indole (6.72g, 8: 72%)a & At}

[369] IH NMR: 5.98(s, 1H), 6.99(s, 1H), 7.08(d, 1H), 7.28(m, 2H), 7.38(s, 1H), 7.42(s,
1H), 7.96(d, 1H), 10.87(s, 1H)

[370] <%l 3> 5-chloro-7-(2-nitrophenyl)-1-phenyl-1H-indole 2] §}4]

|
O NO, Cu, KoCO3, NaySOy Q NO>
H - N
N + ;
| Nitrobenzene, reflux S |
N\ cl Cl

65%

[372] A A 715 3hell A 5-chloro-7-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<
Nitrobenzene (70mL)§_ =92l & o 7] 9] JTodobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), 2 K,CO;(6.81g, 49.3mmol)S YL F+-F A1 7] BA 144 3¢
EF aEks it o %, A v ol Ao R Gl & A AstaL,

o oA H o] EZ f-7]5 & FE3 F, MgSO,= 715 ol A =& A A gk
e, degale] w5 AdazntE v &2 4 A 6o
5-chloro-7-(2-nitrophenyl)- 1-phenyl-1H-indole (6.71g, 5 78%)S A 3o}

[373] IH NMR: 5.98(s, 1H), 6.96(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H), 7.40(s, 1H),
7.42(s, 1H), 7.94(d, 1H)

[374]  <%Al 4> 5-chloro-1-phenyl-1.6-dihydropyrrolo[3.2-c|carbazole£] 34

[375] O
Q NO, PPh3 Q O

NH
N | 1,2-Dichlorobenzene N
N\ reflux \ |
Cl Cl

[376] A4 714 3hell A 5-chloro-7-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-&- 1,2-Dichlorobenzene(100mL) 2 =<1 ¥, o] 7]ol] PPh; (15.1g,
57.7mmol)E YWl E-FA1 7| A 14A] 7F 59t niHksl gt} o] 3 7t
tadgoldow GulE A Ao, o EolAH o] ER vﬂi% T3
MgSO,& #7150l A -2 Al 7] ﬁ U, e g sto] s5ehar
AdAzZntE e v 2 QA ko] 332 IC-18
(5-chloro-1-phenyl-1,6-dihydropyrrolo[3,2-c]carbazole)(4.57g, T8: 75%)= & At}

[377] 3}3H= IC-189] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H),
7.40(s, 1H), 8.28(d, 1H), 10.76(s, 1H)
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[378]
[379] Z4l 4 19] &£ 1C-199] §4
[380] <Al 122>
[381] 8] 179] <@ 1> 2 <A 2>9} 5 A3 42351
4-chloro-7-(2-nitrophenyl)-1H-indole-& & 31 T}.
[382] <%HA 3> 1-benzyl-4-chloro-7-(2-nitrophenyl)-1H-indole 2] 314
[383] O O
H NO2 gngr. koM @ NO2
N - N
\ l Acetone, 0°C \ l
Cl
[384] A A 715 3hell A 4-chloro-7-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone (100mL)°l] <] ?, °C= YZhA Zl T}, o] 2, o] 7]o] KOH (7.25g,
0.129mol)E X 3] 4 7}et 3 oF 55+ 1 HkSE U8 BnBr (3.07mL, 25.8mmol) S
73] A 7he 1347 Ft nRkekgiTh. o] o] A, Acetone S 553 5,
NEolMH O ER 755 FET U, MgSOE #7115l F7-&
AAs L, e g ato] 558 o2, A ARt E 123 &2 A A 6o
1—benzy1—4—ch10r0—7—(2—n1tr0pheny1)—lH—indole (8.63g, TH:92%)& AT}
[385] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.02(d, 1H), 7.12(d, 1H),
7.26-7.32(m, 7H), 7.42(d, 1H), 7.96(d, 1H)
[386] <%l 4> 1-benzyl-4-chloro-1.6-dihydropyrrolo[3.2-c]carbazole 2] 3+4
[387] O O
©\\ NO2 PPhg Q\\ \H
N > N
\ | 1,2-Dichlorobenzene \ |
reflux
[388] A4 715 3hell A 1-benzyl-4-chloro-7-(2-nitrophenyl)- 1H-indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh, (18.7g,
71.4mmol)E Wil FFA| 7| HA 144 7F & <F nwkst it} o) 3, 7t
tlagdoldom uE AA s, oA o] ER vﬂ*% FE T,
MgSO, = fr715 oA =3-& Al 7] 5* U, DE H 5o 5 55kal
Al A mntE 23] & A A 6o
1-benzyl-4-chloro-1,6-dihydropyrrolo[3,2-c]carbazole (5.51g, 55 70%)2S At}
[389] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.26-7.32(m, 7H),

[390]

7.42(s, 1H), 8.26(d, 1H), 10.84(s, 1H)
<7l 5> 1-benzyl-4-chloro-6-phenyl-1.6-dihydropyrrolo[3.2-c]carbazole 2] $+4
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[391]

[392]

[400]

[401]

[402]

e O Y
O

@ N
\ | Nitrobenzene, reflux N\ |
Cl

A 75 6}01] ] 1-benzyl-4-chloro-1,6-dihydropyrrolo[3,2-c]carbazole (5.51g,
16.6mmol)-S Nitrobenzene (80mL)Z =<1 3, o] 7] o] Jodobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), = I K,CO; (4. 60g, 33.3mmol) = a1
SFAIII A 144 7E B3k kel ey, o), 7hek vl g Ho| Mo v fu) &
A7, ol dotAlH ol ER #7158 #5285, MgSO. 2 F7]5olA 22
AT v, B eto] sHeta A AR v R I 2 GAsho] 8 eha
IC-19 (1-benzyl-4-chloro-6-phenyl-1,6-dihydropyrrolo[3,2-c]carbazole)(5.08g,
75%)2 LA

3} 1C-192] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H),
7.26-7.32(m, 12H), 7.42(s, 1H), 8.28(d, 1H)

=4 o 20] 3+-E 1C-209] &4

<A 12 2>

TH) o 189 <Al 1> B <A 259} F Ut 33t
5-chloro-7-(2-nitrophenyl)-1H-indole-&- A %t}

<7 3> 1-benzyl-5-chloro-7-(2-nitrophenyl)-1H-indole 2] $HA4

NO, BnBr, KOH Q\\ NO2
. N
N\ | Acetone, 0°C \ |
cl Cl

A4 714 3Fell A 5-chloro-7-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone(100mL)°l =21 3 0°C=2 JZA] #H 1), o] %, o] 7]ol] KOH (7.25g,
0.129mol)E X 3] 4 7}et 3 oF 55+ 1 HkSE U8 BnBr (3.07mL, 25.8mmol) S
A3 A 7hek 3 1341 1F F<t ARk T o] o) A, Acetone S &5 8L
ool AE o] ER {7]5S FE8 &, MgSO.E F7]15 oA 5-& A 74 El)
th&, e g ato] Fstal A AR E 183 2 A 5o
1-benzyl-5-chloro-7-(2-nitrophenyl)-1H-indole (8.63g, ~: 92%)& A AT}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.26-7.32(m, 7H),
7.38(s, 1H), 7.42(s, 1H), 7.96(d, 1H)

<7 4> 1-benzyl-5-chloro-1.6-dihydropyrrolo[3.2-clcarbazole 2] 314

ZT
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[403]

[404]

[405]

[406]
[407]

[408]

[409]

[410
[411
(412
[413

— e e

[414]

@j NO2 PPhg @\\ \H
N > N
\ | O 1,2-Dichlorobenzene \ |
Cl reflux Cl

A4 714 3Fell A 1-benzyl-5-chloro-7-(2-nitrophenyl)- 1H-indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene(100mL) 2 =<1 3, o] 7]ol] PPh, (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
taddold o= Gu & Al A8, oA Hl o] ER ‘rr7]i% FET
MgSO, = fr715 oA =3-& Al 7] 5‘ U, DE H 5o 5 55kal
A EJEL?._H}E:LEHJ]E A A5
1-benzyl-5-chloro-1,6-dihydropyrrolo[3,2-c]carbazole (5.51g, 7&: 70%)= A AT}

'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.26-7.32(m, 7H),
7.40(s, 1H), 8.26(d, 1H), 10.84(s, 1H)

<A 5> 1-benzyl-5-chloro-6-phenyl-1.6-dihydropyrrolo[3.2-c]carbazole ] 34

Nitrobenzene, reflux N |
\| c
cl

A4 714 3hell A 1-benzyl-5-chloro-1,6-dihydropyrrolo[3,2-c]carbazole (5.51g,
16.6mmol)-S Nitrobenzene (80mL)Z =<1 3, o] 7] o] Jodobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), = I K,CO; (4. 60g, 33.3mmol) = a1
BLF A ZIHA 144 F B9 ks t), o] & 7ok vl ~Elglo)| o2 S E
AAB AL, "ot Al el o] Er 7758 Zﬁi T, MgSO, = f7]5oll A Fi-&
A A o+, el ste] 56t Arl ARt E v & GA o] shetE
IC-20 (1-benzyl-5-chloro-6-phenyl-1,6-dihydropyrrolo[3,2-c]carbazole)(5.08g,
75%)2 LAt

3} 1C-202] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H),
7.26-7.32(m, 12H), 7.40(s, 1H), 8.27(d, 1H)

[£4]d 21] 3H&E 1C-219] 4
<A 1> 4-bromo-7-chloro-1H-indole 2] 3HAl

cl Cl
H
THF N
N\ |

OoN
* 2 MgBr

-40°C
Br Br
A A 715 3hell A 4-bromo-1-chloro-2-nitrobenzene (25g, 0.107mol)< THF
(250mL)= =<1 §, - 40 °Col| 4] vinylmagnesium bromoide (1M in THF, 321mL,
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0.321mol)& 3] 4 7}F8k th, - 40°Cell A 1A 7F & <9F L Hka}giT), o] -, NH,
ClF& N o= dhg FAXNT F AL 0= F2 AT o], o dolAH o] E&
5715 S 3523 T MgSO,E 57 %04 58-S A A s v-S, DE )]
&5t A9 AR v EIH 9 2 A A8 4-bromo-7-chloro- 1H indole (7.89¢g,

[415]
[416]
[417]

[418]

[419]

[420]
[421]

[422]

[423]

T 32%)2 4
IH NMR: 5.98(s, 1H), 6.98(s, 1H), 7.42(s, 1H), 7.46(s, 1H), 10.85(s, 1H)
<A 2> 7-chloro-4-(2-nitrophenyl)-1H-indole 2] $HA]

