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al7] sk ow gAEH, X 2 Y 7478 Zgdow ek 3138 (aromatic compound) = ol@ el 33
E(heterocyclic compound) ZH-E] Aelw= ¢l 31315,

AT 2
Al 1 gl 9o,

A7) X} 47 Y 222 9hE (carbazole), 23723 (o-Carboline), WE-7FE& (B-Carboline), 7+
722 (y-Carboline), &Y (pyridine), #d (phenyl), vl$NZF (dibenzofuran) HiE o]E9] X3k
ZHE AdEE & 540 oe 0F SE.
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A7) WgEH=o 5y FEAom gAY, X 2 Y 474 =840z wakE 33E (aromatic compound)
T o8y gHgtE(heterocyclic compound) Z2H-E AE = Q1F3EES 23t o]FofAv F7¢Hrto]
AT Vs

T8 4
Al 3 gl 9o,

A7) Xe A7 Y Z42he FHbE (carbazole), ¢d-7H2# (a-Carboline), HWE-7}E# (B -Carboline), #w}
-7}22 (y-Carboline), &Y (pyridine), #'d (phenyl), vl#NZF & (dibenzofuran) HiE o]E9] X]3HA|
2HY dEEHE= AS 52 e fr|ddtie| =izt
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A7) A1 AFI A7) BFEAS Abolo] AEE AEFAST, A7) $FEASI 7] ATFUS Akl

ARt A S5, A Al 2 AF ] BREAS Aol e Ax FPE, AV HFEAE
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FH7)H 9o eF-8-=Alo]=(indium tin oxide; ITO)S} & EAS S35} U= (anode) S &

o
£ rE

(HIL'hole injecting 1ayer)§ JAG, AFFUSFS T2 7] Fe1-1=
]-N-phenylamino]biphenyl (DNTPD)E 10nm
A 60nm FAZ St

&

(3) th, 7] AE3FTUS ol AF5FESHIL: hole transport layer)S FAAsth. ol#|dt HF3FLHT2 3t
7] 3}sk2]1-28 ¥ AT = 4,4'-bis[N-(1-naphtyl)-N-phenylamino]-biphenyl (NPB)< 30nm WA 60nm A% Szt
3te] P

(4) &, A7 BEFES Ao 24223 (EML: emitting material layer)S EA3
LEHE(dopant)E #H7FEH, Hy FEE ] A, 54 9 AN dFEdTo] Fdd —}F A
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(highest occupied molecular orbital): — 6.3 eV, LUMO (lowest occupied molecular orbital): - 2.8 eVo]=
2, A <ol =HECQ FCNIr €13 =HE (HOMO : - 5.8 eV, LUMO : - 3.0 eV, 253 oy=x] @ 2.8 eV)&
Ol &3NS AY EHENAN T2EZO A o Hol@ ge] dAste] G&o] "ol 53] ARA af&

U E e olUA7L 2.8eVol ol WA F b o] -kl 3.3eV o] WS @dd oA s zte
At g BEE Alwstel E3 a8 AeE WA staat g

53], TAE 249 AT JuAE =UES AT duA Ry £A FomA,

mE
oL
fol
Mo
1o,
2
ol
Qo
il
oF
X
ol
o

A HEd T8
9o} o mAe] AL 9la), B Age &) getoer gAHY, X 2 ¥ 747te 597

(aromatic compound) HE+= o]¥i1d] 3}3-E (heterocyclic compound)ZH-E A

)
a}

Ir

[*]

o
o o

el 1 setEdl glolM, 7] Xek 471 Y Az FhukE (carbazole), ¥3-7HE® (a-Carboline),
HER-7H2 @ (B-Carboline), #wh-7H2# (y-Carboline), @9 (pyridine), ¥ (phenyl), TlHZFFet
(dibenzofuran) L& o]E9 XA ZHE MEEes AL EQJoz 3,

o A 1 A=y A7) Al 1 AEH wFEEE A 2 Ay A7) A 1 2 A 2 AF Aol
L ugB2A=9 ¥3Ela, A7) AgEAZOo 317 gEAlor gAEY, X 2@y Z4de =Hdoew
SHE (aromatic compound) T+ o]&8 1] 3}3E(heterocyclic compound) ZH-E HElx = <134313E

