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[0090]

[0091]

[0092]
[0093]
[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]
[0109]

[0110]

[0111]
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217), C1 WA €50 &A= 7], 3 WA 50 AlZF=<27], 6 WA €50 oFd 7], €1 WA €20 &=A]7], C1 W
X] C10 EYEFL 2] v Aotr] 5 88 + /MY A7t §35o] s A4S = ).
2 HAAMA slElR S 2] vt gl g, dtuhe] ZEr] Uldl N, 0, S ¥ PR o]Fofzl oA AEE
= dHZ 95 1 WA 47H sk, UmAl= 8490 AL vt
2 gGAAel A "ol F3tolt kel AUt fle 3, F ol XUt JAAVE AFEHY IAY, =
o] X377t F§ste] AjtEH e RS n|s.
E A oA "Fa Ho] Aot fle 3, dTFAh, oeFh, BE AFFAE 9Vt
2 GAAel A "SA(alky)7]"H o] At fle 3, AWS @3l AarE grsin.

o

A7]1= sl ol Aoy e ATE et UA @2 ¥} U (saturated alkyl)7]" 4 5 AT,
4715 Ao 3o o]xdd e AsZATS X318t dv "Exst &% (unsaturated alkyl)7]"d =

D}.

"aAd A (alkenylene) 71" E A% F o9 ©AAAV) Hok e ©A-BA o]F Ao R o] Fo

715 oulsiy, "dyiddl(alkynylene) 71" & Hol®E F A9 ©adAF Holx sl whih-whA AE A%

o]Folzl #8715 ouditt, F3fo]E BEESlo|E 7o U= BAY, A4 £ AU 5 Qv

iﬁm,‘l

4A71= C1 UIA €50 &27]1d 4= k. B FA-o= &4Z7]= €1 UA €20 ¢247], €1 JX C10 &¢247]
T C1 WA 6 &271d = Q).

dE Eof, C1 WA 4 ¢ZA7]= 44 1 WA 4 M9 &gz, &, 44485 g, oY, 23, o]ih-2
2, n-FY, o)Ah-HE, sec-FE % (-HFEHZ o]FojW oA HdeES el

FAA F ol 47 FU/E WG], Wy], ZAY), olixxEds], PE], oliul,
A7), A7), CHE7], ZeAEY], FEHdY, NSRRI, AIE

L=ffe}
o=

robml7] " ofloluly], ehdelly], olUoluly], Ei QclebnrlE L),

NERSD(ovcloallyD7]" e ReASY EE §ue FTANIH(S, BaU4E AWE HES U 7

A= ae]) A871e 2T

" ZA|ZF 29 (heterocycloalkyl)7]"&= A|F2LZ27] o] N, 0, S @ PE o]Fojxl oA AeEiy= 3y
ZHAAE 1 WA 1 FFekar, A= gl 5 ¥ 312 (fused

] 3=
ring)?l A5, §%H 18 F Holk shuhe] vt Y] dH=Z dAE 1 UK ) 25 5 o).
"WHEEE (aromatic)7]"E 18l FEjQl 28719 BE 947 p-oHES TR 9l ,
(conjugation)S st & FAL7E nisitt. FA14QA d= ofH 7|9 de|Zeld 7|7} QUtt.
"ol (aryD)7]"E BREAIEY EE §3% a8 IEAEFEH(S, gARY9AEY JdFd 5SS YN 7K E a8
22718 EZFHsit},
"3 5 2ol (heteroaryl)7]"+ o} 7] Wlo] N, 0, S @ P& o]Fojx Fo|A HaEE FEHEZAAE 1 WA 470
shfeta, UmAE g RS oudith, Y] sdReld |7t &3 12 (fused ring)Ql 4
T A% shue] gyt 3] dEHZ 9AE 1 WA o) 28 5 .

ofd7] & sElZetd oA 1Yo AAFE Gag 3 HgadAFe] ol

o
clo
o
ol
kel
o

"ol y]" i Tolh ]S} o] £t AT W, WYlo] £ 7] 27 % ofe] Fojt= YY) 1}
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[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]
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OH
zz
o

QAL 2AD7 A
2 wge) e A
205 Aol B EE H4e) 1RE0E TRee, A7) f E% l—%—?ﬂ 18200 ow A
= o

2
A 1% ol eSS B iy mE frEdAaAE SFES 23 & Qv

Ea A7) Bre 471251300 BBF3E TS, A7 Bre] 47185 AAFNFS
a o]
H

$3(132), AEARF(133), AAAEF(135), AE4E3(136) R 4o+

FhE 2 g 4 gl

A7 WAT(13)E B BAES xEF 4 A

A7 A A v sl Rl ojste] AA Y. £ ARRe FEF VA BE,
dotdy 3 FEAS zhe 3 5EF AR (o FAA Ce B9, R, 78 EaEH dF 55 A
& = 9l

