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Provided is an organic electroluminescent de-

vice that exhibits an efficient host-dopant energy transfer
mechanism, and thus, expresses a certain high-efficien-
cy electroluminescent performance, based on improved
electron density distribution. The organic electrolumines-

cent device also overcomes low initial efficiency and
short operation life property, and secures high-perform-
ance electroluminescent performance with high efficien-
cy and long life property for each color.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an organic electroluminescent device, and more particularly to an organic
electroluminescent device where an organic layer is interposed between an anode and a cathode on a substrate, the
organic layer including an electroluminescent layer containing one or more dopant compounds represented by Chemical
Formula 1 below and one or more host compounds represented by Chemical Formulas 2 to 5 below.

Chemical Formula 1

(Cz-Ly),-M Chemical Formula 3

(Cz),-L-M Chemical Formula 4

Chemical Formula 5

/'&’mfm
A h
A19 il
1!-'!.!‘1}EII
_‘AE F'i11A'1D
ey
Byp = %

BACKGROUND OF THE INVENTION

[0002] Among display devices, an electroluminescent device (EL device) is a self-luminescent display device, and
has advantages of wider viewing angel as compared with LCD, excellent contrast, and fast response speed. An organic
EL device, which uses aromatic diamine having a low molecular weight, and an aluminum complex, as a material for
forming an electroluminescent layer, was first developed by Eastman Kodak Company in 1987 [Appl. Phys. Lett. 51,
913, 1987].
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[0003] In the organic EL device, when charges are injected to an organic film formed between an electron injection
electrode (cathode) and a hole injection electrode (anode), electrons and holes pair up and become extinct while light
is emitted. The organic EL device has advantages in that elements can be formed on a flexible transparent substrate
such as plastics, and it can be driven at a low voltage (10V or lower) as compared with a plasma display panel or an
inorganic EL display. In addition, the organic EL device requires relatively small power consumption and has excellent
color. Meanwhile, the organic EL device exhibits three colors, red, green, and blue, and thus it become an object of
attention from many people as a next colorful display device.

[0004] An organic material for the organic EL device may be largely divided into an electroluminescent material and
a charge transport material. The electroluminescent material is directly related to electroluminescent color and luminous
efficiency, and requires several characteristics such as a high fluorescence quantum yield in a solid state, high mobility
of electrons and holes, low degradability at the time of vacuum deposition, and uniform thin-film formability.

[0005] The electroluminescent material may be divided into a host material and a dopant material in view of function.
In general, a device having a structure where an electroluminescent layer is formed by doping a host with dopants has
been known to have excellent EL characteristic. Recently, development of organic EL device having high efficiency and
long life property is becoming the most urgent issue, and particularly, development of materials more excellent than the
existing electroluminescent materials is urgent, considering EL characteristic levels required for medium-large sized
OLED panels. For this reason, the host material functioning as a solvent of solid state and an energy transferring member
needs to have high purity, and appropriate molecular weight for enabling vacuum deposition. In addition, the host material
needs to secure high thermal stability due to high glass transition temperature and high thermal decomposition temper-
ature, and high electrochemical stability for long life property. Furthermore, the host material needs to be easy in the
formation of amorphous thin film, and have excellent adhesive strength with materials of adjacent other layers while
motion between layers need not occur.

[0006] A fluorescent material has been widely used until now, as the electroluminescent material functioning as the
most important factor determining the luminous efficiency of the OLED, but development of a phosphorescent material
is known to the best method that can improve the luminous efficiency theoretically up to four timesin an electroluminescent
mechanism.

[0007] As iridium (lll) complex-based phosphor electroluminescent material, (acac)Ir(btp)2, Ir(ppy)3, and Firpic for
respective red, green, and blue has been known until now. In recent, many phosphorescent materials are being studied
in Korea, Japan, and Europe, and thus, more improved phosphor materials are expected to be known.

% :
| Q. 0O _-B
M e
II'::_ ‘lq”"
.. |
s 3

{acacinbip)z Ir{ppy)s Firpic

[0008] As a host material of a phosphorescence electroluminescent body, CBP is the most widely known until now,
and a high-efficiency OLED to which a hole blocking layer of CBP or BAlq is applied is known.

CBP BLFP BAlg

[0009] The existing materials are advantageous in view of electroluminescent characteristics. However, they may be
deformed when subjected to a high-temperature depositing process under vacuum, due to a low glass transition tem-
perature and inferior thermal stability thereof. Since power efficiency = (n/voltage) x current efficiency In OLED, power
efficiency is inversely proportional to voltage. Therefore, power efficiency needs to be raised in order to lower power
consumption of the OLED. An OLED using an actual phosphorescence electroluminescent material has a higher current
efficiency (cd/A) as compared with an OLED using a fluorescence electroluminescent material. However, an OLED
where the existing materials such as BAIlq or CBP is used as a host of a phosphorescence electroluminescent material,
has a higher driving voltage as compared with the OLED using a fluorescent material, and thus, large advantages are
not present in view of power efficiency (Im/w).
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TECHNICAL PROBLEM

[0010] As the result of efforts made by the present inventors in order to solve the disadvantages of the prior art, an
organic electroluminescent device having high color purity, high brightness, and long life property can be realized by
interposing an organic layer, which includes an electroluminescent layer made by a combination of particular compounds,
between an anode and a cathode on a substrate.

[0011] An object of the present invention is to provide an organic electroluminescent device where an organic layer
is interposed between an anode and a cathode on a substrate, the organic layer including an electroluminescent layer
containing one or more host compounds and one or more dopant compounds, and thus, an organic electroluminescent
device having excellent luminous efficiency, high color purity, low driving voltage, and long life property.

TECHNICAL SOLUTION

[0012] The present invention is directed to an organic electroluminescent device, and more specifically, an organic
electroluminescent device where an organic layer is interposed between an anode and a cathode on a substrate, the
organic layer including an electroluminescent layer containing one or more dopant compounds represented by Chemical
Formula 1 below and one or more host compounds represented by Chemical Formulas 2 to 5 below.

Chemical Formula 1

Ry Ry
Ry Rs
Ry
w5,
- HH_H_H_‘_H

[wherein

L4 represents an organic ligand;

R represents hydrogen, substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy, sub-
stituted or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl;

R, through Ry independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C3-C30)cycloalkyl,
substituted or unsubstituted 5- to 7-membered heterocycloalkyl, cyano, nitro, BR14R45, PR43R44, P(=O)R5R4e,
R17R1gR¢Si-, or substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl;

Re through Rg represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl, substituted or un-
substituted (C1-C30)aryl, substituted or unsubstituted (C5-C30)heteroaryl, substituted or unsubstituted (C3-C30)cy-
cloalkyl, substituted or unsubstituted 5- to 7-membered heterocycloalkyl, cyano, nitro, BR14R45, PR43R 14, P(FO)R45R 46,
R417R18R19Si-,NRy;R54, Ry, Y-, substituted or unsubstituted (C2-C30)alkenyl, substituted or unsubstituted (C2-C30)alky-
nyl, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl or they are linked to adjacent substituents to form a fused ring;
R4 through R,, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-
C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl;

Y represents S or O;

n and m independently represent an integer of 1 to 3;

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N, O, S,
P(=0), Siand P.]

Chemical Formula 2

Z

X
Gﬂg = Ryrlp
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[wherein
Z represents -O-, -S-, -C(R41Ry2)-, -Si(Ry3R44)- or -N(Ry5)-;
aring A and a ring C independently represent

(R3z)y
YA
I .-"Y-l-l

aring B represents a ring of

Y4 through Y, independently represent C and N;

Y 15 through Y4 independently represent a chemical bond, -O-, -S-, -C(R44R45)-, - Si(R43R44)- or -N(Ry5)-; only except
for the case where Y13 and Y, represent a chemical bond at the same time;

R34 and R3, independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl, sub-
stituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsubstituted
(C3-C30)cycloalkyl, substituted or unsubstituted 5- to 7-membered heterocycloalkyl, substituted or unsubstituted (C6-
C30)ar(C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkylsilyl group, substituted or unsubstituted (C1-C30)aryls-
ilyl group, substituted or unsubstituted (C1-C30)alkyl(C6-C30)arylsilyl group, cyano, nitro, or hydroxyl, or they are linked
to an adjacent substituent via substituted or unsubstituted (C3-C30)alkylene or (C3-C30)alkenylene with or without a
fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring;

the R44 through R,5 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsubstituted
5- to 7-membered heterocycloalkyl, substituted or unsubstituted (C3-C30)cycloalkyl or they are linked to adjacent sub-
stituents to form a ring;

p and q independently represent an integer of 0 to 4;

when p or q represent an integer larger than 2, each Rz and R3;, may be the same or different from each other, and
they may be linked to adjacent substituents to form a ring; and

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N, O, S,
P(=0), Siand P.]

Chemical Formula 3 (Cz-L,),-M
Chemical Formula 4 (Cz),-Lo-M

[wherein
Cz is selected from following structures,

c{Rsz) ciRgzb clRuz) c{Rsz} alRs3) c(Rgz) alFsal
- | = *

*# e e

Ry R4 l Rx4 \1:

aring E represents a (C6-C30)cycloalkyl group, a C6-C30)aryl group, or a (C5-C30)heteroaryl group;

Rg¢ through Rs3 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsubstituted
5- to 7-membered heterocycloalkyl, substituted or unsubstituted (C6-C30)aryl fused with one or more substituted or
unsubstituted (C3-C30)cycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more substituted or unsubstituted
aromatic rings, substituted or unsubstituted (C3-C30)cycloalkyl, (C3-C30)cycloalkyl fused with one or more substituted
or unsubstituted aromatic rings, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl, cyano, nitro, hydroxyl, BR{{Rs,
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PR43R 14, P(=0)R5R 6, R47R18R19Si-, NRygR,4, -YR,, or they are linked to an adjacent substituent via substituted or
unsubstituted (C3-C30)alkylene or substituted or unsubstituted (C3-C30)alkenylene with or without a fused ring to form
an alicyclic ring and a monocyclic or polycyclic aromatic ring, carbon atoms of the formed alicyclic ring and monocyclic
or polycyclic aromatic ring may be substituted with one or more hetero atoms selected from the group consisting of
nitrogen, oxygen and sulfur; and

each Rg, or Rg3 may be the same or different from each other;

L, represents a chemical bond, a substituted or unsubstituted (C6-C30)aryl group, or a substituted or unsubstituted (C5-
C30)heteroaryl group;

M represents a substituted or unsubstituted (C6-C30)aryl group, or substituted or unsubstituted (C5-C30)heteroaryl;

a through d independently represent an integer of 0 to 4.]

Chemical Formula 5

Az,
o TAqg

M s

A19\§
(Ary)e

[wherein

A, through A,g independently represent CRg4 or N;

X represents -C(RgzRg3)-, -N(Rg4)-, -S-, -O-, -Si(Rg5)(Rge)-, -P(Re7)- -P(=0)(Rgg)- or - B(Rgg)-;

Ar, represents substituted or unsubstituted (C6-C40)arylene, or substituted or unsubstituted (C3-C40)heteroarylene;
only except for the case where e=0 and A5 through A,g are CRg, at the same time,

Re1 through Rgg independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C6-C30)aryl fused with one or more substituted
or unsubstituted (C3-C30)cycloalkyl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsubstituted 5- to
7-membered heterocycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more substituted or unsubstituted
aromatic rings, substituted or unsubstituted (C3-C30)cycloalkyl, substituted or unsubstituted fused with one or more
aromatic rings (C3-C30)cycloalkyl, cyano, trifluoromethyl, NR;4R;5, BR73R74, PR75R76, P(=O)R;7R75, R7gRgoRg1Si-,
RgoY24-, RgzC(=0)-, Rg4C(=0)0-, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl, substituted or unsubstituted
(C2-C30)alkenyl, substituted or unsubstituted (C2-C30)alkynyl, carboxyl, nitro, or hydroxyl, or they are linked to an
adjacent substituent via substituted or unsubstituted (C3-C30)alkylene or substituted or unsubstituted (C3-C30)alke-
nylene with or without a fused ring to form an alicyclic ring, a monocyclic or polycyclic aromatic ring, or a hetero aromatic
ring;

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N, O, S,
P(=0), Siand P;

the R;4 through R;g independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl,

the R, through Rg4 independently represent substituted or unsubstituted (C1-C30)alkyl or substituted or unsubstituted
(C6-C30)aryl,

the Y, represents S or O,

Rg, represents substituted or unsubstituted (C1-C30)alkyl or substituted or unsubstituted (C6-C30)aryl,

the Rg3 represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy, substituted
or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C6-C30)aryloxy,

the Rg,4 represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy, substituted
or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C6-C30)aryloxy, and

e represents an integer of 0 or 2.]

[0013] The organic electroluminescent device according to the present invention exhibits a host-dopant energy transfer
mechanism, and thus, can express a certain high-efficiency electroluminescent performance, based on improved electron
density distribution. Further, the organic electroluminescent device according to the present invention can overcome
low initial efficiency, short operation life property, or the like, and secure high-performance electroluminescent perform-
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ance with high efficiency and long life property for each color.
[0014] In the organic electroluminescent device of the present invention, the compound represented by Chemical
Formula 1 included as a dopant may include the compounds represented by Chemical Formulas 6 and 7, the compound

represented by Chemical Formula 2 included as a host may include the compounds represented by Chemical Formulas
8 to 13, and Cz of the Chemical Formulas 3 to 4 above may include the following structures, but are not limited thereto.

