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(57) ABSTRACT

The present invention relates to novel organic electrolumi-
nescent compounds and an organic electroluminescent
device containing the same. The organic electroluminescent
compounds according to the present invention can be used as
aphosphorescent host material, a hole transport material, or a
mixed host material; have a good hole transport ability; pre-
vent crystallization in the production of the device; are suit-
able for forming a layer; and improve the current density of
the device thereby reducing the driving voltage of the device.
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NOVEL ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to novel organic elec-
troluminescent compounds and organic electroluminescent
device comprising the same.

BACKGROUND ART

[0002] An electroluminescent (EL) device is a self-light-
emitting device with the advantage of providing a wider view-
ing angle, a greater contrast ratio, and a faster response time.
An organic EL device was first developed by Eastman Kodak,
by using small aromatic diamine molecules, and aluminum
complexes as a material for forming a light-emitting layer
[Appl. Phys. Lett. 51, 913, 1987].

[0003] The most important factor determining luminous
efficiency in an organic EL device is the light-emitting mate-
rial. Until now, fluorescent materials have been widely used
as light-emitting materials. However, in view of electrolumi-
nescent mechanisms, developing phosphorescent materials is
one of the best methods to theoretically enhance luminous
efficiency by four (4) times compared to fluorescent materi-
als. Iridium(IIT) complexes have been widely known as phos-
phorescent materials, including bis(2-(2'-benzothienyl)-py-
ridinato-N,C3"iridium(acetylacetonate) ((acac)lr(btp),), tris
(2-phenylpyridine)iridium  (Ir(ppy);) and  bis(4,6-
difluorophenylpyridinato-N,C2)picolinate iridium (Firpic) as
red, green and blue materials, respectively.

[0004] The light-emitting material may be used in the com-
bination of a host material with a light-emitting material
(dopant) to improve color purity, luminous efficiency, and
stability. In a system of a light-emitting material (dopant)/
host material, the selection of a host material is important,
because the host material greatly influences the efficiency and
capacity of a light-emitting device. Until now, 4,4'-N,N'-di-
carbazol-biphenyl (CBP) is the most widely known phospho-
rescent host material. Further, Pioneer (Japan) et al., devel-
oped a high performance organic EL device by employing
bathocuproine (BCP) and aluminum(ITD)bis(2-methyl-8-
quinolinate)(4-phenylphenolate) (BAlq), which were used in
a hole blocking layer, as host materials.

[0005] Though these phosphorescent host materials pro-
vide good light-emitting characteristics, they have the follow-
ing disadvantages: (1) Due to their low glass transition tem-
peratures and poor thermal stability, their degradation may
occur during a high-temperature deposition process in a
vacuum. (2) The power efficiency of an organic EL device is
given by [(w/voltage)xcurrent efficiency], and the power effi-
ciency is inversely proportional to voltage. An organic EL
device comprising phosphorescent host materials provides
higher current efficiency (cd/A) and has a higher driving
voltage than one comprising fluorescent host materials. Thus,
the EL device using conventional phosphorescent materials
has no advantage in terms of power efficiency (Im/W). (3)
Further, the operating lifespan and luminous efficiency of the
organic EL device are not satisfactory.
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[0006] Meanwhile, copper phthalocyanine (CuPc), 4,4'-bis
[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB), NN'-
diphenyl-N,N'-bis(3-methylphenyl)-(1,1'-biphenyl)-4,4'-di-

amine (TPD), 4,4'4"-tris(3-methylphenylphenylamino)
triphenylamine (MTDATA), etc., have been used as hole
injection and transport materials in the organic EL device.
However, the organic EL device comprising the materials has
low quantum efficiency and a short operating lifespan,
because, when the organic EL device is driven at a high
current, thermal stress is generated between an anode and a
hole injection layer, thereby rapidly reducing the operating
lifespan of the device. Further, holes greatly move in organic
materials used in a hole injection layer, and thus the hole-
electron charge balance is broken and quantum efficiency
(cd/A) is reduced.

[0007] International Publication No. WO 2009/148015 dis-
closes compounds for an organic EL device, wherein a het-
eroaryl group including carbazole, dibenzofuran, and diben-
zothiophene is directly bonded to the carbon atom in
backbones of polycyclic compounds which are formed by
fusing fluorene, carbazole, dibenzofuran, and diben-
zothiophene with aheteroaryl group including indene, indole,
benzofuran, and benzothiophene.

[0008] Further, U.S. Patent Application Laying-Open No.
US2011/0279020 Al discloses compounds for an organic EL
device, wherein two carbazoles are bonded to each other via
a single bond between carbon atoms.

[0009] However, organic EL devices comprising the com-
pounds of the publications are not satisfactory in power effi-
ciency, luminous efficiency, quantum efficiency, and operat-
ing lifespan.

DISCLOSURE OF THE INVENTION

Problems to be Solved

[0010] The objective of the present invention is to provide
an organic electroluminescent compound having high lumi-
nous efficiency, a long operating lifespan, and having proper
color coordination; and an organic electroluminescent device
having high efficiency and a long lifespan, comprising the
organic electroluminescent compound in a light-emitting
layer or a hole transport layer.

Solution to Problems
[0011] The present inventors found that the above objective

can be achieved by a compound represented by the following
formula 1:
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wherein
A is represented by the following formula 2:

[0012]
[0013]

/ \;Lm*;

Rs)

[0014] formula 2 is bonded to the compound of formula 1
via *;
[0015] Z is represented by the following formula 3:

(L )m-Ary (3);
[0016] formula 3 is bonded to the compound of formula 1
via ¥,

[0017] L, and L, each independently represent a single

bond, a substituted or unsubstituted 5-to 30-membered het-
eroarylene group, or a substituted or unsubstituted (C6-C30)
arylene group;

[0018] X and Y each independently represent —O—,
—S—, —NRg)— —CRHRy)—, or —Si(Ry)(R,0)—;
[0019] Ar, and R; to R; each independently represent
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)aryl group, a substituted or unsubstituted 5- to
30-membered  heteroaryl  group, —NR, R,,, or
—SiR, ;R 4R, 5; or are linked to an adjacent substituent(s) to
form a mono- or polycyclic, 3- to 30-membered alicyclic or
aromatic ring whose carbon atom(s) may be replaced with at
least one hetero atom selected from nitrogen, oxygen and
sulfur, proviso that when q is 1, R, is not the group of formula
2, and when p is 1, R; is not the group of formula 2;

[0020] R, to R, each independently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, a substituted or unsubstituted 5- to 30-membered het-
eroaryl group; or are linked to an adjacent substituent(s) to
form a mono- or polycyclic, 3- to 30-membered alicyclic or
aromatic ring

[0021] m and n each independently represent an integer of
0to2; wherem is 2, each of L, is the same or different, and n
is 2, each of L, is the same or different;

[0022] pand q eachindependently represent an integer of 0
or 1; where p+q=1;

[0023] s andteach independently represent an integer of 1
or 2; where s is 2, each of R, is the same or different, and t is
2, each of R is the same or different; and

[0024] the heteroaryl(ene) group contains at least one het-
ero atom selected from B, N, O, S, P(—0), Si and P.

Effects of the Invention

[0025] Theorganic electroluminescent compounds accord-
ing to the present invention have advantages in that they have
high luminous efficiency and a long operating lifespan, and
thus can produce an organic electroluminescent device hav-
ing a long driving lifespan. Further, the organic electrolumi-
nescent compounds according to the present can be used as a
phosphorescent host material, a hole transport material, or
mixed host materials; have the superior ability of hole trans-
port; prevent crystallization in the production of the device;
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are suitable for forming a layer; and improve the current
density of the device thereby reducing driving voltage of the
device.