Cl
’ Cl NO, H
N- BOH), Pd(PPha)s KoCO3 4 |
+ L.
\ THF/H>0O = 4/1, reflux
I NO,
r CI

4-bromo-7-chloro-1H-indole (7.89g, 34.3mmol)<- THF/HzO (80mL/20mL) % =7¢!
2, & 7]l 2-Nitrophenylboronic acid(5.71g, 34.3mmol), 2 K,CO, (14.2g,
0.103mol)E ¥ 31 A A= degassingX| 71 ¥, PA(PPh;), (1.98¢g, 1.71mmol)= % 31 85
°CE 4A3) F ot adtegint, o) 5, 202 YA 5 THFE § 53l

NeolAH | ER {7]5& FEF ¥, MgSO.E F7]5olA 735 A ]ﬂi
&, el " st w56t A7l A2 vt E 2] & A A5t
7-chloro-4-(2-nitrophenyl)- 1H-indole (6.72g, 5 72%)< A 3o},

'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.08(d, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.38(d,
1H), 7.96(d, 1H), 10.87(s, 1H)

<%H7| 3> 7-chloro-4-(2-nitrophenyl)-1-phenyl-1H-indole 2] 3+

Cl
H |
N

Cu, K5CO Cl
S | 2LU3
+ > N
Nitrobenzene, reflux |
l NO, N\

! NO,

A A 715 3hell A 7-chloro-4-(2-nitrophenyl)-1H-indole (6.72g, 24.7mmol)<
Nitrobenzene(70mL)?-_ =21 & o] 7] 9] Iodobenzene (5.52mL, 49.4mmol), Cu
(157mg, 2.47mmol), = K,CO;(6.81g, 49.3mmol)E & 3 37 A| 7] A A] 144] 1
& nEkE it o) -, At g ol d o2 Gu| & A 718 AL,

NEolMEH O ER f7]5S 5 T, MgSO.E #7578 A A g
&, BE| g ate] w58l A AZnE 189 & G A5}
7-chloro-4-(2-nitrophenyl)-1-phenyl- 1H-indole (6.71g, 5 78%)S A 3T}

'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.10(d, 1H), 7.14(d, 1H), 7.28-7.38(m, 7H),
7.42(d, 1H), 7.94(d, 1H)
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[424]  <%Al 4> 4-chloro-3-phenyl-3.6-dihydropyrrolo[2.3-c|carbazole 2] 314
[425]
Q ¢ PPh; Q i
N .
S | 1,2-Dichlorobenzene N |
reflux N\
O NO, NH
[426] A A 715 3hell A 7-chloro-4-(2-nitrophenyl)-1-phenyl-1H-indole (6.71g,
19.2mmol)-&- 1,2-Dichlorobenzene(100mL) 2 =<1 ¥, o] 7]ol] PPh; (15.1g,
57.7mmol)E ¥ i B-F A 71 H A 144 7F FoF wukagit). o) &, 7kt
tadyoldow GulE AAsaL, dHolAEH | ER 77 5& =8
MgSO,E #7350l A 75 A7 8 o5, e Hsto] 5561l
A A=2vtE 23 2 A sto] 3HghE IC-21
(4-chloro-3-phenyl-3,6-dihydropyrrolo[2,3-c]carbazole)(4.57g, =8 75%)< A AL
[427] 3= IC-219] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H),
7.40(s, 1H), 8.28(d, 1H), 10.76(s, 1H)
[428]
[429]  [E£¥]4d 22] 3E 1C-229] §A4
[430] <%HA 1> 4-bromo-6-chloro-1H-indole 2] 34
[431] NO;
THF ¥ cl
2, e e
cl Br -40°C
Br
[432] A4 715 3Fell A 1-bromo-3-chloro-5-nitrobenzene (57.4g, 0.243mol)<
THF(500mL)Z =<1 ¥, - 40 °Cel| A vinylmagnesium bromoide (1M in THF,
728mL, 0.728mol)& 38| X 7}F3k th, - 40 °Coll M 1A ZF &<}t ket i,
o] 2, NH,Cl =& N O & §h-g T AT T A2 0 7 FL-A ZlT} o] o] A,
NeolMEH | ER F715S 5% T, MgSO.E F7]5oA 3-8 Al A&
v, dE Fste] F5etal Al ARt E T & A A 6o
4-bromo-6-chloro-1H-indole (8.40g, & 15%)& AT}
[433] 'H NMR: 5.98(s, 1H), 6.98(s, 1H), 7.45(s, 1H), 7.72(s, 1H), 10.87(s, 1H)
[434] <%HA| 2> 6-chloro-4-(2-nitrophenyl)-1H-indole 2] $+4
[435]

45

H NO2 § cl
N Cl B(OH),  Pd(PPhg)s, KoCO3 S |
N + - -~
@ THF/H>O = 4/1, reflux NO»
. O
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[436] 4-bromo-6-chloro-1H-indole (8.40g, 36.4mmol)<- THF/HzO (80mL/20mL) % =7¢!
2, & 7] || 2-Nitrophenylboronic acid (6.08g, 36.4mmol), ¥ K,CO; (15.1g,
0.109mol)E ¥ 31 A A= degassingX| 71 -, PA(PPh;), (2.11g, 1.82mmol)= % 31 85
oCE 4N 7F ZoF wHlElYl T} o] F A0 7 WZIA 7l T THRE 5331

ol H O ER #7158 FE3 T, MgSO,E F7]FollA 18 Al A 6&
+, B Psto] st Ad Azt E g9 2 A A5k
6-chloro-4-(2-nitrophenyl)- 1H-indole (8.44g, 8 : 85%)a & At}

[437] 'H NMR: 5.98(s, 1H), 6.99(s, 1H), 7.12(d, 1H), 7.28(m, 2H), 7.36(s, 1H), 7.40(s,
1H), 7.92(d, 1H), 10.85(s, 1H)

[438] <%t 3> 6-chloro-4-(2-nitrophenyl)-1-phenyl-1H-indole 2] §4]

[439]
Cl
\ | Cu, Ko,CO5 N Cl
- O
NO, Nitrobenzene, reflux N\
! NO»>

[440] A4 714 3hell A 6-chloro-4-(2-nitrophenyl)-1H-indole (8.44g, 31.0mmol)<
Nitrobenzene(SOmL)?-_ =92l & o] 7] 9] Jodobenzene (6.93mL, 61.9mmol), Cu
(197mg, 3.10mmol), & K,CO;(8.56g, 61.9mmol)E- & 3 37 A| 7] A A] 144] 1
EQF kst o], ek HadE ol o ® v E A A8kl

o olAE o] ER {7]5S 553 5, MgSO,=E F715 oA 728 A A
th&, e g ato] Fstal A AR E 183 2 A 5o
6-chloro-4-(2-nitrophenyl)- 1-phenyl-1H-indole (7.02g, 5= 65%)= A T}

[441] 'H NMR: 5.98(s, 1H), 6.96(s, 1H), 7.12(d, 1H), 7.28-7.38(m, 7H), 7.40(s, 1H),
7.44(s, 1H), 7.96(d, 1H)

[442] <%HA] 4> 5-chloro-3-phenyl-3.6-dihydropyrrolo[2.3-c]carbazole 2] $H4

[443] Q Q
N cl PPh; N Cl
J -
1,2-Dichlorobenzene NH

O NO, reflux O
[444] A A 715 3hell A 6-chloro-4-(2-nitrophenyl)-1-phenyl-1H-indole (7.02g,
20.1mmol)-&- 1,2-Dichlorobenzene (100mL)Z =<1 ¥, &] 7] ¢|| PPh; (15.8g,
60.4mmol)Z Y1 F-F A 7| WA 144 7F F-oF wHkEgi T}, o) 3, ¢k
ol o= Gu & Al AL, oA Hl o] EE #7] i% FE% 2,
MgSO.E 750l A Fi-& A ﬁ o, e ¥ eto] F58haL
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[445]

[446
[447
[448
[449

—t e e

[450]
[451]

[452]

[453]

[454]
[455]

[456]

A AaEntE 18 b 2 A A sk 313 1C-22
(5-chloro-3-phenyl-3,6-dihydropyrrolo[2,3-c]carbazole)(4.46g, T8 : 70%)a & At}
3= IC-229] 'H NMR: 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H), 7.28-7.38(m, 7H),

7.42(s, 1H), 8.28(d, 1H), 10.78(s, 1H)

F4 9 23] 8+¢E 1C-239] ¥4

<A 12 2>

=)o 212] <iHA] 1> 2 <A 259} T A3}HA] 523 5o
7-chloro-4-(2-nitrophenyl)-1H-indole-& & 31 T}.

<%7 3> 1-benzyl-7-chloro-4-(2-nitrophenyl)- 1H-indole 2] $H4]

Cl
N BnBr, KOH
Y e (O
Acetone, 0°C N\
NO,
< L

A A 715 3hell A 7-chloro-4-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone(100mL)%l #<1 3 0°CE YA # T}, o] 3, o] 7] o] KOH (7.25g,
0.129mol) & %31 3] A 7}gk & oF 533+ W HESE U8, BnBr (3.07mL, 25.8mmol) &
A3 A7Fe 3 13A1E 59t nLRESFSITE. 0] 0] A, Acetones 5531,

NeolAH | ER {7]5& FEF F, MgSO.E #7150l 735 A7 g

+, BH Pt s5etal A ARvtE T3] 2 A A5l
1-benzyl-7-chloro-4-(2-nitrophenyl)-1H-indole (8.63g, ~&: 92%)& A AT}

IH NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.12(d, 1H),
7.26-7.32(m, 7H), 7.42(d, 1H), 7.96(d, 1H)

<%H7| 4> 3-benzyl-4-chloro-3.6-dihydropyrrolo[2.3-c]carbazole 2] 3+4d

Q\\ cl PPhs @\\ cl
N N
\ | 1,2-Dichlorobenzene N |
reflux NH

a W

A4 715 3hell A 1-benzyl-7-chloro-4-(2-nitrophenyl)- 1H-indole (8.63g,
23.8mmol)-&- 1,2-Dichlorobenzene(100mL)Z =<1 3, o] 7] ol] PPh; (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
Haggeldor & & A 7lstaL, ol dotAHo| ER f7]5S 53 F,
MgSO, = fr7]5ol A Fi-& Zﬂﬂﬁu}u, de st s53kaL
Al A mntE 23] & A A 6o
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[457]

[458]
[459]

[460]

[468]