ANAEA 3EgE =

L
A= T
b, FAHoZE F£2 Au EEt Cul, ITO(RIE 4 AF3t&E), Sn0, ¥ 7Zn0%} 22

il 2T ARRAE deV e AFFE 2 FE, FF, A7) AR PE E
E oo EFIES ALE 5 vt FAHOEE Na, NaK 5, 24, vt2de, 9%, @F 5, 9F, &
FulE, vtodlg 39, 2F9FE 58 B 5 g o9, 4FEnE/A0, dFE/AE, vtade/e

= vadlg/dE vk AREE o S SSEE] A= 10 WA 2000m 7F vk sk

b ool HEe ntEAEAE 106 o4 FEFHES JHAE
= 9 Q/mm olgteltt, M= FAE 10nm WA 1lwm, Hrh
A S A= 10 WA 400nm o|th. ol2g W= 354 7]FA (WD), EEA 714FEPW) 59 714EE
HEE 2HEHHS ko] A7 A5 AEE e R FAgste Axd 4 v,

TS 2oy BX¥o) HEetA B Aol fUlAAE GRS Ee] AMEE o, IXE HI3yEEs 24, A
T B, #9S B4, 2359 T2E B, AAeS EE, 2 AAFY E-o] Y] A fU1ESl
A o R AMSEAY B 2 dge] fUIAAR GRS e Audoz weste] AbEE 4 Q).

A T E 22 A N,N-dicarbazolyl-3,5-benzene(mCP), poly(3,4-
ethylenedioxythiophene) :polystyrenesulfonate (PEDOT:PSS), N, N’ -di(1-naphthyl)-N,N" -

diphenylbenzidine(NPD), N,N'-t]#|d-N,N'-t](3-HE#H|d)-4,4'-t]o}v] =u]HA D (TPD), N,N'-tJ#H<d-N N'-t]r}
Te-4 4'-clobm s, NN NN -BlEet-p-S2-4,4'-Tlobmwenlsl D, N N,N'N'-Bl Eebs] d-4,4'-t] o} 1
vlEd, ZH(11)1,10,15,20-Hl Egto|d-21H, 23H-2 3] A 53} 22 ¥ 3 (porphyrin)3dE FEA, 54 £+
Sl ek 3afolHl & Zh= A, 1,1-8] 2= (4-t-p-Ed ol e D) A E =4,
NN N-EZ(p-FZ)olrl, 4, 4", 4'-E=[N-G-vEd)-N-s dolv] | Eg]sl do}la} 2 Eg]olHolnl
EA, N-EldtEnrE 9 ZEu|ditEntEy 22 tEuE §EA, Fad ZERAjord, FEZgRAlolhdd}
e ZERAM {FEA, ’\E}‘ﬂ’\E obdl F&A, dlofwl WEkss Abolwlat ~E|Y ofwl

shitmel fEA, 2 FUNT 5L E 5 Aok

AA} 4 EZAZA diphenylphosphine oxide—-4-(triphenylsilyl)phenyl (TSPO1), Alqgs, 2,5-Ttlo}& A&

O

ﬂ]O

A (PyPySPyPy), HZF 2 g dlo]El= 3}e+=(PF-6P), Octasubstituted cyclooctatetraene 3}gH&(COTs)<
FI=

BFASEZA dF BH FF FFAS, FFS0A, dolA MA, 77 2deely 9@ FF FAE AlE &
F Utk FAFCRE, JmEA IFE, EaASAOIEA S5HE, FHEEA EAASAl=E SEhE,
bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic),  tris(8-hydroxyquinoline)
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[0125]

[0126]

[0127]

[0128]

[0129]
[0130]

[0131]

[0132]
[0133]

[0134]

[0135]

[0136]
[0137]
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aluminum(Algy), StEHA, FAGEAD, A, a4, AL, =29, F20 2 FAuyadye=s g ozt
g 33E, A"gdAdy 22 aHd sgE, 1,4-¥2 (2-dE2EE)HA, 1,4-9]=U-vE 28 E) Al

1,4-8] 2 (4~ -5-9 d-2- iA}Z‘—E‘)Hw, 1,4-0] 2 (5-dd-2-ALE ) lAl, 2,5-0] A (5-t-FE-2- =2 EALE
H)rtel o, 1,4-t)9d-1,3-FEfr]al, 1,6-t]9d-1,3,5-AALER4N, 1,1,4,4-H Eg}sd-1,3-F-ElT] ez} Z&
Aol AE Ao, 4l %Eﬂ]"] =53, ke A4, fAjolevd Al e A, tAjobx
Aol over M EajuEl Ala Sawl=obEghgl M Abel Al 2R e A HPd A
AR BHgHE, 2wl fEA, *Ai 5}??:} Aol SgtE 52 & 4 AT

)