EMBODIMENTS OF THE INVENTION

[0026] Hereinafter, the present invention will be described
in detail. However, the following description is intended to
explain the invention, and is not meant in any way to restrict
the scope of the invention.

[0027] The present invention relates to an organic elec-
troluminescent compound represented by formula 1 above,
an organic electroluminescent material comprising the
organic electroluminescent compound, and an organic elec-
troluminescent device comprising the material.

[0028] Herein, “(C1-C30)alkyl(ene)” is meant to be alinear
or branched alkyl(ene) having 1 to 30 carbon atoms, in which
the number of carbon atoms is preferably 1 to 20, more
preferably 1 to 10, and includes methyl, ethyl, n-propyl, iso-
propyl, n-butyl, isobutyl, tert-butyl, etc. “(C2-C30) alkenyl”
is meant to be a linear or branched alkenyl having 2 to 30
carbon atoms, in which the number of carbon atoms is pref-
erably 2 to 20, more preferably 2 to 10, and includes vinyl,
1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-methylbut-2-enyl, etc. “(C2-C30)alkynyl” is a linear or
branched alkynyl having 2 to 30 carbon atoms, in which the
number of carbon atoms is preferably 2 to 20, more preferably
2 to 10, and includes ethynyl, 1-propynyl, 2-propynyl, 1-bu-
tynyl, 2-butynyl, 3-butynyl, 1-methylpent-2-ynyl, etc. “(C3-
C30)cycloalkyl” is a mono- or polycyclic hydrocarbon hav-
ing 3 to 30 carbon atoms, in which the number of carbon
atoms is preferably 3 to 20, more preferably 3 to 7, and
includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
etc. “3- to 7-membered heterocycloalkyl” is a cycloalkyl hav-
ing at least one heteroatom selected from B, N, O, S, P(=0),
Si and P, preferably O, S and N, and 3 to 7, preferably 5 to 7
ring backbone atoms, and includes tetrahydrofurane, pyrro-
lidine, thiolan, tetrahydropyran, etc. “(C6-C30)aryl(ene)” is a
monocyclic or fused ring derived from an aromatic hydrocar-
bon having 6 to 30 carbon atoms, in which the number of
carbon atoms is preferably 6 to 20, more preferably 6 to 15,
and includes phenyl, biphenyl, terphenyl, naphthyl, fluorenyl,
phenanthrenyl, anthracenyl, indenyl, triphenylenyl, pyrenyl,
tetracenyl, perylenyl, chrysenyl, naphthacenyl, fluoranthe-
nyl, etc. “5-to 30-membered heteroaryl(ene)” is an aryl group
having at least one, preferably 1 to 4 heteroatom selected from
the group consisting of B, N, O, S, P(=0), Siand P, and 5 to
30 ring backbone atoms; is a monocyclic ring, or a fused ring
condensed with at least one benzene ring; has preferably 5 to
20, more preferably 5 to 15 ring backbone atoms; may be
partially saturated; may be one formed by linking at least one
heteroaryl or aryl group to a heteroaryl group via a single
bond(s); and includes a monocyclic ring-type heteroaryl
including furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl,
thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl,
oxadiazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, furaza-
nyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., and a
fused ring-type heteroaryl including benzofuranyl, ben-
zothiophenyl, isobenzofuranyl, dibenzofuranyl, diben-
zothiophenyl, benzoimidazolyl, benzothiazolyl, ben-
zoisothiazolyl, benzoisoxazolyl, benzoxazolyl, isoindolyl,
indolyl, indazolyl, benzothiadiazolyl, quinolyl, isoquinolyl,
cinnolinyl, quinazolinyl, quinoxalinyl, carbazolyl, phenox-
azinyl, phenanthridinyl, benzodioxolyl, etc. Further, “halo-
gen” includes F, Cl, Brand I.
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[0029] Herein, “substituted” in the expression “substituted
or unsubstituted” means that a hydrogen atom in a certain
functional group is replaced with another atom or group, i.e.,
a substituent.

[0030] Substituents of the substituted alkyl group, the sub-
stituted aryl(ene) group, and the substituted heteroaryl(ene)
groupinL, L,,Ar;,and R, to R 5 groups of formulae 1 to 3,
each independently are at least one selected from the group
consisting of deuterium; a halogen; a cyano group; a carboxyl
group; a nitro group; a hydroxyl group; a (C1-C30)alkyl
group; a halo(C1-C30)alkyl group; a (C6-C30)aryl group; a
5- to 30-membered heteroaryl group; a 5- to 30-membered
heteroaryl group substituted with a (C6-C30)aryl; a (C6-C30)
aryl group substituted with a 5- to 30-membered heteroaryl; a
(C3-C30)cycloalkyl group; a 3- to 7-membered heterocy-
cloalkyl group; a tri(C1-C30)alkylsilyl group; a tri(C6-C30)
arylsilyl group; a di(C1-C30)alkyl(C6-C30)arylsilyl group; a
(C1-C30)alkyldi(C6-C30)arylsilyl group; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a mono- or di(C1-C30)
alkylamino group; a mono- or di(C6-C30)arylamino group; a
(C1-C30)alkyl(C6-C30)arylamino group; a di(C6-C30)aryl-
borony] group; a di(C1-C30)alkylboronyl group; a (C1-C30)
alkyl(C6-C30)arylboronyl group; a (C6-C30)aryl(C1-C30)
alkyl group; and a (C1-C30)alkyl(C6-C30)aryl group.

[0031] Thecompound of formula 1 according to the present
invention is selected from the group consisting of the follow-
ing formulae 4 to 9:

&)

®

(6)
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O
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[0032] wherein
[0033] A,7Z, X, R, toR;,p,and qare as defined in formula
1

[0034] The substituents in the above formulae are specifi-
cally defined in the below.

[0035] A is preferably represented by the following for-
mula 10:

(10)

Ryp

7
)
[0036] wherein

[0037] formula 10is bonded to the compounds of formulae
1 and 4 to 9 via *;

[0038] Y, R,,R,,n,sandtare as defined in claim 1;
[0039] R,, each independently represents hydrogen, deu-
terium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 5- to 30-membered
heteroaryl group, preferably hydrogen or an unsubstituted
(C1-C30)alkyl group; or are linked to an adjacent substituent
(s) to form a mono- or polycyclic, 3- to 30-membered alicy-
clic or aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen, oxygen
and sulfur; and

[0040] the heteroaryl group contains at least one hetero
atom selected from B, N, O, S, P(—0), Si and P.

[0041] X preferably represents —O—, —S—, or —C(R)
(Rg)—

A

Rs),
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[0042] Y preferably represents —O—, —S—, or
—N(R)—; more preferably, —N(R,)—.

[0043] 7 preferably represents formula 3, wherein Ar, rep-
resents a substituted or unsubstituted (C1-C30)alkyl group, a
substituted or unsubstituted (C6-C30)aryl group, a substi-
tuted or unsubstituted 5- to 30-membered heteroaryl group,
—NR,;R,,, or —SiR ;R,.R 5. More preferably, 7 repre-
sents formula 3, wherein L, represents a single bond, or a
substituted or unsubstituted (C6-C30)arylene group, and Ar,
represents an unsubstituted (C1-C10)alkyl group, a (C6-C20)
aryl group unsubstituted or substituted with a (C1-C10)alkyl,
a 5- to 20-membered heteroaryl group unsubstituted or sub-
stituted with a (C1-C10)alkyl, or —NR | R ..