3-benzyl-4-chloro-3,6-dihydropyrrolo[2,3-c]carbazole (5.51g, 58 : 70%)2 At}
'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.08(d, 1H), 7.26-7.32(m, 7H),
7.40(s, 1H), 8.26(d, 1H), 10.84(s, 1H)
<7 5> 3-benzyl-4-chloro-6-phenyl-3.6-dihydropyrrolo[2.3-c]carbazole 2] 34

Q\\ T | @ﬁ T
N Cu, KoCO3 N |
\ | + . - \
NH Nitrobenzene, reflux N

A4 714 3hell A 3-benzyl-4-chloro-3,6-dihydropyrrolo[2,3-c]carbazole (5.51g,
16.6mmol)-S- Nitrobenzene(80mL)= =1 &, o] 7] ]| Todobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), ¥ K,CO;(4.60g, 33.3mmol)& 1L
SERAI 7T A 1441 7E F_F agksl vt o) &, ZhF vl g o] d o= & &
A AL, o HotAH | ER RF7]5& 53 5, MgSO,E 7715 0llA Fi<
A A o+, el ste] 56t Arl ARt E v & GA o] shetE
IC-23 (3-benzyl-4-chloro-6-phenyl-3,6-dihydropyrrolo[2,3-c]carbazole)(5.08g,
75%)2 LA

3} 1C-232] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.12(d, 1H),
7.26-7.32(m, 12H), 7.40(s, 1H), 8.27(d, 1H)

] o 24] $3HE 1C-249] §4

<eHA 12 2>

) 229 <@t 1> F <A 259 T A3 53 5o
6-chloro-4-(2-nitrophenyl)- 1H-indole-2 & 31t}

<A 3> 1-benzyl-6-chloro-4-(2-nitrophenyl)-1H-indole 2] $+Ad

H
N cl BnBr, KOH Q\\
N - N Cl
o N |
NO, Acetone, 0°C
O Ly

A4 714 3hell A 6-chloro-4-(2-nitrophenyl)-1H-indole (7.05g, 25.8mmol)<
Acetone(100mL)°ll =<1 ¥, 0 °CE JZA[Zt}, o] %, o] 7] <]l KOH (7.25¢,
0.129mol)E X X 3] % 7}t T oF 5%-7F 1 Hk3sl v} BnBr (3.07mL, 25.8mmol) &
A3 A 7FeE & 13A]F F<F aHbE AT o] o A, Acetones 55 3)al,
oolA o] ER §7]5& FE3 T, MgSO,Z F715 oA 58 A A &
v, dE Fste] F5etal Al ARt E T & A A 6o
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1-benzyl-6-chloro-4-(2-nitrophenyl)-1H-indole (8.63g, 7~&: 92%)& A AT}
[469] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H), 7.26-7.32(m, 7H),
7.38(s, 1H), 7.42(s, 1H), 7.96(d, 1H)
[470] <%+l 4> 3-benzyl-5-chloro-3.6-dihydropyrrolo[2.3-c]carbazole 2] 3H4

o @ﬁ @
\ | 1,2-Dichlorobenzene N\ l
NH

reflux
O NO- O
[472] A4 714 3hell A 1-benzyl-6-chloro-4-(2-nitrophenyl)- 1H-indole (8.63g,
23.8mmol)= 1,2-Dichlorobenzene(100mL) = =1 5, o] 7] ol| PPh; (18.7g,
71.4mmol) & il FFA| 71 HA 14X 7F &< wkbs) gl o), o] &, k<t
taddold o= Gu & Al A8, oA Hl o] ER ‘rr71z% FET
MgSO,E #7350l A 75 A7 8 o5, e Hsto] 5561l
A AEvE T3] 2 A A 5o
3-benzyl-5-chloro-3,6-dihydropyrrolo[2,3-c]carbazole (5.51g, 5 70%)& A 3T}
[473] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H), 7.26-7.32(m, 7H),
7.40(s, 1H), 8.26(d, 1H), 10.84(s, 1H)
[474] <5+ 5> 3-benzyl-5-chloro-6-phenyl-3.6-dihydropyrrolo[2.3-c]carbazole 2] 314

O O-
|
N Cl Cu, K2003 N Cl
\ ' ’ N \ ' @
itrobenzene, reflux
NH N

[476] A4 714 3hell A 3-benzyl-5-chloro-3,6-dihydropyrrolo[2,3-c]carbazole (5.51g,
16.6mmol)-S- Nitrobenzene(80mL)= =1 &, o] 7] ]| Todobenzene (3.73mL,
33.3mmol), Cu (106mg, 1.67mmol), ¥ K,CO;(4.60g, 33.3mmol)& 1L
SEFAIZIH A 144 ZF 59 ksl Qin). o] &, bk v g glo| o ® B &
A AL, A EotAHI | ER {7]5S FE3 F, MgSO,E 754 i
AAg g, dE| st F5slal Ad A2 ntE 19 2 A5t 3=
IC-24 (5.08g, ~8:75%)< AU}

[477] 3= IC-242] 'H NMR: 5.56(s, 2H), 5.96(s, 1H), 6.98(s, 1H), 7.10(d, 1H),
7.26-7.32(m, 12H), 7.40(s, 1H), 8.27(d, 1H)

[478]
[479] [ d 1] 32 E C-19] EA4
[480] <tHA 1>
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[481]

[482]

[483]
[484]
[485]

[486]

[487
[488
[489
[490

— e e

5-(3-(4.6-diphenyl-1.3.5-triazin-2-yD)phenvyl)-1-phenyl-1.10-dihydropyrrolo[2.3-a]carb

azole 2] 3HA

; 1 HN
Q HN O Pd(PPhs)y, KoCO3 N O
N ? N7N \
¢ | + o B Sy \ THF/HZ0 = 4/1, reflux
c' SRS .

4] oﬂ MW s ¥ 8gHE 1C-1 (11.53g, 36.4mmol)-& THF/H,O
(80mL/20mL) = <1 %, o 7]
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
(15.84g, 36.4mmol), E K,CO; (15.1g, 0.109mol) & 2 3L A A= degassingX| 71 F,
Pd(PPh,), (2.11¢g, 1. 82mmol) S- 431 85 °CE 4| {F F<F nnbsl gt} o) 3,
A2 08 YA F THFE §53taL, o dotAH | ER /755 538 7,
MgSO,= 7150l & A% E}u, e Y8t w53k
A ARvE T =2 A 5o
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole (9.66g, T8 45%)2 A

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

<tHA 2> 3}t C-19] A

N/ N Nirobenzene, reflux ; N
ge o

A2 714 ol A

5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole (9.66g, 16.3mmol)= Nitrobenzene(SOmL)?-_ =2l & o] 7] 9] Jodobenzene
(3.67mL, 32.7mmol), Cu (104mg, 1.63mmol), = U K,CO; (4. 52g, 32.7mmol) = =T
FHFAIZTEA 1447 5 _F aldbst it} o) &, ek vl g ol d e S &
A As AL, "ot AlEl o] ER f7]58 353 5, MgSO,= #7150l A 18
AA T e, BE A el 5ol A e e 193] 2 4 Alse] BEHE -1
(6.00g, T8 55%)= LAY

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

(&4 d 2132 E C-29 &4
<%7 1> 1.4-diphenyl-1.10-dihydropyrrolo[2.3-a]carbazole 2] 34



51

WO 2014/104664 PCT/KR2013/011958

[491]

[492]

[493]
[494]
[495]

[496]

[497
[498
[499
[500
[501

—t e e d

[502]

AN O ,OH Pd(PPh3)4, KoCO3
119 o St
N | OH THF/H20 = 4/1, reflux
cl

IC-2 O

Fd el 19] <A 1>ell A AR SFHE IC-1 Al 8¢ 2004 A stk E
IC-2 (11.53g, 36.4mmol)E A}-8-3}a1
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o] 4] phenylboronic acid (4.44g, 36.4mmol) & AF-8-31= Z1-& A9 slal=, T4 o
19] <A 1>} 5 L3 A a5t
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (7.43 g, T8: 57%)< ¥ At}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<gHA 2> 313t ¢-29] $HA

v Q
¢ Sy w /NQN/L\ i
9 C

C-2

A4 7] 5F slell A 7] <i A 1>ell M &
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (7.43 g, 20.7 mmol),
2-chloro-4,6-diphenyl-1,3,5-triazine (6.64 g, 24.8 mmol), NaH (746 mg, 31.1 mmol)
2 DMF300 m) & Z33F o, 2ol A 3417t 5 oF wl kb3l o), vhg-o] F 4%
e Y A A =S Y 5, A JRvtE I 2 QA 6
SRt E C-2(7.32 g, 78: 60%) 5 YAt

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

[34 o 3] 33 & C-39 &4
<A 1> 1-benzyl-5.10-diphenyl-1.10-dihydropyrrolo[2.3-a]carbazole ] $+Al

Q\\ ) P PaPPhas KOs @ ()
N U
I
Cl

N
OH THF/H.0 = 4/1, reflux q |
IC-3 O

el 19 <A 1>oll A ARG SR IC-1 Bl Al 8] ol 3ol A 4 E IC-3
(11.53g, 36.4mmol)& A}-£-5} 11
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[503]
[504]
[505]

[506]

[507]
[508]
[509]

[510]

2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 153§ L st A| =35t
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (11.59 g, =5 71%)E
AU

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<7l 2> 5.10-diphenyl-1.10-dihydropyrrolo[2.3-a]carbazole®] §t4

<jk\ N ‘D A ‘D
\ Hp10% PAIC “
N | THF \ | I

T4 715 Sholl A AV <A 1>l 2
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (11.59g, 25.8mmol)-&-
THF (300mL)& %<1 3, o] 710l 10% Pd/C (2.31g, 20 wt%)S Y 31 Aol A
12X 7 E Qb nEkegiet, o] %, Aetol E e a5 o ghato] A A S &
THFE 553t Ag A2 ntE 189 2 A A5t
5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (8.24g, <=5 89%)& A %t}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<5HA 3> 313t C-39] $HA

*)/N
QN O d \)/Q N O
; . N/EN Cu. KoCO3 N N N O
|
N I Br\©/l\\N/K© Nitrobenzene, reflux d X l O
C

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T4! 5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole (8.24g, 23.0mmol)<
AL-8-3} 31, Todobenzene T4 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (8.90g,
23.0mmoD)E AFE-8h= A& Al 2l stal=, S ol 19] <7 2>9) A 5}
Tesle] ShEHE C-3(9.49 g, 7 &: 62%)S AUt

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[Z4 ol 4] 33 E C-49 A4
<A 1>
1-benzyl-4-(3-(4.6-diphenvyl-1.3.5-triazin-2-yl)phenyl)-10-phenyl-1.10-dihydropyrrolo

