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AT 7
A6 ol o)A,

47 BBl 7] BYF] BAER AFHE S PO s FAAALYEA,

AT% 8

A7 Foll 3helA,

A7) B3RS 54 mE NS wsts A S SHR o frIAAE R AR

AT 9

A5 @l AIA,

A7) FFH A7) &7 Aelel ATFNF, A4S, AATEF L ANFAFT F 498 ol s olake
Y EFehs A 5P s frAAN gAY

A7 AEdTFds CuPc(cupper phthalocyanine), PEDOT(poly(3,4)-ethylenedioxythiophene),
PANI(polyaniline) @ NPD(N,N-dinaphthyl-N,N'-diphenyl benzidine)® o]Fojx FolA] HAely ol 3} o]

Hom o|FolAE AL BAow i U AARRLA

A7E 1

A9 Fell e

2

A7) AF4455S NPD(N,N-dinaphthyl-N,N'-diphenyl benzidine), TPD(N,N'-bis-(3-methylphenyl)-N,N'-bis-
(phenyl)-benzidine), s-TAD 2 MIDATA(4,4',4"-Tris(N-3-methylphenyl-N-phenyl-amino)-triphenylamine)=
o]Foxl Tl A MElE o= Fhu} oo R o]FoXE AL EHOR dtv= FUIHAFAAL.

AT 12
A9 ol AoJA,

= 2 Alg3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ, spiro-PBD,
BAlg ¥ SAlgE o] Folzl FoA Mg o sl o] o o|FojX= AL BEHOR sty {7 AAEF AL

7] & & of

Boage o R 2 o]E Algd G|AASF A Bt Aoz wrk AAEAE, 4EF duAs} =
o 0 BB G| AA LT AR ] HFZo] FAER AFREE G AANGapo] B Ao}

vl F 7] &

Fsr, FAEA(FPD: Flat Panel Display) WE|T]ole] @3t 97 1 FoAol SohsaL vk, ol F-&
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A7) ShebA 104, XE S R 0ol R WPE el shehE i ez ne SeEeld,

271 RE  Flu}E(carbazole), <L3-7FE#H(a-carboline), HWE-IFFEHA(B-carboline), ZHr-7FEH(y-
carboline), 92" (pyrimidine), F =¥ (quinoline), ofo] 2 F] = (isoquinoline), Wl Zolm| T}
(benzoimidazole), Q9= (indoline) % o]52 XA ZHE Mg ol 3 o]l AL Eo 7 3,

lo

471 R2 317] 348k 2= BAIHE SEEE © AHE ok sl Ae 5= g
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A7) FFA A7) ST Aol AEFUF, ATTES, AN4ES 2 AAFAF F A9E o= s ol
H £PsHe Ae 5o @
Wiy E3

R

AR ER U e AE A
FomM, WSl oux el &

12 & Zo] AAdef mE {7 AARFEAE YERd =,
T 2= H dde Al SAE, A2 SAE 2 Hwd R (BP B IV & AHEHS A3 =,
T 382 B oago] Al TAE, A2 TAE W Hwe R (BP B2 AL(77K) A2 PL A2HEHS =A% 17
3L

chre A4 5 AAA AEsE e o
£ 1& 2 uye] Aol e {7 AANFLAE e EHed,

(110), A&FU5(120), BEFEF

He 4 sk

-
w
e
e o
ol
ofj
-
=~
A
)
_‘>i
BN
of
ofj
-
o
e
[
D)
N
hinss
of
=
>
A
>19
oo
Au
—
J
er
o
m JLJ

A7) FF(110)2 4Fe FYste o2 4347t &2 IT0(Indium Tin Oxide), I1ZO(Indium Zinc Oxide)
T Zn0(Zine Oxide) & o= sty 4 Q. =3, 47 F=(110)] WAL A=5d Aol F=(110)2 110,
[70 =% 7Zn0 & ol- SR o]Rx F dFFol LFuE(Al), &(Ag) =& YANI) F A s o] Fof
Zl WA S-S o

l—H

L3 4= 9t}
A7 AFFYPF(120)0 F=F(110)e28H B3 (140002 AHFo YL dFsA = 988 & <+
9lom CuPc(cupper phthalocyanine), PEDOT(poly(3,4)-ethylenedioxythiophene), PANI(polyaniline) %

[e)

NPD(N,N-dinaphthyl-N,N'-diphenyl benzidine)Z ©]Fo]%l oA A&FE o] 3} o]go g o]Fojd & 9]
O} ool dAgE A FET.

ATk o7, AV AFFUAF(12009 FAZE 1nm
AE o]Fo] 4z, 150nm o]dto]H, H-FFAZ=(120)9]

A9 Awel olFL BN A FHAGe] AFHE AL YA F e olHol duh.