[0044] More preferably, Z represents the following formula
11:

(1n
Ryg

(R17)x 7
) SRS
= KA s

RS
A

[0045] wherein

[0046] formula 11 is bonded to the compounds of formulae
1 and 4 to 9 via *;

[0047] Z represents —O—, —S— —N(R,)— —C(R,))
(Rap)— or —Si(R3)(Ros)—:

[0048] R, to R each independently represent hydrogen,
deuterium, a halogen, asubstituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, a substituted or unsubstituted 5- to 30-membered het-
eroaryl group, —NR,.R,.. or —SiR,,R,(R,,; preferably
hydrogen or an unsubstituted (C1-C30)alkyl group; or are
linked to an adjacent substituent(s) to form a mono- or poly-
cyclic, 3- to 30-membered alicyclic or aromatic ring whose

carbon atom(s) may be replaced with at least one hetero atom
selected from nitrogen, oxygen and sulfur;
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[0049] R,,to R, each independently represent hydrogen,
deuterium, a halogen, asubstituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 5- to 30-membered
heteroaryl group; preferably hydrogen, an unsubstituted (C1-
C30)alkyl group, or an unsubstituted (C6-C30)aryl group; or
are linked to an adjacent substituent(s) to form a mono- or
polycyclic, 3- to 30-membered alicyclic or aromatic ring;

[0050] m represents an integer of 0 to 2, preferably 0 or 1;
[0051] rrepresents an integer of O or 1, preferably O;
[0052] u represents an integer of 1 to 3; where u is 2 or

more, each of R, is the same or different; and

[0053] the heteroaryl group contains at least one hetero
atom selected from B, N, O, S, P(—0), Si and P.

[0054] Preferably, R, to R each independently represent
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)aryl group, a substituted or unsubstituted 5- to
30-membered  heteroaryl group, —NR;R,,, or
—SiR,;R 4R 5; or are linked to an adjacent substituent(s) to
form a monocyclic, 3- to 30-membered aromatic hydrocar-
bon ring. More preferably, R, to R each independently rep-
resent hydrogen; an unsubstituted (C1-C10)alkyl group; a
(C6-C20)ary] group unsubstituted or substituted with a (C1-
Cl0)alky or (C6-C20)aryl group; a 5- to 20-membered het-
eroaryl group unsubstituted or substituted with a (C1-C10)
alky or (C6-C20)aryl group; or —NR ;R ,; or are linked to
an adjacent substituent(s) to form a monocyclic, 3- to
30-membered aromatic hydrocarbon ring. Still more prefer-
ably, R, to R, each independently represent hydrogen.
[0055] Preferably, R toR,,eachindependently represent a
substituted or unsubstituted (C1-C30)alkyl group, a substi-
tuted or unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- to 30-membered heteroaryl group.

[0056] Preferably,R, to R, each independently represent
hydrogen; an unsubstituted (C1-C30)alkyl group; or a (C6-
C30)aryl group unsubstituted or substituted with a (C1-C30)
alkyl or a (C6-C30)aryl.

[0057] The organic electroluminescent compounds of the

present invention include the following compounds:
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-continued
C-87 C-88
N
459 T
O [
J :
[0058] Theorganic electroluminescent compounds accord-
ing to the present invention can be prepared according to the Reaction Scheme 2
methods known in the art, for example, following reaction 7
schemes 1 and 2. /
Rl y N
X -
~ \
Reaction Scheme 1 Ry \_N
> + A—B(OH),
,/\_/\Hal
7z Heating
/ Stirring
A—B(OH); + Hal— \/X R 4 N
A\ <
2
\_% \ g \
R e >
3 + A-Hal
Z Heating \ / NH
/ Stirring 7
4
Hal + —(/\ \ X f 1‘4
A-Hal + HN « / <> \ i ¢
Rz/\_/%_ \ ~ \
R3/— Ry \_/\ \‘
Z
R, I\{ [0059] wherein A, Z, X, and R, to R, are as defined in
(/\/ formula 1 above, and Hal represents a halogen.
A \ / \/X [0060] The present invention further provides an organic
S \> \ electroluminescent material comprising the organic elec-
Rz/ \ _\////_ \ troluminescent compound of formula 1, and an organic elec-
< troluminescent device comprising the material. The material

can be comprised of the organic electroluminescent com-
pound according to the present invention alone, or can further
include conventional materials generally used in organic
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electroluminescent materials. The organic electrolumines-
cent device may comprise a first electrode, a second elec-
trode, and at least one organic layer between the first and
second electrodes, wherein the organic layer comprises at
least one compound of formula 1 according to the present
invention.

[0061] One of the first electrodes and the second electrodes
can be an anode and the other can be a cathode. The organic
layer further comprises a light-emitting layer, and at least one
layer selected from the group consisting of a hole injection
layer, a hole transport layer, an electron transport layer, an
electron injection layer, an interlayer, and a hole blocking
layer.

[0062] The organic electroluminescent compound of for-
mula 1 of the present invention can be included in at least one
of the light-emitting layers and hole transport layers. When
used in the hole transport layer, the organic electrolumines-
cent compounds of formula 1 of the present invention can be
included as a hole transport material. When used in the light-
emitting layer, the organic electroluminescent compounds of
formula 1 of the present invention can be included as a host
material. Preferably, the light-emitting layer may comprise at
least one dopant. If necessary, other compounds in addition to
the organic electroluminescent compound of formula 1 of the
present invention may be further included as a second host
material.

[0063] The dopants are preferably one or more phospho-
rescent dopants. The phosphorescent dopant material applied
to the organic electroluminescent device of the present inven-
tion is not specifically limited, but preferably may be selected
from complex compounds of iridium (Ir), osmium (Os), cop-
per (Cu), and platinum (Pt), more preferably ortho metallated
complex compounds of iridium (Ir), osmium (Os), copper
(Cu), and platinum (Pt), and even more preferably ortho met-
allated iridium complex compounds.

[0064] The phosphorescent dopants specifically include
the following:

D-1
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[0065] The present invention further provides the material
for the organic electroluminescent device. The material com-
prises a first host material and a second host material; and the
first host material may comprise the organic electrolumines-
cent compounds of the present invention. The firsthost mate-
rial and the second host material may be in the range of 1:99
to 99:1 in a weight ratio.
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[0066] The second host material can be any of the known
phosphorescent hosts, preferably phosphorescent hosts
selected from the following formulae 12 and 13:

(Cz-L3) M (12)
(Cz)rLyM (13)
[0067] wherein
[0068] Cz represents the following structure:
7 N
Ro— | | T
AN N A
!
[0069] R,, and R, each independently represent hydro-

gen, deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, a substituted or unsubstituted 5- or 30-membered het-
eroaryl group, or R;,R,;3R;,Si—; Rs, to R;, each indepen-
dently represent a substituted or unsubstituted (C1-C30)alkyl
group, or a substituted or unsubstituted (C6-C30)aryl group;
each of Ry, or each of R;; are the same or different; [,
represents a chemical bond, a substituted or unsubstituted
(C6-C30)arylene group, or asubstituted or unsubstituted 5- or
30-membered heteroarylene group; M represents a substi-
tuted or unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- or 30-membered heteroaryl group; e to h
each independently represent an integer of 0 to 4.

[0070] Specifically, the second host material includes the
following (TPS means a triphenylsilane group):

3
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-continued -continued

[0071] The organic electroluminescent device of the
present invention may comprise a first electrode, a second
electrode, and at least one organic layer between the first and
second electrodes, wherein the organic layer comprises a
light-emitting layer, the light-emitting layer comprises the
organic electroluminescent material of the present invention
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and phosphorescent dopants, and the organic electrolumines-
cent material is preferably used as a host material in the
light-emitting layer.

[0072] The organic electroluminescent device according to
the present invention may further comprise, in addition to the
organic electroluminescent compounds represented by for-
mula 1, at least one compound selected from the group con-
sisting of arylamine-based compounds and styrylarylamine-
based compounds in the organic layer.