=}

~ mu:
ol

HU 1o

71 EL 248 FAsks 7 52 AT $F, 29 59 Ee ALY 22 gAE Ws S
o*éAl ZIAY, 7t Sell A AREE ARE o83t o sl
e glom, Ame] SAd weh G5t AEE

% fo
é

U = s
g

N
E

2 e mE fFrAATGLAE e e F of gdd &+ 3 , o A i
#star, WE(pin hole)o] 719 gle wdF Wpor RolatA 45 F U= Aol Aok
[2A]ef]

ojst, AAldlE Tslo] ¥ wHol wE FUIAALFLAE e R olE xde
[e)

FAHoR drdch, Ted ol dAE 9F gowA ol

(D) Az 1-1: F7hA 1-1 34

N
NC CN
W * QB’ NG~ N
Br Br

3,4-dibromo-1H-pyrrole-2,5-dicarbonitrile (10.0g, 0.036mol/%=42F)ol] bromobenzene(5.6g, 0.045mol/sigma
aldrich), Pd(PPh3)4(2.1g, 0.0018mol/p&h tech), potassium carbonate(10.0g, 0.072mol/sigma aldrich)el
THF 500mlE 2L 65ColA 18A1F mutaloe] whAlAT, kS F7 3 Yzhale] 6,0 @ NCol S8 3 AHA

Al (n-Hexane :MC)8le] 7+ 1-1€ 9.5g(5& 75%) E319th.

LC/MS: m/z= 351[(+1)']

(2) Az 1-2: 358 1 34

; B(OH), NC— N CN

\ 4

Pig @@

ZZHA) 1-1(10.0g, 0.028mol)ell 9H-carbazol-9-ylboronic acid (14.2g, 0.067mol/%=%F), Pd(PPh3)4(1.5g,
0.0014mol), potassium carbonate(7.7g, 0.056mol)e] THF 600ml1ES ¥ il 65ColA 1841t myksle] wk-L- Al 7T},
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[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

ZIHE S 10-2015-0042585

T2 F d7ste] 00 0 NCel S8 ¥ AR A A (n-Hexane :MCO)te] 32 15 10.8g(5E& 74%) F53)

(z
olo

52
n

H-NMR (200MHz, CDCl3): & ppm, 1H (7.45/M) 2H(7.58/M, 7.50/D, 7.50/M, 7.94/D, 7.33/M, 7.25/M, 8.55/D,
8.12/D, 7.29/M, 7.63/D)

LC/MS: m/z= 524[ O1+1)']

Ao 20 shehE 2 94

A 1-1(10.0g,  0.028mol)e] 9H-pyrido[2,3-blindol-9-ylboronic acid (14.2g, 0.067mol/Z=A)),
Pd(PPh3)4(1.5g, 0.0014mol), potassium carbonate(7.7g, 0.056mol)ol THF 600mlS Yil 65CoA 18A]17F wwk

skl RbgAIZI. b TR W7ste] 10 ¢ MCOl e ¥ - Al (nHexane (NCO)FH] 3hghE 2510.9g
(5=& 75%) 538

H-NMR (200MHz, CDCls): & ppm, 1H(7.45/M) 2H(7.58/M, 7.50/D, 7.94/D, 7.33/M, 7.25/M, 8.55/D, 7.36/M,
8.51/D, 8.43/D)

LC/MS: m/z= 526[ (W+1)']

A

e

A 3: 33E 3

(1) Az 3-1: F37kA 3-1 34

N

NC -

Br Br
31

NC \H; CN iﬁ;ﬂ
+ Br N —

3,4-dibromo-1H-pyrrole-2,5-dicarbonitrile(10.0g, 0.036mol )<l 9-(4-bromopheny! )-9H-carbazole(11.6g,
0.036mol/sigma aldrich), Pd(PPh3)4(2.1g, 0.0018mol), potassium carbonate(10.0g, 0.072mol)e] THF 500ml

E Y 65ColA 18A1ZF mdtsled wbEAHY, vhg TR S YZhete] H0 ¢ MCol SEE ¥ AHAA(n-
Hexane :MC)slol F3HAl 3-12 13.4g(F& 72%) 533

LC/MS: m/z= 516[ (W+1)']
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[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]
[0157]

[0158]

[0159]

[0160]

[0161]

ZIHES 10-2015-0042585

@@

Z7rA 3-1(10.0g, 0.019mol)ell 9H-carbazole (6.4g, 0.038mol/sigma Aldrich), Pd(PPh3)4(1.1g, 0.0010mol),
potassium carbonate(5.3g, 0.038mol)el]l THF 400ml=S @i 65ColA 18A17F wykate] whEA| T, whe 38

< @7t H0 ¢ MCol S8 & A AGA (n-Hexane :MC)3F 3}3HE 38 10.0g(+& 76%) 4-53FAT).

