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(57) ABSTRACT

A compound for an organic electroluminescent device is rep- |
resented by the following General Formula (1). X in General Y N
Formula (1) is selected from the following General Formulae 0 \
(2),(3)and (4).
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MATERIAL FOR ORGANIC
ELECTROLUMINESCENT DEVICE AND
ORGANIC ELECTROLUMINESCENT
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Japanese Patent Application No. 2014-205669, filed
on Oct. 6, 2014, in the Japanese Patent Office, and entitled:
“Material For Organic Electroluminescent Device and
Organic Electroluminescent Device Including The Same.” is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a material for an organic
electroluminescent device and an organic electroluminescent
device including the same.

[0004] 2. Description of the Related Art

[0005] Recently, the development of an organic electrolu-
minescence display (organic EL display) as an image display
is being actively conducted. The organic EL display is differ-
ent from a liquid crystal display and is a self-luminescent
display realizing display from a luminescent material includ-
ing an organic compound in an emission layer by recombin-
ing holes and electrons injected from an anode and a cathode.
[0006] As an organic electroluminescent device (organic
EL device), an organic device may include, e.g. an anode, a
hole transport layer disposed on the anode, an emission layer
disposed on the hole transport layer, an electron transport
layer disposed on the emission layer and a cathode disposed
on the electron transport layer. Holes are injected from the
anode, and the injected holes move via the hole transport layer
and are injected into the emission layer. Electrons are injected
from the cathode, and the injected electrons move via the
electron transport layer and are injected into the emission
layer. The holes and electrons injected into the emission layer
recombine to generate excitons in the emission layer. The
organic EL, device emits light using light generated by the
radiation deactivation of the excitons. Various modifications
to the organic IL device are possible.

SUMMARY

[0007] Embodiments are directed to a compound for an
organic electroluminescent (EL) device, the compound being
represented by the following General Formula (1), wherein X
in General Formula (1) is selected from the following General
Formulae (2), (3), and (4):
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wherein in General Formula (1), R;, R,, R; and R, are inde-
pendently a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a halogen
atom, a hydrogen atom or a deuterium atom, L., L., and L, are
independently a divalent group selected from a substituted or
unsubstituted alkylene group, aralkylene group, arylene
group and heteroarylene group, or a direct linkage, Ar, and
Ar, are independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 1 to 30 ring carbon
atoms, and in General Formulae (2), (3), and (4), R, R and
R, areindependently a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsubsti-
tuted heteroaryl group having 1 to 30 ring carbon atoms, an
alkyl group having 1 to 15 carbon atoms, a silyl group, a
halogen atom, a hydrogen atom or a deuterium atom, and 1, n
and m are independently an integer from 0 to 2.

[0008] X in General Formula (1) may be represented by
General Formula (2).

[0009] Ar, and Ar, in the above General Formula (1) may
be a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms.

[0010] Multiple adjacent R}, R,, R; and R, and/or Ry, R,
and R, may be combined to form a saturated or unsaturated
ring.

[0011] Embodiments are also directed to an organic elec-
troluminescent (EL) device including a compound for an
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organic EL device in a layer of stacking layers between an
emission layer and an anode. The compound for an organic
EL device is represented by the following General Formula
(1), and X in the above General Formula (1) is selected from
the following General Formulae (2), (3) and (4):

General Formula 1
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[0012] InGeneral Formula (1),R;, R,, R, and R, are inde-
pendently a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a halogen
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atom, a hydrogen atom or a deuterium atom, L,, I, and ; are
independently a divalent group selected from a substituted or
unsubstituted alkylene group, aralkylene group, arylene
group and heteroarylene group, or a direct linkage, and Ar,
and Ar, are independently a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 1 to 30 ring carbon
atoms. In General Formula (2), (3), and (4), Rs, Rgand R are
independently a substituted or unsubstituted aryl group hav-
ing 6 to 30 ring carbon atoms, a substituted or unsubstituted
heteroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a halogen
atom, a hydrogen atom or a deuterium atom, and1, nand m are
independently an integer from 0 to 2.

[0013] X in General Formula (1) may be represented by
General Formula (2).

[0014] Ar, and Ar, in the above General Formula (1) may
be a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms.

[0015] Multiple adjacent R}, R,, R; and R, and/or Ry, R
and R, may be combined to form a saturated or unsaturated
ring.

