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7], triphenylsilane”], diphenylphosphineoxide % ©]&9] XA ZHE MEFHE AS SHORE 3= UG
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A (alkylsilyl), #d2€(phenylsilyl), &=Al(halogen), Ale}x=(cyano) T ol= 3l AL EHo=w
= 9% IFE.

e

A7 A1 AFT g RE A 2 A3
A7) A 1R A 2 AF Apeloll 1A ss R A S}

271 A1 AS3 A7) BFEES Aol fAEE e ST

47 Al 2 AST 7] wRAS Aelo] A A £55S e



SEE36] 10-1922050

\ =

AT 5
A 4 ol oA,

A}7] RS carbazole”], a-Carboline”], B-Carboline”], y-Carboline”], dibenzothiophene”], dibenzofuran
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Op 9 O S, LU

SPH-8 SPH-9

SPH-10

Woae Qg aEe B9 oz, 53 ¥ A4FY UAS b BFEES YL F dE AF 7
FE W o)F ol§FoEM AAY TEO| A5 A/AARFaA B Aot

W 3 7] &
T BAEA Y digste] wet ¥ AH7F A2 HHEAILAY 897 SuiEa e, o
A} ZF sty EA f7]dFtte] . =(organic light emitting diode: OLED)#til% E#]+:= f7)dA WS AAte] 7

of WE SER WA QJov], ojn ofe AAFEe] BEH v Aok,

F71 AA o AaE AR F9 ASEDHF AT Y AS(FT) Atolddl AW BFEAT HeE Y
st HdApel Fao] AE ol® ¥ AHEIHEA HE Ule aAoltt. EHekad e 8 4 de(flexible) T
71 Yole 222 AT £ P W ool Zg=nt t]~Zg o] Y (Plasma Display Panel)olut ¥7] A
AF(EL) tlz=Zgolel nlsf w2 AtellA (10Velah) o] 7Hedbal, e Mg ARV v Hom A

FE7b Holuths Aol vk, e §7] A7 WHED) AAE w4, G4, 449 3741 AL tehd 57
o] At FRE A UaFdol AAE B ARES Be Ao el Hu Ak o714 f1AANS
ade Ase AL des dvin,

(1) HA, FH7)138 9o AF-"g-2Ato]=(indium tin oxide; ITO)¢} & EAS ZA3dle] %= (anode)S I
cheia=

ol

(2) 7] &= ol BEFFYFHIL hole injecting layer)S FA%t. ATFASTS F& 317] 3 1-1=
HFAEE 4,4'-bis[N-[4-{N,N-bis(3-methylphenyl )amino }phenyl ]-N-phenylaminolbiphenyl (DNTPD)ZE 10nm W
A 60nm FAR F& st P4

3) g9, #4714 4E=55(HIL: hole transport layer)S A3t} olg3l AFFE=L
7] 3}e+A1-282 FA|E+= 4,4'-bis[N-(1-naphtyl)-N-phenylamino]-biphenyl (NPB)Z 30nm WA 60nm B%= =2
sto] PAdE -

(4) v, 47 Berss dod FF=dS (BML: emitting material layer)& FAd%TH. olg Ao upzt
A5
k= pud

E=HE(dopant)E FH7I5tE. dE Eo], &7] FoHAl1-302 FA|HE FTAEQ Bis(N-carbazolyl)biphenyl
(CBP) &}7) 3}skal1-42 A= Q1 7 A Dopant ¢l tris((3,5-difluoro-4-
cyanophenyl)pyridine)irdium(I11) (FCNIr)E =3 sle] A @FEZASS A3},
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on

Aoprk gttt A &= 15 FxetH, TH S4E EFARZ g AMEEE BPY A5 AT oluA7E 2.6eV
o]a, HOMO (highest occupied molecular orbital): - 6.3 eV, LUMO (lowest occupied molecular orbital): -
2.8 eVolm =, HA Q1% Z=HECQ] FCNIr ¢13% =HE (HOMO : - 5.8 eV, LIMO : - 3.0 eV, 453 <X
2.8 eV)E& °] &3NS AF EHEAN T2ERS oA o Holdido]l WA ste] o] Woldr, 53] A
oM EE Aa7E AA EAZG. web, AFE dlUA 7 2.6eVel el d b g o]l Eskar oA o]
W2 At 1% EFe] sle] S FEIT