2.3-aJcarbazole ] 3HA]
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[515]

[516]

[517]
[518]

[519]

[520]

[521]
[522]
[523]

[524]

Q\\ iN O Pd(PPh3)4 KoCO3
N * o N*TN
< ‘ o"é \Nl THFIHQO 411, reflux \ N
cl

IC-4

A el 18] <A 15004 AFG-E 3= IC-1 Al 8o 404 A= E}ﬁm
IC-4 (11.53g, 36.4mmol) & A-8-3}= A& Al 2] 8lari=, T4 o 19 <A 1>3
& dsHA = sted
1-benzyl-4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-1,10-dihydropyrrolo[
2,3-a]carbazole (9.65 g, T5: 39%)= AT}
GC-Mass (©] 23]: 679.81 g/mol, =7 A: 679 g/mol)
<A 2>
4-(3-(4.6-diphenyl-1.3.5-triazin-2-yl)phenyD)-10-phenyl-1. 10-dihydropyrrolo[2.3-a]car
bazole2] 34

Q {
H2 10% Pd/IC O
HN N=

A ol 39 <A 2>°ﬂ A AR
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
[>o| A &2
1-benzyl-4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-1,10-dihydropyrrolo[
2,3-a]carbazole (9.56g, 14.2mmol)& AF-&38= A& Al el slar s, &4 o 39 <
2>9} Fd A 5o
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-1,10-dihydropyrrolo[ 2,3-a]car
bazole (7.53g, 8 90%)= L ALY

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

<7 3> 319t C-42] 9]

N ! \},.,N

6 .
§Hd ol 29] <@ A 2>l M AHE-E
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T4 A} 7] <A 250 A -2
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-1,10-dihydropyrrolo[ 2,3-a]car
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[525
[526
[527
[528

— e e

[529]

[530]

[531]
[532]
[533]

[534]

[535
[536
[537
[538

— e e

bazole (7.53g, 12.7mmol)-S A}-83}= A& A @] 8l al=, A o 29] <A 2>}
TAHA aske] FTE C48.18 g, TH: 78%)S AT
GC-Mass (©] 2 *]: 820.94 g/mol, =7 *]: 820 g/mol)

[E 4 513 C-59 &4
<A 1>
4-(3-(4.6-diphenyl-1.3.5-triazin-2-vD)phenyD)-1-phenyl-1.5-dihydropvrrolo[3.2-b]carba

zole ol Sk A)

Q ' ? o H ?
w (P , KGOy =
g T OB
a " =
1C-5

ol 19 <A 1>ell A AR SHEHE IC-1 th Al Fu) o 504 A E B ek e
IC-5 (11.53g, 36.4mmol) & AH&-3h= & Al €] 8taL=, A o 19 <9 1>3
A} sl
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,5-dihydropyrrolo[ 3,2-b]carba
zole (14.16 g, T8 66%)= A ALY

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

<gHA 2> S}SHE C-59] A

>
, H N% . 2 Gu, K2COs \N O N
@‘N_‘ O “NJD W\Q)Q‘N’k(j Nitrobenzene, reflux Q),é{q O @gnjp

s

G ol 12] <A 1>l A ALEE
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T2
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,5-dihydropyrrolo[ 3,2-b]carba
zole (14.16g, 24.0mmol)-&- A}-8-3}31, Todobenzene t2!
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (9.29g, 24.0mmol)& AF-8-31= A&
A 3tareE, FAdd 19 <A 2> A A S st 313E C-5948 ¢,
TE 44%)E AU

GC-Mass (©] &%]: 897.03 g/mol, =7 *]: 896 g/mol)

[T o 6] 3= C-69] T4
<9 A 1> 1.10-diphenyl-1.5-dihydropyrrolo[3.2-b]carbazole &] 3+Al
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[539]

[540]

[541]
[542]
[543]

[544]

[545
[546
[547
[548
[549

—t e e e

[550]

Q ¢l o Pd(PPhs)s, KoCO4 Q

SUSINNY ods
A O N oH THF/H,0 = 4/1, reflux Q O
H

N
H

1C-6

Aol 19] <A 1>ol A ALgH FE 1C-1 thAal 8] o 601 A A 815t E
IC-6 (11.53g, 36.4mmol)S AM-&&} 1L,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>} 5L gk 7798 58 3} o
1,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (10.43 g, =8 80%)< L A}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<oHA 2> 33 E C69] 34

QU

| W,
. Cu, KoCO4
) - !
O Nitrobenzene, reflux N
N\
g V7D

C-6

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole THA! 47| <A 1>0)| A4 942
1,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole(10.43g, 29.12mmol)& A}F-8-5F=
A& A9stariz, Aol 19 <A 2>9F T4 4§ Faste] 33E C-6
(8.60 g, T5: 68%)S AT}

GC-Mass (©] & 3]: 434.53 g/mol, =7 A]: 434 g/mol)

[ 71 33 E C-79 4
<A 1> 1-benzyl-4.5-diphenvl-1.5-dihydropyrrolo[3.2-b]carbazole 2] ¥4

3 O OH Pd(PPhy)s, K2CO3 {“ O Q
N L O )
& @ OH THE/H,0 = 4/1, refiux O \
1C-7
Al o) 19] <A 1>00 M AFEH 33HE IC-1 Al 4] o 704 A 9 3}k
IC-7 (11.53g, 36.4mmol) A}-8-} 1L,
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o 41 phenylboronic acid (4.44g, 36.4mmol) = AF-&3l= A& A 98t $HAl o
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[551]
[552]
[553]

[554]

[555]
[556]
[557]

[558]

[559
[560
[561
[562

— e e

19] <A 1> 5L & B4 & 73 st
1-benzyl-4,5-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (12.89 g, 5 79%)&
A

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<77 2> 4.5-diphenyl-1.5-dihydropyrrolo[3.2-blcarbazole®] §4

H
Sy
.y

Hz,10% Pd/C N

THF O 5
SFAl o] 39] <%hA] 250 A AL&-F

1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1>l A -2 1-benzyl-4,5-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (12.89¢g,
28.7mmol) & AF-&8h= A2 Al 9l stars, 3HAd o 39 <ib A 2>9F FU§ B &
T35} o] 4,5-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (9.07g, 7+ : 88%)&
DA

GC-Mass (©] & *]: 358.43 g/mol, =7 #]: 58 g/mol)

<¢HA 3> 315 79 $HA

g
N
N\ O Cu, KzCO,
N . N/; {" 2C03
. @ Br\O/I%NJD Nitrobenzene, refiux

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 2>0ll 4] -2 4,5-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole
(9.07g, 25.2mmol)S- A}-8-3}31, Todobenzene T 4!
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (9.80g, 25.2mmol)S A}-8-3F= 41 &
Al elstari=, A o 19] <A 2> L gk g8 33| 33E C-7(9.77 g,
T8 58%)& AT

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[34 o 8] C-89] &4
<HA 1> 1-benzyl-5.10-diphenyl-1.5-dihydropyrrolo[3.2-b]carbazole ] 3HAl
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[563]

[564]

[565]
[566]
[567]

[568]

[569]
[570]
[571]

[572]

“oH THF/HZ0 = 4/1, reflux

@\ 7
oH Pd(PPh)q, K2CO3
{ - O~ ~

Ic-8

A ol 19] <A 15004 ARE 313HE IC-1 Al 8] o 8ol A A shoh=
IC-8 (11.53g, 36.4mmol)S- AF-8-3}a1
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o] 4] phenylboronic acid (4.44g, 36.4mmol) & AF-8-31= Z1-& A9 slal=, T4 o
19] <A 1>3 5L e B8-S st
1-benzyl-5,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (9.30 g, 75 57%)&
AU

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<%t 2> 5.10-diphenyl-1.5-dihydropyrrolo[3.2-blcarbazole 2] 34

O Hy,10% Pd/C

N
\ O ;:Q THF b
A ol 39 <A 250 A AFE-H
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1>l A ¥-& 1-benzyl-5,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (9.30g,
20.75mmol) & AF&-8h= A& Al @l ehali=, g o 39] <A 259} A G g5
83} 5,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (5.57g, 8 75%)&
DA
GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)
<7 3> 8ot C-82] 9HA]

® (P Q, )
\ﬁ O R J \)fQN
O b \QA )@ " Niroponzene, efiux é s O D

c-8

e

g ol 19] <@ A 2>l M AHg-E
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T4l 5,10-diphenyl-1,5-dihydropyrrolo[3,2-b]carbazole (5.57g, 15.56mmol)-&-
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[573
[574
(575
[576
[577

—t e e d

[578]

[579]
[580]
[581]

[582]

[583
[584
[585
[586

—t e e

A}-8-3}aL, Todobenzene T4 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (6.03g,
15.56mmol)& AHE-3h= A& Al &l 8har, 3 ol 19 <9 A 2>9F T A e A4S
Tesle] ShEHE C-8(7.35g, T &: T1%) S AUt

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[Z4 o 9] 33 E C-99 A
<A 1> 1.4-diphenyl-1.9-dihydropyrrolo[2.3-b]carbazole 2] $HA]

QEI O ﬂ . @_B <OH Pd(PPhg)s, K2CO3 \(:l O
& . OH THF/H0 = 471, reflux

1C-9 O
Fd ol 19] <A 150 A AFS-H 335 IC-1 t2] 1] o 9914 A& 3}3t&
IC-9 (11.53g, 36.4mmol) = AM-&&} 1L,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1> 5 U gk 445 3 5t
1,4-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (9.91 g, 58 : 76%)S A It}
GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<ttA 2> s13t & C99] A

N

© o o

N

N O H . 94 Cu, K,CO4 N N b
\ Q BrU\\NJ\© Nitrobenzene, reflux \N Q

®
O Cc-8
Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4] &-& 1,4-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole
(9.91g, 27.6mmol)S- A}-8-3} 31, Todobenzene T 4!
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (10.73g, 36.4mmol)& AF-8-3l= A&
A 3tarE, Ao 19 <A 2> A AA S e 313E C9(9.20¢,
T8 50%) S AT
GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[E4 4 10] 3HEE C-109] A4
<A 1>
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10-(3-(4.6-diphenyl-1.3.5-triazin-2-vDphenyD)-1-phenyl-1.9-dihydropvrrolo[2.3-b]carb

aZOICOI FA)
[587] @ Q
PA(PPhy)y, KeCO. 7
\ ' s 0 SUSe
THF/H,O = 4/1, reflux Ny N
IC-10 0)\ /KQ H é