H-NMR (200MHz, CDCly): & ppm, 3H(7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M, 7.63/D)
4H(7.62/D)

LC/NS: m/z= 689 (M+1)']

N}\]cﬂ 4 §},6LE' z;sdl/\g

A 3-1(10.0g, 0.019mol)e]  4-(9H-carbazol-9-yl)phenylboronic acid (10.9g, 0.038mol/Z=A)),
Pd(PPh3)4(1.1g, 0.0010mol), potassium carbonate(5.3g, 0.038mol)ol THF 400ml= Y il 65ColA] 18A]7F nluk

st WEEAIZTE. W FE F WSt HO0 ¢ MColl T8 § AHAA (n-Hexane :MC)3Fe] 313E 68 12.3g
(& 77%) 53T

H-NMR (200MHz, CDCls): & ppm, 3H(7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M, 7.63/D)
4H(7.62/D, 7.79/D, 7.68/D)

LC/NS: m/z= 840[ (M+1) ]

Aol 50 shehE 7 944

(1) Az 5-1: F3kA 7-1 34

_56_
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N

NC ~CN

o OO — O
Br Br

NC-_-N

“—CN
A
Br Br
[0162] -1
[0163] 3,4-dibromo-1H-pyrrole-2,5-dicarbonitrile(10.0g, 0.036mol)ol  4-bromobiphenyl(8.4g, 0.045mol/sigma
aldrich), Pd(PPh3)4(2.1g, 0.0018mol), potassium carbonate(10.0g, 0.072mol)el THF 500mlE %3l 65TCelA
18A1ZF nlgkate] REZAIZITh, Rhg- $3 F W¥Zske] H0 ¢ MCol Fie] & Z A (n-Hexane :MC)3te] F3HA|
7-15 10.8g(F& 70%) 53Tt
[0164] LOMNS: m/z= 4270011 ]
[0165]

(2) Axd 5-2: 33 7 34

H O

!I b + R H
l) “ . - NC~ N _cn
chi(cpq U

Br Br

N
[0166] )

[0167]

ZZHA) 7-1(10.0g, 0.023mol)ell 9H-carbazole(7.8g, 0.046mol), Pd(PPh3)4(1.3g, 0.0011lmol), potassium
carbonate(6.4g, 0.046mol)oll THF 400mlE 23l 65Co|A] 18A17F mwksle] whEAZTh, vk 8 & Wzbslo]
H0 : NMCol =87 ¥ A=A (n-Hexane :MC)3te] 3}¢E 72 10.4g(5& 75%) F53F%tt.
[0168] H-NMR (200MHz, CDCls): & ppm, 1H(7.41/M) 2H(7.51/M, 7.52/D, 7.79/D, 7.68/D, 7.94/D, 7.33/M, 7.25/M,
8.55/D, 8.12/D, 7.29/M, 7.33/M, 7.94/D)
[0169] LC/NS: m/2z=600 [Q+1)']
[0170]

. PO NC~ N+ _cn
I/

al \ /
A A
S0
[0171] T8

[0172] FZHA 7-1(10.0g, 0.023mol)ell 9H-pyrido[2,3-blindole(7.7g, 0.046mol), Pd(PPh3)4(1.3g, 0.0011lmol),
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[0173]

[0174]

[0175]

[0176]

[0177]
[0178]

[0179]

[0180]

[0181]
[0182]

[0183]

[0184]

potassium carbonate(6.4g, 0.046mol)el] THF 400mlE Y3l 65TColA 18A17F nHtksle] wk-SA|HTH, WHS T8
Z Qz7hsle] 0,0 ¢ NCol S8 5 AP A (n-Hexane :NC)3te] 318E 8L 10.7¢(5& 77%) 5

H-NMR (200MHz, CDCl3): & ppm, 1H(7.41/M) 2H(7.51/M, 7.52/D, 7.79/D, 7.68/D, 7.94/D, 7.33/M, 7.25/M,
8.55/D, 8.51/D, 7.36/M, 8.43/D)

LC/MS: m/z=602 [(H+1)']

A 70 5hehE 41 94

(1) Alze] 7-1: F7HA| 41-1 34

N

N ;
W * QBF - N

. 3 M

3,4-dibromo-2,5-dimethyl-1H-pyrrole(10.0g, 0.040mol/sigma aldrich)el bromobenzene(6.3g, 0.040mol),
Pd(PPh3)4(2.3g, 0.002mol), potassium carbonate(11.1g, 0.080mo)lol THF 600mlS Yil 65CoA 18A]17F wwk
st WEEAIZITEH. W F8 F WEZEte] HO ¢ MCAl FwE § AHAA (n-Hexane :MO)3Fe] SIHAl 41-1&

9.3g(5& 71%) F53ISiTh.
LC/MS: m/z=329 [(M+1)+]