[0016] The compound for an organic EL device may be at
least one of compounds 1 to 60 disclosed in the detailed
description, below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will become apparent to those of skill inthe
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0018] FIG. 1 illustrates a schematic diagram showing an
organic electroluminescent device according to an embodi-
ment.

DETAILED DESCRIPTION

[0019] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0020] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Tt will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0021] According to embodiments, an amorphous property
may be maintained, and high mobility of holes, low driving
voltage and high emission efficiency may be realized by
introducing a benzoxazinophenoxazine part with high planar-
ity at the meta position of a phenylene group with small
conjugation effect in an amine having high amorphous prop-
erty and high hole mobility.

[0022] Hereinafter, a material (i.e., a compound) for an
organic EL, device and an organic EL device including the
same will be explained referring to attached drawing.
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[0023] The material for an organic EL device may include
an amine derivative represented by the following General
Formula (1).

General Formula 1

M

Rs

[0024] In General Formula (1), X is selected from benzox-
azinophenoxazine moieties represented by the following
General Formulae (2), (3) and (4).

General Formulae (2), (3), and (4)
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[0025] InGeneral Formula (1), R, R,, Ry and R, are inde-
pendently a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 1 to 30 ring carbon atoms, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a halogen
atom, a hydrogen atom or a deuterium atom. L, [, and [; are
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independently a divalent group selected from the group con-
sisting of a substituted or unsubstituted alkylene group,
aralkylene group, arylene group and heteroarylene group, or
adirectlinkage. Ar, and Ar, are a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 1 to 30 ring carbon
atoms. In addition, multiple adjacent R, R,, R;, R, Ry, Ry
and R, may combine to form a saturated or unsaturated ring.
[0026] The substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms used in R;, R,, Ry and R, may
independently include a phenyl group, a naphthyl group, an
anthracenyl group, a phenanthryl group, a biphenyl group, a
terphenyl group, a quaterphenyl group, a quinquephenyl
group, a sexiphenyl group, a fluorenyl group, a triphenylene
group, a biphenylene group, a pyrenyl group, a benzofluoran-
thenyl, a chrysenyl group, etc.

[0027] The substituted or unsubstituted heteroaryl group
having 1 to 30 ring carbon atoms used in R}, R,, Ry and R,
may independently include a benzothiazolyl group, a
thiophenyl —group, a thienothiophenyl group, a
thienothienothiopheny! group, a benzothiophenyl group, a
benzofuryl group, a dibenzothiophenyl group, a dibenzofuryl
group, a N-arylcarbazolyl group, a N-heteroarylcarbazolyl
group, a N-alkylcarbazolyl group, a phenoxazyl group, a
phenothiazyl group, a pyridyl group, a pyrimidyl group, a
triazile group, a quinolinyl group, a quinoxalyl group, etc.
[0028] Thealkyl group having 1 to 15 carbon atoms used in
R,-R, may include a methyl group, an ethyl group, a propyl
group, an isopropyl group, an-butyl group, a s-butyl group, an
isobutyl group, a t-butyl group, a n-pentyl group, a n-hexyl
group, a n-heptyl group, a n-octyl group, a hydroxymethyl
group, a 1-hydroxyethyl group, a 2-hydroxyethyl group, a
2-hydroxyisobuty! group, a 1,2-dihydroxyethyl group, a 1,3~
dihydroxyisopropyl group, a 2,3-dihydroxy-t-butyl group, a
1,2 3-trihydroxypropyl group, a chloromethyl group, a
1-chloroethyl group, a 2-chloroethyl group, a 2-chloroisobu-
tyl group, a 1,2-dichloroethyl group, a 1,3-dichloroisopropyl
group, a 2,3-dichloro-t-butyl group, a 1,2,3-trichloropropyl
group, a bromomethyl group, a 1-bromoethyl group, a 2-bro-
moethyl group, a 2-bromoisobutyl group, a 1,2-dibromoethyl
group, a 1,3-dibromoisopropyl group, a 2,3-dibromo-t-butyl
group, a 1,2,3-tribromopropyl group, an iodomethyl group, a
1-iodoethyl group, a 2-iodoethyl group, a 2-iodoisobutyl
group, a 1,2-diiodoethyl group, a 1,3-diiodoisopropyl group,
a 2,3-diiodo-t-butyl group, a 1,2,3-triiodopropyl group, an
aminomethyl group, a 1-aminoethyl group, a 2-aminoethyl
group, a 2-aminoisobutyl group, a 1,2-diaminoethyl group, a
1,3-diaminoisopropyl group, a 2,3-diamino-t-butyl group, a
1,2 3-triaminopropyl group, a cyanomethyl group, a 1-cya-
noethyl group, a 2-cyanoethyl group, a 2-cyanoisobutyl
group, a 1,2-dicyanoethyl group, a 1,3-dicyanoisopropyl
group, a 2,3-dicyano-t-butyl group, a 1,2,3-tricyanopropyl
group, a nitromethyl group, a 1-nitroethyl group, a 2-nitroet-
hyl group, a 2-nitroisobutyl group, a 1,2-dinitroethyl group, a
1,3-dinitroisopropyl group, a 2,3-dinitro-t-butyl group, a 1,2,
3-trinitropropyl group, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a 4-methyl-
cyclohexyl group, a l-adamantyl group, a 2-adamantyl
group, a 1-norbornyl group, a 2-norbornyl group, etc.
[0029] The substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms used as Ar, and Ar, may include a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthryl group, a biphenyl group, a terphenyl group, a
quaterphenyl group, a quinquephenyl group, a sexiphenyl
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group, a fluorenyl group, a triphenylene group, a biphenylene
group, a pyrenyl group, a benzofluoranthenyl group, a chry-
senyl group, etc.