T, EFEAS 4 FHo dge AF 5T B AR 55 A duAZE EHES A odyA
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(X, Y, Z 47 &0 e ZANoA Agyar, olF Aok shv= dioln, RS C1-C139 W3k 3%
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A7 RS carbazole”], a-Carboline”], B-Carboline”], y-Carboline”], dibenzothiophene”], dibenzofuran
7], triphenylsilane”], diphenylphosphineoxide ¥ ©]&9] XA ZHH AMExH= AS EFHOZ i),

7] RY A #A= C1-69] oFd(aryl), &Z(alkyl), oFAld(alkenyl), &7]d(alkynyl) 2 &=Al(alkoxy),
= A4 (alkylsilyl), HdA = (phenylsilyl), &&Zl(halogen), Aolx=(cyano) F o= e AL &
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7] sekA 20l X, Y, 7 A2 ' (0) e FAWN)AA MEEa, olF Hok sus Aottt oE
o], X=N, Y=7=C? 4% a-carbolin®o]™, Y=N, X=Z=C%] A% B-carbolin®]il, Z=N, X=Y=C<l —Or y—carbolln

wek, A7) A2 4 RS C1-C139] W= sitE, sH=E W3S 3=, T4, A sEE, 494 s
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A(alkyl), oFAld(alkenyl), %71d(alkynyl) 2 &=Al(alkoxy), v EAAH(alkylsilyl), #HIAH
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S4o] $etm RS A% 54l STk mebd, f1AARGLA o gHE fU18Ee QYR &
Exo] 7std], 99 22 0% EFL bipolar EAL 27 WLl TAE o] &8 AL WFFES FAAZL
2= ohﬂr
TR
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B,
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7] wke-2118 %3 9-(3-Bromo-phenyl)-9H-carbazoleS A3} T},
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s =0

500 mL 24 Z8}23(2-neck flask)el] 1-bromo-3-iodo-benzene (25.0 g, 88.37 mmol), carbazole (14.8 g,
88.7 mmol), Cul (1.70 g, 8.84 mmol), KsPO, (37.50 g, 176.74 mmol), trans-1,2-dicyclohexane-diamine (1.0

Br
|
=S, . @\ Cul, frans-1,2-dicyclohexane-diamine, K;POy4
Br

Y3l 1,4-dioxane 300 mLE QITh. o]F 24Xz &<t 37, wRk AYth. ¥vhEEn ¥
= 2+ toluenes ©]83l4 short columns 3$Hth. ©]F hexanes ©|8-3}o] columndlil
ofylyl gNg 7FEF319 . methylenechloride/petroleum ether &wjolA ARSI AN 1A 14.0gS
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AAJT. (& 49%)
(2) 9-(3-boronic acid-phenyl)-9H-carbazole®] &4

7] w8228 E&) M 9-(3-boronic acid-phenyl)-9H-carbazoles A slitt.

FRAD]
Br B(OH),
1. n-BuLi, triethylborate, -78 'C, ether ©/
N 2. 2N Hcl

500 mL 3-neck flaskell 9-(3-Bromo-phenyl)-9H-carbazole (5.0 g, 15.53 mmol) & Y il ethero] =<It}. -78
TR 2EE 9F F, mmu(25m75mu%%ﬁﬁl@ﬂ§4.@ﬂ?lMH}%%QHMM1E%MﬂW
q%]48Ci~%E§ W& F B(OEt)2 (20.19 mmol, 3.4 mL)E 3] A7hghct. A7k £ 34 Ft A2l A
WHEAIZICE. 3A1ZF 3 2N HCIl 50mLE Yil etherE A1 A3+ 3, methylene chloride® short columnd}e] 314
A 2.5¢S AUt (8 56%)

(3) (3-Bromo—pyridin-2-yl)-phenyl-amine®] &4
7] w$-2138 E& (3-Bromo-pyridin-2-yl)-phenyl-amineS A slitt.

H-o 213

N Br 2 Br
| J ¢ Pd{0Ac):, Na*+BuQ", xantphos |
o
N™ TNHp t-Butanol M H

500 mL 2-neck flask © 2-amino-3-bromo-pyridine (8.65 g, 50 mmol), iodobenzene (10.2 g, 50 mmol),
Pd(0Ac), (336 mg, 1.5 mmol), Xantphos (868 mg, 1.5 mmol), sodium t-butoxide (6.73 g, 70 mmol)E ¥l
t-butanol 100mLZE =t}. o] 1A F<tk 7, H A7, W38 3 solventE& HYSHIL SFHF
ethyl acetate® WFZA]Z] & hexaned ©]-83}%] columnd}e] pale-yellow liquid wax FHeje] 54 10.4 ¢
k. (58 84%)