%ﬂ ATFAS(12009 FAE= 1 WA 150mmY
?ﬁ

H = —}ll
F 7Y 540l AstEE AL PAG F
l’:‘

=

A7 AFFES(13002 AT F4S dFeA = 92 39, NPDIN,N-dinaphthyl-N,N'-diphenyl
benzidine), TPD(N,N'-bis-(3-methylphenyl)-N,N'-bis—(phenyl)-benzidine), s-TAD %  MIDATA(4,4',4"-
Tris(N-3-methylphenyl-N-phenyl-amino)-triphenylamine) & o] Fo]X oA AEE o] 3} o|o =R o]F
oA F Qo) old SAHEHA] =),

271 AeeEs30e] FA= 1 WA 15me & A o71A, A7 AEeES(130)¢] FA7F 5mm
ool Au % 54 A= AS WAZ o Sl olFe] dar, 150mm olstold, AHeES(130)9
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[0043]

[0044]

[0045]
[0046]

[0047]

[0048]

[0049]

[0050]
[0051]

[0052]

FAZ UF FAY AFY ol5e ATV fdl FeAsde] AeHe AS WA 4 s o]Fe] Ut
A7) E(140)8 AA a9 Jals sl BAR o]Fold 5 9on oY wE FYFEAS oL
o At = Qluh. B AA oeAds 54 9 NS ubgsts wgEo] 9 gehE s dwsit)
ok o] Wbg2(140)S S AE(host)$ EHAE(dopant)E o] Fol Xt BT} AAEHA, B WH) TAEE F
7] 38k 12 EAEE 9 3gER o]FojAr},

[3}&+4] 1]

A7) gpsha] 104, X&E S e 00la, RS WakE xE IEE B e 1 FEo|t).

A7 RE  FFu}ZE(carbazole), <G 9-7FE#(a-carboline), WEFFFE-(B-carboline), Zv-7+E&A(y-
carboline), J) gl u]d (pyrimidine), F+=H(quinoline), ofo] ~F = (isoquinoline), Wl Z o) vt}
(benzoimidazole), 91E ¥ (indoline) & ©o]E2] XA ZHE Mey o s o]io|r),
Boh ZASHA, R sl7] 88k 22 BAE = e E T A9dE o= sud 4 g,
[3}38h2] 2]
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[0060]
[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

SEE36] 10-2044550

N N
0
=N
S avs A
2 N P
& K oo
el A7) AR A Dol (core)e) @) A9 S5AE $A s AN deluzioled
2o oMz EAS Tolety, U xd= s sue 1g e - ugE 1z FIES w9Fo
22X, AF olFE(mobility) 5A4& A4 4 Utk
dd,  AAEEF50)S ARl FEe 9FEA = 92e dW, Alg(iriss-

hydroxyquinolino)aluminum), PBD, TAZ, spiro-PBD, BAlg @ SAlqE o]Fo]zl oA Mg o]= s} o]Ato
2 o]Fojd 4= glon] ojof FAF A gkt

A7) AAGEF (15009 FAE 1 oA 5m 5 ek, 714, A7) AAEEF50)09) FAZE I o]l
WA 56 Kool AL AL AT F AL ool A2, Som oIl AATETU) FAL R
‘CT): = 7

FAA Az ol s FIAMN7] Hs & WAE 5 3l olde] v

L

A7 AAFAF(160)2 AR FUS &5 sl 92 31, Alg3(tris(8-hydroxyquinolino)aluminum),
PBD, TAZ, spiro-PBD, BAlq T=x SAlgE A& 4 doy ol AR =1},

471 14?‘}"7‘%}5"(160)4 FAE 1 lﬁxl 50nm¥ 4= ATk, o374, 7] AAFRS(160)2] FAZF Iom o] o] H
9\)\*‘5 o]Hde] 93, 50nm ¢]sleld, HAFUS(160)e] FA7F HF
= 7

2 WAL 5 = ol stk

471 A0 AR TP AFez, At e wadaly), Z(Ca), LFUEAD, &(Ag) EiE o
5o ggog ool £ Auk. oYM, £F170)e FAAARF LA} AW wE FULFTEA 49, 2
S R 5 QS AR g TR 84T F don, SU1AATSLA ) iuwtTed 49, 1wt
A g s AR FEA 34T & v

A A 4
1) 2-((4-o}o] o) Hd) tho] vl Z4to] @ 3 (2-((4-1odo)phenyl )dibenzothiophene) ¢ A=

O O K,COj, Pd(PPhs)4
-+ Jo=-
THF/H,0

B(OH),

S

-0
&
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[0075]
[0076]