[0030] The hetero aryl group having 1 to 30 ring carbon
atoms used as Ar, and Ar, may include a benzothiazolyl
group, a thiophenyl group, a thienothiophenyl group, a
thienothienothiophenyl group, a benzothiophenyl group, a
benzofuryl group, a dibenzothiophenyl group, a dibenzofuryl
group, a N-arylcarbazolyl group, a N-heteroarylcarbazolyl
group, a N-alkylcarbazolyl group, a phenoxazyl group, a
phenothiazyl group, a pyridyl group, a pyrimidyl group, a
triazile group, a quinolinyl group, a quinoxalyl group, etc.
[0031] The substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms used in R5-R, in General Formulae
(2), (3), and (4) may include a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthryl group, a biphenyl
group, a terphenyl group, a quaterphenyl group, a quin-
quephenyl group, a sexiphenyl group, a fluorenyl group, a
triphenylene group, a biphenylene group, a pyrenyl group, a
benzofluoranthenyl, a chrysenyl group, etc. In addition, mul-
tiple adjacent Rs-R, may combine and form a saturated or
unsaturated ring.

[0032] The substituted or unsubstituted heteroaryl group
having 1 to 30 ring carbon atoms used in Rs, R and R, may
include a benzothiazolyl group, a thiophenyl group, a
thienothiophenyl group, a thienothienothiophenyl group, a
benzothiophenyl group, a benzofuryl group, a diben-
zothiophenyl group, a dibenzofuryl group, a N-arylcarba-
zolyl group, a N-heteroarylcarbazolyl group, a N-alkylcarba-
zolyl group, a phenoxazyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazile group, a quinoli-
nyl group, a quinoxalyl group, etc. without limitation.
[0033] In addition, the alkyl group having 1 to 15 carbon
atoms used in R, R and R, may include a methyl group, an
ethyl group, a propyl group, an isopropyl group, a n-butyl
group, a s-butyl group, an isobutyl group, a t-butyl group, a
n-pentyl group, a n-hexyl group, a n-heptyl group, a n-octyl
group, a hydroxymethyl group, a 1-hydroxyethyl group, a
2-hydroxyethyl group, a 2-hydroxyisobutyl group, a 1,2-di-
hydroxyethyl group, a 1,3-dihydroxyisopropyl group, a 2,3-
dihydroxy-t-butyl group, a 1,2,3-trihydroxypropyl group, a
chloromethyl group, a 1-chloroethyl group, a 2-chloroethyl
group, a 2-chloroisobutyl group, a 1,2-dichloroethyl group, a
1.3-dichloroisopropyl group, a 2,3-dichloro-t-butyl group, a
1,2 3-trichloropropyl group, a bromomethyl group, a 1-bro-
moethyl group, a 2-bromoethyl group, a 2-bromoisobutyl
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group, a 1,2-dibromoethyl group, a 1,3-dibromoisopropyl
group, a 2,3-dibromo-t-butyl group, a 1,2,3-tribromopropyl
group, an iodomethyl group, a 1-iodoethyl group, a 2-iodo-
ethyl group, a 2-iodoisobutyl group, a 1,2-diiodoethyl group,
a 1,3-diiodoisopropyl group, a 2,3-diiodo-t-butyl group, a
1,2,3-triiodopropyl group, an aminomethyl group, a 1-ami-
noethyl group, a 2-aminoethyl group, a 2-aminoisobutyl
group, a 1,2-diaminoethyl group, a 1,3-diaminoisopropyl
group, a 2,3-diamino-t-butyl group, a 1,2,3-triaminopropyl
group, a cyanomethyl group, a 1-cyanoethyl group, a 2-cya-
noethyl group, a 2-cyanoisobutyl group, a 1,2-dicyanoethyl
group, a 1,3-dicyanoisopropyl group, a 2,3-dicyano-t-butyl
group, a 1,2,3-tricyanopropyl group, a nitromethyl group, a
1-nitroethyl group, a 2-nitroethyl group, a 2-nitroisobutyl
group, a 1,2-dinitroethyl group, a 1,3-dinitroisopropyl group,
a 2,3-dinitro-t-butyl group, a 1,2,3-trinitropropyl group, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a 4-methylcyclohexy! group, a 1-adaman-
tyl group, a 2-adamantyl group, a 1-norbornyl group, 2-nor-
bornyl group, etc.