[0073] In the organic electroluminescent device according
to the present invention, the organic layer may further com-
prise, in addition to the organic electroluminescent com-
pounds represented by formula 1, at least one metal selected
from the group consisting of metals of Group 1, metals of
Group 2, transition metals of the 4” period, transition metals
of the 5* period, lanthanides, and arganic metals of d-transi-
tion elements of the Periodic Table, or at least one complex
compound comprising the metal.

[0074] In addition, the organic electroluminescent device
of the present invention may emit white light by further com-
prising at least one light-emitting layer which comprises a
blue electroluminescent compound, a red electroluminescent
compound, or a green electroluminescent compound, besides
the organic electroluminescent compound according to the
present invention; and may further include a yellow or orange
light-emitting layer, if necessary.

[0075] Preferably, in the organic electroluminescent device
according to the present invention, at least one layer (herein-
after, “a surface layer”) selected from a chalcogenide layer, a
metal halide layer and a metal oxide layer may be placed on
an inner surface(s) of one or both electrode(s). Specifically, it
is preferred that a chalcogenide (includes oxides) layer of
silicon or aluminum is placed on an anode surface of an
electroluminescent medium layer, and a metal halide layer or
metal oxide layer is placed on a cathode surface of an elec-
troluminescent medium layer. The surface layer provides
operating stability for the organic electroluminescent device.
Preferably, the chalcogenide includes SiO,(1=X<2), AlO,
(1=X<1.5), SiON, SiAlON, etc.; the metal halide includes
LiF, MgF,, CaF,, a rare earth metal fluoride, etc.; and the
metal oxide includes Cs,O, Li,0, MgO, SrO, BaO, CaO, etc.
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[0076] Preferably,in the organic electroluminescent device
according to the present invention, a mixed region of an
electron transport compound and an reductive dopant, or a
mixed region of a hole transport compound and an oxidative
dopant may be placed on at least one surface of a pair of
electrodes. In this case, the electron transport compound is
reduced to an anion, and thus it becomes easier to inject and
transport electrons from the mixed region to an electrolumi-
nescent medium. Further, the hole transport compound is
oxidized to a cation, and thus it becomes easier to inject and
transport holes from the mixed region to the electrolumines-
cent medium. Preferably, the oxidative dopant includes vari-
ous Lewis acids and acceptor compounds; and the reductive
dopant includes alkali metals, alkali metal compounds, alka-
line earth metals, rare-earth metals, and mixtures thereof. A
reductive dopant layer may be employed as a charge gener-
ating layer to prepare an electroluminescent device having
two or more electroluminescent layers and emitting white
light.

[0077] In order to form each layer constituting the organic
electroluminescent device according to the present invention,
dry film-forming methods, such as vacuum evaporation, sput-
tering, plasma, ion plating methods, etc., or wet film-forming
methods, such as spin coating, dip coating, flow coating
methods, etc., can be used.

[0078] When using a wet film-forming method, a thin film
is formed by dissolving or dispersing the material constitut-
ing each layer in suitable solvents, such as ethanol, chloro-
form, tetrahydrofuran, dioxane, etc. The solvents are not spe-
cifically limited as long as the material constituting each layer
is soluble or dispersible in the solvents, which do not cause
any problems in forming a layer.

[0079] Hereinafter, the organic electroluminescent com-
pound of the present invention, the preparation method of the
compound, and the luminescent properties ofthe device com-
prising the compound will be explained in detail with refer-
ence to the following examples:

EXAMPLE 1

Preparation of Compound C-1
[0080]

Pd(PPh3)4

Na2CO3
Toluene

O e O’Q o

Br.

C-1-1

Pd(OAc)2
p(t-Bu)3
Cs2CO3
Toluene
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-continued
Cul Pd(OAc)2
EDA Ligand
K3P0O4 K2C03 i3t
Toluene H DMA

Preparation of Compound C-1-1

[0081] After adding 2-bromo-7-iodo-9,9-dimethyl-9H-
fluorene (25.0 g, 62.6 mmol), 9-phenyl-9H-carbazole-3-yl
boronic acid (16.3 g, 56.9 mmol), tetrakis(triphenylphos-
phine)jpalladium(O) [Pd(PPh;),] (3.6 g, 3.1 mmol), and
Na,CO, (19.9 g, 216.0 mmol) to a flask and dissolving the
reaction mixture by adding toluene (400.0 ml), ethanol
(EtOH) (100.0 ml), and distilled water (100.0 ml), the reac-
tion mixture was stirred for 3 hours at 120° C. After reaction,
the reaction was completed by slowly adding distilled water,
the organic layer was extracted with ethylene acetate (EA).
The obtained organic layer was dried with MgSO,, to remove
the remaining moisture, and was separated through column
chromatography to obtain compound C-1-1 (27.5 g, 53.5
mmol, Yield: 84%).

Preparation of Compound C-1-2

[0082] After adding compound C-1-1 (27.5 g, 53.5 mmol),
2-chloroaniline (11.2 ml, 106.9 mmol), palladium acetate
(480.0 mg, 2.13 mmol), P(t-Bu), (iri-t-butylphosphine) (1.0
ml, 6.2 mmol), and potassium-tert-butoxide (15.0 g, 133.6
mmol) to a flask and dissolving the reaction mixture by add-
ing toluene (148.0 ml), the reaction mixture was refluxed for
24 hours at 120° C. After completing the reaction, the organic
layer was extracted with EA. The obtained organic layer was
dried with MgSO, to remove the remaining moisture, and was
separated through column chromatography to obtain com-

‘6@2 O NO
! 9

C-1-2

Preparation of Compound C-1-3

[0083] After adding compound C-1-2 (14.5 g, 25.8 mmol),
palladium acetate (290.0 mg, 1.29 mmol), tri-t-butylphos-
phonium tetrafluoroborate (0.75 g, 2.58 mmol), and K,CO,
(10.7 g, 77.5 mmol) to a flask and dissolving the reaction
mixture by adding dimethylacetamide (DMA) (143.0 ml), the
reaction mixture was refluxed for 24 hours at 180° C. After
completing the reaction, the organic layer was extracted with
EA. The obtained organic layer was dried with MgSO, to
remove the remaining moisture, and was separated through
column chromatography to obtain compound C-1-3 (10.9 g,
20.7 mmol, Yield: 66%).

Preparation of Compound C-1

[0084] After adding compound C-1-3 (9.9 g, 18.8 mmol),
iodobenzene (3.2 ml, 28.3 mmol), Cul (1.8 g, 9.4 mmol),
ethylenediamine (1.26 ml, 18.8 mmol) and K,PO, (12.2 g,
56.6 mmol) to a flask and dissolving the reaction mixture by
adding toluene (100.0 ml), the reaction mixture was refluxed
for 24 hours at 120° C. After completing the reaction, the
organic layer was extracted with EA. The obtained organic
layer was dried with MgSO, to remove the remaining mois-
ture, and was separated through column chromatography to
obtain compound C-1 (6.2 g, 10.3 mmol, Yield: 55%).

EXAMPLE 2

Preparation of Compound C-22

pound C-1-2 (14.5 g, 25.8 mmol, Yield: 48%). [0085]
Pd(PPh3)4 Pd(PPh3)4
K2co3 K2co3
HNO3 NO,  Toluene NO, Toluene
H2804 FtOH FtOH
R — —_— - —_—
Br Br Br Br Br

J

C-22-2
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-continued

Preparation of Compound C-22-1

[0086] 1,3-dibromobenzene and sulfuric acid (250.0 ml)
were added to a flask and the reaction mixture was cooled to
an internal temperature of 0° C. Nitric acid (28.6 ml) was
slowly added to the flask and the reaction mixture was stirred
for 30 minute. After completing the reaction, the reaction
mixture was added to ice water, and the obtained solid was
filtered and rinsed with water. The solid was rinsed with
NaOH to make a neutral solid. The solid was separated
through column chromatography to obtain compound C-22-1
(60.0 g, 213.5 mmol, Yield: 50%).