& Pt o] FRAE fIEFTo| L =aAE AT

2 Ao frldgtie] L =4t QlojA], 7] XeF 7] Y A7 FMibE (carbazole), EI-IHEd (a-
Carboline), HIE}-7FHE# (B-Carboline), #ml-7FE¥ (y-Carboline), ¥ &Y (pyridine), ¥ (phenyl),
oA ZF (dibenzofuran) HE 0|59 XA ZRE AEUEHE A4S EHo7 3},

o

wige] folwgTel e =gl glold, A7) A 1 AFn 4] WHEAS Aol
; #9% Apo 3

w
371 AT 47 BE 5

AT AR FYEA, 47 TFRAFH Y
3 o

>,
do
o

¢
o



[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]
[0039]

[0040]

[0041]

[0042]

[0043]

SIHS31 10-2014-0017204

Yo 57}
wouyel Q1 BAL 2.8V ol AEF olUAst 3.3¢V ol 4ol We olux WENS 2] wie] 7%
Frpolo = are) EES Y+ At

A BAL VYBAFO F4 FAER o]g9 4 glon ERENT T AFF UAE %

% 5 2 wwe] Aol e f71uYtiel e Eate] eFHel e,

ofgt, ¥ wel we Q¥ SFE Fx % a1 FAdsh oF olgd FrlLATolo sz Y
e gt

w2l 1 BeE2 o] 2R wAlEY. 5, ded(pyridine) o] 2, 69 fA[ol Y FE= Wt L
= S e e olday setEo] AFE 7xE AW, 2 ATF duAe B2 duA NS
ZHA "t

g‘tfﬂ-/\lz

71 shebd2e A X R Y 772 59dor wWEs sl3tE (aromatic compound) HE o]Fad] SHgtE
A

(heterocyclic compound) ZH-E] XM}, X, Y= LAY Aol 4 U},

d2 Eo, A7 X @ Y Z7e 3§17 Fgshr3e g FA|EE H| X3 FMHlE (carbazole), €u-7HE™ (a-
Carboline), HWIEl-71E¥ (B-Carboline), #v-7F=2# (y-Carboline), &Y (pyridine), #d (phenyl),
g#Alz5F¢ (dibenzofuran) T o]59 XA 2RE AuE = Q.

T3, X, Yo A#A = 7ME (carbazole), €3-7}2# (a-Carboline), WEF-7}8# (B-Carboline), #wl-

F}FE8 (y-Carboline), T#:MZFe (dibenzofuran)¥ 4= o).

H H H

N /N\
MR 2 T W
\Q/“ {

\ /\( N “
¢ B\ R 3 i rl':}'
\Q/'\ )\r/‘? <'§/l—\¢/ \Q/ Ne=f

\\ﬁ M



[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

SIHS31 10-2014-0017204

53], 2wl A4 3FES A electron) 540l % vd F:ol9 2, 6% $1X ol HF(hole) 540
A xe AEE UAE 2t AET Ax 549 AEAS A v gHor Augows, 4 d
Zke] Akt ¥ (charge balancing)o]l FAE T B J4 A EC] Aget oliA 3 & 45T dUAE 2

New Host 1 New Host 2 Mew Host 3

4 & & &
LoV Qoo So



[0051]

[0052]

[0053]

[0054]
[0055]
[0056]

[0057]

[0058]
[0059]

[0060]
[0061]

[0062]

[0063]
[0064]

SIHS31 10-2014-0017204

MNew Host_10 New Host 11 New Host 12

AE G shghES ofefell A Admshs whel o] w2 AT d oduAet W oy WAy

olgto| A=, B o] wE 9133 FIE = A7) 318249 New Host_17 New Host 2% BAE A3 33E 9
a2 A e}

1. New Host_19] 4
(1) 2,6-diiodopyridine® A

at7] wbeA1& &3l 2,6-diiodopyridines $/ds3lct.