[0034] In an implementation, X in General Formula (1)
may be the benzoxazinophenoxazine part represented by
General Formula (2). In the resulting compound of General
Formula (1), the benzoxazinophenoxazine part represented
by General Formula (2) is introduced to the meta position of
a phenylene group of an amine derivative. Accordingly, a
driving voltage may be decreased and emission efficiency
may be increased for the organic EL device.

[0035] Inthe material for an organic EL device, Ar; and Ar,
may be a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms. By introducing the substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms in
Ar, and Ar,, adriving voltage may be decreased and emission
efficiency may be increased for the organic EL device.
[0036] The material for an organic EL device may be
obtained by introducing the benzoxazinophenoxazine part
with high planarity to the meta position of the phenylene
group with small conjugation effect to an amine having a high
amorphous property and high hole mobility. The material
may maintain the amorphous property and provide high hole
mobility, low driving voltage and high emission efficiency.
For example, remarkable effects may be obtained in a blue
emission region.

[0037] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 1 to 6.
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[0038] Anexample of the material for an organic EL device
may be a compound represented by one of the following
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[0039] Anexample of the material for an organic EL device —continued
may be a compound represented by one of the following

formulae 13 to 18.
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-continued -continued
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[0040] An example of the material for an organic EL device

may be a compound represented by one of the following
formulae 19 to 24.
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[0041] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 25 to 30.

25
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[0042] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 31-36.
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[0043] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 37 to 42.
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[0044] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 43-48.
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[0045] Anexample of the material for an organic EL device
may be a compound represented by one of the following
formulae 49 to 54.
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[0046] Anexample of the material for an organic EL device O O
may be a compound represented by one of the following
formulae 55 to 60.
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-continued

[0047] The material for an organic EL. device may be used
in one layer of stacking layers disposed between the emission
layer and the anode of an organic device. The amorphous
property may be maintained, the high mobility of holes may
be realized, and the decrease of the driving voltage and the
high emission efficiency of the organic ELL device may be
realized.

[0048] (Organic EL Device)

[0049] An organic EL device using the material for an
organic EL device will be explained. FIG. 1 is a schematic
diagram showing an organic EL, device 100 according to an
embodiment. The organic EL device 100 may include, e.g. a
substrate 102, an anode 104, a hole injection layer 106, a hole
transport layer 108, an emission layer 110, an electron trans-
port layer 112, an electron injection layer 114 and a cathode
116. In FIG. 1, specific materials and thicknesses are illus-
trated as an example, as described more fully below. In an
embodiment, the material for an organic EL device may be
used in one layer of stacking layers disposed between the
emission layer and the anode of the organic EL device.
[0050] For example, a case of using the material for an
organic EL device in a hole transport layer 108 will be
explained. The substrate 102 may be, ¢.g. a transparent glass
substrate, a semiconductor substrate using silicon, etc., or a
flexible substrate of a resin, etc. The anode 104 may be
disposed on the substrate 102. The anode 104 may be formed
using indium tin oxide (ITO), indium zinc oxide (ILO), etc.
The hole injection layer 106 may be disposed on the anode
104. The hole injection layer 106 may include, e.g. 4,4'4"-
tris[2-naphthyl(phenyl)amino]triphenylamine (2-TNATA),
N,N,N',N'-tetrakis(3-methylphenyl)-3,3'-dimethylbenzidine
(HMTPD), etc. The hole transport layer 108 may be disposed
on the hole injection layer 106. The hole transport layer may
be formed using the material for an organic EL device accord-
ing to embodiments. In an implementation, the thickness of
the hole transport layer 108 may be from about 3 nm to about
100 nm.