Chemical Formula 6

_ R, _
Ry R;
RV R,
R-% “"N
- '\-—-_‘_---
Re ==Lz
R7 Ry
B a n

Chemical Formula 7

[wherein
R, R4 through Rg, L4 and n are the same as defined in Chemical Formula 1.]

[Chemical Formula 8] [Chemical Formula 9] [Chemical Formula 10]

qlRagkam .2 alPsz)
§ \ Y H z
¥ =M {Ry1) ¢ ﬂl b 73
13 a1
R " (Real =Y =

{Raakp

[Chemical Formula 11] [Chemical Formula 12][Chemical Formula 13]

(RSE}q Q{R32j“‘-.,'=v1z
ECI[RS.Q‘:I—'r"::{‘li Y? ‘ ; = :;"11!. Y IRtk
{Raa) ¢ kﬂ, Sy N Rl ,
Yii Z R | (Rap)” =2
r {Razlq AL
[wherein
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R3¢, R3o, Y44 through Y3, Z, p and q are the same as defined in Chemical Formula 2, wherein Cz of Chemical Formulas
3 to 4 is selected from following structures, and

o e
ol Rsﬂ@i}@;t Razly clRsl -

a
£

Rz Rrn Tﬁﬂ
M 5 g Doty
= e = = B R
C[Rﬁz]_.,bldrﬁl\/}fﬂsﬂu clﬂﬂ}ﬂmmiﬂssiu E[Rﬁﬂl‘@EN@{Rﬁﬂd :’:{Rs.'a]@:”@ {Rgzly
x H H b

Rar Fag

b N = e

Si = o M = “ el | NI
cﬂﬁszlﬂh‘@mﬂh N ) N | o (Realc &N’@ [Hﬂlcgj\:’@ [Rﬁzﬁcm Rz

¥ H N

wherein

Rso, Rs3, ¢ and d are the same as defined in Chemical Formulas 3 to 4; and

Rg,4 through Rgg independently represent halogen, substituted or unsubstituted (C1-C30)alkyl, substituted or unsubsti-
tuted (C6-C30)aryl, or substituted or unsubstituted (C3-C30)heteroaryl or carbazolyl.]

[0015] Furthermore, L represented by Chemical Formula 1 may be selected from following structures, but is not
limited thereto.

R ang A . |

]

" .

- }Rzuz NFY Raor
o . -

Rzpfeod RzoeR 54
R
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Rzie
@ Rzpy
T "Raps
Raoe “N "3,
—i Rz
HEBS HEDE
Rz Rapg 2 g Ragy
Rzon M ~n My 4
“N“‘_HN’RWB @ & Ry Ra11” @ Rzoa
Rz11 ' Rzie Rzos

[wherein

the Ry, through R,3 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl, (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl or halogen;

Roo4 through R, 4 independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, substituted
or unsubstituted (C1-C30)alkoxy, substituted or unsubstituted (C3-C30)cycloalkyl, substituted or unsubstituted (C2-C30)
alkenyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted mono- or substituted or unsubstituted
di-(C1-C30)alkylamino, substituted or unsubstituted mono or di-(C6-C30)arylamino, SF5, substituted or unsubstituted
tri(C1-C30)alkylsilyl, substituted or unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, substituted or unsubstituted tri(C6-
C30)arylsilyl, cyano or halogen;

Rs,q through Ry,5 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)alkyl
or (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl;

R2,4 and Ry,5 independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, substituted or
unsubstituted (C6-C30)aryl or halogen, or R,,, and R,,5 are linked via (C3-C12)alkylene or (C3-C12)alkenylene with
or without a fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring;

Ro,g represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or
unsubstituted (C5-C30)heteroaryl or halogen;

R2,7 through Ry, independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, substituted
or unsubstituted (C6-C30)aryl or halogen;

Q represents

Ra3sRay Razr Rozdas R
Raz1 Rogo

RizR oz or Razs Raa

and

R234 through Ro45 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)alkyl,
(C1-C30)alkoxy, halogen, substituted or unsubstituted (C6-C30)aryl, cyano, substituted or unsubstituted (C5-C30)cy-
cloalkyl, or they are linked to an adjacent substituent via alkylene or alkenylene to form a spiro ring or a fused ring, or
linked to R,7 or Rypg Via alkylene or alkenylene to form a saturated or unsaturated fused ring.]

[0016] Asdescribed herein, the terms substitutions including "alkyl" "alkoxy", and, besides, "alkyl" moieties may include
both linear and branched species, and "cycloalkyl" may include monocyclic hydrocarbon as well as polycyclic hydrocarbon
such as substituted or unsubstituted adamantyl or substituted or unsubstituted (C7-C30)bicycloalkyl. As described herein,
the term "aryl" means an organic radical derived from aromatic hydrocarbon by the removal of one hydrogen atom, and
may include a single ring or a fused ring containing properly 4 to 7 ring atoms, preferably 5 or 6 ring atoms, and even
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may include a structure where a plurality of aryls are linked by single bonds. Specific examples thereof include phenyl,
naphthyl, biphenyl, terphenyl, anthryl, indenyl, fluorenyl, phenanthryl, triphenylenyl, pyrenyl, perylenyl, chrysenyl, naph-
thacenyl, fluoranthenyl, or the like, but are not limited thereto. The naphthyl includes 1-naphthyl and 2-naphthyl, and the
anthrylincludes 1-anthryl, 2-anthryl and 9-anthryl. The phenanthrylincludes 1-phenanthryl, 2-phenanthryl, 3-phenanthryl,
4-phenanthryl, and 9-phenanthryl, and the naphthacenylincludes 1-naphthacenyl, 2-naphthacenyl, and 9-naphthacenyl.
The pyrenyl includes 1-pyrenyl, 2-pyrenyl, and 4-pyrenyl, and the biphenyl includes 2-biphenyl, 3-biphenyl, and 4-
biphenyl. The terphenyl includes p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-
yl group, m-terphenyl-3-yl group, and m-terphenyl-2-yl group.

[0017] Thefluorenylincludes 1-fluorenyl, 2-fluorenyl, 3-fluorenyl, 4-fluorenyl and 9-fluorenyl. The ’heteroaryl’ described
herein means an aryl group which contains 1 to 4 heteroatoms selected from B, N, O, S, P(=0), Si and P as aromatic
ring backbone atoms and the remaining aromatic ring backbone atom is carbon. It may be 5- or 6-membered monocyclic
heteroaryl or polycyclic heteroaryl condensed with one or more benzene rings, and may be partially saturated. In the
present invention, "heteroaryl" include a form where one or more heteroaryls are liked by single bonds. The heteroaryl
group includes a divalent aryl group wherein the heteroatom(s) in the ring may be oxidized or quaternized to form, for
example, N- oxide or quaternary salt. Specific examples include monocyclic heteroaryl such as furyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triazolyl,
tetrazolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, or the like, polycyclic heteroaryl such as benzofuranyl,
benzothiophenyl, dibenzofuranyl, dibenzothiopenyl, isobenzofuranyl, benzimidazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisoxazolyl, benzoxazolyl, isoindolyl, indolyl, indazolyl, benzoth- iadiazolyl, quinolyl, isoquinolyl, cinnolinyl, quina-
zolinyl, quinoxalinyl, carbazolyl, phenanthridinyl, benzodioxolyl, acridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxazinyl or the like, N-oxide thereof (e.g., pyridyl N-oxide, quinolyl N-oxide), quaternary salt thereof, and the like,
but are not limited thereto. The pyrrolyl includes 1-pyrrolyl, 2-pyrrolyl, and 3-pyrrolyl; the pyridyl includes 2-pyridyl, 3-
pyridyl, and 4-pyridyl; the indolyl includes 1-indolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl, and 7-indolyl; the
isoindolyl includes 1-isoindolyl, 2-isoindolyl, 3-isoindolyl, 4-isoindolyl, 5-isoindolyl, 6-isoindolyl, and 7-isoindolyl; the furyl
includes 2-furyl, and 3-furyl; the benzofuranyl includes 2-benzofuranyl, 3-benzofuranyl, 4-benzofuranyl, 5-benzofuranyl,
6-benzofuranyl, and 7-benzofuranyl; the isobenzofuranyl includes 1-isobenzofuranyl, 3-isobenzofuranyl, 4-isobenzo-
furanyl, 5-isobenzofuranyl, 6-isobenzofuranyl, and 7-isobenzofuranyl; the quinolyl includes 3-quinolyl, 4-quinolyl, 5-
quinolyl, 6-quinolyl, 7-quinolyl, and 8-quinolyl; the isoquinolyl includes 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-iso-
quinolyl, 6-isoquinolyl, 7-isoquinolyl, and 8-isoquinolyl group; the qunoxalinyl includes 2-qunoxalinyl, 5-qunoxalinyl, and
6-qunoxalinyl; the carbazolyl includes 1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl, and 9-carbazolyl; the phen-
anthrinyl includes 1-phenanthrinyl, 2-phenanthrinyl, 3-phenanthrinyl, 4-phenanthrinyl, 6-phenanthrinyl, 7-phenanthrinyl,
8-phenanthrinyl, 9-phenanthrinyl, and 10-phenanthrinyl; the acridinylincludes 1-acridinyl, 2-acridinyl, 3-acridinyl, 4-acrid-
inyl, and 9-acridinyl; the phenanthrolinyl includes 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl group, 1,7-phen-
anthrolin-4-yl group, 1,7-phenanthrolin-5-yl group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl group, 1,7-phen-
anthrolin-9-yl group, 1,7-phenanthrolin-10-yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin-3-yl group, 1,8-
phenanthrolin-4-yl group, 1,8-phenanthrolin-5-yl group, 1, 8-phenanthrolin-6-yl group, 1, 8-phenanthrolin-7-yl group, 1,
8-phenanthrolin-9-yl group, 1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl group, 1,9-phenanthrolin-3-yl group,
1,9-phenanthrolin-4-yl group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl group, 1,9-phenanthrolin-7-yl group,
1,9-phenanthrolin-8-yl group, 1,9-phenanthrolin-10-yl group, 1,10-phenanthrolin-2-yl group, 1,10-phenanthrolin-3-yl
group, 1,10-phenanthrolin-4-yl group, 1,10-phenanthrolin-5-yl group, 2,9-phenanthrolin-1-yl group, 2,9-phenanthrolin-
3-yl group, 2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-
7-ylgroup, 2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-
3-yl group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-
7-yl group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10-yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin-
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 2,7-phenanthrolin-6-yl group, 2,7-phenanthrolin-
8-yl group, 2,7-phenanthrolin-9-yl group, and 2,7-phenanthrolin-10-yl group; the phenazinyl includes 1-phenazinyl, and
2-phenazinyl; the phenothiazinyl includes 1-phenothiazinyl, 2-phenothiazinyl, 3-phenothiazinyl, 4-phenothiazinyl, and
10-phenothiazinyl; the phenoxazinyl includes 1-phenoxazinyl, 2-phenoxazinyl, 3-phenoxazinyl, 4-phenoxazinyl, and 10-
phenoxazinyl; the oxazolyl includes 2-oxazolyl, 4-oxazolyl, and 5-oxazolyl; the oxadiazole includes 2-oxadiazolyl, and
5-oxadiazolyl; the furazanyl includes 3-furazanyl; the dibenzofuranyl includes 1-dibenzofuranyl, 2-dibenzofuranyl, 3-
dibenzofuranyl, and 4-dibenzofuranyl; and the dibenzothiophenyl includes 1-dibenzothiophenyl, 2-dibenzothiophenyl,
3-dibenzothiophenyl, and 4-dibenzothiophenyl.As described herein, the term "(C1-C30)alkyl" may include (C1-C20)alkyl
or (C1-C10)alkyl, and the term "(C6-C30)aryl" may include (C6-C20)aryl or (C6-C12)aryl. The term "(C3-C30)heteroaryl"
may include (C3-C20)heteroaryl or (C3-C12)heteroaryl, and the term "(C3-C30)cycloalkyl" may include (C3-C20)cy-
cloalkyl or (C3-C7)cycloalkyl. The term, "(C2-C30)alkenyl or alkynyl" may include (C2-C20)alkenyl or alkynyl, or (C2-
C10)alkenyl or alkynyl.

[0018] As described herein, the expression "substituted" in "substituted or unsubstituted", means to be further substi-
tuted with an unsubstituted substituent. Herein, substituents further substituted with the R, R4 through Rg, R4 through
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R42, R34 through Rs,, Ry through Rys, Rgq through Rgs, Rgq through Rgg, R4 through Rgy, Los M and Ar, independently
represent one or more selected from the group consisting of deuterium, halogen, halogen-substituted or unsubstituted
(C1-C30)alkyl, (C6-C30)aryl, (C6-C30)aryl-substituted or unsubstituted (C3-C30)heteroaryl, 5- to 7-membered hetero-
cycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more aromatic rings, (C3-C30)cycloalkyl, (C6-C30)
cycloalkyl fused with one or more aromatic rings, Rg1Rg5Rg3Si-, (C2-C30)alkenyl, (C2-C30)alkynyl, cyano, carbazolyl,
NRg4Rgs5, BRggRg7, PRggRgg, P(=0)RggR 101, (C6-C30)ar(C1-C30)alkyl, (C1-C30)alkyl(C6-C30)aryl, R4g5S-, R4030-,
R104C(=0)-, R4g5C(=0)0-, carboxyl, nitro or hydroxyl; Rg4 through R 45 independently represent hydrogen, deuterium,
halogen, substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubsti-
tuted (C3-C30)heteroaryl, or substituted or unsubstituted 5- to 7-membered heterocycloalkyl or they are linked to an
adjacent substituent via substituted or unsubstituted (C3-C30)alkylene or substituted or unsubstituted (C3-C30)alke-
nylene with or without a fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring, carbon atoms
of the formed alicyclic ring and monocyclic or polycyclic aromatic ring may be substituted with one or more hetero atoms
selected from the group consisting of nitrogen, oxygen and sulfur; andR, g4 and R4(5 represent (C1-C30)alkyl, (C1-C30)
alkoxy, (C6-C30)aryl or (C6-C30)aryloxy.