[0077]

[0078]

[0079]
[0080]
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1B}
-
o
Ak A7)

250mL 27 Ze}AF0l 1,4-t}olofo] @ =HIAN(1,4-Diiodobenzene)(0.74g,2.24mmol ), 2-(T}o]HlZM}o] 2 3
A1) (2-dibenzothiopheneboronic acid)(0.5g, 2.24mmol), EFFZHE(K.C05)(1.55g, 11.18mmol), Z&}

o

X

'E
(Pd(PPhs),)(0.13g, 0.1lmmol)E ¥l THF 30mLe} &E(H,0) 10ml= =<lt). z8]ar 2487 &<t 3 +
o, He 28 3 88 7 Z=Fsla ZH5Y tholZFZ 2 v|ek(dichloromethane) &2 ZESle] Ho ojols
tolFZ 2 W ek AN (dichloromethane  :hexane)=1:4 Z7/&wlE A}&s] ZH¥(column)dfo] kA 314
0.56g(65%) 5 AU},

2) 3-B 2 E-N-(4-(tje]dl za}o] @ #-2-d) il d ) 3] 2] ¥ -2~} 71 (3-Bromo-N-(4-(dibenzothiophen—2-
v1)phenyl)pyridin-2-amine) 2] A%

S

Pd(OAc),, PPh;
O O B M NaO-t-Bu

A
 J

250mL 27 ZefA~Fol 2-olw|w=-3B 2 23 & (2-amino-3-bromopyridine)(1.64g, 9.48mmol), 2-((4-°}o]L2. %)
Hd) tho] vl E=M}o] 0.3 (2-((4-iodo)phenyl )dibenzothiophene) (3.66g, 9.48mmol), Z&}HEZ7H(Pd(0Ac),)(64mg,

0.28mmol), EFHLIFE2F(PPhy)(249mg, 0.95mmol), AF E-FEAFo]=(sodium t-butoxide)(1.28g,

13.3mmol)E Y1 22-xdd(o-xylene) 80mLE Holth. zg]al 3A17F FoF 3HF wwk AJZIth, ¥kg =g &
g2 et FRe L FHF tholZF =2 = ek(dichloromethane) O 2 J;ﬂEﬁf} ool S od OVHEﬂO]Eiﬁ’?}
(ethyl acetate:hexane)=1:12 A7/|-&u]E AF&3] ZH(column)dte] dFekA 3] 2.1g(51%) S L UT).

3) 6-tjolulzM o] @ F-2-A-9H-¥] 2] %=[2,3-b] 21 = (6-Dibenzothiophen-2-y1-9H-pyrido[2,3-b]lindole) 2] #|Z

O O NH N Pd(OAc),, PCy, ‘HBF;4 DBU
Br /o "

—_—
DMAC

250mL 27 Zekxo] ZEbEEvl (Pd(0Ac).)(41mg, 0.183mmol), PCys - HBF,)(0.366mmol)S Hal tho]wEo}A]
Eolu)=(dimethylacetamide, DMAC) 6mlol =<1 T AF2ofA 30% FotF wWkAIZIth, 183l 3-B &2 2-N-(4-(c}

_12_
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[0086]
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ol il Z#}o] @ #-2-A) Hd ) 3] 2] d-2-0} 71 (3-Bromo-N-(4-(dibenzothiophen-2-y1 )phenyl )pyridin-2-amine) (2.6

g, 6.03 mmol) , 1,8-t}olopx}ntol Mo Z 2 [5,4,0]9-7-¢1)(1,8-diazabicyclol[5,4,0]undec-7-ene,
DBU)(1.81ml, 12.1mmol)& vholwEofAlEoln] =(DMAC) 20mlel o A7pgct. A7F & 12A13F 52t 140 Col
Al EF gk A7t WhE R, FRTE YolFo]l B34 IAE odste] et o] 54 A E tholE
Z 2| e (dichloromethane)®l] o] tholZF 22 w|eh:o]E olA EH o] E(dichloromethane:ethyl acetate)=6:1 7|
|uE A& A (colum) et F, ERZEF/AFol B2 (chloroform/P.E) &mjoll A AZAA S ], 3k 1A
1.6g(75%) S AU,