[0051] Theemission layer 110 may be disposed on the hole
transport layer 108. The emission layer 110 may include a
condensed polycyclic aromatic derivative selected from, for
example, an anthracene derivative, a pyrene derivative, a fluo-
ranthene derivative, a chrysene derivative, a benzoanthracene
derivative and a triphenylene derivative. For example, the
emission layer 110 may include an anthracene derivative or a
pyrene derivative. As the anthracene derivative used in the
emission layer 110, a compound represented by the following
General Formula (5) may be used.

18
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General Formula (5)

®)

[0052] In General Formula (5), Rg, Re, R}, Ryjs Ryp Ry5,
R4 R;s, R s and R are a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heteroaryl group having 1 to 30 ring carbon
atoms, an alkyl group having 1 to 15 carbon atoms, a silyl
group, a halogen atom, a hydrogen atom or a deuterium atom.
In addition, ¢ and d are independently an integer from 0 to 5.
Multiple adjacent Ry, Ro, Ry, Ryq, Ry Ris, Risy Ry, Rig
and R, may combine and form a saturated or unsaturated
ring.

[0053] The substituted or unsubstituted heteroaryl group
having 1 to 30ringcarbon atoms usedin Ry, Ry, R, R, |, R 5,
Ris Ris Rys, Ry and R, may independently include a
benzothiazolyl group, a thiophenyl group, a thienothiophenyl
group, a thienothienothiopheny! group, a benzothiophenyl
group, a benzofuryl group, a dibenzothiophenyl group, a
dibenzofuryl group. a N-arylcarbazolyl group, a N-het-
eroarylcarbazolyl group, a N-alkylcarbazolyl group, a phe-
noxazyl group, a phenothiazyl group, a pyridyl group, a
pyrimidyl group, a triazole group, a quinolinyl group, a qui-
noxalyl group, etc., as examples

[0054] Thealkyl group having 1 to 15 carbon atoms used in
Re.Re, Ry Ry Rys Ry3, Ry Rys, Ry gand R, may include
amethyl group, an ethyl group, a propyl group, an isopropyl
group, a n-butyl group, a s-butyl group, an isobutyl group, a
t-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl
group, an-octyl group, a hydroxymethyl group, a 1-hydroxy-
ethyl group, a 2-hydroxyethyl group, a 2-hydroxyisobutyl
group, a 1,2-dihydroxyethyl group, a 1,3-dihydroxyisopropyl
group, a 2,3-dihydroxy-t-butyl group, a 1,2,3-trihydroxypro-
pyl group, a chloromethyl group, a 1-chloroethyl group, a
2-chloroethyl group, a 2-chloroisobutyl group, a 1,2-dichlo-
roethyl group, a 1,3-dichloroisopropyl group, a 2,3-dichloro-
t-butyl group, a 1,2,3-trichloropropyl group, a bromomethyl
group, a 1-bromoethyl group, a 2-bromoethyl group, a 2-bro-
moisobutyl group, a 1,2-dibromoethyl group, a 1,3-dibro-
moisopropyl group, a 2,3-dibromo-t-butyl group, a 1,2,3-
tribromopropyl group, an iodomethyl group, a 1-iodoethyl
group, a 2-iodoethyl group, a 2-iodoisobutyl group, a 1,2-
diiodoethyl group, a 1,3-diiodoisopropyl group, a 2,3-diiodo-
t-butyl group, a 1,2,3-triiodopropyl group, an aminomethyl
group, a 1-aminoethyl group, a 2-aminoethyl group, a 2-ami-
noisobutyl group, a 1,2-diaminoethyl group, a 1,3-diami-
noisopropyl group, a 2,3-diamino-t-butyl group, a 1,2,3-tri-
aminopropyl group, a cyanomethyl group, a 1-cyanoethyl
group, a 2-cyanoethyl group, a 2-cyanoisobutyl group, a 1,2-
dicyanoethyl group, a 1,3-dicyanoisopropyl group, a 2,3-di-
cyano-t-butyl group, a 1,2,3-tricyanopropyl group, a nitrom-
ethyl group, a 1-nitroethyl group, a 2-nitroethyl group, a
2-nitroisobutyl group, a 1,2-dinitroethyl group, a 1,3-dini-
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troisopropyl group, a 2,3-dinitro-t-butyl group, a 1,2,3-trini-
tropropyl group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, a4-methylcyclohexyl
group, a 1-adamantyl group, a 2-adamantyl group, a 1-nor-
borny! group, a 2-norbornyl group, etc, as examples.