[0019] In particular, it is confirmed that when a compound of Chemical Formula 14 was selected as a dopant and
compounds of Chemical Formula 8 and 10, Chemical Formula 11 to 12, and Chemical Formula 3 to 5 were selected as
a host, more efficient luminous properties are revealed to obtain a high-performance organic electroluminescent device
with high efficiency and long life property.

Chemical Formula 14

;‘_T;‘HHLEM)

wherein
R represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl;
L, is selected from the following structures, and

the Ryq4 through R,5 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl, (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl or halogen;

Roo4 through R, 4 independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, substituted
or unsubstituted (C6-C30)aryl, SFs, substituted or unsubstituted tri(C1-C30)alkylsilyl, substituted or unsubstituted di(C1-
C30)alkyl(C6-C30)arylsilyl, substituted or unsubstituted tri(C6-C30)arylsilyl, cyano or halogen;

Rooq through Ry,4 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)alkyl
or (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl, and

n, and m independently represent an integer of 1 to 3.
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Chemical Formula 8

wherein

Z represents -O-, -S-, -C(R41R42)-, -N(Ry5)-;

Y14 through Y, represent C;

Y13 represents -N(Ry5)-;

R34 and R3, independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl, sub-
stituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted (C1-C30)alkylsilyl
group, substituted or unsubstituted (C1-C30)arylsilyl group, and substituted or unsubstituted (C1-C30)alkyl(C6-C30)
arylsilyl group,

the Ry4q through R4, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl, and substituted or unsubstituted (C3-C30)heteroaryl,

the Ry5 represents unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, and substituted or unsubsti-
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tuted (C3-C30)heteroaryl,
p and q independently represent an integer of 0 through 4; when p or q represent an integer larger than 2, each R34 and
Rs3, may be the same or different from each other.

Chemical Formula 3 (Cz-Ly),-M
Chemical Formula 4 (Cz),-L-M

wherein
Cz has a following structure,

c(Rsz)@\T,@:—(Rm)d

]
*

Rg, through Rs3 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, R{;R1gR9Si-, R4 through
R4g independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl; each
Rs, or Rg3 may be the same or different from each other;

L, represents a chemical bond, substituted or unsubstituted (C6-C30)arylene, and substituted or unsubstituted (C5-C30)
heteroarylene;

M represents substituted or unsubstituted (C6-C30)aryl group, and substituted or unsubstituted (C5-C30)heteroaryl;

a through d independently represent an integer of 0 through 4.

Chemical Formula 5

N A7,
Aq \ | As A11’A1\U
y) P Az Ag
e seY

wherein

A, through A4, represent CRgy;

A5 through A19 independently represent CRg4 or N,

Xrepresents -N(Rgy)-, -S-, -O-, and -Si(Rg5)(Rge)-;

Ar, represents substituted or unsubstituted (C6-C40)arylene, and substituted or unsubstituted (C3-C40)heteroarylene;
except for the case that e=0 and A5 through A,q represent CRg4 at the same time,

Re1 and Rgy4 through Rgg independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)
alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, NR,4R;,, and
R79RgoRg1Si-,

the R;4 through R7, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl, and the R;g through Rg4 independently represent
substituted or unsubstituted (C1-C30)alkyl or substituted or unsubstituted (C6-C30)aryl, and e represents an integer of
0 through 2.The organic electroluminescent compound of Chemical Formula 1 may be exemplified by the following
compounds, which are not intended to limit the present invention.
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[0020] The organic electroluminescent compounds of Chemical Formulas 2 to 5 may be exemplified by the following

compounds, which are not intended to limit the present invention.

Pl N 1;|1N= N M N N:pr
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T WL NP A, ?j?
: O .—? e g
G;Q O 105 b O 106 g 107

[0021] The compound of Chemical Formula 1 may be prepared as shown in Scheme 1. The following preparing method
is not intended to limit a method for preparing the organic electroluminescent compound of Chemical Formula 1, and
modifications of the following preparing method would be obvious to those skilled in the art.

[Scheme 1]
Fa Ry
R — —
% i fﬁﬂz WClLxHO R iy
(i {R)y, R BIOH R O - ! :
Nz : R . B )
.r - o — - e R
Br ] B Ry - = RECTOPY-
Fe il TR
R; Q Ry H Ry L 4 ]
. — v
R Ry i

[0022] [In Scheme 1, L4, R, R4 through Rg, n and m are the same as defined in Chemical Formula 1.]

[0023] The electroluminescent layer means a layer where electroluminescence occurs. It may have a single layer or
a plurality of layers where two or more layers are stacked. In case a combination of a dopant and a host is used in the
present invention, remarkable improvement in luminous efficiency may be confirmed.

[0024] In addition, a doping concentration of the dopant compound based on the host compound in the electrolumi-
nescent layer is in a range of below 20 wt%.

[0025] In the organic electroluminescent device of the present invention, the organic layer may further contain one or
more metals selected from the group consisting of organic metals of Group 1, Group 2, 4t period and 5t period transition
metals, lanthanide metals, and d-transition elements in the Periodic Table of Elements or complex compounds, besides
the organic electroluminescent compounds of Chemical Formulas 1 to 4. The organic layer may include both an elec-
troluminescent layer and a charge generating layer.

[0026] In the organic electronic device of the present invention, the organic layer may include the organic electrolu-
minescent compounds of Chemical Formulas 1 to 4, and at the same time include one or more compounds selected
from the group consisting of arylamine-based compounds and styrylarylamine-based compounds. Specific examples of
the arylamine-based compounds or the styrylarylamine-based compounds are described on paragraphs <212> to <224>
in the specification of Korean Patent Application No. 10-2008-0060393, but are not limited thereto. Specific examples
of the organic electroluminescent compounds of Chemical Formulas 2 to 4 are exemplified in Korean Patent Application
Nos. 10-2009-0027221, 10-2009-0027256, 10-2009-0037519, 10-2009-0062882, 10-2009-0067370, 10-2009-0073260,
10-2009-0123174, 10-2010-0007866, or 10-2010-0040384, but are not limited thereto.

[0027] Further, the organic layer may further include one or more organic electroluminescent layers containing red,
green, or blue electroluminescent compounds besides the organic electroluminescent compound at the same time,
thereby manufacturing an organic electroluminescent device for emitting white light. The compounds for emitting red,
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green, or blue light are exemplified in Korean Patent Application Nos. 10-2008-0123276, 10-2008-0107606, or
10-2008-0118428, but are not limited thereto.

[0028] In the organic electroluminescent device of the present invention, it is preferable to arrange at least one layer
(hereinafter, referred to as "surface layer") selected from chalcogenide layers, metal halide layers, and metal oxide
layers, on the inside surface of at least one side of a pair of electrodes. Specifically, it is preferable to arrange a chal-
cogenide (including oxides) layer of silicon and aluminum metal on an anode surface of an electroluminescent medium
layer, and a metal halide layer or a metal oxide layer on a cathode surface of the electroluminescent medium layer. This
enables driving stability to be obtained. Examples of the chalcogenides may include SiOy(1<X<2), AlOy(1<X<1.5), SiON,
SIAION, and the like, examples of the metal halides may include LiF, MgF,, CaF,, rare earth metal fluoride, and the like,
and examples of the metal oxides may include Cs,0, Li,O, MgO, SrO, BaO, CaO and the like.

[0029] In the organic electroluminescent device of the present invention, it is also preferable to arrange a mixed region
of an electron transport compound and a reductive dopant or a mixed region of a hole transport compound and an
oxidative dopant on a surface of at least one of the pair of electrodes thus manufactured. Therefore, the electron transport
compound is reduced into an anion, which facilitates to inject or transport electrons into the electroluminescent medium
from the mixed region. In addition, the hole transport compound is oxidized into a cation, which facilitates to inject or
transport holes into the electroluminescent medium from the mixed region. Preferable oxidative dopants include various
Lewis acids and acceptor compounds. Preferable reductive dopants include alkaline metals, alkaline metal compounds,
alkaline earth metals, rare-earth metals, and mixtures thereof. In addition, a layer of the reductive dopant may be used
as the charge generating layer to manufacture a white organic electroluminescent device having two or more electrolu-
minescent layers.

ADVANTAGEOUS EFFECTS

[0030] As set forth above, an organic electroluminescent device using a specific dopant-host organic electrolumines-
cent compound according to the present invention had better luminous efficiency and longer operation life at a lower
driving voltage as compared with a device using the existing electroluminescent material. It is considered that a specific
combination of dopant and host has a comparative proper level of energy to show excellent luminous efficiency and
long operation life.

BEST MODE

[0031] Hereinafter, the present invention is further described by taking representative compounds of the present
invention as examples with respect to the organic electroluminescent compound according to the invention, a preparing
method thereof, and electroluminescent properties of the devices, but those examples are provided only for illustration
of the embodiments, not being intended to limit the scope of the invention.

[Preparation Example 1] Preparation of Compound 1

[0032]

) ® O

S B(OH), Pd(PPhs) T 2-ethoxy ethangl =
| 2 O g N ) 4 irClyr xH,0 SN STANG, I N. Cl O
N2 + HZO -, -

Toluene

2M Na,CO, 4~ -
Br s O ' b/ NT ]
N

1-1

> O

acac, Nay,CO. N

2-Ethoxyethanol | ~Neo 0= Glycerol | =N
el P + 11 5t 220°C N
498 o i
LM <
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Preparation of Compound 1-1

[0033] 2,5-Dibromo-4-methylpyridine 30 g (120 mmol), phenylboronic acid 44 g (359 mmol), and Pd(PPhs), 8.3 g
(7.17 mmol) were dissolved in toluene 400 mL, ethanol 200 mL, and 2M Na,CO5 300 mL in the presence of nitrogen,
and then stirred under reflux at 120 . Upon completion of the reaction after 2 hours, the resultant material was washed
with distilled water, and extracted with ethyl acetate. The organic layer was dried over MgSO, and the solvent was
removed by a rotary evaporator, followed by purification using column chromatography, thereby obtaining Compound
1-1 (15.3 g, 61 mmol).

Preparation of Compound 1-2

[0034] Compound 1-2 20.1 g (82 mmol), iridium chloride (IrCl3) 11 g (37 mmol), 2-ethoxyethanol 450 mL, and distilled
water 150 mL were put into a reaction vessel, and then stirred under reflux for 24 hours. Upon completion of the reaction,
the resultant material was cooled to room temperature, and the precipitated solid material was filtered. The solid thus
obtained was washed with water and methanol, and recrystallized with hexane, thereby obtaining Compound 1-2 17 g
(12 mmol).

Preparation of Compound 18

[0035] Compound1-2 17 g (12 mmol), Na,CO57.6 g (71 mmol), and 2,4-pentanedione 3.7 ml (37 mmol) were dissolved
in 2-ethoxy ethanol 200 mL, and then stirred under reflux for 5 hours. Upon completion of the reaction, the resultant
material was cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was separated
and recrystallized by using silica gel column chromatography, thereby obtaining yellow crystalline Compound 18 13 g
(17 mmol).

Preparation of Compound 1

[0036] Compound 18 8 g(10.2 mmol), Compound 1-1 5 g(20 mmol), and glycerol 100 mL were stirred under reflux at
220°C for 12 hours, and then cooled to room temperature. The resultant mixture was washed with water and methanol,
and then dissolved in methylene chloride, followed by separation using silica gel column chromatography, thereby
obtaining yellow crystals of an iridium complex compound, Compound 1 6 g(7 mmol).

MS/FAB found 926, calculated 925.15

[Preparation Example 2] Preparation of Compound 8

[0037]
v PdiPPhy) L 7
J— ks % Pe{PPhaty
= BOH _ B{OH S
oo+ H Mol o =
Toluens Teduere M =
Br 20 Magld, 208 Na,Co,
AGOTF
>4 —
Z-Methamy
f ehirlehiter
; + |Gl mHO | A
W : + BIOH: poypphy), Zathamy cthansl #Hl. 8
: Tolusne Hiy |

Er 20 NagiCh
z

Preparation of Compound 2-1

[0038] 2,5-dibromopyridine 5 g (21 mmol) was treated in the same manner as the preparation method of Preparation
Example 1 for Compound 1-1, thereby obtaining Compound 2-1 4 g (17 mmol).
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Preparation of Compound 2-2

[0039] Compound 2-14 g (17 mmol), o-tolylboronic acid 2.8 g (20 mmol), and Pd(PPh3), 1g (0.9 mmol) were dissolved
in toluene 80 mL, ethanol 40 mL, and 2M Na,CO5 40 mL in the presence of nitrogen, and then stirred under reflux at
120 . Upon completion of the reaction after 2 hours, the resultant material was washed with distilled water, and extracted
with ethyl acetate. The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed
by purification using column chromatography, thereby obtaining Compound 2-2 (4 g, 15 mmol).