F)R-WAE]
| = Cul, Nal, 1,4-dioxane RS
" L 5
Br N Br | N |

250 mL o] Z82=(2-neck flask)ol 2,6-dibromopyridine (20.0 g, 84.427 mmol), Cul (3.86 g, 20.263
mmol), Nal (50.62 g, 33.708 mmol), 1,2-dicyclohexanedimethyldiamine (5.86 mL, 37.148 mmol)S Y i 1,4-
dioxane©. 2 =<1 & 12A13F F<+ &7 wWkAIZY. ¥k T8 F S FRHEk SuE AATS F A FAS)
al(Hexane : methylene chloride = 3 : 1), BAH 48 7457319 methylene chloride/ petroleum ether
Lol A A2t FA 1A 9.88 g& AU, (& 35%)

(2) 9-(6-iodopyridin-2-yl)-9H-pyrido[2,3-blindole®] A

3}7] W$-2128 E& (9-(6-iodopyridin-2-y1)-9H-pyridol[2,3-blindoles ¥ A3ttt

uRo 219
H
/@ W M Cul, trans-1, 2-dicyclohexane-diamine, KaPOy | e
+ R
i T Q_D T.4-dioxane 17NN
N _—
W

250 mL o] FZ#t2~Fol 2,6-diiodopyridine (4.13 g, 12.486 mmol), carboline (1.0 g, 5.946 mmol), Cul
(113 mg, 0.595 mmol), K3PO4 (6.94 g, 32.703 mmol), trans-1,2-dicyclohexanediamine (0.22 mL, 1.843
mmol)S Yl 1,4-dioxanel. @ =91 5 1247 &9t 37 WWAIZAT. vks T8 & A9t SHRISGY. SE
A A

3l 3 Z18] AR slal(Hexane : ethyl acetate = 8 : 1 —> Hexane : methylene chloride = 2 : 1), &9&
7)o} ==
= H o 1T

glo] & Ak (wax liquid) 2FEle] 9-(6-iodopyridin-2-y1)-9H-pyrido[2,3-blindole 2.39 g= 4
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ok, (58 100%)

[0065] (3) New Host_19] &4
[0066] a17] W-g238 B3 New Host_1S 433}
[0067] HE2- 213
N N
| f N/ - Cul, trans-1, 2-dicyclohexane-diamine, KaP Oy
1.4-dioxane

[0068]

[0069] 250 mL o] Zg}2=3o] 9-(6-iodopyridin-2-yl)-9H-pyrido[2,3-blindole (2.39 g, 6.439 mmol), carbazole
(1.08 g, 6.439mmol), Cul (123 mg, 0.644 mmol), K3PO4 (7.52 g, 35.41 mmol), trans-1,2-
dicyclohexanediamine (0.24 mL, 1.996 mmol)S ¥ il 1,4-dioxanel & =91 & 12A17F w<F g7 HEAF T},
HhS 8 & 7ok R, &2 AAS & AY AA3FiL(Hexane : methylene chloride =3 : 1 —> 1 :

7

1), &9& 29 Z538ko] methylene chloride / petroleum ether &viold A ZAAs ] I 1A 1.50 g& A

[0070] 2. New Host_29] A4

[0071] (1) 6-bromo-9-(6-iodopyridin-2-y1)-9H-pyrido[2,3-blindole2] ¥4

[0072] 3}7] W&-214Z2 %3 6-bromo-9-(6-iodopyridin-2-y1)-9H-pyridol[2,3-blindoles ¥ A3t}
[0073] BEe24