[588]  FA el 19 <A 1>0 4 AREE 3FEHE IC-1 th Al 8] o] 104 93¢
$}9H= 1C-10 (11.53g, 36.4mmol)= AFE-5h= A& Al 9lstars, 4 o 19 <A
1>3} 5 A3 378 & 5= 5o
10-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,9-dihydropyrrolo[2,3-b]carb
azole (10.30 g, T8 48%)& A AL

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

[590] <Al 2> s1etE C-109] g4

[591]
N
- Cu, KzCOy
N ¥

< >——-l
Nitrobenzene, reflux

C-10

[592]  FAdel 19 <A 2>l A4 ALg-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
10-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,9-dihydropyrrolo[2,3-b]carb
azole (10.30g, 17.47mmol)S A-8-31= 512 A 94 ;}ﬂ%, Aol 19 <A 2>9}
AT BAH S 3 ste] 3HFE C-10 (8.37 g, 75 72%)S AUt}

[593] GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[594]

[5951  [&4d 11] & C-119] §4

[596] <%t 1> 1-benzyl-4.9-diphenyl-1.9-dihydropyrrolo[2.3-b]carbazole 2] $HA
|

[597
P Pd(PPhg)s, KaCO3 C>\\N N;\
SV e -
bH THF/H,0 = 41, reflux Ny O Q
. )
IC-11
[598] ?:l 6] ] 1/] <D]'7ﬂ 1>Oﬂ}\1 /\]— ] Q_K]—U IC-1 EH %H] Oﬂ 1101]}\1 %L/E]lﬂ
3}3HE IC-11 (11.53g, 36.4mmol) S AF-&3}aL,
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[599]
[600]
[601]

[602]

[603]
[604]
[605]

[606]

[607]
[608]
[609]

2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>3 5L e B8-S st
1-benzyl-4,9-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (9.95 g, 5 61%)E
AU

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<] 2> 4.9-diphenyl-1.9-dihydropyrrolo[2.3-b]carbazole 9] 34

o, & e
S O O Hz,10% PA/C N O O

THF

9 g

A ol 39 <A 250 A AFE-H
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1> A -2 1-benzyl-4,9-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (9.95g,
25.8mmol)& AH&3H= A& Al el shaliz, §4d ol 39 <A 259 TS Hg&
T35} 4,9-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (7.08g, = : 89%)&
DA

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<7 3> 8ot C119] A

< ;7 NT C:, Q
H N
N N Cu, KGOy
4 O . NN N N
Q Br\Q/’QN/b Nitrobenzene, reflux AN O Q
‘ C-11 O

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T4l 4,9-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (7.08g, 23.0mmol)&
AL-8-3} 31, Todobenzene T4 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine(8.92g,
23.0mmol) & A&k A& Al elabars, FHd ol 19 <dh A 29 TAF Hg S
3 8te] 35 C-11 (8.28 g, 58 63%)S A%t}

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

(24 o 12] C-12¢] &4
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[610] <% 7 1> 1-benzyl-9.10-diphenyl-1.9-dihydropyrrolo[2.3-blcarbazole 2] $+4]
[611]

OH

ci Q pH Pd(PPha)y, K;CO3
N N + @—B\
N\ O Q THF/H0 = 4/1, refiux

Ic-12

[612] el 19 <& A 1>ol M ARER 3}eh= IC-1 thAl &h) ol 12014 gH4d = 1C-12
(11.53g, 36.4mmol)E A}-8-3}a1,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>3 5L e B8-S st
1-benzyl-9,10-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (8.65 g, 75 53%)&
AU

[613] GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

[614] <%HA 2> 9.10-diphenyl-1.9-dihydropyrrolo[2.3-b]carbazole 2] 34

[615]

Q\ O Q Ho,10% Pd/C @ Q
:l O N THF B \n O N
O

[616] T4l 39 <A 250 A ALE-¥
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1> A -2 1-benzyl-9,10-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (8.65g,
19.3mmol)& AH&-3F= 21-& A el 8hali=, §4d ofl 39 <A 259 T U e ARG &
T35} 9,10-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (6.01g, 5 87%)&
DA

[617] GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

[618]  <¢hA 3> 3}ebs C-129] A

[619] Q
7N

ﬁ :Q . 8 ‘ Cu, K2COs N‘b}\Q 0 Q
N\ O Q B'\@/L\NJ\Q Nitrobenzene, reflux < j;

[620] Aol 19] <A 250 A AFE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T 4! 9,10-diphenyl-1,9-dihydropyrrolo[2,3-b]carbazole (6.01g, 16.8mmol)&-
AL-8-3} 31, Todobenzene 4! 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (6.51g,
16.8mmol) & AH&-8H= A& A8}t T ol 19] <t 259 B 442

f"'

C-1
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F3iale] 3H3HE C-12 (3.79 g, 8 34%) S At

[621] GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[622]

[623]  [@Ad 13] C-139] &4

[624] <7 1> 3.4-diphenyl-3.10-dihydropyrrolo[3.2-a]carbazole 2] 34
[625]

o, Q
N | OH Pd(PPh3)4, KoCO3 @
SRR A2
\ THF/H,0 = 4/1, reflux -
& > )
HN H

IC-13

[626]  FA ol 19] <A 1504 ARE-¥ 3}3h= IC-1 thAl FH] o 130041 34
3}¢HE 1C-13 (11.53g, 36.4mmol) S AF-&3}aL,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>7} 5L g 44 & G 5o
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00 g, 8&: 69%)= A AT}

[627] GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

[628]  <5tAl 2> shetE C-139] §HA]

[629]
O

O Cu, K2C03
N Q Q N\trobenzene reflux
N /
C-1

[630] Al 19] <A 2> A AFE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4 A&
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)& AF-8-3} a1,
Todobenzene ™41 2-(4-bromophenyl)triphenylene (9.59¢, 25.1mmol)& A}F-8-5F=
A= ALetars, Ao 19 <A 2> Fd 3 488 T st 3FE C-13
(9.62 g, 5 58%)S LA}

[631] GC-Mass (©] 2 *]: 660.80 g/mol, =7 *]: 660 g/mol)
[632]

[633]  [EAd 14] 3FE C-149] &A

[634] <eH7 1>

[635] @Al 139 <A 1>3 S L st a5t

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole & & 1T}
[636] <tHA 2> 33 E C-149] 314
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Q
@\ Nmobenz:ne jeflux QN
H Cc-14 O O

[638]  FAd el 19] <A 20 4] AL
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4 A&
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.1mmol)< A}-8-3} a1,
Iodobenzene T phenyldibenzo[b,d]thiophene (10.39¢, 25.1mmol)-& AF-8-3}=
A ALstare, FAd ol 19 <A 2>9F TL e #F & FAst 33E C-14
(8.52 g, T8 49%)S AT},

[637]

[639] GC-Mass (©] &3]: 692.87 g/mol, =7 *]: 692 g/mol)
[640]

[641] [34d o 151 3+3H& C-159] &4

[642] <t 1>

[643] Al 139 <A 1>3 S DA T35t

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
[644]  <9tA 2> 313t C-159] A4

[645] O
@\ O Cu, K3CO3 N N/
N \ Nitrobenzene, reflux = N 7\

C-15

[646] T/l 19 <tbA 250 4 AL8-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4 A&
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.1mmol)S- A}F-8-3}a1
Todobenzene T4 2-bromo-6-phenylpyridine (5.84g, 25.1mmol)-& AF-8-3}= Zi%
A olataiz, el 19] <@ 2>9F T3 34 S st 3R C-15(8.73 g,
T8 68%)S AU

[647] GC-Mass (¢] 23]: 511.61 g/mol, 7 #]: 511 g/mol)
[648]

[649]  [&A4d 16] 3FE C-169] FA

[650] <t 1>

[6511 @Al 139 <A 1>3 S datA| a5t

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
[652]  <92HAl 2> 313t= C-169] 4
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W I
@ NZN NaH
N |
N X _
\N O ©/LN DMF
H

[654]  FAd el 29] <A 2> 4] AFE-H
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T4 471 <A 1504 &
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)-& A3} =
A& Az, o 29 <A 259 L& R & T ste] 3FE C-16
(8.73 g, 7&:59%)& AUt}

[653]

[655]  GC-Mass (°] 2 4]: 589.69 g/mol, =73 X]: 589 g/mol)
[656]

[657] [ 171 38FEE C-179] A

[(658]  <9tAl 1>

[659] A o 139] <9 1>3 5 L3 43 51

o
e
9%
o

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole
[660] <A 2> $HekE 179 A
[661]

Cu, K2C03

[662]  FAdell 19 <A 2>l A4 ALg-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)& AF-8-3} a1,
Todobenzene ™! 3-bromo-9-(4,6-diphenyl-1,3,5-triazin-2-yl)-9H-carbazole (11.94g,
25.1mmol)= AH&3H= A& Al stale=, FAd o 19 <A 2>9F T A& A =
F3iale] 3H3HE C-17 (12.51 g, 78 66%)= A AT

[663] GC-Mass (©] & *]: 754.88 g/mol, =7 *]: 754 g/mol)
[664]

[665]  [EAd 18] & C-189] A

[666] <vtA 1>

[667] Al ol 139] <A 1>} 5L 35HA =351

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
[668] <7 2> 313t C-189] $HA
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[669] O @ Q
@N\H o Bf@é@ . O

Nitrobenzene, reflux @N’/
C-18 @ \©
[670]  §d el 19] <A 2>l A A8

5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T4l 3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.1mmol)<
A}-8-3}aL, Todobenzene T4 (4-bromophenyl)triphenylsilane (10.39g, 25.1mmol)<
AR&shE Ag Al 9 ;}I_’%, A o 19] <A 259} T U g B2 T o
SH3HE C-18 (8.00 g, 578 46%)S A 3Tt

[671] GC-Mass (©] 23]: 692.92 g/mol, =7 *]: 692 g/mol)
[672]

[673] &4 d 19] 8FE C-199] A

[674] <A 1>

(6751 @Al 139 <A 1>3 S DA T35t

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
[676] <57 2> 313t C-199] $HA

[677] a g
Cu, KoCO3 N
N Nitrobenzene, reflux =

[678] Al 19] <A 2> A AFE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)& AF-8-3} a1,
Todobenzene t 4] 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (9.74g,
25.1mmol) & AH&3= 31& Al ettt el 19 <A 259 T A S F4 &
T3y slo] s}etE C-19 (12.87 g, TE:T1%)E& AU

Z/

[679] GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)
[680]

[681]1  [EAd 20] 3E C-209 A

[682] <A 1>

[683] Al ol 139] <A 1>} 5L 35HA =351

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
[684] <57 2> 313t C-209] $HA
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[685]

[686]