-continued

[0055] Theanthracene derivative used in the emission layer
110 of the organic EL device may be a compound represented
by the following formulae a-1 to a-6.

&
R

e
=N

[0056] Theanthracene derivative used in the emission layer
110 of the organic EL device may be a compound represented
by the following formulae a-7 to a-12.

a-3

a-7
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-continued
a-9
: |
a-10
a-11
a-12
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S

[0057] The emission layer 110 may include a styryl deriva-
tive (e.g. 1,4-bis[2-(3-N-ethylcarbazolyl)vinyl|benzene (BC-
ZVB), 4-(di-p-tolylamino)-4'-[(di-p-tolylamino)styryl|stil-
bene (DPAVB), N-(4-((E)-2-(6-((E)-4-(diphenylamino)

styryl)naphthalen-2-yl)vinyl)phenyl)-N-
phenylbenzenamine (N-BDAVBI), perylene or a derivative

20
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thereof (e.g. 2,5,8,11-tetra-t-butylperylene (TBPe)), pyrene
or a derivative thereof (e.g. 1,1-dipyrene, 1,4-dipyrenylben-
zene, 1,4-bis(N,N-diphenylamino)pyrene), etc. doped with
2,5,8,11-tetra-t-butylperylene (ITBP), etc., as examples. In
some implementations, the emission layer 110 may include
9,10-di(naphthalene-2-yl)anthracene (ADN) doped with
TBP.

[0058] The electron transport layer 112 may be disposed on
the emission layer 110. The electron transport layer 112 may
be formed using, a material including e.g. tris(8-hydrox-
yquinolinato)aluminum (Alg3) or a material having a nitro-
gen-containing aromatic ring (e.g., a material including a
pyridine ring such as 1,3,5-tri[(3-pyridyl)-phen-3-yl]ben-
zene, a material including a triazine ring such as 2,4,6-tris(3'-
(pyridin-3-yl)biphenyl-3-y1)-1,3,5-triazine, or a material
including an imidazole derivative such as 2-(4-(N-phenyl-
benzoimidazolyl-1-ylphenyl)-9,10-dinaphthylanthracene).

[0059] Theelectron injection layer 114 may be disposed on
the electron transport layer 112. The electron injection layer
114 may be formed using a material including, e.g. lithium
fluoride (LiF), lithium-8-quinolinato (Liq), etc. The cathode
116 may be disposed on the electron injection layer 114. The
cathode 116 may be formed using a metal such as aluminum
(Al), silver (Ag), lithium (Li), magnesium (Mg) and calcium
(Ca), or a transparent material such as ITO, IZO, etc. The thin
layers may be formed by selecting an appropriate layer form-
ing method according to materials such as a vacuum evapo-
rationmethod, a sputtering method, diverse coating methods,
etc.

[0060] In the organic EL device 100 according to an
embodiment, a hole transport layer providing the decrease of
the driving voltage and the high efficiency may be realized by
using the material for an organic EL device. In addition, the
material for an organic EL device may be applied in an
organic EL display of an active matrix type using a TFT.

[0061] Inaddition, in the organic EL device 100 according
to an embodiment, the decrease of the driving voltage and the
high emission efficiency of the organic EL device may be
realized by using the material for an organic FL device in one
layer of stacking layers disposed between the emission layer
and the anode.