(4) a-carboline®] 43

S

[e3]
=4

o

7] 52145 E3| a-carbolines AT

Hl-o 2y
H
Br N M
| = /@ Pd{OAc),, DBU, 2-(dicyclohexylphosphino)-biphenyl o
N/ N DAMC e
H

500 mL 3-neck flask © Pd(OAc), (281 mg, 1.257 mmol), 2-(dicyclohexylphosphino)-biphenyl (881 mg,

2.514 mmol)& Y1 dimethylacetamid(DMAC)®] 52 F Ar&oa] 30% =< wwkA|ZITh. ©o]F (3-bromo-
pyridin-2-yl)-phenyl-amine (10.4 g, 41.9 mmol), 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) (12.8 g, 83.8
mmol) < DMACO] o] Z7bskth. A7 3 1A17F =<9k 130 CollA S5, wwkA|Zit), bks 23 3 ZR$4E d
o]Fo] =M TAE sty At} o] HMuAE methylene chloride® short columndle] 3 311 6.3 g
S 4t (& 89%)

(5) 9-(3-Bromo-phenyl)-9H-pyrido[2,3-blindoled] ¥4

7] ¥F8-2155 %3 9-(3-Bromo—phenyl)-9H-pyrido[2,3-blindoleS A3} ).
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1511-_9_}\15
Br
H Br
N N
= \-'J".'/ Y . Cul, trans-1,2-dicyclohexane-diamine, KaPOy N
N ~c NN
— W
P

%
!

I 1,4-dioxane 4

500 mL 2-neck flask ©] 1-bromo-3-iodo-benzene (4.07 g, 14.39 mmol), carboline (2.42 g, 14.39 mmol),
Cul (274 mg, 1.44 mmol), KsPO, (6.1 g, 28.78 mmol), trans-1,2-dicyclohexane-diamine (0.18 mL, 1.44
mmol)E ¥l 1,4-dioxane 150 mLE =<1}, o]F 24A17F Fot 37, b A7), ¥bSEE 3 solventS 7+
ASFHEL #E toluenes ©]8€3+9] short columne 3+C}. 123l v}A] methylenechloride / hexane (1:1)&
o] &3t columndl oty &N 7HUASFE3ATE. methylenechloride/petroleum ether -&wjjollA 2474k
A A 3.66 g AAUTE. (F&: 79%)

(6) SPH-19] ¥4

7] WeH6S Fol AY HFE PH-1S TN,

8206
B{OH)2 Br N\ _
", / N
: o __ Pelpahn KsCOs —/\ ¢
’ I THF, DI water .'4\|,\.-—N Nﬁn
N 15 o

== I L, N b
/é\/\a,/\\ {‘\{ 7y /rﬁ U\/
\"-./ — \_ = S =

250 mL 2-neck flask © 9-(3-boronic acid-phenyl)-9H-carbazole (2.3 g, 8.01 mmol), 9-(3-Bromo-phenyl)-
9H-pyrido[2,3-blindole (1.3 g, 4.00 mmol), Pd(pph3)4 (185 mg, 0.16 mmol), K.CO; (2.2 g, 16.02 mmol)E

il tetrahydrofuran(THF) 100mL, DI water 20 mL = 5QIth. 1]l WhA] 24A17F St 3H, awk A7t}
HES-28 % solvent & 7Y=73}3L methylenechloride / 742 WHSAIZIT}. hexane / ethyl acetate (8
© 1) & o]&3te] silica column &2 F#3tal, o3 §dE& 79 SH3I $ methylenechloride/petroleum
ether &vlgtoll Al A Hste] 24 1AE A, A methylenechloride 100% short columndle] 214 33|
1.31 g& 4Aut. (F&: 67%)

o1 33t SPH-19] AF2(RT) % #2(LT) PL(photoluminescence) A~FEHS
& SPH-19] UV ~#Ef 2 PL 29 EHS ® 30 Z=AST. £ 3l u}

=t 5, T 2HEATY TAE BEAR o)&HE (BPET £& AT T o
TEHE A3 x4l 2.8eVETE A7 W ], THEA TAE
o wEbA, wgage] FHEHE FHS Zer).

AL R A 2 AREIEAT, 2] A1 A 2 AR
i
Qe s A 1 AFAW), &F 4BL s A 2 AF(130) 2 ) A 1
S

A7 A1 AF(110)L A5
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Al 2 A=(130)2 L= fho
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