(2) Az 7-2: 3}3HE 41 34

© B(OH), ?
T Ol OO
41-1

41

Z7rA] 41-1(10.0g, 0.030mol)el  9H-carbazol-9-ylboronic acid (15.2g, 0.072mol), Pd(PPh3)4(1.7g,
0

NS FE F W7ske] 10 ¢ MCol SEE T AR AA (n-Hexane MO 3EE 418 10.8g(5& 72%) 53}

H-NMR (200MHz, CDCl3): & ppm, 1H(7.45/M) 2H(7.58/M, 7.50/D, 2.14/S, 7.94/D, 7.33/M, 7.25/M, 8.55/D,
8.12/D, 7.29/M, 7.50/M, 7.63/D)

LC/NS: m/z= 502[ (i+1) ]
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[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

ZIHES 10-2015-0042585

Ao 8: sHebE 42 $H4d

[:;:j B(OH),
N . N \\TQ_QZizr N=

Bag & e
Br Br — =N
41-1 \J

42

A 41-1(10.0g, 0.030mol )l 9H-pyrido[2,3-blindol-9-ylboronic  acid  (8.8g, 0.072mol ),
Pd(PPh3)4(1.7g, 0.0015mol), potassium carbonate(8.3g, 0.060mol)ol THF 500ml=S Y il 65°ColA] 18A]7F nluk

sto] wkgAZITH Rbg FE S WAste] H0 ¢ NCl Sl F AR AA (n-Hexane (MO)SFe] 3}eHE 425
11.0g(& 73%) 533

H-NMR (200MHz, CDCly): 8 ppm, 1H(7.45/M) 2H(7.58/M, 7.50/D, 7.94/D, 7.33/M, 7.25/M, 2.14/S, 8.55/D,
8.51/D, 7.36/M, 8.43/D)

LC/MS: m/z= 504 (H+1)']

’d

AAld 9: 3}3HE 43

hot

(1) Alzee] 9-1: F7HA] 43-1 34

N
g )
N
Br Br O N
L
Br Br
431
3,4~dibromo-2,5-dimethyl-1H-pyrrole(10.0g, 0.040mol )l 9-(4-bromophenyl )-9H-carbazole(12.9g,

0.040mol), Pd(PPh3)4(2.3g, 0.002mol), potassium carbonate(11.1g, 0.080mol)ell THF 600mlS Eil 65CA

18417 wwtalo] wkeA AT, 98 E8 5 Yzhsto] H0 : MCo| =87 & APAA (n-Hexane :MC)3ste] F=7+A)

43-1& 14.0g(F& 71%) TS5

LC/MS: m/z= 494[ Q1) ]

_59_



[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]
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(2) Az 9-2: 3}3HE 43 34

T N

0 R
N N
g
Br Br O N N O
i
43

ZZHA] 43-1(10.0g, 0.020mol)oll 9H-carbazole(6.7g, 0.040mol), Pd(PPh3)4(1.1g, 0.0010mol), potassium
carbonate(5. 6g, 0.040mol)ell THF 400ml1ES Yil 65ColA] 18A)%F uwkale] vk AT, HbS 5 & WY7Z}sld]

H,0 : MCell &= T AP A A (n-Hexane :MC)3dlo] 3+gE 43S 9.9g(5& 74%) 53} tT).

H-NMR (200MHz, CDCl3): & ppm, 2H(2.14/S) 3H(7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M,
7.63/D) 4H(7.62/D)

LC/NS: m/z= 667[ (M+1)']

Aol 10: 3FebE 46 94

&
! N - )

O N

ZZHA 43-1(10.0g, 0.020mo1 )l 4-(9H-carbazol-9-y1 )phenylboronic acid (6.7¢g, 0.040mol),
Pd(PPh3)4(1.1g, 0.0010mol), potassium carbonate(5.6g, 0.040mol)ol THF 400m1Z ¥ il 65Col|A] 18417+ wyk
sto] WG AIAT. Wbg TR $ WZEke] H0 - MCAl FwEl F AR A A (n-Hexane (MC)3F] ShtE 46

11.5g(5E&75%) 45 3FA ).

O

§

H-NMR (200MHz, CDCl3): & ppm, 2H(2.14/S) 3H(7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M,
7.63/D 4H(7.62/D, 7.79/D, 7.63/D)

LC/MS: m/z= 820[ (W+1)']

Ao 11: ShebE 47 $H4d
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[0206]

[0207]
[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]
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(D) Azxd 11-1: F3HA] 47-1 34

H
: — O

N
b

Br Br
47-1

3,4~dibromo-2,5-dimethyl-1H-pyrrole(10.0g, 0.040mo1) 9l 4-bromobiphenyl (9.3g, 0.040mol),
Pd(PPh3)4(2.3g, 0.002mol), potassium carbonate(11.1g, 0.080mo)lol THF 600mlS Yil 65CoA 18A]17F wwk

sty WESAIATE. WES TR T W4se HO o NMCl FEE § A GA (n-Hexane MCO)3SF FIHA 47-1%
14.0g(58 73%) +53F9t).
LC/MS: m/z= 405[ (+1)']