[0062] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Examples

Preparation Method

[0063] The above-mentioned material for an organic EL
device may be synthesized, for example, as follows. For
example, Compound 2 may be synthesized by the following
reactions. First, Compound A was synthesized as an interme-
diate as follows.
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[0064] Under an argon atmosphere, 53.8 g of N-[1,1'-bi-
phenyl]-4-y1-N-(4-bromophenyl)-[ 1,1'-biphenyl]-4-amine,
6.46 g of Pd(dppf)Cl,.CH,Cl,, 33.3 g of KOAc, and 33.0 g of
bis(pinacolato)diboron were added to a 2 L. flask, followed by
degassing in 750 mL ofa dioxane solvent and stirring at about
100° C. for about 12 hours. Then, the solvent was distilled,
CH,Cl, and water were added, an organic phase was sepa-
rated, magnesium sulfate and activated carbon were added,
suction filtration was performed, and solvents were distilled.
The crude product thus obtained was separated using a silica
gel column chromatography (using a mixture solvent of
dichloromethane and hexane) to produce 56.8 g of a target
material of a white solid (yield 98%). The molecular weight
of Compound A measured by FAB-MS measurement was
523.

[0065] By using Compound A as a raw material, Com-
pound B may be synthesized by, for example, the following
reaction.
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[0066] Under an argon atmosphere, 10.0 g of Compound A,
6.00 g of 1-iodo-3-bromobenzene, 1.54 g of Pd(PPh,),, and
5.25 g of potassium carbonate were added to a 300 mL,
three-necked flask, followed by heating and stirring in a mix-
ture solvent of 450 mL of toluene and 60 mL of water at about
90° C. for about 8 hours. After cooling in the air, water was
added to separate an organic layer, and solvents were dis-
tilled. The crude product thus obtained was separated using a
silica gel column chromatography (using a mixture solvent of
dichloromethane and hexane) and recrystallized in a mixture
solvent of toluene and hexane to obtain 9.29 g of Compound
B of a white solid (yield 88%). The molecular weight of
Compound B measured by FAB-MS measurement was 553.

[0067] In addition, Compound C may be synthesized by,
for example, the following reaction.

0 0
j / E
B—B
\
0 0

Pd(dppf)CLy’
0 KOAc
N Dioxane
O Br
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[0068] Under an argon atmosphere, 3.00 g of 7-bromo-[1,
4]benzoxazino[2,3,4-kl|phenoxazine, 0.48 g of Pd(dppf)Cl,.
CH,(l1,,2.51 gof KOAc and 2.81 g ofbis(pinacolato)diboron
were added to a200mL flask, followed by degassing in 75 mL
of adioxane solvent and stirring at about 100° C. for about 12
hours. Then, the solvent was distilled, CH,Cl, and water were
added, an organic phase was separated, magnesium sulfate
and activated carbon were added, suction filtration was per-
formed, and solvents were distilled. The crude product thus
obtained was separated using a silica gel column chromatog-
raphy (using a mixture solvent of dichloromethane and hex-
ane) to produce 2.72 g of target material C of a yellow solid
(yield 80%). The molecular weight of Compound C measured
by FAB-MS measurement was 399.

[0069] By using Compounds B and C as raw materials,
Compound 2 may be synthesized by, for example, the follow-

ing reaction.
0]
O
C

Pd(PPhy)y, K>CO3

toluene, H>O, reflux, 8 h

O

B (889

X0

2 (30%)
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[0070] Under an argon atmosphere, 3.70 g of Compound B,
5.08 g of Compound C, 0.94 g of Pd(PPh,),, and 2.56 g of
potassium carbonate were added to a 200 mL, three-necked
flask, followed by heating and stirring in a mixture solvent of
70 mL oftoluene and 20 mL of water at about 90° C. for about
8 hours. After cooling in the air, water was added to separate
an organic layer, and solvents were distilled. The crude prod-
uct thus obtained was dissolved in hot toluene and activated
carbon was added, followed by stirring. Then, filtration and
distillation under a reduced pressure were performed to
obtain 5.10 g of Compound 2 of a yellow solid (yield 86%).
[0071] The molecular weight of Compound 2 measured by
FAB-MS measurement was 745. The chemical shift values
(6) of Compound 2 measured by "H-NMR (CDCl,) were 7.70
(s, 1H), 7.57-7.50 (m, 15H),7.48-7.41 (m, 4H), 6.91-6.60 (m,
10H).

[0072] Compounds 10, 13, and 38 were synthesized by a
similar method as Compound 2 by using a different bro-
mophenylamine for Compound B.

[0073] Organic EL devices of Examples 1,2, 3 and 4 were
manufactured using the above-mentioned Compounds 2, 10,
13 and 38 as the hole transport materials by the above-men-

C

O C
CEZN
OEZN
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[0074] In addition, organic EL devices of Comparative
Examples 1, 2 and 3 were manufactured using the following
Compounds 61, 62 and 63 as the hole transport materials for
comparison.