4) Al T2EQ Ax

CULKSPOQ
= O O nH i i trans-1,2-diaminocyclohexane
“°N 1,4-dioxane
\\_\ |II
I

250mL 27 =20l 6-tholHlFzMbo] @ A-2-2-9H-3] 2] =[2,3-b] 1= (6-Dibenzothiophen-2-y1-9H-pyridol[2, 3-
blindole)(1.2g, 3.42mmol), N-¥|d-3-o}o]Q = 7}H}Z(N-phenyl-3-iodocarbazole)(1.6g, 4.45mmol), Cul
(0.20g, 1.03mmol), <AAZF(KP0,)(1.5g, 6.85mmol), EMx=-1 2-tlololnmslo]ZF 2N A (trans-1,2-

diaminocyclohexane)(0.12mL, 1.03mmol)ZS ¥ i1 1,4-t}o]24H(1,4-dioxane) 80mLE =lt}l. 1g]al 22A17F &
oF 3% wHkA|ZITh, HbSo] FREWH RujE 7t F7Fea tholEFE 2 ek(dichloromethane) & & HEdle] o
o]l g cho]F 2= =g Ak (dichloromethane:hexane)=2:1 A/ &wlE AL&3te] A& (column) 3 §, 3FEA
A 0.8g(40%) 5 AUt

rlo

5) A2 Z2EQ Ax

Cul, K3POy4
9 O O Sl I/O\N O trans-1,2-diaminocyclochexane
il

N

= )

Ao
® I

e |

1,4-dioxane

250mL, 2+ ZEtFo 6-tho|ul =)o)
blindole)(1.3g, 3.7mmol), N-(3-t}o]

HA-2-L-9H-3] 8] =[2,3-b] 21 = (6-Dibenzothiophen—2-y1-9H-pyrido[2,3-
=dd) 7= (N-(3- Iodophenyl)carbazole)(l 6g, 4.44mmol), L Q&3

to l-o
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T2 (Cul)(0.2g, 1.05mmol), SIAFZ-H(KsPO,)(1.57g, 7.4mmol), E#WM-1,2-t}ololu]=mpo]EFZ A (trans-1,2-

diaminocyclohexane)(0.13mL, 1.05mmol)ZE 1,4-t}o]AH(1,4-dioxane) 60mLE =91t} 18] 22A17F Fot 3+
T wgA I, ghgo] FREW gulE Y Sk Ii‘rolE‘iiﬂﬂ‘i}(dlchloromethane)Oi dEato] 42
NS rvlo|ZFE 2wk @ Ak(dichloromethane:hexane)=3:2 A/|-&ujE A}&3te] A (column)dF 3, 3F<EA 14|
0.8g(36%) 5 AAtt.

AEd AAjdlolM Alzd &
(7T7K) el A e] PL ~HEHS ZH 3}

NN -

1 32E, A2 T2E 9 "oz (BP B9 IV 54 ~FE-]T] A
29 % 30 vehigla ol 7] E 19 gestelnh,

_&B

o2

CBP
¥ 1

W &5 2=9(pL  =FdEH |y« w=|LUMO | HOMO g =g dy

E”fe Ha|o FHagkdl| A (eV) (eV) ] (eV)

b I K I P ) IR

& (nm) (nm)
H] 1l o 359 478 3.46 -2.5 -6.0 2.60
AIZAE 370 452 3.34 -2.06 -5.4 2.75
A2T~E 351 454 3.54 -2.24 -5.78 2.74

(o)

A7l Z 1, B 2 D 38 Fustd, 2 byl Aol wEl AlxE Al D A2 3AE EZQo Abd)l oA 7t
Hlaof o] 2.60eVit} =A YeElhs RS Flsisich.

75k grel, ¥ wrwel AAlde] W % HFE L olF LT FIAANIEAE HE UL ¥
o QTS Y FFRE AXHAL, oF FAAABYEA WP FrED FHFORM, WHZ)A
oA Aol Bolahl she] WHEES TR 4 A ool Arh

o g A¥E EWE Fxstel ¥ owne ANdE AYSRAT, YE ¥ el /%A PHL W dPe] &
e /1% okl PRV B owwel 1 /1A Aol A 54 wARA duA o FAL o
2 A" 4 doe AL oladE F UL Aolg. TR oA J1&T AN dEe BE WA dAH
2 Aol FHH o] opd AomA ols|solol k. obgel, ¥ wwel Wt YY) AT H@urhs
FESE GHYTAA SJ3iol dehilol e, £, SATUAS ol % 6 dela 3 5 Aoy
H EEss RE W EE uge Fevh 2 oage) sl £t Ao Ao g

Foo 47

100 © F71 A AEF A= 110 : 9=

120 + AETAT 130 @ BEFFEZT
140 @ BT 150 @ ARFEZE

160 @ AAFYZS 170 @ &=
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Intensity (Arb. units)

12

1.0

0.8 +

0.6 -

04 +

0.2 o

0.0 1

—m—H1TAE_ IV
—s—H2Z2GAE IV
—A—H135AE P
—vY—H2sAE PL

250

1 1
350 400

Wavelength (nm)

I 1
450 500
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