(2) Az 11-2: 33HE 47 A

Cly —

N

E0-0

Br Br
47-1 !i]lﬂ

A

,,J
Wi

=24 47-1(10.0g, 0.025mol)ell 9H-carbazole(5.0g, 0.030mol), Pd(PPh3)4(1.5g, 0.0013mol), potassium
carbonate(7.2g, 0.052mol)ol THF 400mlS YL 65ColA 18A1ZF wwksle] WA F T, whg F8 & Y7}35}o]
H,0 @ MColl Z%38 ¥ ARAAA(n-Hexane :MC)3Fe] 3FFE 47S 10.5¢(5& 73%) F5313Th.

H-NMR (200MHz, CDCls): & ppm, 1H(7.41/M) 2H(7.51/M, 7.52/D, 7.79/D, 7.68/D, 2.14/S, 7.94/D, 7.33/M,
7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M, 7.63/D)

LC/MS: m/z= 578[ (+1)']

Ao 120 33t 48 FHA
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[0217]

[0218]

[0219]

[0220]

[0221]

[0222]
[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]
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34l 47-1(10.0g, 0.025mol)ol 9H-pyridol[2,3-blindole(5.1g, 0.030mol), Pd(PPh3)4(1.5g, 0.0013mol),
potassium carbonate(7.2g, 0.052mol)el|l THF 400mlS @il 65TollA] 18/\]@ E’_H&fi}oq WS A T, Hks T8
< Wyzrste] Hy0 @ MCol S8l & AP A A (n-Hexane :NMC)3to] 33t 48 10.9g(5& 75%) F53k3lt).

H-NMR (200MHz, CDCl3): & ppm, 1H(7.41/M) 2H(7.51/M, 7.52/D, 7.79/D, 7.68/D, 2.14/S, 7.94/D, 7.33/M,
7.25/M, 8.55/D, 8.51/D, 7.36/M, 8.43/D)

LC/MS: m/z= 580 (M+1)']

Aol 13: 3hehE 108 ¢4

(1) Axd 13-1: =34 108-1 A

Br

A
NN e )
N/
N
BrHBr §

b

Br Br
108-1

2,4,5-tribromo—2H-imidazole(10.0g, 0.033mol/Z=;AF)oll  phenylboronic acid(4.0g, 0.030mol/Z=A}),
Pd(PPh3)4(1.8g, 0.0017mol), potassium carbonate(9.1g, 0.066mol)ol THF 500mlE Y il 65T A] 18A]7F uluk
sto] HESAIFTE. WS R S YZste] H0 ¢ MCOl FiEEl - A HAAl(n-Hexane :MC)sF] F7HAl 108-1&
7.7¢(5& 77%) 53T,

LC/NS: m/z= 301[Qf+1) ]

(2) Azel 13-2: 3}3HE 108 FHA

108-1 O O

108

Z7HA] 108-1(10.0g, 0.033mol)oll 9H-carbazole(11.0g, 0.066mol), Pd(PPh3)4(1.8g, 0.0016mol), potassium
carbonate(9.1g, 0.066mol)oll THF 400mlE 23l 65Co|A] 18A17F nwkale] whEAZTh, vh3 8 & Wz)bslo]
HO0 : MCol Z%2 & AP A (n-Hexane :MC)3te] 3HHE 108% 12.4g(5& 79%) F53FAch

H-NMR (200MHz, CDCl3): & ppm, 1H(7.26/M, 2.8/S) 2H(7.23/D, 7.63/D, 7.50/M, 7.29/M, 8.12/D, 8.55/D,
7.25/M, 8.11/D) 4H(7.33/M)

LC/MS: m/z= 4750 O1+1) ']
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[0230]

[0231]
[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]
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A 14: sFHE 110 344

Uy — a0 2

e @%?D

108-1 N7
Il/
110

Z7FA 108-1(10.0g, 0.033mol)el 9H-pyrido[2,3-blindole(11.1g, 0.066mol), Pd(PPh3)4(1.8g, 0.0016mol),
potassium carbonate(9.1g, 0.066mol)o] THF 400mlE Y3 65ColA 18417+ wuksle] WA ZATH, wHe 8

T @ziste] 00 - MCol S8 & A AA (n-Hexane MO 33HE110S 12.7¢(55 81%) 53130,

H-NMR (200MHz, CDCls): 6 ppm, 1H(7.26/M, 2.8/S) 2H(7.23/D, 8.11/D, 7.25/M, 8.55/D, 8.51/D, 7.36/M,
8.43/D, 7.36/M) 4H(7.33/M)

LC/NS: m/z= 4770 O1+1) ]

Ao 15: shghe 114 94

B(OH), F;::
NTN
E 2
M N + O N
= W, W,
Br’  Br {!!D} b y
108-1 !iln “l;!