Preparation of Compound C-22-2

[0087] After adding compound C-22-1 (60.0 g, 213.5
mmol), dibenzo[b,d]thiophene-4-yl boronic acid (40.6 g,
177.9 mmol), Pd(PPh,), (8.2 g, 7.1 mmol), and Na,CO, (56.6
2, 534.0 mmol) to a flask and dissolving the reaction mixture
by adding toluene (520.0 ml), EtOH (260.0 ml), and distilled
water (260.0 ml), the reaction mixture was stirred for 3 hours
at 120° C. After reaction, the reaction was completed by
slowly adding distilled water, the organic layer was extracted
with EA. The obtained organic layer was dried with MgSO, to
remove the remaining moisture, and was separated through
column chromatography to obtain compound C-22-2 (42.0 g,
109.0 mmol, Yield: 51%).

Preparation of Compound C-22-3

[0088] After adding compound C-22-2 (10.5 g, 29.8
mmol), 9-phenyl-9H-carbazole-3-yl boronic acid (10.3 g,
35.8 mmol), Pd(PPh,), (1.4 g, 1.2 mmol), and K,CO, (12.3 g,

Cul

EDA
K3PO4

Toluene

“
N )
oA

C-22-3

lP(OEt)3

89.4 mmol) to a flask and dissolving the reaction mixture by
adding toluene (100.0 ml), EtOH (45.0 ml), and distilled
water (45.0 ml), the reaction mixture was stirred for 3 hours at
120° C. After reaction, the reaction was completed by slowly
adding distilled water, the organic layer was extracted with
EA. The obtained organic layer was dried with MgSO, to
remove the remaining moisture, and was separated through
column chromatography to obtain compound C-22-3 (8.5 g,
16.5 mmol, Yield: 55%).

Preparation of Compound C-22-4

[0089] After adding compound C-22-3 (42.0 g, 109.0
mmol) to a flask and dissolving the reaction mixture by add-
ing triethylphosphite (250.0 ml) and 1,2-dichlorobenzene
(200.0 ml), the reaction mixture was stirred for 24 hours at
150° C. After completing the reaction, the remaining solvents
were removed by a distillation apparatus, and the obtained
organic layer was separated through column chromatography
to obtain compound C-22-4 (10.5 g, 29.8 mmol, Yield: 27%).

Preparation of Compound C-22
[0090] After adding compound C-22-4 (8.5 g, 16.5 mmol),
iodobenzene (3.7 ml, 33.0 mmol), Cul (1.6 g, 8.2 mmol),
ethylenediamine (1.1 ml, 16.5 mmol) and K PO, (10.5 g,
49.5 mmol) to a flask and dissolving the reaction mixture by
adding toluene (100.0 ml), the reaction mixture was refluxed
for 24 hours at 120° C. After completing the reaction, the
organic layer was extracted with EA. The obtained organic
layer was dried with MgSQO, to remove the remaining mois-
ture, and was separated through column chromatography to
obtain compound C-22 (4.5 g, 7.6 mmol, Yield: 46%).
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EXAMPLE 3
Preparation of Compound C-26
[0091]
Pd(PPh3)4 Pd(PPh3M
K2Cc03 K2C03
HNO3 NO,  Toluene NO, Toluene
/O\ H2804 /@: EiOH O EiOH
Br Br Br Br Br
[6)
C-22-1 C-26-1
NO,
N
C-26-2
lP(OEm
Cul
EDA
K3PO4
Toluene

Preparation of Compound C-26-1

[0092] After adding compound C-22-1 (60.0 g, 213.5
mmol), dibenzo[b,d]furan-4-yl boronic acid (37.7 g, 177.9
mmol), Pd(PPh,), (10.2 g, 8.8 mmol), and Na,CO; (56.6 g,
534.0 mmol) to a flask and dissolving the reaction mixture by
adding toluene (520.0 ml), EtOH (260.0 ml), and distilled
water (260.0 ml), the reaction mixture was stirred for 3 hours
at 120° C. After reaction, the reaction was completed by
slowly adding distilled water, the organic layer was extracted
with EA. The obtained organic layer was dried with MgSO, to

remove the remaining moisture, and was separated through
column chromatography to obtain compound C-26-1(42.0 g,
114.0 mmol, Yield: 54%).

Preparation of Compound C-26-2

[0093] After adding compound C-26-1 (10.0 g, 29.7
mmol), 9-phenyl-9H-carbazole-3-yl boronic acid (10.2 g,
35.7 mmol), Pd(PPh,), (1.4 g, 1.2 mmol), andK,CO, (12.3 g,
89.4 mmol) to a flask and dissolving the reaction mixture by
adding toluene (100.0 ml), EtOH (45.0 ml), and distilled
water (45.0 ml), the reaction mixture was stirred for 3 hours at
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120° C. After reaction, the reaction was completed by slowly
adding distilled water, the organic layer was extracted with
EA. The obtained organic layer was dried with MgSO, to
remove the remaining moisture, and was separated through
column chromatography to obtain compound C-26-2 (8.0 g,
16.0 mmol, Yield: 54%).

Preparation of Compound C-26-3

[0094] After adding compound C-26-2 (42.0 g, 114.0
mmol) to a flask and dissolving the reaction mixture by add-
ing triethylphosphite (250.0 ml) and 1,2-dichlorobenzene
(200.0 ml), the reaction mixture was stirred for 24 hours at
150° C. After completing the reaction, the remaining solvents
were removed by a distillation apparatus, and the obtained
organic layer was separated through column chromatography
to obtain compound C-26-3 (10.5 g, 29.7 mmol, Yield: 26%).

NH,
Cl
Pd(OAc), P(t-Bu)s,
Cs,CO3, Toluene

1
N B
—_—
O Q NBS, DMF

C-12-2

Apr. 16, 2015

Preparation of Compound C-26

[0095]  After adding compound C-26-3 (8.0 g, 16.0 mmol),
iodobenzene (3.6 ml, 32.0 mmol), Cul (1.5 g, 8.0 mmol),
ethylenediamine (1.1 ml, 16.0 mmol) and K PO, (10.2 g,
48.1 mmol) to a flask and dissolving the reaction mixture by
adding toluene (100.0 ml), the reaction mixture was refluxed
for 24 hours at 120° C. After completing the reaction, the
organic layer was extracted EA and was dried with MgSO,, to
remove the remaining moisture. The obtained organic layer
was separated through column chromatography to obtain
compound C-26 (4.5 g, 7.8 mmol, Yield: 49%).

EXAMPLE 4

Preparation of Compound C-12
[0096]

=]

. Pd(OAc)s, P(di-tert-butyl)-
Cl methyl-HBF,, K,CO;3

DMA
C-12-1
N
H Q
N

B(OH),
Pd(PPhz)y, 2M K5CO3
Toluene, EtOH

&
Re
)
&

Cul, H,NCH,CH,NH,

K;P0,, toluene
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-continued

Preparation of Compound C-12-1

[0097] Toluene (600.0 ml) was added to 2-bromo-9,9-dim-
ethylfluorene (56.0 g, 0.20 mol), 2-chloroaniline (31.0 g, 0.24
mol), palladium acetate (1.5 g, 0.001 mol), P(t-Bu), (4.0 ml,
0.021 mol), and Cs,CO, (143.0 g, 0.439 mol). The mixture
was stirred for 12 hours at 120° C. After completing the
reaction, the mixture was rinsed with distilled water and the
organic layer was extracted with EA. After drying the
obtained organic layer with MgSQO,, the remaining solvents
were removed by using a rotary evaporator. The obtained
organic layer was purified through column chromatography
to obtain compound C-12-1 (65.0 g, Yield: 92%).