[687
[688
[689
[690
[691

—t e e d

[692]
[693]

[694]

[695
[696
[697
[698
[699

—t e e e

\/Q

O e 0 Q
@ a

Cu, KzCO3 N
2 e N =N

v 2 oy -
N o ) Nitrobenzene, reflux N
<~y v O~
H
C-20

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole THA! 47| <A 1>0)| A4 942
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)& AF-8-3} a1,
Todobenzene 4] 2-(3'-bromo-[1,1-biphenyl]-3-yl)-4,6-diphenyl-1,3,5-triazine
(11.62g, 25.1mmol)& AH&38h= 21& Al 8hal=, 4 o 19] <A 259 5 U &
& Fefate] shEE C-20 (10.06 g, 58 54%)S ATt

GC-Mass (©] 2 *]: 741.88 g/mol, =7 *]: 741 g/mol)

[ d 211 3= C219 4

<A 1>

g el 139 <@ 1>} F A3 53 8o
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole

<ttA 2> 3}et= C-212] SHA]

o
e
9%
o

Cu, K2CO3

. s

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T3] 747] <7 1>0] 4 &
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)& AF-8-3} a1,
Iodobenzene T 21
N-([1,1'-biphenyl]-4-yl)-N-(4-bromophenyl)-[1,1'-biphenyl]-4-amine (11.92g,
25.Immol)& AH&3h= A& Al 9 stare, A o 19] <A 2>9F T4 & 44 &
Feate] B3 C-21 (9.27 g, 8 49%) S A3t

GC-Mass (©] &*]: 753.93 g/mol, =7 *]: 753 g/mol)

[ o 22] 3+ &E C-229 A4
<A 1>
Al o) 139 <9 1> A 6HA) =38 5}
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[700]
[701]

[702]

[703
[704
[705
[706
[707

—t e e d

[708]

[709]
[710]
[711]

[712]

3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & T}
<A 2> 313t C-229] $HA

Q
~!~ 7 ¢ Y
Sesar

.22

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T3] 747] <7 1>0] 4 &
3,4-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.00g, 25.lmmol)-& A}-8-3} 3L
Todobenzene ™41 2-(3"-bromo-[1,1':3',1"-terphenyl]-3-yl)-4,6-diphenyl-1,3,5-triazine
(11.62g, 25.1mmol)-& AF-&3F= A2 A 2)star=, 4 o 19] <vhA| 259} 5 A3
gL Faste] 3hE C-22(7.19 g, 781 35%)S DA

GC-Mass (©] 2*]: 817.97 g/mol, =7 #]: 817 g/mol)

[34 ol 23] 3}HE C-239] &4
<24 1> 3.5-diphenyl-3.10-dihydropyrrolo[3.2-a]carbazole 2] 34l

-

Cl
M o PA(PPhg)4, KxCO3 @
\ O 5
\OH THF/HZO = 4/1, reflux -
HN N

IC-14

e 19] <A 1>el M AREE 2= IC-1 Tt Al 8] o 14004 A H
3}3HE IC-14 (11.53g, 36.4mmol) S A8} a1
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1 ,3,2—d10xaborolan—2—yl)phenyl)—1 3,5-triazine
o] 4] phenylboronic acid (4.44g, 36.4mmol) & AF-8-31= Z1-& A9 slal=, T4 o
19] <A 1> 5 U gk 445 3 5t
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91 g, =& : 76%)-S A AT}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<5tA 2> 3}3tE ¢-239] A

Cu, KQCO:;
@ Br Nltrobenzene reflux

el 1 Q <@ 250 A A48
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
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[713
[714
[715
[716
[717

—t e e d

[718]
[719]

[720]

[721
[722
[723
[724
[725

—t e e b

[726]
[727]

[728]

azole Al 37| <A 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)-& A}-8-3} 3L
Todobenzene 4] 2-(4-bromophenyl)triphenylene (10.54g, 27.6mmol)& A}F-8-5F=
Ag Atz A e 19 <A 2>9F FL & #4& Faste] 3eE C-23
(4.57 g, 78:25%)S Ao}

GC-Mass (©] £*]: 660.80 g/mol, =7 *]: 660 g/mol)

[ o 24] 33FE C-249] A

<t 1>

A o 239] <A 153 A& A 53 3o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & 1T}

<5HA 2> 3}3HE C-249] FHA

Cu, KpCO.
O Nltrobenzene reflux @’N = O
N \ =
T

SR

o 19] <A 2>l A AREH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)-& A}-8-3} 3L
Todobenzene ™ 4! phenyldibenzo[b,d]thiophene (11.42g, 27.6mmol)& Al-&-3} =
A& Alelatari=, Aol 19] <Al 2> U g 44 & G5t 3H3HE C-24
(6.13 g, T5:32%) & AU}

GC-Mass (©] &3]: 692.87 g/mol, =7 *]: 692 g/mol)

[@73 o 251 3H&HE C-259 &4

<t 1>

A o 239] <A 153 A& A 53 3o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & 1T}

<tHA 2> s19t = C-259] FhA

- -
o Cu, KoCO3
+ Br” "N
N O Nitrobenzene, reflux
= N
H

Fd ol 18] <A 2> A AFE-H
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[729
[730
[731
[732
[733

—t e e e

[734]
[735]

[736]

[737
[738
[739
[740
[741

—t e e d

[742]
[743]

5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 37| <A 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene ™ 4] 2-bromo-6-phenylpyridine (6.43g, 27.6mmol)< AF-8-3F= A&
Al Qlstaliz, FAd o 19 <A 2> U3 298 5] §3E C-25(7.78 ¢,
T8 55%) S DA

GC-Mass (¢] 23]: 511.61 g/mol, 7 #]: 511 g/mol)

(&4« 26] 3= C-269 B4

<A 1>

FHd ol 239 <@ 1>} F A3 53 8o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole

<7 2> 319t = C-269] A

o
e
9%
o

@\ + o NaH
N —_—
N O ©)\ )\© DMF

g o 29] <A 2> A AREH
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole THAl A} 7] <] [>o0] A A2
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& A-&-3} =
A= ALstars, FAd o 29 <A 259 FL S 4G & T 5] 3= C-26
(11.90 g, 78 73%)= A ALY

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

rr

[ d 271 3&E C279 B4

<A 1>

ol 239 <A 1> F A3 53 8o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole

<thA| 2> 31t C-279] 4]

o
e
9%
o

Cu, K,CO3




70

WO 2014/104664 PCT/KR2013/011958

[744]

[745
[746
[747
[748
[749

—t e e e

[750]
[751]

[752]

[753
[754
[755
[756
[757

—t e e d

[758]
[759]

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole THA! 47| <A 1>0)| A4 942
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene ™ 4! 3-bromo-9-(4,6-diphenyl-1,3,5-triazin-2-y1)-9H-carbazole (13.1g,
27.6mmol)& AH&8h= A& Al 9 stare, A o 19 <A 259 T A& H4 &
3] B C-27 (12.32 g, 781 59%)S L AT

GC-Mass (©] & *]: 754.88 g/mol, =7 *]: 754 g/mol)

[&73 o 28] 3H3HE C-289] &4

<t 1>

A o 239] <A 153 A& A 53 3o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & 1T}

<5HA 2> 313t C-289] FHA

) ) o O

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene ™! (4-bromophenyl)triphenylsilane (11.42g, 27.6mmol)a AF-8-5F=
& AL stasz, o 19 <A 2> FU g 44 & 3 sto] 3heHE C-28
(9.00 g, T5:47%) & AU}

GC-Mass (©] 23]: 692.92 g/mol, =7 *]: 692 g/mol)

- y
Cu, KoCO3 0 @
. Br@Si@ - Si
O Nitrobenzene, reflux \©
N
= N
H

(&4 o 291 3&E C-299] B4

<A 1>

FHd ol 239 <@ 1>} F A3 53 8o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole

<7 2> 319k C-299] A

Br
@ Q Cu, KoCO4
y
= N
H

o
e
9%
o

+ N” "N
O ~ | Nitrobenzene, reflux ®'
[ j N \[ j
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[760]

[761
[762
[763
[764
[765

—t e e b

[766]
[767]

[768]

[769
[770
[771
[772
[773

—t e e e

[774]

o 19] <A 2>l A AREH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene 4! 2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine (10.71g,
27.6mmol)& AH&8h= A& Al 9 stare, A o 19 <A 259 T A& H4 &
3 &te] BE C-29(9.57 g, 81 52%)S A%}

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[&78 ¢ 301 3H&HE C-309] FA

<t 1>

Al o) 232] <A 153} B UFHA 3 5o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole-S A $1 T},

<57 2> 313t C-309] $HA

- o
@ Gu, KoCO3
o
N
S

+ N*"N
o~ Nitrobenzene, reflux
N
N
H

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T3] 747] <7 1>0] 4 &
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene 4] 2-(3'-bromo-[1,1-biphenyl]-3-yl)-4,6-diphenyl-1,3,5-triazine
(12.78g, 27.6mmol)& AH&38h= 21& Al ) 8hal=, 4 o 19] <A 259 5 U &
B & Fefate] shEE C-30 (16.00 g, 58 78%)S YAt

GC-Mass (©] 2 *]: 741.88 g/mol, =7 *]: 741 g/mol)

[ < 311 3+&HE C-319 A4

<t 1>

A o 239] <A 153 A& A 53 3o
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & 1T}

<5HA 2> 3H3HE C-319] 9
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[775]

[776]

[777
[778
[779
[780
[781

—t e e d

[782]
[783]

[784]

arccos = @LN

v ﬁ ® Nirobenzene, refiux @N Y A
¢

C-31

Aol 19] <A 250 4 ALgH
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T3] 747] <7 1>0] 4 &
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Iodobenzene T 21
N-([1,1'-biphenyl]-4-y1)-N-(4-bromophenyl)-[1,1'-biphenyl]-4-amine (13.11g,
27.6mmol) & AH&3HE 31L& Al ettt el 19] <A 259 F A S F4 &
e ate] 213 C-31(9.38 g, 58 45%) S A3t

GC-Mass (©] &*]: 753.93 g/mol, =7 *]: 753 g/mol)

[ o 32] 3+&HE& C-329] A4

<t 1>

A ol 239 <A 1> FL3HA 33
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazoleS & 1T}