114

ZHA 108-1(10.0g, 0.033mol)e]  4-(9H-carbazol-9-yl)phenylboronic  acid (18.9g, 0.066mol),
Pd(PPh3)4(1.8g, 0.0016mol), potassium carbonate(9.1g, 0.066mol)ol THF 600mlS Yil 65ColA 18A]17F wwk

sto] wbgAIZIYE. W TR 5 W7ske] HO o MCol SR F AHAA (n-Hexane :MO)FFO] SHEHE 1145
15.7g(& 76%) TS5

H-NMR (200MHz, CDCl3): & ppm, 1H(7.26/M, 6.06/S) 2H(7.23/D, 7.94/D, 7.25/M, 8.55/D, 8.12/D, 7.29/M,
7.50/M, 7.63/D) 4H(7.3/S, 7.33/M, 7.83/D)

LC/NS: m/z= 627[ i+1) ]
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[0240]

[0241]

[0242]

[0243]

[0244]

[0245]

[0246]

[0247]
[0248]

[0249]
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A 16: 313E 116 A

Lo e

N
Br Br ‘\ W "
108-1 N =

ZZHA) 108-1(10.0g, 0.033mol)el 4-(9H-pyridol[2,3-b]indol-9-yl)phenylboronic acid(19.0g, 0.066mol),
Pd(PPh3)4(1.8g, 0.0016mol), potassmm carbonate(9.1g, 0.066mol)e] THF 400mlZ il 65ColA 18A)%F uwk
sto] WESAIZATE. ¥kE TR F WZbEte] HO o MCOl FTwEl § A Y AAl(n-Hexane :MCO)3te] sH3E 116&

16.1g(54& 78%) 5ottt
H-NMR (200MHz, CDCl3): & ppm, 1H(7.26/M, 6.06/S) 2H(7.94/D, 7.33/M, 7.25/M, 8.55/D, 8.51/D, 7.36/M,
8.43/D) 4H(7.33/M, 7.30/D, 7.83/D)

LC/MS: m/z= 629[ (i+1)']

e 17: 3}3HE 109 34

() Az 17-1: FZHA] 109-1 3H4

R
Yo o, N N
Br Br H

Br Br
109-1

2,4,5-tribromo-2H-imidazole(10.0g, 0.030mol)oll  biphenyl-4-ylboronic acid(5.9g, 0.030mol/Z=%l),
Pd(PPh3)4(1.8g, 0.0017mol), potassium carbonate(9.1g, 0.066mol)oll THF 500mlS Y il 65CA 18A)17F wwk
sto] HES AT, WS TR & JZ4ste] H0 ;o MCol SR8 F HAHAA A (n-Hexane :MC)3le] F7HA 109-1<

8.5g(5& 75%) 58Tt

LC/MS: m/z= 378[ (1) ]
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[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]
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(2) Ax4d 17-2: 3}3+E 109 A

® H ()
P @4 e
- -
Br Br

A

109

Z7HA] 109-1(10.0g, 0.026mol)ell 9H-carbazole(5.3g, 0.032mol), Pd(PPh3)4(1.5g, 0.0013mol), potassium
carbonate(7.4g, 0.052mol)ell THF 400mlE Y3 65TColA 18A1%F wwtale] WA 7T wg 28 5 Wztalo]
HO0 : MCol Z¥2 & AP A (n-Hexane :MC)Fe] 3H3HE 1098 10.4g(5& 73%) F~53F3iT).

H-NMR (200MHz, CDCl3): & ppm, 1H(7.41/M, 2.80/S) 2H(7.51/M, 7.52/D, 7.29/D, 7.33/D, 7.33/M, 7.63/D,
7.50/M, 7.29/M, 8.12/D, 8.55/D, 7.25/M, 8.11/D)

LC/MS: m/z= 551[ Q+1)']

AAd 18: 33HE 111 A
N N

N
+ 7 B =N H
N
vy S WAL
Br Br N™~=
109-1 L
111

A 109-1(10.0g, 0.026mol)el 9H-pyridol[2,3-blindole(5.4g, 0.032mol), Pd(PPh3)4(1.5g, 0.0013mol),
potassium carbonate(7.4g, 0.052mol)el]l THF 400mlE Y3l 65TColA 18A17F nHbsle] wk-SA|HTH wWHS T8

& Wztato] HO ¢ MCOl =g & AP AA (n-Hexane :MC)sle] & 1118 10.3g(5& 72%) FE538+4t).