Preparation of Compound C-12-2

[0098] DMA (1000.0 ml) was added to compound C-12-1
(65.0 g,0.20 mol), palladium acetate (2.3 g, 0.01 mol), di-tert-
butyl(methyl)phosphonium tetrafluoroborate (5.9 g, 0.02
mol), and Na,COj; (64.0 g, 0.60 mol). The mixture was stirred
for 16 hours at 190° C. After completing the reaction, the
mixture was rinsed with distilled water and the organic layer
was extracted with EA.

[0099] After drying the obtained organic layer with
MgSO,, the remaining solvents were removed by using a
rotary evaporator. The obtained organic layer was purified
through column chromatography to obtain compound C-12-2
(31.0 g, Yield: 54%).

Preparation of Compound C-12-3

[0100] Compound C-12-2 (10.0 g, 0.035 mol) and dimeth-
ylformamide (DMF) (500.0 ml) were added to a two-neck
round bottom flask (2 L) and the reaction mixture was stirred
for 10 minutes at 0° C. After adding N-bromosuccinic imide
(NBS) (6.0 g, 0.03 mol) to DMF (350.0 ml), the solution was
slowly added to the flask, and the mixture was stirred for 6
hours at 0° C. After completing the reaction, the mixture was
neutralized by adding distilled water, and the organic layer
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C-12

was extracted with EA. After drying the obtained organic
layer with MgSO,, the remaining solvents were removed by
using a rotary evaporator. The obtained organic layer was
purified through column chromatography with EA as a devel-
oping solvent to obtain compound C-12-3 (10.0 g, Yield:
78%).

Preparation of Compound C-12-4

[0101] Compound C-12-3 (11.2 g, 31.0 mmol), 9-phenyl-
carbazole-3-boronicacid (11.0 g,35.7mmol), Pd(PPh;), (1.8
g, 1.6 mmol), K,CO, (11.0 g, 78.0 mmol), toluene (120.0 ml),
ethanol (40.0 ml), and distilled water (40.0 ml) to a round
bottom flask (500 ml). The reaction mixture was stirred for 12
hours at 120° C. After completing the reaction, the mixture
was rinsed with distilled water, and the organic layer was
extracted with EA. After drying the obtained organic layer
with MgSQ,, the remaining solvents were removed by using
a rotary evaporator. The obtained organic layer was purified
through column chromatography to obtain compound C-12-4
(13.6 g, Yield: 84%).

Preparation of Compound C-12

[0102] After adding compound C-12-4 (6.0 g, 11.4 mmol),
4-bromobiphenyl (2.9 g, 12.5 mmol), Cul (1.0 g, 5.7 mmol),
ethylenediamine (1.5 ml, 23.0 mmol), K,PO, (6.0 g, 29.0
mmol), and toluene (60.0 ml) to a round bottom flask (250
ml), the reaction mixture was heated to 120° C. and was
stirred for 12 hours. After completing the reaction, the mix-
ture was rinsed with distilled water, and the organic layer was
extracted with EA. After drying the obtained organic layer
with MgSO,, the remaining solvents were removed by using
a rotary evaporator. The obtained organic layer was purified
through column chromatography to obtain compound C-12
(5.0 g, Yield: 65%).
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EXAMPLE 5 ethylenediamine (2.0 ml, 26.6 mmol), K,PO, (7.0 g, 33.0
mmol), and toluene (70.0 ml) to a round bottom flask (250
Preparation of Compound C-10 ml), the reaction mixture was heated to 120° C. and was
[0103]  After adding compound C-12-4 (8.8 g, 16.7 mmol), stirred for 12 hours. After completing the reaction, the mix-
iodobenzene (2.8 ml, 25.1 mmol), Cul (1.6 g, 8.3 mmol), ture was rinsed with distilled water, and the organic layer was

ethylenediamine (1.1 ml, 16.7 mmol) and K PO, (11.0 g, extracted with EA. After drying the obtained organic layer
50.3 mmol) to a flask and dissolving the reaction mixture by ~ with MgSO,, the remaining solvents were removed by using
adding toluene (100.0 ml), the reaction mixture was stirred a rotary evaporator. The obtained organic layer was purified
for 24 hours at 120° C. After completing the reaction, the through column chromatography to obtain compound C-13
organic layer was extracted EA and was dried with MgSO, to (6.4 g, Yield: 71%).
remove the remaining moisture. The obtained organic layer

was separated through column chromatography to obtain

compound C-10 (6.0 g, 9.9 mmol, Yield: 60%). EXAMPLE 7
EXAMPLE 6 Preparation of Compound C-24
Preparation of Compound C-13 [0106]
[0104]
NO;
0 Br
=8 .
Pd(PPhs)y/
Cul, 2M NayCO3
H,NCH,CH,NH, Toluzne/
- -
K3POy, toluene S EtOH
B(OH),
C-24-1
S

C-12-4

P(OEt);
—_——
1,2-Dichloroethane

Ph

Pd(PPh3)y/
M N3.2C03

Toluene/
FtOH

C-13

Br
C-24-3
[0105] After adding compound C-12-4 (7.0 g, 13.3 mmol),
3-bromobiphenyl (3.1 g, 13.3 mmol), Cul (1.3 g, 6.7 mmol),
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-continued

Molecular Weight: 590.73
C-24

Preparation of Compound C-24-2

[0107] CompoundC-24-1(29.0g, 128.0mmol), Pd(PPh,),
(4.9 g, 4.3 mmol), Na,CO; (28.0 g, 267.0 mmol), toluene
(450.0 ml), ethanol (150.0 ml), and distilled water (150.0 ml)
were added to a round bottom flask (2 L) and the reaction
mixture was stirred for 1.5 hours at 120° C. The reaction
mixture was extracted with EA/distilled water, and the
obtained organic layer was dried with MgSQO,, to remove the
remaining moisture and was distilled under the reduced pres-
sure. The crude product was purified through column chro-
matography with methylene chloride (MC) and hexane as
developing solvents to obtain compound C-24-2 as a yellow
solid (34.0 g, Yield: 70%).

Preparation of Compound C-24-3

[0108] Compound C-24-2 (34.0 g, 88.5 mmol), P(OE(t),
(250.0 ml), and 1,2-dichlorobenzene (250.0 ml) were added
to a round bottom flask (2 L) and the reaction mixture was
stirred for 3.5 hours at 150° C. The reaction mixture was
separated by distillation and was extracted with EA/distilled

45
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water. The obtained organic layer was dried with MgSO, to
remove the remaining moisture and was distilled under the
reduced pressure. The crude product was purified through
column chromatography with MC and hexane as developing
solvents to obtain compound C-24-3 as a white solid (14.6 g,
Yield: 47%).

Preparation of Compound C-24-4

[0109] Compound C-24-3 (6.0 g, 17.0 mmol), 9-phenyl-
9H-carbazole-3-yl boronic acid (6.4 g, 22.0 mmol),
Pd(PPh;), (984.0 mg, 0.85 mmol), K,CO, (5.9 g, 43.0
mmol), toluene (80.0 ml), ethanol (20.0 ml), and distilled
water (20.0 ml) were added to a round bottom flask (500 m1)
and the reaction mixture was stirred for 4 hours at 120° C. The
reaction mixture was extracted with EA/distilled water. The
obtained organic layer was dried with MgSQO, to remove the
remaining moisture and was distilled under the reduced pres-
sure. The crude product was filtered on silica with chloroform
to obtain compound C-24-4 as a white solid (5.0 g, Yield:
57%).