Preparation of Compound 2-3

[0040] 2-Bromopyridine 5 g (21 mmol) was treated in the same manner as the preparation method of Preparation
Example 1 for Compound 1-1, thereby obtaining Compound 2-3 4 g (17 mmol).

Preparation of Compound 2-4

[0041] Compound 2-3 4 g(15 mmol), iridium chloride(IrCl3) 2 g(6.8 mmol), 2-ethoxyethanol 90 mL, and distilled water
30 mL were added and stirred under reflux for 24 hours. Upon completion of the reaction, the resultant material was
cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was washed with water and
methanol, and recrystallized with hexane, thereby obtaining Compound 2-4 3 g (2 mmol).

Preparation of Compound 8

[0042] Compound 2-4 14 g (13 mmol), Compound 2-2 9.8 g(39 mmol), AgCF;S0O3 10 g (39 mmol), and 2-methoxy-eth-
ylether 50 mL were stirred under reflex for 12 hours, and then cooled to room temperature. The resultant mixture was
washed with water and methanol, and then dissolved in methanol, followed by separation using silica gel chromatography,
thereby obtaining red crystals of an iridium complex compound, Compound 8 3.5 g (4.5 mmol).

MS/FAB found 745, calculated 744.90

[Preparation Example 3] Preparation of Compound 10
[0043]
D
Br
B
r { O

7 BOH): _Pd(PPhgy, I B(OH), Pd( F’Ph34 2-ethoxy ethang]
N * Toluene Toluene ] = + IrClg” xH0

H20
2M NayCOsg 2M NasCO3 N2 2

31 O 3-2

B D] D - D -
® o
D D O
D D
Glycerol AN

| AN [~ ] acac, Na,COs
————
PAN ., /CJ 2-Ethoxyethanol
- v -

| = *32 at220°C I AN |
S 4 . __,:>Ir
D D L |
s O 24 10

Preparation of Compound 3-1

[0044] 2.5-Dibromopyridine 5 g (21 mmol) was treated in the same manner as the preparation method of Preparation
Example 1 for Compound 1-1, thereby obtaining Compound 3-1 2.6 g (11 mmol).
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Preparation of Compound 3-2

[0045] Compound 3-1 2.6 g (11 mmol), d>-phenyl boronic acid 1.8 g (13 mmol), and Pd(PPhs), 0.7 g (0.6 mmol) were
dissolved in toluene 40 mL, ethanol 20 mL, and 2M Na,CO4 20 mL in the presence of nitrogen, and then stirred under
reflux at 120 . Upon completion of the reaction after 2 hours, the resultant material was washed with distilled water, and
extracted with ethyl acetate. The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator,
followed by purification using column chromatography, thereby obtaining Compound 3-2 (2.2 g, 9.3 mmol).

Preparation of Compound 3-3

[0046] Compound 3-2 2.2 g(9.3 mmol), iridium chloride(IrCl;) 1.1 g(4.2 mmol), 2-ethoxyethanol 45 mL, and distilled
water 15 mL were added and stirred under reflux for 24 hours. Upon completion of the reaction, the resultant material
was cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was washed with water
and methanol, and recrystallized with hexane, thereby obtaining Compound 3-3 1.9 g (1.4 mmol).

Preparation of Compound 3-4

[0047] Compound 3-3 1.9 g (1.4 mmol), Na,CO5 0.82 g(8.4 mmol), and 2,4-pentanedione 2.3 mi(4.2 mmol) were
dissolved in 2-ethoxyethanol 30 mL and then stirred under reflux for 5 hours. Upon completion of the reaction, the
resultant material was cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was
separated by using silica gel column chromatography and recrystralized, thereby obtaining yellow crystals, Compound
3-4 0.67 g (0.9 mmol).

Preparation of Compound 10

[0048] Compound 3-4 1.4 g (1.8 mmol), Compound 3-2 0.85 g (3.6 mmol) and glycerol 20 mL were stirred under reflux
for 12 hours at 220°C and cooled to room temperature. The mixture was washed with water and methanol, dissolved in
methylenechloride and separated by using silica gel column chromatography, thereby obtaining yellow crystals of an
iridium complex compound, Compound 10 0.8 g(0.9 mmol).

MS/FAB found 899, calculated 898.16

[Preparation Example 4] Preparation of Compound 20
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Preparation of Compound 4-1

[0050] 2,5-Dibromo-4-methylpyridine 5 g (21 mmol) was treated in the same manner as the preparation method of
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Preparation Example 1 for Compound 1-1, thereby obtaining Compound 4-1 4 g (17 mmol).

Preparation of Compound 4-2

[0051] Compound 4-14 g (17 mmol), 4-fluorophenylboronic acid 2.8 g (20 mmol), and Pd(PPh3)4 1 g (0.9 mmol) were
dissolved in toluene 80 mL, ethanol 40 mL, and 2M Na,CO5 40 mL in the presence of nitrogen, and then stirred under
reflux at 120 . Upon completion of the reaction after 2 hours, the resultant material was washed with distilled water, and
extracted with ethyl acetate. The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator,
followed by purification using column chromatography, thereby obtaining Compound 4-2 (4 g, 15 mmol).

Preparation of Compound 4-3

[0052] Compound 4-2 4 g(15 mmol), iridium chloride(IrCls) 2 g(6.8 mmol), 2-ethoxyethanol 90 mL, and distilled water
30 mL were added and stirred under reflux for 24 hours. Upon completion of the reaction, the resultant material was
cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was washed with water and
methanol, and recrystallized with hexane, thereby obtaining Compound 4-3 3 g (2 mmol).

Preparation of Compound 20

[0053] Compound4-314g(13 mmol), Compound 2-39.8 g (39 mmol), AgCF3SO5 10 g(39 mmol), 2-Methoxy-ethylether
50 mL were stirred under reflux for 12 hours and cooled to room temperature. The resultant material was washed with
water and methanol, dissolved in methanol, and separated by using silica gel column chromatography, thereby obtaining
red crystals of an iridium complex compound, Compound 20 3.5 g(4.5 mmol).

MS/FAB found 782, calculated 871.01

[Preparation Example 5] Preparation of Compound 37
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Preparation of Compound 5-1

[0055] 2,5-Dibromo-4-methylpyridine 5 g (21 mmol), naphthalene-1-ylboronic acid 2.6 g (21 mmol), and Pd(PPh3),
1.3 g (1.1 mmol) were dissolved in toluene 50 mL, ethanol 25 mL, and 2M Na,CO5; 25 mL in the presence of nitrogen,
and then stirred under reflux at 120 . Upon completion of the reaction after 2 hours, the resultant material was washed
with distilled water, and extracted with ethyl acetate. The organic layer was dried over MgSO, and the solvent was
removed by a rotary evaporator, followed by purification using column chromatography, thereby obtaining Compound
5-1 (2.6 g, 11 mmol).
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Preparation of Compound 5-2

[0056] Compound 5-1 2.6 g (11 mmol), d>-phenyl boronic acid 1.8 g (13 mmol), and Pd(PPhs), 0.7 g (0.6 mmol) were
dissolved in toluene 40 mL, ethanol 20 mL, and 2M Na,CO4 20 mL in the presence of nitrogen, and then stirred under
reflux at 120 . Upon completion of the reaction after 2 hours, the resultant material was washed with distilled water, and
extracted with ethyl acetate. The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator,
followed by purification using column chromatography, thereby obtaining Compound 5-2 (2.2 g, 9.3 mmol).

Preparation of Compound 5-3

[0057] Compound 5-2 2.2 g(9.3 mmol), iridium chloride(IrCl;) 1.1 g(4.2 mmol), 2-ethoxyethanol 45 mL, and distilled
water 15 mL were added and stirred under reflux for 24 hours. Upon completion of the reaction, the resultant material
was cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was washed with water
and methanol, and recrystallized with hexane, thereby obtaining Compound 5-3 1.9 g (1.4 mmol).

Preparation of Compound 5-4

[0058] Compound 5-3 1.9 g (1.4 mmol), Na,CO5 0.82 g(8.4 mmol), and 2,4-pentanedione 2.3 mi(4.2 mmol) were
dissolved in 2-ethoxyethanol 30 mL and then stirred under reflux for 5 hours. Upon completion of the reaction, the
resultant material was cooled to room temperature, and the precipitated solid was filtered. The solid thus obtained was
separated by using silica gel column chromatography and recrystralized, thereby obtaining yellow crystals, Compound
5-4 0.67 g (0.9 mmol).

Preparation of Compound 37

[0059] Compound 5-4 1.4 g (1.8 mmol), Compound 5-2, and glycerol 20 mL were stirred under reflux for 12 hours at
220°C and cooled to room temperature. The mixture was washed with water and methanol, dissolved in methylenechloride
and separated by using silica gel column chromatography, thereby obtaining yellow crystals of an iridium complex
compound, Compound 37 0.8 g(0.9 mmol).

MS/FAB found 1091, calculated 1090.42

[Preparation Example 6] Preparation of Compound 50
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Preparation of Compound 6-2

[0061] Compound 6-1 28g (100.68mmol) was mixed with triethylphosphite 300ml, and then the mixture was stirred at
150 . After 6 hours, the resultant material was cooled to room temperature, and then distilled under reduced pressure,
followed by extraction with EA and wash with distilled water. Then, drying over magnesium sulfate, distillation under
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reduced pressure, and then column separation were performed, thereby obtaining Compound 6-2 11g(44.69mmol,
44.38%).

Preparation of Compound 6-3

[0062] Compound 6-2 11g (44.69mmol), 2-chloro-4,6-diphenyl-1,3,5-triazine 18.23g (89.39mmol), Cul
4.25g(22.34mmol), K;PO, 28.49(134.09mmol), toluene 200ml were mixed, and then the mixture was heated to 50 .
Ethylenediamine 3.01ml (44.69mmol) was put thereinto, and stirred under reflux. After 14 hours, the resultant material
was cooled to room temperature, and then distilled water was added thereinto, followed by extraction with EA and drying
over magnesium sulfate. Then the resultant material was distilled under reduced pressure, followed by column separation,
thereby obtaining Compound 6-3 12g(37.24mmol, 83.32%).

Preparation of Compound 6-4

[0063] Compound 6-3 12g (37.42mmol), 2-(methylthio)phenylboronic acid 7.5g (44.69mmol), Pd(PPhs), 2.15g
(1.6mmol), 2M aqueous Na,CO4 solution 45ml, and THF 200ml were mixed, and then stirred under reflux. After 5 hours,
the resultant material was cooled to room temperature, and then extracted with EA, followed by wash with distilled water.
Then, drying over magnesium sulfate, distillation under reduced pressure, and then column separation were performed,
thereby obtaining Compound 6-4 10g(27.36mmol, 73.47%).

Preparation of Compound 6-5

[0064] Compound 6-4 10g (27.36mmol) was added into acetic acid 100ml, and H,O, 2.65ml (30.09mmol), 35%) was
slowly added thereinto. The mixture was stirred at room temperature for 12 hours, and the acetic acid was distilled under
reduced pressure. The resultant was extracted with dichloromethane, and neutralized with aqueous NaHCO4 solution.
Then, drying over magnesium sulfate and distillation under reduced pressure were performed, thereby obtaining Com-
pound 6-5 10g(26.21mmol, 95.79%).

Preparation of Compound 50

[0065] Compound 6-5 10g (26.21mmol) was mixed with trifluoromethanesulfonic acid 70ml, and then the mixture was
stirred to 100 . After 5 hours, the resultant material was cooled to room temperature, and then added into pyridine-distilled
water (in the ratio of 1:5) 100 ml. The resultant material was stirred under reflux for 1 hour, and cooled to room temperature.
The generated solid was filtered under reduced pressure, followed by column separation, thereby obtaining Compound
50 6g(17.16mmol, 65.47%).

MS/FAB found 505, calculated 504.60

[Preparation Example 7] Preparation of Compound 52

[0066]

.Ja.‘t’+ atesy —EBV.

[0067] 1-Bromo-2-nitrobenzene 15g (0.074mol) was added into a 1 L two-neck RBF, and 9,9-dimethyl-9H-fluoren-2-
ylboronic acid 23g (0.096mol), Pd(PPh,), 4.2g (0.003mol), Na,CO5 (2M) 111mL, and EtOH 111mL were added thereinto,
and toluene 200ml was added thereinto. Then, the resultant mixture was heated to 120 , and then stirred for 3 hours.
Upon completion of the reaction, the resultant material was washed with distilled water, and extracted with ethyl acetate.
The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed by purification
using column chromatography, thereby obtaining Compound 7-1 22g (95%).

Preparation of Compound 7-1

25



10

15

20

25

30

35

40

45

50

55

EP 2 599 851 A2

Preparation of Compound 7-2

[0068] Compound 7-1 24g (0.076mol) was put into a 1L two-neck RBF, and triethylphosphoite 200ml and 1,2-dichlo-
robenzene 200ml were added thereinto. The resultant mixture was heated to 140 , and then stirred for 12 hours. Upon
completion of the reaction, the solvent was distilled, followed by wash with distilled water and extraction with ethyl acetate.
The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed by purification
using column chromatography, thereby obtaining Compound 7-2 7g (33%).