H-NMR (200MHz, CDCl3): & ppm, 1H(7.41/M, 2.80/S) 2H(7.51/M, 7.52/D, 7.33/D, 7.29/D, 8.43/D, 7.36/M,
8.51/D, 8.55/D, 7.25/M, 8.43/M, 8.11/D)

LC/MS: m/z= 553[ (H+1) ]

AAe] 19: 3}3HE 115 34
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[0261]

[0262]

[0263]

[0264]

[0265]
[0266]

[0267]

[0268]

[0269]

[0270]

[0271]

[0272]

[0273]

[0274]

[0275]

[0276]
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(J
»

Hllii B(OH),
;;;;I (;:f? N\ IN
B%;f O O

15

A 109-1(10.0g, 0.026mol )l 4-(9H-carbazol-9-y1)phenylboronic acid(9.2g, 0.032mol ),
Pd(PPh3)4(1.5g, 0.0013mol), potassium carbonate(7.4g, 0.052mol)oll THF 500m1 S Y il 65CA 18A)17F wwk
st " AL, WhS FR & WdZste] H0 ;o MCol SR & AP A A (n-Hexane :NMO)3FY] 3dE 1165
13.0g(F& 71%) F53H3it}.

H-NMR (200MHz, CDCls): & ppm, 1H(7.41/M, 6.06/S) 2H(7.51/M, 7.52/D, 7.33/D, 7.29/D, 7.94/D, 7.33/M,
7.25/M, 8.55/D, 8.12/D, 7.29/M, 7.50/M, 7.63/D) 4H(7.83/D, 7.30/D)

LC/MS: m/z= 703[ OH+1)'T

2 owme] AAdolA 2ol ool ofesl 2.

NPB: N,N'-Bis(naphthalen-1-yl)-N,N'-bis(phenyl)benzidine

Ir(ppy)s: Iridium, tris(2-phenylpyidine)

Balq: Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminum

Algs: tris(8-quinolinolato)-aluminium(III)

CBP: (4,4-N,N-dicarbazole)biphenyl

AN G 1 3eE 1S SgFe] 32E ASE 3t {frAASFAA AZ

[T02 ZHHE F71d $ol NPBE T&ste 120me] AE3445S FAgstdon, olojA Ir(ppy)ys =HER
sto] s3tE 19 THEEE 0.1nm/sec, Ir(ppy); THEEE 0.

0
HES Ir(ppy)sd £330l 43563 Aol BY5E 30m A2 4.

oluf, zZ BHo FH&ELE: {r]E4l, 3}3E 1, NPB, Algs, Balg: 0.1 nm/sec, =38HFS 0.01 nm/sec,

;1

AFENFELS 0.5 nm/secE 3FS

A 2 WA 19

A7) SR 1 OA ) E 1 AE SRS AR A Adstat A 13 A% WHeE &
AN 2 WA 199 FAAAE GRS Az



[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

1
o BAR PR agulae 19 {1 AANFEAE Az,
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A1 (4,4-N,N-dicarbazole)biphenyl (CBP)E 23 A5 2 ALE3 AL ALstas A2A2A 49 1

olah, 471 2AAA e 1 uiA 199F AAulae] 10 weh AzE fIIAARReA ] 54 vad ANE &
71 3% 1 o YeERATL.
* 1
LA TEHHW) nFaE A2 3%
(at_1000cd/m) (cd/A) CIE(x,y)
A AL EaIay| 6.1 23 (0.33,0.63)
el Aol Edis o 6.0 22 (0.33.0.63)
LA A A3 EWU 6.2 22 (0.33.0.63)
A A o4 A E 5.8 24 (0.33,0.63)
A A5 D‘Jrff“” 5.5 21 (0.33,0.63)
b2 o6 Cils 5.8 26 (0.33,0.64)
AN A7 §‘r?ﬂ“ 5.7 25 (0.33,0.63)
AN 48 s}3He 6.0 23 (0.33,0.64)
A A9 B‘Jrff“” 6.0 23 (0.33,0.63)
A A <10 3} %46 5.9 22 (0.32,0.63)
AR Ao 11 A E 5.8 23 (0.33,0.63)
AN o 12 §‘rff‘“ 6.1 24 (0.33,0.63)
A A 13 382108 6.1 22 (0.33,0.63)
AN 414 3}3H=E110 5.7 21 (0.32,0.63)
A A 15 35 E114 5.8 29 (0.33,0.63)
A A <16 3312116 5.8 23 (0.33,0.63)
22 A 17 3132109 5.9 29 (0.33.0.63)
AR 18 3lEE111 5.7 25 (0.32,0.63)
2A A 419 33E115 6.0 22 (0.33,0.64)
by i) Eni b1 CBP 6.5 19 (0.33,0.63)

T3 F AFES WA/ A7 ZHEe] W Hx(ed/m), TEALN), AFUEGA/m), WFEE
(cd/M)S ZA3t0] §=7F 1000cd/n” L o) TEALT HFEES A7) ® 1o ehQc

E 1 wew, 2
2w oo (BPE TR AET Gt PEAGS A
+ qlv,
=4
Bl

I 130

110
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EH2

~———133

— 131

1+— 110

~130
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