Preparation of Compound C-24

[0110] Compound C-24-4 (4.4 g, 8.5 mmol), iodobenzene
(4.36 g, 21.4 mmol), Cul (814.0 mg, 4.3 mmol), K,PO, (5.4
g, 25.6 mmol), ethylenediamine (1.2 ml, 17.0 mmol), and
toluene (45.0 ml) were added to a round bottom flask (250 ml)
and the reaction mixture was stirred for 6 hours at 120° C. The
reaction mixture was extracted with EA/distilled water. The
obtained organic layer was dried with MgSQO,, to remove the
remaining moisture and was distilled under the reduced pres-
sure. The crude product was purified through column chro-
matography with MC and hexane as developing solvents and
was recrystallized with DMF to obtain compound C-24 as a
white solid (1.0 g, Yield: 20%).

EXAMPLE 8

Preparation of Compound C-11

[0111] 3-(4-bromophenyl)-9-phenyl-9H-carbazole (3.2 g,
8.0 mmol), 7,7-dimethyl-5-phenyl-5,7-dihydroindeno[ 2,1-b]
carbazole-2-yl boronic acid (3.9 g, 11.0 mmol), Pd(PPh,),
(464.0 mg, 0.40 mmol), K,CO,(3.3 g, 243.0 mmol), toluene
(24.0 ml), ethanol (12.0 ml), and distilled water (12.0 ml)
were added to a round bottom flask (500 ml) and the reaction
mixture was stirred for 4 hours at 120° C. The reaction mix-
ture was extracted with EA/distilled water. The obtained
organic layer was dried with MgSO, to remove the remaining
moisture and was distilled under the reduced pressure. The
crude product was filtered on silica with chloroform to obtain
compound C-11 as a white solid (2.2 g, Yield: 41%).

[0112] The physical properties of the compounds of the
present invention, which were prepared in Examples 1 to 8,
are provided in the table 1 below:

TABLE 1
Compound Yield MS/EIMS uv
Nos. (%) Found Caleulated (nm) PL (nm) mp (°C.)
C-1 55% 599.61  600.75 344nm 387 nm 265
C-10 60% 599.74  600.75  342nm 406 nm 176
C-11 41% 676.32  676.84 394nm 322nm 270
C-12 65% 676.65  676.84  322mm 409 nm 319
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TABLE 1-continued

Compound Yield MS/EIMS uv

Nos. (%) Found Caleulated (nm) PL (nm) mp(°C.)
C-13 70% 676.92. 676.84 308nm 407 nm 194
C-22 46% 58997  590.73  334nm 389nm 226
C-24 20% 589.51  390.73 308 nm 393nm 229
C-26 48% 57395 37467 356nm 386nm 203

Device Example 1

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0113] An OLED device was produced using the organic
electroluminescent compound according to the present
invention. A transparent electrode indium tin oxide (ITO) thin
film (15 €2/sq) on a glass substrate for an organic light-emit-
ting diode (OLED) device (Samsung Corning, Republic of
Korea) was subjected to an ultrasonic washing with trichlo-
roethylene, acetone, ethanol, and distilled water, sequentially,
and then was stored in isopropanol. Then, the ITO substrate
was mounted on a substrate holder of a vacuum vapor depos-
iting apparatus. N*.N'-([1,1'-biphenyl]-4,4'-diy])bis(N*-
(naphthalene-1-y1)-N* N*-diphenylbenzene-1,4-diamine)

was introduced into a cell of the vacuum vapor depositing
apparatus, and then the pressure in the chamber of the appa-
ratus was controlled to 107¢ torr. Thereafter, an electric cur-
rent was applied to the cell to evaporate the above introduced
material, thereby forming a hole injection layer having a
thickness of 60 nm on the ITO substrate. Then, compound
C-1 according to the present invention was introduced into
another cell of the vacuum vapor depositing apparatus, and
was evaporated by applying electric current to the cell,
thereby forming a hole transport layer having a thickness of
20 nm on the hole injection layer. Thereafter, 9-(3-(4,6-diphe-
nyl-1,3,5-triazine-2-yl)phenyl)-9'-phenyl-9H,9H'-3,3'-bicar-
bazole as a host was introduced into one cell of the vacuum
vapor depositing apparatus, and tris(4-methyl-2,5-diphe-
nylpyridine)iridium (D-5) as a dopant was introduced into
another cell. The two materials were evaporated at different
rates and deposited in a doping amount of 15 wt % of the
dopant, based on the total weight of the host and dopant, to
form a light-emitting layer having a thickness of 30 nm on the
hole transport layer. Then, 2-(4-(9,10-di(naphthalene-2-yl)
anthracen-2-yl)phenyl)-1-phenyl-1H-benzo| d]imidazole

was introduced into one cell and lithium quinolate (Liq) was
introduced into another cell. The two materials were evapo-
rated at the same rate and were respectively deposited in a
doping amount of 50 wt % to form an electron transport layer
having a thickness of 30 nm on the light-emitting layer. Then,
after depositing lithium quinolate as an electron injection
layer having a thickness of 2 nm on the electron transport
layer, an Al cathode having a thickness of 150 nm was depos-
ited by another vacuum vapor deposition apparatus on the
electron injection layer. Thus, an OLED device was pro-
duced. All the materials used for producing the OLED device
were purified by vacuum sublimation at 1076 torr prior to use.

[0114] The produced OLED device showed green emission
having a luminance of 5050 cd/m® and a current density of
12.5 mA/em®,
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Device Example 2

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0115] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-10 as
the hole transport layer, 9-phenyl-10-(4-phenylnaphthalene-
1-yDanthracene as a host, and (E)-9,9-dimethyl-7-(4-(naph-
thalene-2-yl(phenyl)amino)styryl)-N,N-diphenyl-9H-fluo-
rene-2-amine as a dopant.

[0116] The produced OLED device showed blue emission
having a luminance of 2050 c¢d/m® and a current density of
28.5 mA/cm?*.

Device Example 3

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0117] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-11 as
the hole transport layer.

[0118] The produced OLED device showed green emission
having a luminance of 4000 cd/m? and a current density of 7.4
mA/cm?.

Device Example 4

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0119] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-12 as
the hole transport layer.

[0120] The produced OLED device showed green emission
having a luminance of 7000 cd/m?* and a current density of
13.5 mA/cm?®.

Device Example 5

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0121] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-22 as
the hole transport layer.

[0122] The produced OLED device showed blue emission
having a luminance of 3000 cd/m? and a current density of
41.1 mA/em’.

Device Example 6

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0123] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-26 as
the hole transport layer.

[0124] The produced OLED device showed green emission
having a luminance of 2000 cd/m* and a current density of 3.7
mA/cm?,
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Device Example 7

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0125] An OLED device was produced in the same manner
as in Device Example 1, except for using compound C-24 as
the hole transport layer.

[0126] Theproduced OLED device showed green emission
having a luminance of 2000 cd/m” and a current density of 5.5
mA/cm?.

Device Example 8

Production of an OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0127] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-13 as
the hole transport layer.

[0128] The produced OLED device showed green emission
having a luminance of 5520 cd/m? and a current density of
10.5 mA/cm?.

Comparative Example 1

Production of an OLED Device Using Conventional
Electroluminescent Compounds

[0129] An OLED device was produced in the same manner
as in Device Example 1, except that a hole transport layer
having a thickness of 20 nm was deposited by using N,N'-di
(4-biphenyl)-N,N'-di(4-biphenyl)-4,4'-diaminobiphenyl, a
light-emitting layer having a thickness of 30 nm was depos-
ited on the hole transport layer by using 4,4'-N,N'-dicarba-
zole-biphenyl as a host and tris(2-phenylpyridine)iridium
(D-4) as a dopant, and a hole blocking layer having a thick-
ness of 10 nm was deposited by using bis(2-methyl-8-quino-
linato)(4-phenylphenolato)aluminum(III).