<5HA 2> 3}3HE C-329] 94

Mo

i N? P Br
©/k\N )\© Nitrobenzene, reflux

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole Al 7] <&t 1>0 4 A&
3,5-diphenyl-3,10-dihydropyrrolo[3,2-a]carbazole (9.91g, 27.6mmol)& AF-8-3} a1,
Todobenzene ™41 2-(3"-bromo-[1,1':3',1"-terphenyl]-3-yl)-4,6-diphenyl-1,3,5-triazine
(14.87g, 27.6mmol)& AH-&38h= 21& Al 98t ar+=, 4 o 19] <] 259 5L
B & Fefate] sEE C-32(520 g, FH: 23%)S D AT

GC-Mass (©] 2*]: 817.97 g/mol, =7 #]: 817 g/mol)

O
G, ~

[ 4l 33] &H3HE C-339] &4
<A 1>
3-benzyl-4-(3-(4.6-diphenyl-1.3.5-triazin-2-yl)phenyl)-10-phenyl-3.10-dihydropyrrolo
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3.2-a]carbazole2] $HA]

O g
L\I | @ Pd(PPh3)4, K2CO3
IC-15

[790] Al 19 <& A 1>0 4 AREE 3FEHE IC-1 thA] 28] o] 1594 93¢
SF IC-15 (11.53g, 36.4mmol) & AME-8h= 212 Al el shalss, T o 18] <7
1>3} 5 A3 378 & 5= 5o
3-benzyl-4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-3,10-dihydropyrrolo[
3,2-a]carbazole (12.61 g, =5 51%)= AT}

[791] GC-Mass (©] 23]: 679.81 g/mol, =7 A: 679 g/mol)

[792] <t 2>
4-(3-(4.6-diphenyl-1.3.5-triazin-2-yl)phenyl)-10-phenyl-3. 10-dihydropyrrolo[3.2-a]car

[789]

[793]

THF

[794] /el 39 <A 2>l 4 AHEH
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
[>o| A &2
3-benzyl-4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-3,10-dihydropyrrolo[
3,2-a]carbazole (12.61g, 18.6mmol)2 AM-&3= 412 A 2] & ari=, T4l o 39
<@ 259} F A A & 523 5}
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-3,10-dihydropyrrolo[ 3,2-a]car
bazole (9.19g, 8 84%)< L ALY

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

[796]  <<tA 3> SpgtE C-339] 9]

[797]

Cu, KoCO3

Nitrobenzene, reflux
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[798]

[799
[800
[801
[802

— e e

[803]

[804]

[805]
[806]

[807]

[808]

G ol 12] <A 1>l A ALEE
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole 2l 7] <& 7] 2504 A&
4-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-3,10-dihydropyrrolo[ 3,2-a]car
bazole (9.19g, 15.6mmol)& AF-83F= A& A el 3tar=, 314 o 19] <& 2>9}
TUE G FaAste] 3E C-33 (446 g, TH: 43%) S A AT

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[ ol 34] 3 E C-349] T4
<A 1>

3.2-a]carbazole$] 3HA]

N cl
to
Pd(PPhg)4. K2CQO3
N O‘ N~ ‘N _
+ THF/HZ0 = 4/1, reflux
O Ty ™

IC-16

Aol 19] <A 1504 AREE 313HE IC-1 Al 0] ¢ 16004 24 ¥
3}3HE 1C-16 (11.53g, 36.4mmol) & AM-&8F= 215 A 2] etal+=, 3d o 19 <7
1>3} 5 A3 378 & 5= 5o
3-benzyl-5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-3,10-dihydropyrrolo[
3,2-a]carbazole (14.35 g, 5 58%)= L 3T}

GC-Mass (©] 23]: 679.81 g/mol, =7 A: 679 g/mol)

<tHA 2>
5-(3-(4.6-diphenyl-1.3.5-triazin-2-yl)phenyl)-10-phenyl-3. 10-dihydropyrrolo[3.2-a]car

N O /NY©
\ ’ N |'\1 Ha.10% Pd/C

@N S (5 -

G ol 32] <A 2>l A ALE-E
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
[>o| A &2
3-benzyl-5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)- 10-phenyl-3,10-dihydropyrrolo[
3,2-acarbazole (14.35g, 21.1mmol)< AF-8-3Fi= A& A| & star=, &4 o 39
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[809]
[810]
[811]

[812]

[813
[814
[815
[816
[817

—t e e d

[818]

[819]
[820]

<@ 259} F A A & 523 5}
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-3,10-dihydropyrrolo[3,2-a]car
bazole (10.20g, 58 82%)= A At}

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

<7 3> 319t = C-349] $HA

. - 7/© | u, N N 7/@

NII\I ’ © Ni‘mien:r:,)?enux \ N

70 S ®
C-34

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole 2l 7] <& 7] 2504 A&
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10-phenyl-3,10-dihydropyrrolo[3,2-a]car
bazole (10.20g, 17.3mmol)& Al-&-3hi= 21-& Al el star, g4 o 19 <A 2>9}
TUE g FaAste] 3HE C-34(7.26 g, T 63%) S A AT

GC-Mass (©] & *]: 665.78 g/mol, =7 A]: 665 g/mol)

[ o 351 C-35¢] A
<% A 1> 1.4-diphenyl-1.6-dihydropyrrolo[3.2-c]carbazole €] 314

OH O
g \H ! Pd(PPhg)a, KoCO3
Do SR e
A\ | oH THF/H,0 = 4/1, reflux @\N N

Cl

IC-17

Fd ol 19] <A 150 A ARS-H 33HE IC-1 t4] Tx] o 17904 44+
3} 1C-17 (11.53g, 36.4mmol)-S AF-&-5}a1,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
18] <A 153 5 g A4S F8) 5tof
1,4-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (9.13 g, =8 70%)< A AT}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<A 2> 313HE C-359] jHAd
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[821]
O I Q N Np
NH A N ~\

NaH

Y e O
‘ + N DMF
Sacae J
c-35

[822]  3HAl ol 29] <A 25014 AL H
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T4 471 <A 1504 &
1,4-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (9.13g, 25.5mmol)& AF-&-8h= A&

Al Qlst =, o 29 <A 2> T BG-& Fste] FE C-3509.16 ¢
TE:61%) = St

[823] GC-Mass (©] &3]: 589.69 g/mol, =7 #]: 589 g/mol)
[824]

[825]  [#Ad 36] 3= C-369] &4

[826] <t 1>

5-(4.6-diphenyl-1.3.5-triazin-2-y1)- 1-phenyl-1.6-dihydropvrrolo[3.2-c]carbazole £

+

A\ “ : ,L\Nﬂ\@ THEM,0 = 411, reflux @\ O . N
N N
Ic-18 ~ b

[828] Al 19 <& 1>001 4 AHE-E 3F3HE IC-1 thAl 8] ol 1814 e €
3}8H & 1C-18 (11.53g, 36.4mmol) Z AF-&&}aL
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1,3 ,2—d10xab0r01an—2—yl)phenyl)— 1,3,5-triazine
t) 4! 2,4-diphenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,5-triazine
(13.06g, 36.4mmol)2 A-&3h= 412 A 9]t A o 19 <A 1>3 54§
I & 3 sto]
5-(4,6-diphenyl-1,3,5-triazin-2-yl)-1-phenyl-1,6-dihydropyrrolo[ 3,2-c]carbazole (10.09
g, TE: 54%)= AT

[829] GC-Mass (©] £*]: 513.59 g/mol, =7 #]: 513 g/mol)

[830] <Al 2> 3}3HE C-369] A

[831]
@y/( G, KGOy v NQ Ng
b Ul S e oy
- c-36

[827]
00 i 0
B
NH (;\ Pd(PPhg)s, KoCO3 O NH
N=
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[832]

[833
[834
[835
[836
[837

—t e e d

[838]

[839]
[840]
[841]

[842]

[843]

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T2l 7] <A 1>l A @
5-(4,6-diphenyl-1,3,5-triazin-2-yl1)-1-phenyl-1,6-dihydropyrrolo[3,2-c]carbazole
(10.09g, 19.65mmol)2 AF&3F= 2 & A 95t Al d 19] <A 2>9F 53
B8 aste] 3hakE C-36 (7.65 g, 81 66%)S A ATt

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

[3H4d o 371 8+3F& C-37¢9 &4
< HA 1> 1-benzyl-4.6-diphenyl-1.6-dihydropyrrolo[3.2-c]carbazole ©] 3H4]

@ O / Pd(PPha)s, K2CO3 Q N
< >— - N
Q 0 @ oH THF/HZ0 = 411, reflux S O @
cl

1C-19 g

A ol 19] <A 1504 A8 3F3HE IC-1 Al 4] o 19014 4 €
3}eH & 1C-19 (11.53g, 36.4mmol) Z AF-&&}aL
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1 ,3,2—d10xab0rolan—2—yl)phenyl)— 1,3,5-triazine
o] 4] phenylboronic acid (4.44g, 36.4mmol) & AF-8-31= Z1-& A9 slal=, T4 o
19] <A 1>3 5L e B8-S st
1-benzyl-4,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (13.71 g, 8 84%)&
AU

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<A 2> 4.6-diphenyl-1.6-dihydropyrrolo[3.2-c]carbazole 2] 34

@N N@ Hy,10% Pd/C N N@
N 0 TN O

THF

) g

A ol 39 <A 250 A AFE-H
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1> A &2 1-benzyl-4,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (13.71g,
31.7mmol) & A&k A& Al 9 starts, ol 39] <A 259 FA S F4 &
T35} o] 4,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (9.20g, T~&: 84%)<
DA

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)
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[844] <Al 3> S19HE C-379] A
[845]
& g
H N NN
: O © + @2\\ l
g
[846] T/l 29 <thA 250 A A8-H
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T4 A} 7] <A 250 A -2
4,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (9.20g, 26.6mmol)& AF-8-3F= A&
A2 8Fari=z, A o 29] <A 2>9F FA S 45 35k 313 E C-37(8.48 g,
T 56%) S DAt
[847] GC-Mass (©] &3]: 589.69 g/mol, =7 #]: 589 g/mol)
[848]
[849]  [FAd 38] &H&FE C-389] ¥
[850] <% 1> 1-benzyl-5.6-diphenyl-1.6-dihydropyrrolo[3.2-c]carbazole 2] 34
851
. Q oH PA{PPhg)s, KZCO5 @
: O :@ " Q—E\OH THF/H,0 = 411, reflux s O @
I1c-20 O
[852] el 19 <A 1>l AR 3HeFE IC-1 thAl 4] of] 20014 4+
3}3HE 1C-20 (11.53g, 36.4mmol) S AF-&-5}a1,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>7} 5L g 44 & G 5o
1-benzyl-5,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (13.38 g, 7+ &: 82%)&
AU
[853] GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)
[854]  <%tAl 2> 5.6-diphenyl-1.6-dihydropyrrolo[3.2-c]carbazole &] $t4]
[855] O
Q\\N N@ Hp10% PA/C H N\©
\ 0 O THF \ O O
[856]  ©/d el 39 <A 2> A AFE-H