Preparation of Compound 52

[0069] NaH (60% in mineral oil) 575 mg (14.38 mmol) was diluted in DMF 30 mL. Compound 7-2 2.5 g (11.50 mmol)
was dissolved in DMF 20 mL, and the resultant solution was added into the above diluted solution. Then, the mixed
solution was stirred at room temperature for 1 hour. 2-Chloro-4,6-diphenyl-1,3,5-triazine 3.0 g (11.50 mmol) was dissolved
in DMF 20 MI, and then this solution was added into the above stirred solution. The resultant mixture was stirred at room
temperature for 3 hours, and water 50 mL was added thereinto. The generated solid was filtered under reduced pressure,
and the solid thus obtained was recrystallized with DMF and EA, thereby obtaining Compound 52 2.8 g (54 %).
MS/FAB found 515, calculated 514.62

[Preparation Example 8] Preparation of Compound 71

[0070]
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Preparation of Compound 8-1

[0071] 1,3-Dibromobenzene 20 g (84.77 mmol) was dissolved in THF 500 mL, and then cooled to a temperature of
-78 . n-BuLi 2.5M 33.9 mL(84.77 mmol) was slowly added thereinto, and then stirred at a temperature of -78 for 1 hour.
Chlorotriphenylsilane ((CgHs)3SiCl) 29.9 g was dissolved in THF 100 mL, and this solution was added into the above
reaction mixture. The resultant mixture was slowly warmed to room temperature, and stirred for 12 hours. Then, extraction
with EA, wash with distilled water and aqueous NaCl solution, drying over MgSQ,, distillation under reduced pressure,
and recrystallization with MC-MeOH in the ratio of 1:10, were sequentially performed, thereby obtaining Compound 8-1
189(95%).

Preparation of Compound 8-2

[0072] Compound 8-1 20 g (90.06 mmol) was dissolved in THF 600 mL, and then cooled to - 78 . n-BuLi 2.5M 43.2
mL(108.08 mmol) was slowly added thereinto, and then stirred at a temperature of -78 for 1 hour. Trimethylborate 16.06
mL(144.11 mmol) was added thereinto. The resultant mixture was slowly warmed to room temperature, and stirred for
12 hours. Then, extraction with EA, wash with distilled water and aqueous NaCl solution, drying over MgSQ,, distillation
under reduced pressure, and recrystallization with MC-MeOH in the ratio of 1:10, were sequentially performed, thereby
obtaining Compound 8-2 12 g(35 %).

Preparation of Compound 8-3

[0073] NaH (60% in mineral oil) 3.3 g (83.90 mmol) was diluted in DMF 10 mL. Carbazole 11.2 g(67.12 mmol) was
dissolved in DMF 60 mL, and this solution was added into the above reaction solution, and then stirred at room temperature
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for 1 hour. 2,4-Dichloropyrimidine 10g(67.12mmol) was dissolved in DMF 60 mL, and this solution was added into the
above reaction solution. The resultant material was stirred at room temperature for 4 hours, and then distilled water 40
mL was added thereinto. Then, extraction with MC, wash with distilled water and aqueous NaCl solution, drying over
MgSOy,, distillation under reduced pressure, and purification using column chromatography were sequentially performed,
thereby obtaining Compound 8-3 4.0 g(21 %).

Preparation of Compound 71

[0074] Compound 8-3 3.8 g(13.58 mmol), Compound 8-2 6.2 g(16.30 mmol), Pd(PPh3), 784 mg (0.67 mmol), 2M
aqueous Na,COj solution 70 mL, EtOH 50 mL and toluene 200 mL was inputted, and then stirred under reflux at 120
for 12 hours. The resultant material was cooled to room temperature, followed by extraction with EA, wash with distilled
water and aqueous NaCl solution, and recrystallization with EA, thereby obtaining Compound 71 5.5 g(69 %).
MS/FAB found 580, calculated 579.76

[Preparation Example 9] Preparation of Compound 76

X fm f&
Moot O oo
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Preparation of Compound 9-1

[0076] 1,3-Dibromobenzene 28 g(0.119 mol) was dissolved in THF 600 mL, and then n-BuLi 47.5 mL was slowly
added dropwise thereto at -78°C, followed by stirring for 1 hour. 2-Chloro-4,6-diphenyl-1,3,5-triazine 47.5 mL was slowly
added dropwise thereto, and the resultant mixture was stirred at room temperature for 5 hours after the temperature
was slowly raised. After the reaction is completed, extraction with EA and distilled water and column separation were
sequentially performed, thereby obtaining Compound 9-1 15.7 g (40.43 mmol, 40.4%).

Preparation of Compound 9-2

[0077] 9H-carbazole 10 g (41.10 mmol) and Compound 9-1 15.7 g (40.43 mmol) were added into Pd(OAc), 0.46 g,
NaOt-bu 7.9 g (82.20 mmol), toluene 100 mL, and P(t-bu); 2 mL (4.11 mmol, 50% in toluene), and stirred under reflux.
After 10 hours, the resultant material was cooled to room temperature. Distilled water was put thereinto, followed by
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extraction with EA, drying over MgSQO,, drying under reduced pressure, and column separation, thereby obtaining
Compound 9-2 12.5 g (26.34 mmol, 65.2%).

Preparation of Compound 9-3

[0078] Compound 9-2 12.5 g (26.34 mmol) was put into a 1-neck flask, which is then filled with argon under vacuum
ambient. Tetrahydrofurane 500 mL was put thereinto, followed by stirring at 0 for 10 minutes. NBS 7.35 g (40.78 mmol)
was added thereinto, and stirred at room temperature for one day. Upon completion of the reaction, the resultant reaction
material was extracted with distilled water and EA. The organic layer was dried over MgSO, and the solvent was removed
by a rotary evaporator, followed by column chromatography using hexane and EA as a developing solvent, thereby
obtaining Compound 9-3 9.8 g (17.71 mmol, 67.3%).

Preparation of Compound 9-4

[0079] 9H-carbazole 70 g(0.42 mmol), lodobenzene 46 mL, Cu 40 g, potassium carbonate 174 g, 18-crown-6 9 g,
and 1,2-dichlorobenzene 2 L all are input, and then stirred under reflex for 12 hours. Upon completion of the reaction,
extraction with EA, drying over MgSQ,, distillation under reduced pressure, and column separation were sequentially
performed, thereby obtaining Compound 9-4 63.4 g(260.58 mmol, 62%).

Preparation of Compound 9-5

[0080] Compound 9-4 63.4 g (260.58 mmol) was put into a 1-neck flask, which is then filled with argon under vacuum
ambient. Tetrahydrofurane 500 mL was added thereinto, and then stirred at 0 for 10 minutes. NBS 7.35 g (40.78 mmol)
was added thereinto, and stirred at room temperature for 1 day. Upon completion of the reaction, the resultant reaction
material was extracted with distilled water and EA. The organic layer was dried over MgSO, and the solvent was removed
by a rotary evaporator, followed by column chromatography using hexane and EA as a developing solvent, thereby
obtaining Compound 9-5 52.4 g (162.63 mmol, 62.4%).

Preparation of Compound 9-6

[0081] Compound 9-552.4 g (162.63 mmol) was put into a 1-neck flask, which is then filled with argon under vacuum
ambient. Tetrahydrofurane 500 mL was added thereinto, and then stirred at -78 for 10 minutes. n-BuLi(2.5M in hexane)
15.8 mL (39.45 mmol) was added dropwise thereto, and then stirred at -78 for 1 hour 30 minutes. Trimethylborate 4.85
mL (39.45 mmol) was added thereto at -78 , and then stirred at -78 for 30 minutes followed by at room temperature for
4 hours. Upon completion of the reaction, the resultant reaction material was extracted with distilled water and EA. The
organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed by column chroma-
tography using hexane and EA as a developing solvent, thereby obtaining Compound 11-6 20.3 g (70.70 mmol, 43%).

Preparation of Compound 76

[0082] Compound 9-3 9.8 g (17.71 mmol), Compound 9-6 20.3 g (70.70 mmol), Pd(PPhs), 0.8 g (0.7 mmol), 2M
aqueous K,CO4 solution 20 mL, toluene 100 mL, and ethanol 50 mL were input, and then stirred under reflux for 12
hours. Then, wash with distilled water, extraction with EA, drying over MgSQO,, distillation under reduced pressure, and
column separation were sequentially performed, thereby obtaining Compound 76 5.7 g (7.96 mmol, 50%).

MS/FAB found 716, calculated 715.84

[Preparation Example 10] Preparation of Compound 77
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Preparation of Compound 10-1

[0084] NaH 1.57 g (39.36 mmol, 60% in mineral oil) was mixed with DMF 70 mL, and 2-chloro-4,6-diphenylpyrimidine
7 g (26.24 mmol) was dissolved in DMF 60 mL. After 1 hour, 9H-carbazole was dissolved in DMF 70 mL, followed by
stirring for 10 hours. Then, addition of water, extraction with EA, drying over MgSQ,, distillation under reduced pressure,
and column separation were sequentially performed, thereby obtaining Compound 10-1 7 g(14.78 mmol, 56.33%).

Preparation of Compound 10-2

[0085] Compound 10-1 7 g (14.78 mmol) was put into a 1-neck flask, which is then filled with argon under vacuum
ambient. Tetrahydrofurane 500 mL was added thereinto, and then stirred at 0 for 10 minutes. NBS 7.35 g (40.78 mmol)
was added thereinto, and stirred at room temperature for 1 day. Upon completion of the reaction, the resultant reaction
material was extracted with distilled water and EA. The organic layer was dried over MgSO, and the solvent was removed
by a rotary evaporator, followed by column chromatography using hexane and EA as a developing solvent, thereby
obtaining Compound 10-2 5.7 g (11.97 mmol, 80.9%).

Preparation of Compound 77

[0086] Compound 10-2 5.0 g (17.4 mmol), dibenzo[b,d]thiophen-4-ylboronic acid 5.2 g (20.88 mmol), Pd(PPh3), 0.8
g (0.7 mmol), 2M aqueous K,CO3 solution 20 mL, toluene 100 mL, and ethanol 50 mL were input, and then stirred under
reflux for 12 hours. Then, wash with distilled water, extraction with EA, drying over MgSQO,, distillation under reduced
pressure, and column separation were sequentially performed, thereby obtaining Compound 77 4.3 g (10.48 mmol, 60%).
MS/FAB found 580, calculated 579.71

[Preparation Example 11] Preparation of Compound 53
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Preparation of Compound 11-1

[0088] Dibenzo[b,d]furan-4-ylboronic acid 10 g (43.84mmol), bromonitrobenzene 8.85g (43.84mmol), 2M aqueous
Na,COj, solution 70ml, toluene 200ml, and ethanol 70ml were mixed, and then stirred under reflux. After 5 hours, the
resultant material was cooled to room temperature, and then extracted with EA, followed by wash with distilled water.
Then, drying over magnesium sulfate, distillation under reduced pressure, and column separation were sequentially
performed, thereby obtaining Compound 11-1 10g (32.74mmol, 74.68%).

Preparation of Compound 11-2

[0089] Compound 11-1 10g (32.74mmol) was mixed with triethylphosphite 100ml, and then the mixture was stirred at
150 for 7 hours. The resultant material was cooled to room temperature, distilled under reduced pressure, and recrys-
tallized with EA, thereby obtaining Compound 11-2 7g(25.60mmol, 78.19%).

Preparation of Compound 53

[0090] NaH (60% in mineral oil) 3.3 g (83.90 mmol) was diluted in DMF 10 mL. Compound 11-2 18.3 g(67.12 mmol)
was dissolved in DMF 60 mL, and this solution was added into the above reaction solution, followed by stirring at room
temperature for 1 hour. 2-Chloro-4,6-diphenylpyrimidine 10g (67.12mmol)) was dissolved in DMF 60 mL, and this solution
was added into the above reaction solution. The resultant material was stirred at room temperature for 4 hours, and then
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distilled water 40 mL was added thereinto. Then, extraction with MC, wash with distilled water and aqueous NaCl solution,
drying over MgSOQy,, distillation under reduced pressure, and purification using column chromatography were sequentially
performed, thereby obtaining Compound 53 5.4 g (14.0mmol), 21 %).
MS/FAB found 504, calculated 503.62

[Preparation Example 12] Preparation of Compound 54

[0091]

Preparation of Compound 12-1

[0092] Dibenzo[b,d]thiophen-4-ylboronic acid 10 g (43.84mmol), bromonitrobenzene 8.85g (43.84mmol), 2M aqueous
Na,COj, solution 70ml, toluene 200ml, and ethanol 70ml were mixed, and then stirred under reflux. After 5 hours, the
resultant material was cooled to room temperature, and then extracted with EA, followed by wash with distilled water.
Then, drying over magnesium sulfate, distillation under reduced pressure, and column separation were sequentially
performed, thereby obtaining Compound 12-1 10g (32.74mmol, 74.68%).

Preparation of Compound 12-2

[0093] Compound 12-1 10g (32.74mmol) was mixed with triethylphosphite 100ml, and then the mixture was stirred at
150 for 7 hours. The resultant material was cooled to room temperature, distilled under reduced pressure, and recrys-
tallized with EA, thereby obtaining Compound 12-2 7g (25.60mmol, 78.19%).