H
/(\\/I\ M 7 N\ Cul, trans-1,2-dicyclohexane-diamine, KaPOy = | =
P - 1,4-dioxane N AT
Br

[0074] o

[0075] 250 mL o] ZT}~Fo| 2,6-diiodopyridine (6.96 g, 21.045 mmol), 3-bromo-carboline (2.60 g, 10.522
mmol), Cul (200 mg, 1.052 mmol), K3P0O4 (12.28 g, 57.871 mmol), trans—1,2-dicyclohexanediamine (0.4 mL,
3.262 mmol)& ¥l 1,4-dioxanel.® =0 £ 12A17F &< &F wikAIZGY. dbs F5 & 3¢ SHRIAT. &
S AAS 3 AY AAStL (Hexane @ methylene chloride = 3 @ 1> 2 @ 1), &9 7t =F3slo]
methylene chloride / petroleum ether &ujollA AAAS ], A uA 1.37 g= AU}t (& 29%)

[0076] (2) New Host_22] &4

[0077] 7] WgA5E F3l JF FE New Host_ 25 FAdsI3iH.
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HLo Al

N §
=H | T Cul, trans-1,2-dicyclohexane-diamine, KaPO,
\_y NN 1,4-dioxane
=N | =
L/~ O
Br O

250 mL o]7 FEZ2=Fo 6-bromo-9-(6-iodopyridin-2-y1)-9H-pyrido[2,3-blindole (1.37 g, 3.044 mmol),
carbazole (1.02 g, 6.088 mmol), Cul (145 mg, 0.761 mmol), K3P0O4 (7.10 g, 33.484 mmol), trans-1,2-
dicyclohexanediamine (0.3 mL, 2.131 mmol)S 9 1,4-dioxaneC® =<1 & 12X7F B¢t 7 wukA 7T
S 38 3 7249 SHSIEY. &5 AAS & toluenelo 2 *’-ﬁeq(short column) At MZ-& wja, v
Al AP A A (Hexane : methylene chloride =2 : 1 —> 1 : 1)3F & &AL 79t =F3}o] methylene chloride
/ petroleum ether &wjollA AMAAToZHN, A 14 0.40 g& AATt. (F&: 23%)

ol s}ek2l5e] FEAE M TAE(ref. Host)9, New Host_1 2 New Host_29] LT PL(photoluminescence)
~HENS % 20 EAIGGon, Wil E2E(ref. Host)$}, New Host_1 % New Host_29] UV 2=#E37] 9 pL
2HAEYRS T 39 ZASAY. vl S 2E(ref. Host)9}, New Host_1 2 New Host_29] 54 #1o] e
At
g‘tﬁl—)\15
N’ s
N =
N
=N
-
F1
N abs AL Band gap energy |[HOMO [eV] Er [eV]
ref. Host 365 425 3.40 -5.83 2.92
New Host_1 349 424 3.56 -5.84 2.93
New Host_2 367 424 3.38 -5.69 2.93

3 %L EloA Box|= niel o], H oulmo] wlE 914 3}%HE9l New Host_13 New Host_2% 3.3eV
o]l Yo M M oA E 2tal 2.8 eV oo A oy A (Ep)E ztet),

&, ¥l S2E(ref.Host)9 FASHA, S8 HFEASO T2E 42 o]&5= (BPRY lﬁ‘% esk oy
A& 7HAH, Eg dRkgo R o]&HE =HE Fd oyx|Ql 2.8 VEE‘r 7] W], EHEA T2E
29 YR o HoldAS WAE 4= Quh. mI e olyx] W=y Z2hy] ujEo], L%i o] = F
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naphtyl)-N-phenylamino]-biphenyl (NPB) 550 A =749 AHF %=, 37| 3}sk2l6e] %
AL Ax AR Z, A7) 38kl EAE BHla EAE 7] 38k27d ZAE JA EHE
Fste] 300 A FAY IFEASE, 7] i}ffw 8o FAE TmPyPB 400 A F7AQ] Az} 4243, LiF 5 A T4
o] AAFYE @ 4FulE 1100 A FAY 258 st