[0130] The produced OLED device showed green emission
having a luminance of 4080 cd/m? and a current density of
12.0 mA/em?®.

Comparative Example 2

Production of an OLED Device Using Conventional
Electroluminescent Compounds

[0131] AnOLED device was produced in the same manner
as in Device Example 1, except that a hole transport layer
having a thickness of 20 nm was deposited by using N,N'-di
(4-biphenyl)-N,N'-di(4-biphenyl)-4,4'-diaminobiphenyl, a
light-emitting layer having a thickness of 30 nm was depos-
ited on the hole transport layer by using 9-phenyl-10-(4-
phenylnaphthalene-1-yl)anthracene as a host and (F)-9,9-
dimethyl-7-(4-(naphthalene-2-yl(phenyl)amino)styryl)-N,
N-diphenyl-9H-fluorene-2-amine as a dopant.

[0132] The produced OLED device showed blue emission
having a luminance of 1010 e¢d/m® and a current density of
16.8 mA/cm®.

[0133] The organic electroluminescent compounds of the
present invention have luminous characteristics superior to
the conventional materials.
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1. An organic electroluminescent compound represented
by the following formula 1:

@

Z
R, 1\{
o
(A% | /XA
9
RS I \
RA=/Ta),
wherein

A is represented by the following formula 2:

@

ra

Rs)

formula 2 is bonded to the compound of formula 1 via *;
7 is represented by the following formula 3:

(L mmAry (3%

formula 3 is bonded to the compound of formula 1 via *;

L, and L, each independently represent a single bond, a
substituted or unsubstituted 5-to 30-membered het-
eroarylene group, or a substituted or unsubstituted (C6-
C30)arylene group;

X and Y each independently represent —O—, —S—,
—NRg}— —CR7)(Rg)— or —Si(Re)(Ry4)—;

Ar, and R, to R each independently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-
C30)aryl group, a substituted or unsubstituted 5- to
30-membered heteroaryl group, —NR,;R,,, or
—SiR, 3R 4R, 5; or are linked to an adjacent substituent
(s) to form a mono- or polycyclic, 3- to 30-membered
alicyclic or aromatic ring whose carbon aton(s) may be
replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur, proviso that where qis 1, R,
is not the group of formula 2, and p is 1, R, is not the
group of formula 2;

Rg to Ry5 each independently represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 5- to 30-mem-
bered heteroarvl group; or are linked to an adjacent
substituent(s) to form a mono- or polycyclic, 3- to
30-membered alicyclic or aromatic ring;

m and n each independently represent an integer of 0 to 2;
where mis 2, each of L, is the same or different, andn is
2, each of L, 1s the same or different;

p and q each independently represent an integer of 0 or 1;
where p+q=1;

s and t each independently represent an integer of 1 or 2;
where s is 2, each of R, is the same or different, and t is
2, each of R is the same or different; and
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the heteroaryl(ene) group contains at least one hetero atom
selected from B, N, O, S, P(—0), Si and P.

2. The organic electroluminescent compound according to
claim 1, wherein the compound is one selected from the group
consisting of the following formulae 4 to 9:

@

(6)

™

®
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-continued

©

wherein

A, 7Z,X,R, to Ry, p and q are as defined in claim 1.

3. The organic electroluminescent compound according to
claim 1, wherein the substituents of the substituted alkyl
group, the substituted aryl(ene) group, and the substituted
heteroaryl(ene) group in L, L, Ar;, and R, to R, each
independently are at least one selected from the group con-
sisting of deuterium; a halogen; a cyano group; a carboxyl
group; a nitro group; a hydroxyl group; a (C1-C30)alkyl
group; a halo(C1-C30)alkyl group; a (C6-C30)aryl group; a
5- to 30-membered heteroaryl group; a 5- to 30-membered
heteroaryl group substituted with a (C6-C30)aryl; a (C6-C30)
aryl group substituted with a 5- to 30-membered heteroaryl; a
(C3-C30)cycloalkyl group; a 3- to 7-membered heterocy-
cloalkyl group; a tri(C1-C30)alkylsilyl group; a tri(C6-C30)
arylsilyl group; a di(C1-C30)alkyl(C6-C30)arylsilyl group; a
(C1-C30)alkyldi(C6-C30)arylsilyl group; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a mono- or di(C1-C30)
alkylamino group; a mono- or di(C6-C30)arylamino group; a
(C1-C30)alkyl(C6-C30)arylamino group; a di(C6-C30)aryl-
boronyl group; a di(C1-C30)alkylboronyl group; a (C1-C30)
alkyl(C6-C30)arylboronyl group; a (C6-C30)aryl(C1-C30)
alkyl group; and a (C1-C30)alkyl(C6-C30)aryl group.

4. The organic electroluminescent compound according to
claim 2, wherein A is represented by the following formula
10:

(10)

N -
TN,
wherein

formula 10 is bonded to the compounds of formulae 1 and
410 9 via *;

Y, R,,R,, n, s and t are as defined in claim 1;

R,o represents hydrogen, deuterium, a halogen, a substi-
tuted or unsubstituted (C1-C30)alkyl group, a substi-
tuted or unsubstituted (C6-C30)aryl group, or a substi-
tuted or unsubstituted 5- to 30-membered heteroaryl
group; or are linked to an adjacent substituent(s) to form
a mono- or polycyclic, 3- to 30-membered alicyclic or
aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen,
oxygen and sulfur; and
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the heteroaryl group contains at least one hetero atom
selected from B, N, O, S, P(—0), Si and P.

5. The organic electroluminescent compound according to
claim 2, wherein X represents —O—, —S, or —C(R,)
(Rg)—, in which R, and Ry are as defined in claim 1.

6. The organic electroluminescent compound according to
claim 2, wherein Y represents —O—, —S, or —N(R4)—, in
which R is as defined in claim 1.

7. The organic electroluminescent compound according to
claim 2, wherein Z is represented by formula 3, wherein Ar,
represents a substituted or unsubstituted (C1-C30)alkyl
group, a substituted or unsubstituted (C6-C30)aryl group, a
substituted or unsubstituted 5- to 30-membered heteroaryl
group, —NR ;R ;or—SiR,;R R, 5, inwhichR |, toR s are
as defined in claim 1.

8. The organic electroluminescent compound according to
claim 7, wherein Z is represented by the following formula
11:

an

5)\ o ﬂ r\

wherein
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formula 11 is bonded to the compounds of formulae 1 and

4to 9 via *;
Z represents —O—, —S—, —N(R,)— —CR;)
(Rp)— or —Si(R,35)(Ry)—

R, t0 R, 4 each independently represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, a substituted or unsubstituted 5- to 30-membered
heteroaryl group, —NR, R, or —SiR,, R R, ; orare
linked to an adjacent substituent(s) to form a mono- or
polycyclic, 3- to 30-membered alicyclic or aromatic ring
whose carbon atom(s) may be replaced with at least one
hetero atom selected from nitrogen, oxygen and sulfur;

R, to R,g each independently represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 5- to 30-mem-
bered heteroaryl group; or are linked to an adjacent
substituent(s) to form a mono- or polycyclic, 3- to
30-membered alicyclic or aromatic ring;

m represents an integer of 0 to 2;

r represents an integer of 0 or 1;

urepresents an integer of 1 to 3; where u is 2 or more, each
of R, is the same or different; and

the heteroaryl group contains at least one hetero atom
selected from B, N, O, S, P(=0), Si and P.

9. The organic electroluminescent compound according to

claim 1, wherein the compound represented by formula 1 is
selected from the group consisting of:
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-continued
C-87

10. An organic electroluminescent device comprising the
compound according to claim 1.

* % % k¥
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