Preparation of Compound 12-3

[0094] NaH (60% in mineral oil) 3.3 g (83.90 mmol) was diluted in DMF 10 mL. Compound 12-2 18.3 g(67.12 mmol)
was dissolved in DMF 60 mL, and this solution was added into the above reaction solution, followed by stirring for 1
hour. 2,4-Dichloropyrimidine 10g(67.12mmol) was dissolved in DMF 60 mL, and this solution was added into the above
reaction solution. The resultant material was stirred at room temperature for 4 hours, and then distilled water 40 mL was
added thereinto. Then, extraction with EA, wash with distilled water and aqueous NaCl solution, drying over MgSOQOy,,
distillation under reduced pressure, and purification using column chromatography were sequentially performed, thereby
obtaining Compound 12-3 5.4 g (14.0mmol), 21 %).

Preparation of Compound 54

[0095] Compound 12-3 5.2 g(13.58 mmol), Compound 8-2 6.2 g(16.30 mmol), Pd(PPh3), 784 mg (0.67 mmol), 2M
aqueous Na,CO4 solution 70 mL, ethanol 50 mL and toluene 200 mL was inputted, and then stirred under reflux at 120
for 12 hours. The resultant material was cooled to room temperature, followed by extraction with EA, wash with distilled
water and aqueous NaCl solution, and recrystallization with EA, thereby obtaining Compound 54 6.4 g(69 %).
MS/FAB found 686, calculated 685.91

[Preparation Example 13] Preparation of Compound 58

[0096]
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Preparation of Compound 58

[0097] 2-Chloro-4,6-diphenylpyrimidine 2.7 g (10.11 mmol), Compound 13-1 5 g (10.11 mmol), Pd(PPh,), 584 mg
(0.50 mmol), K,CO3 (2M) 15 mL and EtOH 15 mL were dissolved in toluene 30 mL, followed by heating at 120 . The
resultant material was stirred for 3 hours, and then, upon completion of the reaction, the resultant reaction material was
washed with distilled water and then extracted with ethyl acetate. The organic layer was dried over MgSO, and the
solvent was removed by a rotary evaporator, followed by purification using column chromatography, thereby obtaining
Compound 58 5 g (72%).

MS/FAB found 681, calculated 680.84

[Preparation Example 14] Preparation of Compound 64

[0098]

O™ g

Preparation of Compound 14-1

[0099] Dibenzo[b,d]furan-4-ylboronie acid 45 g (0.21 mol), 1-bromo-2-nitrobenzene 39 g (0.19 mol), Pd(PPh3), 11.1g
(0.0096 mol), K,CO45 (2M) 290mL, and ethanol 290 mL were put into a 1L two-neck RBF, and toluene 580mL was added
thereinto. The resultant mixture was heated to 120, and then stirred for 4 hours. Upon completion of the reaction, the
resultant material was washed with distilled water, and extracted with ethyl acetate. The organic layer was dried over
MgSO, and the solvent was removed by a rotary evaporator, followed by purification using column chromatography,
thereby obtaining Compound 14-1 47g (85%).

Preparation of Compound 14-2

[0100] Compound 14-1 47g (0.16mol), triethylphophite 600mL, and 1,2-dichlorobenzen 300mL were put in a 1L
two-neck RBF. The resultant mixture was heated to 150 , and then stirred for 12 hours. Upon completion of the reaction,
the solvent was distilled, followed by wash with distilled water and extraction with ethyl acetate. The organic layer was
dried over MgSO, and the solvent was removed by a rotary evaporator, followed by purification using column chroma-
tography, thereby obtaining Compound 14-2 39g (81%).
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Preparation of Compound 14-3

[0101] Compound 14-2 15g (0.058mol), 1,3-dibrinibenzene 82g (0.349mol), Cul 5.5g (2.91mmol), K3PO, 25g
(0.11mol), ethylene diamine 4mL (0.058mol), and toluene 500mL were put in a 1L two-neck RBF. The resultant mixture
was heated to 75, and then stirred for 12 hours. Upon completion of the reaction, the resultant reaction material was
filtered to remove Cu, followed by wash with distilled water and extraction with ethyl acetate. The organic layer was dried
over MgSO, and the solvent was removed by a rotary evaporator, followed by purification using column chromatography,
thereby obtaining Compound 14-3 17.19(71%).

Preparation of Compound 14-4

[0102] Compound 14-3 17g (0.041mol) was put in a 1L two-neck RBF, followed by drying under vacuum condition,
and then filled with nitrogen gas. THF 300ml was added thereto, and then the resultant mixture was cooled to -78 . n-
BuLi(2,5M) 24.7ml (0.061mol) was slowly added thereto, and then stirred for 1 hour while a low-temperature state is
maintained. B(i-pro)3 14.2mL (0.06 1mmol) was added thereto at -78 , followed by stirring for 12 hours. Upon completion
of the reaction, 1M HCI was added to the resulting reaction material, and then 10 minutes later, extraction with EA was
performed. The organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed by
purification using column chromatography, thereby obtaining Compound 14-4 13.8 g (90 %).

Preparation of Compound 64

[0103] 2-Bromotriphenylene 7.2g (23.44mmol), Compound 14-4 13.2g (35.16mmol), Pd(oAc), 790mg (3.51mmol),
P(t-Bu); 4.7mL (7.03mmol), and K;PO, (2M) 46mL (93.76mmol) were put in a 500mL two-neck RBF, and ethanol 46mL
and toluene 200mL were added thereto. The resultant mixture was heated to 120 , and then stirred for 2 hours. Upon
completion of the reaction, the resultant material was washed with distilled water, and extracted with ethyl acetate. The
organic layer was dried over MgSO, and the solvent was removed by a rotary evaporator, followed by purification using
column chromatography, thereby obtaining Compound 64 5.8g (44%).

MS/FAB found 560, calculated 559.65

[Preparation Example 15] Preparation of Compound 66

[0104]

Preparation of Compound 15-1

[0105] Carbazole (30g, 0.18mol), 1,4-dibromobenzene (85g, 0.36mol), Cul (34g, 0.18mol), K3PO, (114g, 0.54mol),
and toluene(1200ml) were put into a 500mL round-bottom flask, and the resultant mixture was stirred at 120 for 10
minutes. Then, ethylenediamine (24ml, 0.36mol) was added thereinto, followed by stirring at 120 for 12 hours. After
completion of the reaction, extraction with ethyl acetate was performed on the resultant material, followed by column
chromatography, thereby obtaining a compound. This compound (13g, 0.04mol) was put into a 1000mL round-bottom
flask of anhydrous condition, followed by addition of dried THF (200ml) thereinto, and then n-BuLi (20ml, 2.25M solution
in hexane) was slowly added thereinto at -78 while stirring under nitrogen. The resultant mixture was stirred at -78 for
1 hour, followed by slow addition of B(OMe)5(6.7ml, 0.06mol) thereinto at -78°C, and then the temperature was raised
to room temperature, followed by reaction for 12 hours. After completion of the reaction, extraction with ethyl acetate
was performed on the resultant material, and then the organic layer is dried over MgSQO,, followed by filtration. The
solvent is removed under reduced pressure, followed by column chromatography, thereby obtaining Compound 15-1
(8.5g, 73%) as white solids.

Preparation of Compound 66

[0106] 2-chloro-4,6-diphenylpyrimidine (5.0g, 0.02mol), Pd(PPh),(1.0g, 0.0009mol), 2M Na,COs(100ml), tolu-
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ene(200ml), and EtOH(70ml) were added into Compound 15-1 (6.4g, 0.02mol), and the resultant mixture was stirred at
120 for 12 hours. After completion of the reaction, extraction with ethyl acetate was performed on the resultant material,
and then the organic layer is dried over MgSOy,, followed by filtration. The solvent is removed under reduced pressure,
followed by recrystallization with DMF, thereby obtaining Compound 66 (3.7g, 41%).

MS/FAB found 474, calculated 473.57

[Preparation Example 16] Preparation of Compound 78

[0107]

Preparation of Compound 16-1

[0108] 2,8-dibromodibenzo[b,d]thiophene 20g (0.12 mol), carbazole 82g (2eq), Cul 11.4g (0.5eq) and K3PO, 76.1g
(3eq) were put into a 2-neck flask, which is then filled with nitrogen under vacuum ambient Then, toluene mL(0.1M) was
added thereinto, followed by stirring under reflux at 80. When the temperature reached 80 , ethylenediamine 8mL (1eq)
was added thereinto, followed by stirring under reflux at 120 for 12 hours. After completion of the reaction, NH,Cl(aq)
100mL was added thereinto and Cu was removed. The organic layer was extracted with EA and H,0, followed by drying
over MgSQy,, and then the resultant organic layer was distilled under reduced pressure. The organic layer thus obtained
was separated by column chromatography, thereby obtaining Compound 16-1 36g (70% yield).

Preparation of Compound 78

[0109] Compound 16-1 13.8g (0.03mol), 9,9-dimethyl-9H-fluoren-2-ylboronic acid 11.5g (1.5eq), PdCl,(PPhj3), 2.3g
(1.5eq), 2.5M Na,CO5 15.4g, Aliquat336 5mL, toluene 160mL, EtOH 80 mL, and H,O 73mL were added, and then
stirred under reflux at 110 for 3 hours 30 minutes. After completion of the reaction, extraction with EA and distilled water
was performed on the resultant material, followed by drying over MgSQ,, dissolving in CHCl3, and silica filtration. The
organic layer is collected, and then solids were generated by using a rotary evaporator. The generated solids were
recrystallized by using DMF, followed by silica filtration of the solids. The organic layer was again used to generate solids
by a rotary evaporator, followed by recrystallization with EA and THF, thereby obtaining Compound 78 8g (49 % yield).
MS/FAB found 542, calculated 541.70

[Preparation Example 17] Preparation of Compound 95

[0110]

Preparation of Compound 17-1

[0111] 2-bromo-9,9-dimethyl-9H-fluorene (50g, 0.183mol), 2-chloroaniline (57ml, 0.549mol), Pd(OAc),, (1.6g,
0.007mol), NaO-t-Bu (44g, 0.458mol), toluene(500ml), and P(t-Bu); (7.2ml, 0.0146mol) was put into a 1000mL round-
bottom flask, and the resultant mixture was stirred at 120 for 12 hours. After completion of the reaction, extraction with
ethyl acetate was performed on the resultant material, and then the organic layer is dried over MgSO,, followed by
filtration. The solvent is removed under reduced pressure, followed by column chromatography, thereby obtaining Com-
pound 17-1 (329, 55 %) as white solids.
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Preparation of Compound 17-2

[0112] Compound 17-1 (32g, 0.1mol), Pd(OAc),, (1.1g, 0.005mol), di-tert-butylmethylphosphine.HBF, (2.48g,
0.01mol), K,CO3 (42g, 0.30mol), and DMA(550ml) were added, and then stirred at 200 for 12 hours. After completion
of the reaction, extraction with ethyl acetate was performed on the resultant material, and then the organic layer is dried
over MgSO,, followed by filtration. The solventis removed under reduced pressure, followed by column chromatography,
thereby obtaining Compound 17-2 (149, 47 %).

Preparation of Compound 95

[0113] Compound 17-2 (5g, 17.64mmol) and 2-Chloro-4,6-diphenyltriazine (5.6g, 21.17mmol) were dissolved in DMF
(100ml). NaH (1.05g, 26.46mmol) was slowly added thereinto, followed by stirring at room temperature for 12 hours.
Distilled water was added thereinto, and the solids were filtered under reduced pressure, followed by column chroma-
tography, thereby obtaining Compound 95 (3.9g, 42.96%).

MS/FAB found 514, calculated 514.62

[Preparation Example 18] Preparation of Compound 96

[0114]

Preparation of Compound 18-1

[0115] Compound17-2(32g, 0.11mol), 1-bromo-4-iodobenzene (95.8g, 0.339mol), Cul (13g, 0.068mol), K3PO,4(86.3g,
0.41mol), and toluene(700ml) were put into a 500mL round-bottom flask, and the resultant mixture was stirred at 80 for
10 minutes. Then, ethylenediamine (18.3ml, 0.27mol) was added thereinto, followed by stirring at 140 for 12 hours. After
completion of the reaction, extraction with ethyl acetate was performed on the resultant material, followed by column
chromatography, thereby obtaining a compound. This compound (46g, 0.10mol) was put into a 2000mL round-bottom
flask of anhydrous condition, followed by addition of dried THF (800ml) thereinto, and then n-BuLi (63ml, 2.25M solution
in hexane) was added thereinto at -78 while stirring under nitrogen. The resultant mixture was stirred at -78 for 1 hour,
followed by slow addition of B(O-iPr)3(48ml, 0.21mol) thereinto at -78 , and then the temperature was raised to room
temperature, followed by reaction for 12 hours. After completion of the reaction, extraction with ethyl acetate was per-
formed on the resultant material, and then the organic layer is dried over MgSO,, followed by filtration. The solvent is
removed under reduced pressure, followed by recrystallization, thereby obtaining Compound 18-1 (32.8g, 78%) as white
solids.

Preparation of Compound 96

[0116] Compound 18-1 (32.8g, 0.08mol), 2-chloro-4,6-diphenyl-1,3,5-triazine (26.19,0.098mol), Pd(PPh3),(4.79,
0.004mol), K,CO4(33.79,0.244mol), toluene(410ml), EtOH(100ml), and H,O(120ml) were added, and the resultant mix-
ture was stirred at 120 for 12 hours. After completion of the reaction, extraction with ethyl acetate was performed on the
resultant material, and then the organic layer is dried over MgSO,, followed by filtration. The solvent is removed under
reduced pressure, followed by recrystallization, thereby obtaining Compound 96 (12g, 30%).