2. Agq

712 Aol RIF-"-SAL| =(1T0) & Saste] &S FAskal Agsiint. 7] &=0] A€ 719s Je 5
2k AW 2 o]$3k T hexaazatriphenylene-hexanitrile (HAT-CN) 50 A F79 AF FUZ, 4,4'-bis[N-(1-
naphtyl)-N-phenylamino]-biphenyl (NPB) 550 A F71¢] AE 4%, TAPC 100 A F7A9 A} AAZ, A7)
s}st2l49] New Host_lol A2 =HE (F(NIr) 15%5 =33t 300 A F79 H3FEZAS, TmPyPB 400 A F7
o] AR} 4= LiF 5 A TA9 AAFYE 2 dZulE 1100 A FAY &= =29},
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g-kswu 8

e, Agee] Ax} E4& ofg] #20 YEL, AF EE, 7 & 2 dg §88 HoTe Igx=
E % 43 YA T 4coll EA|ETEH

E 2
Vol t[V] Td/erl] | cd/u? Cd/A Lm/W CIE(x) CIE(Y)

ref .Host 6.6 9.67 974.20 10.07 4.79 0.187 0.340

New Host 1 [6.6 10.77 1483.00 13.77 5.45 0.183 0.324

E 290 % da A % dcol AW b} o], B we) AgEAe AREE, A8 &E, A% SlA 5

542 et mebd, ¥ owwel AYRAS wHRAS o ekt FUuYtelesads nHEe o

A FRASEA WgEEol 5ol anl A¥L UE 5 Aok

G AY FFEES TFsho] o] FolAE IR Qe s UG A A F = 5o AT
A vhsh o], 71wl 2.
B EA) Abolo] FAslo] Qi

A7 F7Eg Tl e = (BE) e 4=
2 A 2 A=(110, 130) Atold 3
*

Ho
N
i)
old
ofj
o
8
[o
il
o
it
2
R
£ o

A7) A1 AF110)e dFe o], AF-F-FAL]=(ITO) & o] Fo]Au, 737
A2 A=(180)2 Aok ghol mMluA w2 &4, o FrlE (Al s EFrE S AIND = o] Fo]
E

=
=
Aok, w3, A7 F71E35(1200 A4, 54, A2 frpdgeido s offoxin

37 H1EEE (1200 BFEES U] d8, s 72 S, A 1 AF5A10) 2R E eAHeR A
FFUZ(hole injection layer; HIL) (121), B-&4%5(hole transporting layer; HIL) (122), ZHA}AX|=
(electron blocking layer, 123), 33E2Z=(emitting material layer; EML) (124), AA<F%Z(electron
transporting layer)(125) 2 Ax}5FUZF(electron injection layer)(126) 2.2 o]FojZlt},

o71A, 7] EEEAST(123)2 7] seA2E mAE 2wl 9% =2E& 28t o Foxid

g Bol, 47 WHBAF(123)0] ¥ wwel QB Az 23

o el NG A4S 32E AR ¥ A5, =HEZ H7kE e
o, AAE BFsA dok o, 7] A% EALE =HERT 2 AEE dUAE Z7] widd, $2E 53
N EHERS] oA o doldate] WAje] WA, Ea, He duA WENS 7] W, WBEEE
0] 2= 011;]_
ST 2 T M .
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1100 Al 1 ™5 120:

[0110]

~1.0
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— & — Naw Host 2 LT

0
—®— New Host 1_LT | |
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- 13 -

Too
—w—raf Host_LT

6o
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846 @0
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Wavelength [nm]
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350

Triplat ener?y (2.6 eV)
60

300

AAAA S 124:

1.0 -
0.8 4
0.6 5
0.2

130: A 2 A=
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