1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 4! /7] <& 7]
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[857]
[858]
[859]

[860]

[861
[862
[863
[864
[865

—t e e b

[866]

[867]
[868]

1> A &2 1-benzyl-5,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (13.38g,
29.8mmol) & AH&-3H= A& Al el shali=, §4d ol 39] <A 259 TS }g &
T35} 5,6-diphenyl-1,6-dihydropyrrolo[3,2-c]carbazole (8.34g, T8 : 78%)<
DA

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<7 3> 319t = C-382] $HA

Cl
-0 Y —
.y ~

S el 29] <A 2>0 4] ALEH
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T2 47| <H7] 20 4] A&
5,6-diphenyl-1,6-dihydropyrrolo[3,2-c|carbazole (8.34g, 23.3mmol) S AF-8-3F= 41 &
A2 8Fari=z, A o 29] <A 2>9F FA S A4S 3k 3F3E C-38(9.19 g,
T8 67%)= AT

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

[EA4 o 39] 3t & E C-399] A4
<% 1> 3.4-diphenyl-3.6-dihydropyrrolo[2.3-c]carbazole €] 314

al
©\ O N PH Pd(PPhs)y, K2CO3
N
+ < >—B
Q \OH THF/H0 = 411, reflux

1C-21

Fd ol 19] <A 150 A ARS-H 335 IC-1 T2l Tx] o 21904 44+
3}3HE 1C-21 (11.53g, 36.4mmol) S AF-&-5}aL,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
18] <A 153 5 g A4S F8) 5tof
3,4-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (5.47 g, =8 42%)< A A}

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<A 2> 3135 C-399] jHAd
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[869]

0

[870] Al ol 29] <bA] 2> A AFG-H
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T3] 7] <A 1> A4 G-
3,4-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (5.47g, 15.3mmol)S- AF-8-3F= 51 &

A9l slaliz, A o 29 <A 2>} F U3 298 5] 3E C-39(5.85 ¢,
T8 65%)2 Al

[871] GC-Mass (©] &3]: 589.69 g/mol, =7 #]: 589 g/mol)
[872]

[873] [/ 40] 3E C-409] FA

[874] <t 1>

5-(4.6-diphenyl-1.3.5-triazin-2-y1)-3-phenyl-3.6-dihydropvrrolo[2.3-c]carbazole £

Sk A)

e i

C‘ . °. /IBL’O PA(PPhs), KoCO3 Q 9

NH N: THF/H,0 = 471, reflux \ O

S oMo 0
Ic-22

[876] Al 19 <@ 1>001M AHE-E 3}3HE IC-1 thAl 4] < 229] H g H 1022
(11.53g, 36.4mmol)E AF-8-3}aL
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
t) 4! 2,4-diphenyl-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,5-triazine
(13.07g, 36.4mmol)S AF-8-3F= A S Al 2 stal, 3HA o 19 <A 1> 5 A s
I & 3 sto]
5—(4 6-diphenyl-1,3,5-triazin-2-yl)-3-phenyl-3,6-dihydropyrrolo[2,3-c]carbazole (10.28
g T T 55%)= Lt

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

8781  <¢tAl 2> 313t C-409] A
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[879]

[880]

[881
[882
[883
[884
[885

—t e e b

[886]

[887]
[888]

- CU. KgCOa Q N E/ ;N

N
~
\ O b Q—I Nitrobenzens, refiux \N O NJ\©
)

O C-40

G ol 12] <A 250l A ALE-H
5-(3-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-1-phenyl-1,10-dihydropyrrolo[2,3-a]carb
azole T3] 747] <7 1>0] 4 &
5-(4,6-diphenyl-1,3,5-triazin-2-yl1)-3-phenyl-3,6-dihydropyrrolo[2,3-c]carbazole
(10.28g, 20.0mmol)= AF-&3F= A& A &3t s, & o 19 <A 2>9F 5 g
& F3ste] 3hekE C-40 271 g, 781 23%)S DA

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

[ 411 3L E C-419] &4
<A 1> 3-benzyl-4.6-diphenyl-3.6-dihydropyrrolo[2.3-c]carbazole 2] 34

O . Q. O

\N O . @—B"OH PA(PPhs)s, K,COy \N O
N—@ “oH THFIH,O = 4/1, reflux N _@
Ic-23 O
A el 18] <A 15004 ARG 313 IC-1 Al 4] o 230014 4 €
3}8H & 1C-23 (11.53g, 36.4mmol)S AF-&&}FaL
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1 ,3,2—d10xab0rolan—2—yl)phenyl)— 1,3,5-triazine
o] 4] phenylboronic acid (4.44g, 36.4mmol) & AF-8-31= Z1-& A9 slal=, T4 o
19] <A 1>3 5L e B8-S st
3-benzyl-4,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (12.08 g, =5 74%)E
AU
GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)
<t 2> 4.6-diphenyl-3.6-dihydropyrrolo[2.3-c|carbazole ] 14
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[889]

[890]

[891]
[892]
[893]

[894]

[895
[896
[897
[898
[899

—t e e e e

[900]

\N O Hy,10% Pd/C
THF
W

A ol 39 <A 250 A AFE-H
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1>l A &2 3-benzyl-4,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (12.08g,
26.9mmol) & AH&-3H= A& Al el shali=, §4d ol 39] <A 2591 TS }g &
T35} o] 4,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (8.01g, & : 83%)<
DA

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<tHA| 3> 313t = C-419] A

S el 29] <A 2>0 4] ALEH
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T2 47| <H7] 20 4] A&
4,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (8.01g, 22.3mmol)S AF-8-3F= 41 &
Al e etz A o 29 <A 2> FL g A2 T 5] 3= C41 (922 ¢,
TE:70%) S DAt

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

[ ol 421 3} E C-429] &4
< HA 1> 3-benzyl-5.6-diphenyl-3.6-dihydropyrrolo[2.3-c]carbazole ©] 3H4]

SN

\N ol OH PA(PPhy)y, K,CO4 O
+ < :)~—-—B\ > \ O
N_@ OH THF/H,0 = 4/1, reflux _@
N

IC-24
SHA o) 19] <A 1504 AFEH 313HE 1C-1 2] F18] o] 240 4] A=
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[901]
[902]
[903]

[904]

[905]
[906]
[907]

[908]

[909
[910
911
[912

— e e

3}3HE 1C-24 (11.53g, 36.4mmol) S AM-&-5}aL,
2,4-diphenyl-6-(3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1,3,5-triazine
o A1 phenylboronic acid (4.44g, 36.4mmol)Z AF-&3}= 41-& Al 2l 3lari=, 4l o
19] <A 1>3 5L e B8-S st
3-benzyl-5,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (9.79 g, 7~&: 60%)&
AU

GC-Mass (©] 23] 448.56 g/mol, =7 A]: 448 g/mol)

<% 2> 5.6-diphenyl-3.6-dihydropyrrolo[2.3-c]carbazole 2] 34

O
\ O Hy,10% Pd/C

A ol 39 <A 250 A AFE-H
1-benzyl-5,10-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole th 2! 471 <A
1>l A ¥-& 3-benzyl-5,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (9.79g, 21.8
mmol)& AF-&3h= A& Al el stile, g ol 39 <vhA| 259 F U g HA S
T35} 5,6-diphenyl-3,6-dihydropyrrolo[2,3-c]carbazole (6.34g, & : 81%)<
DA

GC-Mass (©] &*]: 358.43 g/mol, =7 #]: 358 g/mol)

<tHA| 3> 313t C-429] AT

N O cl
\ NA\N NaH
I e
-0 o

g el 29] <A 2>l A AL-8-E
1,4-diphenyl-1,10-dihydropyrrolo[2,3-a]carbazole T4 A} 7] <A 250 A -2
5,6-diphenyl-3,6-dihydropyrrolo[2,3-c|carbazole (6.34g, 17.7mmol)S AF-8-3F= 71 &
A2 8Fari=z, A o 29] <A 2>9F FAS 48 35k 313 E C-42(4.90 g,
TE: 47%) 2 LA

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

iy

~~~

[AA A 1]- 7] EL 22 9] A%
Sl o) 1o A A E 3HEHE C-18 S M o2 A Wl o g s
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SEGAE o F, of o] HA e upe} 54 {7 EL 228 Al 2FeEsiT.

[913] ¥ A], ITO (Indium tin oxide)7} 1500 A =7 & vt} &l §8) 7| 9e =75
R AR S AlF o] Erh, ol a2 A AlE, o AlE,
HErS- o 848 22 A A S sl AZE A1 3 UV OZONE A A4 7] (Power
sonic 405, S}AE| )& o] A 7] T, UVE o]-&-35o] A7) 7] 3-8 583
MA st A 2272 7] 3-8 o] 4519t}

[914] ole} o] 1] ¥E ITO 5 A= ¢, m-MTDATA(60 nm)/TCTA(80
nm)/3}3H= C-1 + 10 % Ir(ppy)s(300nm)/BCP(10 nm)/Alq;(30 nm)/LiF(1 nm)/Al(200
nm) 2% A F38le] §7] EL &2 Al &8¢l

[915]  AF&¥ m-MTDATA, TCTA, Ir(ppy)s, 2 BCP2] F%= 8}7] 9} Lt}

@%@@% S o

oA

m-MTDATA TCTA
[917]

Ir(Ppy)s

[918]

[919] [AAd 2~42]- 7] EL &% <] A=

[920] ARl 1o A H3FTo YA TAE ZHEZA AMEE 35E C-1 Uil
FhAd ol 2 A 42014 242t sHAd | 33 E C-2 A C-428 ALS3h A&
Al elstari=, AAld 13 FA3HA G2 3te] £-7] EL &48 Al 2313t}

[921]
[922] M4 1]- #7] EL &38| A&
[923]  AA[e] 10 M HFFo A LG TAE =4 *1 AHE¥ 3HeHE C-1 Tt

CBPE A4z A ASlshazis, A o) 13 A9 3502 F7] BL 24 E
A\ %519 T A8 ¥ CBPe] T2 5] 9} 2
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RO ()

TAAAY
CBP

[925]

[926] [2@d]

[927] Aol 1 WA 42, D v Lo 104 242 Al 29 #7] EL A& Aol T ahe],
AFEE 10 mA/cmWH TEAt, AR L 4G IS S48 0, 1
AE sh7] % 10 YERR AT

[928] 3t

[u—
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[Table 1]

A F A B (cd/A)
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