MS/FAB found 591, calculated 590.71

[Example 1] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0117] An OLED device was manufactured by using the electroluminescent material of the present invention. First, a
transparent electrode ITO thin film (15 Q/) obtained from a glass for OLED (manufactured by Samsung Coming) was
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subjected to ultrasonic washing with trichloroethylene, acetone, ethanol and distilled water, sequentially, and stored in
isopropanol before use. Then, the ITO substrate was mounted on a substrate holder of a vacuum deposition apparatus,
and N1,N1’-(biphenyl-4,4’-diyl)bis(N1-(naphthalen-2-yl)-N4,N4-diphenylbenzene-1,4-diamine) was put in a cell of the
vacuum deposition apparatus, which was then evacuated until vacuum degree in the chamber reached to 10-6 torr.
Then, electric current was applied to the cell to perform vaporization, thereby forming a hole injection layer having a
thickness of 120 nm on the ITO substrate. Then, N4,N4,N4’ N4 -tetra(biphenyl-4-yl)biphenyl-4,4’-diamine was put in
another cell of the vacuum vapor deposition apparatus, and electric current was applied to the cell to perform vaporization,
thereby forming a hole transport layer having a thickness of 20 nm on the hole injection layer. After forming the hole
injection layer and the hole transport layer, an electroluminescent layer was formed thereon as follows. Compound 53
as a host was put in a cell and Compound 1 as a dopant was put in another cell, within a vacuum vapor deposition
apparatus. The two materials were vaporized at different rates to perform doping of below 20 wt%, thereby forming an
electroluminescentlayer having a thickness of 40 nm on the hole transport layer. Subsequently, 2-(4-(9,10-di(naphthalen-
2-yl)anthracen-2-yl)phenyl)-1-phenyl-1H-benzo[d]imidazole) was put in put in a cell of the vacuum deposition apparatus,
and Lithium quinolate was put in another cell of the vacuum deposition apparatus. Then the two materials were vaporized
at different rates to perform doping of 30 wt% to 70 wt%, thereby forming an electron transfer layer having a thickness
of 30 nm on the electroluminescent layer. Next, lithium quinolate was deposited to have a thickness of 1 to 2 nm as an
electron injection layer, and then an Al cathode is deposited to have a thickness of 150nm by using another vacuum
deposition apparatus, thereby manufacturing an OLED device. Respective compounds according to the materials were
purified by vacuum sublimation under 10-6 torr.

[0118] As a result, a current of 3.0mA/cm? flowed at a voltage of 4.0V, and it was confirmed that green light of 2038
cd/m2 was emitted.

[Example 2] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0119] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 54 was used as a host.

[0120] As a result, a current of 2.0mA/cm2 flowed at a voltage of 3.6V, and it was confirmed that green light of 1035
cd/m2 was emitted.

[Example 3] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0121] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 59 was used as a host.

[0122] As a result, a current of 1.56mA/cm?2 flowed at a voltage of 3.7V, and it was confirmed that green light of 1020
cd/m?2 was emitted. It took 40 hours to decrease luminescence by 90% at brightness of 15000nit.

[Example 4] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0123] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 62 was used as a host.

[0124] As a result, a current of 1.91mA/cm? flowed at a voltage of 3.7V, and it was confirmed that green light of 1105
cd/m?2 was emitted.

[Example 5] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0125] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 63 was used as a host.

[0126] As a result, a current of 1.9mA/cm2 flowed at a voltage of 3.0V, and it was confirmed that green light of 1070
cd/m2 was emitted.

[Example 6] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0127] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
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materials, Compounds 63 and 48 were evaporated at the same speed and used as a host.
[0128] As a result, a current of 1.73mA/cm? flowed at a voltage of 3.0V, and it was confirmed that green light of 760
cd/m?2 was emitted. It took 35 hours to decrease luminescence by 90% at brightness of 15000nit.

[Example 7] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0129] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 65 was used as a host.

[0130] As a result, a current of 2.3mA/cm2 flowed at a voltage of 3.4V, and it was confirmed that green light of 1220
cd/m2 was emitted.

[Example 8] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0131] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 66 was used as a host.

[0132] As aresult, a current of 3.2mA/cm2 flowed at a voltage of 4.0V, and it was confirmed that green light of 1760
cd/m2 was emitted. It took 32 hours to decrease luminescence by 90% at brightness of 15000nit.

[Example 9] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0133] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 71 was used as a host.

[0134] As a result, a current of 2.2mA/cm? flowed at a voltage of 4.1V, and it was confirmed that green light of 1030
cd/m?2 was emitted.

[Example 10] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0135] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 77 was used as a host.

[0136] As a result, a current of 2.08mA/cm?2 flowed at a voltage of 3.7V, and it was confirmed that green light of 1020
cd/m2 was emitted.

[Example 11] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0137] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compounds 78 and 48 were evaporated at the same speed and used as a host.

[0138] As a result, a current of 1.6mA/cm?2 flowed at a voltage of 4.3V, and it was confirmed that green light of 820
cd/m?2 was emitted. It took 33 hours to decrease luminescence by 90% at brightness of 15000nit.

[Example 12] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0139] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 94 was used as a host.

[0140] As a result, a current of 1.92mA/cm? flowed at a voltage of 3.8V, and it was confirmed that green light of 1060
cd/m?2 was emitted.

[Example 13] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0141] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent

materials, Compound 95 was used as a host.
[0142] As a result, a current of 2.81mA/cm?2 flowed at a voltage of 3.3V, and it was confirmed that green light of 1315
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cd/m?2 was emitted.

[Example 14] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0143] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 96 was used as a host.

[0144] As a result, a current of 2.49mA/cm? flowed at a voltage of 2.8V, and it was confirmed that green light of 860
cd/m?2 was emitted.

[Example 15] Manufacture of OLED device using the organic electroluminescent compound according to the
present invention

[0145] An OLED device was manufactured by the same method as Example 1 except that, as electroluminescent
materials, Compound 97 was used as a host.

[0146] As a result, a current of 2.1mA/cm2 flowed at a voltage of 3.5V, and it was confirmed that green light of 1018
cd/m2 was emitted.

[Comparative example 1] Manufacture of OLED device using an electroluminescent material of the prior art.

[0147] An OLED device was manufactured by the same method as Example 1 except that, an electroluminescent
layer having a thickness of 30 nm is deposited on a hole transfer layer by using CBP[4,4’-N,N’-dicarbazole-biphenyl] as
a host and Ir(ppy)3[tris(2-phenylpyridine)iridium as a dopant, as electroluminescent materials, and a hole blocking layer
having a thickness of 10 nm is deposited by using BAlq[bis(2-methyl-8-quinolinate)(p-phenylphenolato) aluminum (lll).
[0148] As a result, a current of 5.0mA/cm? flowed at a voltage of 6.0V, and it was confirmed that green light of 1183
cd/m?2 was emitted. It took 0.5 hours to decrease luminescence by 90% at brightness of 15000nit.

[Comparative example 2] Manufacture of OLED device using an electroluminescent material of the prior art.

[0149] An OLED device was manufactured by the same method as Example 1 except that, an electroluminescent
layer having a thickness of 30 nm is deposited on a hole transfer layer by using Compound 66 as a host and Ir(ppy)3
[tris(2-phenylpyridine)iridium] as a dopant, as electroluminescent materials.

[0150] As a result, a current of 1.89mA/cm? flowed at a voltage of 4.6V, and it was confirmed that green light of 920
cd/m2 was emitted. It took 11 hours to decrease luminescence by 90% at brightness of 15000nit.

[Comparative example 3] Manufacture of OLED device using an electroluminescent material of the prior art.

[0151] An OLED device was manufactured by the same method as Example 1 except that, an electroluminescent
layer having a thickness of 30 nm is deposited on a hole transfer layer by using Compound 66 as a host and Compound
30 as a dopant, as electroluminescent materials.

[0152] As a result, a current of 2.0mA/cm2 flowed at a voltage of 4.4V, and it was confirmed that green light of 1120
cd/m2 was emitted. It took 28 hours to decrease luminescence by 90% at brightness of 15000nit.

[0153] The test data confirmed that when the specific host according to an exemplary embodiment and tris(4-methyl-
2,5-diphenylpyridine)lridium were used together on the electroluminescent layer, excellent luminescent efficiency and
long operation life were exhibited. In addition, the dopant according to an exemplary embodiment showed excellent
properties when the dopant was used with two hosts.

Claims
1. An organic electroluminescent device in which an organic layer is interposed between an anode and a cathode on
a substrate, wherein the organic layer comprises an electroluminescent layer containing one or more dopant com-

pounds represented by Chemical Formula 1 below and one or more host compounds represented by Chemical
Formulas 2 to 5 below.

37



10

15

20

25

30

35

40

45

55

EP 2 599 851 A2

Chemical Formula 1

[wherein

L4 represents an organic ligand;

R represents hydrogen, substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy,
substituted or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl;

R, through Rj independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C3-C30)cy-
cloalkyl, substituted or unsubstituted 5- to 7-membered heterocycloalkyl, cyano, nitro, BR{4R5, PR43R44, P(=0)
R15R16, R17R18R19Si-, or substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl;

Re through Rq represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl, substituted or
unsubstituted (C1-C30)aryl, substituted or unsubstituted (C5-C30)heteroaryl, substituted or unsubstituted (C3-C30)
cycloalkyl, substituted or unsubstituted 5- to 7-membered heterocycloalkyl, cyano, nitro, BR{1R45, PR{3R14, P(=0)
R45R16 R17R18R19Si-, NRygR,4, Ry, Y-, substituted or unsubstituted (C2-C30)alkenyl, substituted or unsubstituted
(C2-C30)alkynyl, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl or they are linked to adjacent substituents
to form a fused ring;

R4 through Ry, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl;

Y represents S or O;

n and m independently represent an integer of 1 to 3;

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N,
O, S, P(=0), Siand P.]

Chemical Formula 2

Z

IR
Gﬂg = Ryrlp

[wherein
Z represents -O-, -S-, -C(R44Ry2)-, -Si(R43R44)- or -N(Ry5)-;
aring A and a ring C independently represent
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(R3z)y
YA
I .-"Y-l-l

aring B represents a ring of

Y4 through Y, independently represent C and N;

Y45 through Y, independently represent a chemical bond, -O-, -S-, -C(R41R45)-, - Si(R43R44)- or -N(Ry5)-; only
except for the case where Y3 and Y, represent a chemical bond at the same time;

R34 and R3, independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsub-
stituted (C3-C30)cycloalkyl, substituted or unsubstituted 5- to 7-membered heterocycloalkyl, substituted or unsub-
stituted (C6-C30)ar(C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkylsilyl group, substituted or unsubstituted
(C1-C30)arylsilyl group, substituted or unsubstituted (C1-C30)alkyl(C6-C30)arylsilyl group, cyano, nitro, or hydroxyl,
orthey are linked to an adjacent substituent via substituted or unsubstituted (C3-C30)alkylene or (C3-C30)alkenylene
with or without a fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring;

the R44 through R,5 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)
alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or
unsubstituted 5- to 7-membered heterocycloalkyl, substituted or unsubstituted (C3-C30)cycloalkyl or they are linked
to adjacent substituents to form a ring;

p and q independently represent an integer of 0 to 4;

when p or q represent an integer larger than 2, each R34 and R3, may be the same or different from each other,
and they may be linked to adjacent substituents to form a ring; and

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N,
O, S, P(=0), Siand P.]

Chemical Formula3  (Cz-L,),-M
Chemical Formula4  (Cz),-Lo-M

[wherein
Cz is selected from following structures,

c{Rsz) ciRgzb clRuz) c{Rsz} alRs3) c(Rgz) alFsal
- | - *

i e Sy e he

Rs B l Rai L

aring E represents a (C6-C30)cycloalkyl group, a (C6-C30)aryl group, or a (C5-C30)heteroaryl group;

Rg through R55 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsub-
stituted 5- to 7-membered heterocycloalkyl, substituted or unsubstituted (C6-C30)aryl fused with one or more sub-
stituted or unsubstituted (C3-C30)cycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more substituted
or unsubstituted aromatic rings, substituted or unsubstituted (C3-C30)cycloalkyl, (C3-C30)cycloalkyl fused with one
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or more substituted or unsubstituted aromatic rings, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl, cyano,
nitro, hydroxyl, BR1R42, PR43R14, P(=0)R{5R46, R17R1gR19Si-, NRygR54, -YRy, or they are linked to an adjacent
substituent via substituted or unsubstituted (C3-C30)alkylene or substituted or unsubstituted (C3-C30)alkenylene
with or without a fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring, carbon atoms of
the formed alicyclic ring and monocyclic or polycyclic aromatic ring may be substituted with one or more hetero
atoms selected from the group consisting of nitrogen, oxygen and sulfur; and

each Rg, or Rg3 may be the same or different from each other;

L, represents a chemical bond, a substituted or unsubstituted (C6-C30)aryl group, or a substituted or unsubstituted
(C5-C30)heteroaryl group;

M represents a substituted or unsubstituted (C6-C30)aryl group, or substituted or unsubstituted (C5-C30)heteroaryl;
a through d independently represent an integer of 0 to 4.]

Chemical Formula 5

Aga
Aﬂ; 16

[wherein

A, through A,q independently represent CRg4 or N;

X represents -C(RgzRg3)-, -N(Rg4)-, -S-, -O-, -Si(Rgs5)(Rge)-» -P(Rg7)- -P(=0)(Rgg)- or - B(Rgg)-;

Ar4 represents substituted or unsubstituted (C6-C40)arylene, or substituted or unsubstituted (C3-C40)heteroarylene;
only except for the case where e=0 and A5 through Ag are CRg4 at the same time,

Re1 through Rgg independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C6-C30)aryl fused with one or more sub-
stituted or unsubstituted (C3-C30)cycloalkyl, substituted or unsubstituted (C3-C30)heteroaryl, substituted or unsub-
stituted 5- to 7-membered heterocycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more substituted
or unsubstituted aromatic rings, substituted or unsubstituted (C3-C30)cycloalkyl, substituted or unsubstituted fused
with one or more aromatic rings (C3-C30)cycloalkyl, cyano, trifluoromethyl, NR;4R75, BR73R74, PR75R76, P(=0)
R77R78. R79RgoRg1Si-, RgoY21-, RgzC(=0)-, Rg4C(=0)0-, substituted or unsubstituted (C6-C30)ar(C1-C30)alkyl,
substituted or unsubstituted (C2-C30)alkenyl, substituted or unsubstituted (C2-C30)alkynyl, carboxyl, nitro, or hy-
droxyl, or they are linked to an adjacent substituent via substituted or unsubstituted (C3-C30)alkylene or substituted
or unsubstituted (C3-C30)alkenylene with or without a fused ring to form an alicyclic ring, a monocyclic or polycyclic
aromatic ring, or a hetero aromatic ring;

the heterocycloalkyl and heteroaryl include one or more hetero atoms selected from the group consisting of B, N,
O, S, P(=0), Siand P;

the R, through R, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl,

the R,g through Rg4 independently represent substituted or unsubstituted (C1-C30)alkyl or substituted or unsubsti-
tuted (C6-C30)aryl,

the Y54 represents S or O,

Rg, represents substituted or unsubstituted (C1-C30)alkyl or substituted or unsubstituted (C6-C30)aryl,

the Rg3 represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy, sub-
stituted or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C6-C30)aryloxy,

the Rg, represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C1-C30)alkoxy, sub-
stituted or unsubstituted (C6-C30)aryl or substituted or unsubstituted (C6-C30)aryloxy, and

e represents an integer of 0 or 2.]
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The organic electroluminescent device of claim 1, wherein a substituent further substituted with the R, R, through
Rg, Rq1 through R45, R34 through R3,, Ryq through Ry4s, Rgq through Rs3, Rgq through Rgg, R7, through Rgy, Ly, M
and Ar, independently represent one or more selected from the group consisting of deuterium, halogen, halogen-
substituted or unsubstituted (C1-C30)alkyl, (C6-C30)aryl, (C6-C30)aryl-substituted or unsubstituted (C3-C30)het-
eroaryl, 5- to 7-membered heterocycloalkyl, 5- to 7-membered heterocycloalkyl fused with one or more aromatic
rings, (C3-C30)cycloalkyl, (C6-C30)cycloalkyl fused with one or more aromatic rings, Rg1RgoRg3Si-, (C2-C30)alkenyl,
(C2-C30)alkynyl, cyano, carbazolyl, NRg4Rgs5, BRggRg7, PRggRgg, P(=0)R19oR101, (C6-C30)ar(C1-C30)alkyl, (C1-
C30)alkyl(C6-C30)aryl, R192S-, R1930-, R1g4C(=0)-, R195C(=0)0-, carboxyl, nitro or hydroxyl,

Rg1 through R,g3 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)
alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, or substituted or
unsubstituted 5- to 7-membered heterocycloalkyl or they are linked to an adjacent substituent via substituted or
unsubstituted (C3-C30)alkylene or substituted or unsubstituted (C3-C30)alkenylene with or without a fused ring to
form an alicyclic ring and a monocyclic or polycyclic aromatic ring, carbon atoms of the formed alicyclic ring and
monocyclic or polycyclic aromatic ring may be substituted with one or more hetero atoms selected from the group
consisting of nitrogen, oxygen and sulfur; and

R104 and R4g5 represent (C1-C30)alkyl, (C1-C30)alkoxy, (C6-C30)aryl or (C6-C30)aryloxy.

The organic electroluminescent device of claim 1, wherein Chemical Formula 1 is represented by Chemical Formulas
6 to 7; Chemical Formula 2 is represented by Chemical Formulas 8 to 13; and Cz of Chemical Formulas 3 to 4 is
represented by following structures.

Chemical Formula 6

Chemical Formula 7

[wherein
R, R through Rg, L1 and n are the same as defined in Chemical Formula 1.]
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[Chemical Formula 8] [Chemical Formula 9] [Chemical Formula 10]

[Chemical Formula 11] [Chemical Formula 12][Chemical Formula 13]

(Rsz}q q‘!R32j“-4=Y1E
R _r“’)’1i Y‘lﬂ- Z i 3 }'f' 1{' Y13 'R;”}p
Rz T ¥ S~ (Rsy)
q{Rﬁﬂ “*—-y 11 T4 _I_ == 31ip
Z {R31]p {Rszlq q{Rn}

[wherein
R3¢, R3y, Y4 through Y5, Z, p and q are the same as defined in Chemical Formula 2.] wherein Cz of Chemical
Formulas 3 and 4 is selected from following structures, and

] s,
of Rsz}@r—:@f_! Rsshi olRaal g
™

L s
& &

Rey Rsn

‘Cmﬁilgb {Roale ofRag); Q D {Rszla lRagh CE | _fﬂtﬁl.s eiRgal C‘: D (Rszla

Rc-'r Rsa

5
clRsz) Q 'D (Rl »Q:O (Rssle CU@ ‘“ﬂ’cw [“ﬂ’tm o Rk

[wherein

Rso, Rgs, ¢ and d are the same as defined in Chemical Formulas 3 and 4; and Rg, through Rsg independently
represent halogen, substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, or sub-
stituted or unsubstituted (C3-C30)heteroaryl or carbazolyl.]

The organic electroluminescent device of claim 1, wherein L, is represented by Chemical Formula 1 is selected
from following structures.
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Rapz  ~O-0

]

- N

. }‘Rzuz NFY Rao7
o B

Rzuﬁzﬂﬂ REDmEUJ =
R

Rzt

~N*"N-Raze
=y R
a1 Rz Roms
[wherein

the Ryq¢ through R,3 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl, (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl or halogen;

Roo4 through R,4q independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, sub-
stituted or unsubstituted (C1-C30)alkoxy, substituted or unsubstituted (C3-C30)cycloalkyl, substituted or unsubsti-
tuted (C2-C30)alkenyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted mono- or substituted
or unsubstituted di-(C1-C30)alkylamino, substituted or unsubstituted mono or di-(C6-C30)arylamino, SFs, substi-
tuted or unsubstituted tri(C1-C30)alkylsilyl, substituted or unsubstituted di(C1-C30)alkyl(C6-C30)arylsilyl, substituted
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or unsubstituted tri(C6-C30)arylsilyl, cyano or halogen;

Rooq through Ryo3 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl or (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl;

R2,4 and Ryo5 independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, substituted
or unsubstituted (C6-C30)aryl or halogen, or R,,4 and Ry, are linked via (C3-C12)alkylene or (C3-C12)alkenylene
with or without a fused ring to form an alicyclic ring and a monocyclic or polycyclic aromatic ring;

Ry represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, substituted
or unsubstituted (C5-C30)heteroaryl or halogen;

R2,7 through Ryoq independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, sub-
stituted or unsubstituted (C6-C30)aryl or halogen;

Q represents

Ra3sRay Razr Rozdas R
Raz1 Rogo

RizR oz or Raz Raa

and

Ro34 through Ry, independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl, (C1-C30)alkoxy, halogen, substituted or unsubstituted (C6-C30)aryl, cyano, substituted or unsubstituted (C5-
C30)cycloalkyl, or they are linked to an adjacent substituent via alkylene or alkenylene to form a spiro ring or a fused
ring, or linked to R,7 or R,qg via alkylene or alkenylene to form a saturated or unsaturated fused ring.]

The organic electroluminescent device of claim 1, wherein the Chemical Formula 1 is represented by following
Chemical Formula 14 and the Chemical Formulas 2 to 5 are represented by following Chemical Formulas 8, 10, 11
to 12 and Chemical Formulas 3 to 5:

Chemical Formula 14

Baac
b

wherein
R represents substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl;
L4 is selected from the following structures, and
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the Ry, through R,q5 independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl, (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl or halogen;

Roo4 through Ry 49 independently represent hydrogen, deuterium, substituted or unsubstituted (C1-C30)alkyl, sub-
stituted or unsubstituted (C6-C30)aryl, SFs, substituted or unsubstituted tri(C1-C30)alkylsilyl, substituted or unsub-
stituted di(C1-C30)alkyl(C6-C30)arylsilyl, substituted or unsubstituted tri(C6-C30)arylsilyl, cyano or halogen;

Ryog through Ry, independently represent hydrogen, deuterium, halogen-substituted or unsubstituted (C1-C30)
alkyl or (C1-C30)alkyl-substituted or unsubstituted (C6-C30)aryl, and

n, and m independently represent an integer of 1 to 3.

Chemical Formula 8

Chemical Formula 10

Chemical Formula 11
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Chemical Formula 12

wherein

Z represents -O-, -S-, -C(R41R42)-, -N(Ry5)-;

Y14 through Y, represent C;

Y43 represents -N(Ry5)-;

R3¢ and R, independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, substituted (C1-C30)
alkylsilyl group, substituted or unsubstituted (C1-C30)arylsilyl group, and substituted or unsubstituted (C1-C30)alkyl
(C6-C30)arylsilyl group,

the R44 through R4, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl, and substituted or unsubstituted (C3-C30)heteroaryl,

the R, represents unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-C30)aryl, and substituted or un-
substituted (C3-C30)heteroaryl,

p and q independently represent an integer of 0 through 4; when p or g represent an integer larger than 2, each R4
and R3, may be the same or different from each other.

Chemical Formula 3

(CZ'LZ)a'M

Chemical Formula 4

(C2)p-L-M

wherein

Cz has a following structure,

c(Rsz)@\T,@}(Rm)d

]
*

Rs, through R4 independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-C30)alkyl,
substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, R47R1gR19Si-, R47
through R4g independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted (C6-
C30)aryl; each Rs, or R53 may be the same or different from each other;

L, represents a chemical bond, substituted or unsubstituted (C6-C30)arylene, and substituted or unsubstituted (C5-
C30)heteroarylene;

M represents substituted or unsubstituted (C6-C30)aryl group, and substituted or unsubstituted (C5-C30)heteroaryl;
a through d independently represent an integer of 0 through 4.

Chemical Formula 5
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Adza
Af e

1y Ads

A19-§
(\r1)e
N A7,
M | N AaiAro
y) P Aqz Ag
AS As)ﬁl/ W4

Ag” A4

wherein

A, through A4, represent CRgy;

A15 through A19 independently represent CRg4 or N,

Xrepresents -N(Rgy)-, -S-, -O-, and -Si(Rg5)(Rgg)-;

Ar, represents substituted or unsubstituted (C6-C40)arylene, and substituted or unsubstituted (C3-C40)heter-
oarylene; except for the case that e=0 and A,5 through A,q represent CRg4 at the same time,

Re1 and Rg, through Rgg independently represent hydrogen, deuterium, halogen, substituted or unsubstituted (C1-
C30)alkyl, substituted or unsubstituted (C6-C30)aryl, substituted or unsubstituted (C3-C30)heteroaryl, NR;4R7,,
and R;gRggRg1Si-,

the R, through R;, independently represent substituted or unsubstituted (C1-C30)alkyl, substituted or unsubstituted
(C6-C30)aryl or substituted or unsubstituted (C3-C30)heteroaryl, and the R, through Rg; independently represent
substituted or unsubstituted (C1-C30)alkyl or substituted or unsubstituted (C6-C30)aryl, and e represents an integer
of 0 through 2.

The organic electroluminescent device of claim 1, wherein Chemical Formula 1 is selected from the following
structures.
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7. The organic electroluminescent device of claim 1, wherein Chemical Formulas 2 to 4 are selected from the following

structures.

EP 2 599 851 A2

Nth.-;r,M | @ . NTN
M N
0 00
4% 1]



(]

EP 2 599 851 A2

L )
“5 ,, @«@ ‘W‘Q‘W

@@;@G Q@.@O
N 59 ) @ S0y

—

" S

20

35

40

45

50

55

y
NI'J‘!“N

o oMhe
B6




(]

10

15

20

25

30

35

40

45

50

55

EP 2 599 851 A2

“fﬁagfmwgﬁtﬁwfggﬁmﬁﬁ

51



10

15

20

25

30

35

40

45

50

55

10.

EP 2 599 851 A2

d

=

The organic electroluminescent device of claim 1, wherein the organic layer comprises an electroluminescent layer
and a charge generating layer at the same time.

The organic electroluminescent device of claim 1, wherein the organic layer further comprises one or more organic
electroluminescent layers emitting red, green or blue light to emit white light.

The organic electroluminescent device of claim 1, wherein a doping concentration of the dopant compound based
on the host compound in the electroluminescent layer is in a range of below 20 wt%.
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