[Formula 21]

61

L

(0]
N
10)
O j@
N
[0)

62
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[0075] Inanembodiment, a transparent glass substrate was
used as the substrate 102, the anode 104 was formed using
ITO to a layer thickness of about 150 nm, the hole injection
layer 106 was formed using 2-TNATA to a layer thickness of
about 60 nm, the hole transport layer 108 was formed using
the compounds of examples and comparative examples to a
layer thickness of about 70 nm, the emission layer 110 was
formed using ADN doped with3% TBP to a layer thickness of
about 25 nm, the electron transport layer 112 was formed
using Alg3 to a layer thickness of about 25 nm, the electron
injection layer 114 was formed using LiF to a layer thickness
of about 1 nm, and the cathode 116 was formed using Al to a
layer thickness of about 100 nm.

[0076] For the organic EL devices thus manufactured, volt-
age and emission efficiency were evaluated. In addition, the
evaluation was performed with current density of about 20
mA/cm?,

TABLE 1
Example of Current Emission
manufacturing  Hole transport density Voltage efficiency
device material (mA/cm?) V) (cd/A)
Example 1 Compound 2 10 6.6 6.7
Example 2 Compound 10 10 6.6 6.7
Example 3 Compound 13 10 6.7 6.4
Example 4 Compound 38 10 6.8 6.0
Comparative ~ Compound 61 10 7.3 53
Example 1
Comparative ~ Compound 62 10 7.2 5.2
Example 2
Comparative ~ Compound 63 10 7.4 4.9
Example 3
[0077] From the results in Table 1, it can be seen that when

the materials for organic EL devices of Examples 1, 2, 3 and
4 introducing a benzoxazinophenoxazine part having high
planarity to the meta position of a phenylene group with small
conjugation effect in an amine having high amorphous prop-
erty and high hole mobility are applied to the hole transport
layers of the organic EL devices, driving at a low voltage and
high emission efficiency may be obtained when compared to
those of the organic EL devices obtained by using the com-
pounds of the comparative examples. Thus, it can be seen that
the amorphous property may be maintained, and the high
mobility of holes may be realized by using the materials for
organic EL. devices according to Examples 1, 2, 3 and 4
obtained by introducing the benzoxazinophenoxazine part
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with high planarity to the meta position of a phenylene group
with small conjugation effect in an amine having high amor-
phous property and high hole mobility.

[0078] In addition, in the organic EL devices of Examples
1, 2 and 3 using the compounds introducing a benzoxazi-
nophenoxazine part represented by Formula (2) to General
Formula (1), a driving voltage may be decreased, and emis-
sion efficiency may be increased further when compared to
the organic EL device of Example 4 introducing a benzox-
azinophenoxazine part represented by Formula (3).

[0079] By way of summation and review, in the application
of an organic EL device in a display, driving at a low voltage
and high emission efficiency of the organic EL device are
desirable. In a blue emission region, the driving voltage of the
organic EL device may be high, and the emission efficiency
thereof may be insufficient when compared to a red emission
region and a green emission region. To realize the driving at a
low voltage and high emission efficiency of the organic EL
device, the normalization and stabilization of a hole transport
layer may be applied. As the material of the organic EL
device, an aromatic amine-based compound, for example, an
amine derivative substituted with a heteroaryl ring may be
used.

[0080] However, in an organic EL device using the material
using the above-mentioned material, it may be is difficult
provide a low driving voltage and sufficiently high emission
efficiency. An organic EL device having a further lower driv-
ing voltage and further higher emission efficiency is desir-
able. Particularly, since the emission efficiency of the organic
EL device in the blue emission region is low, improvement of
the emission efficiency is desirable in the blue emission
region when compared to the red emission region and the
green emission region. To realize the driving at a low voltage
and high emission efficiency of the organic EL device, the
development of a novel material is desirable.

[0081] Embodiments advance the art by providing a mate-
rial for an organic electroluminescent device driven at a low
voltage and showing high emission efficiency particularly in
a blue emission region and a green emission region, and an
organic electroluminescent device including the same.
[0082] Embodiments provide a material for an organic EL
device driven at a low voltage and having high emission
efficiency and used in a layer of stacking layers disposed
between an emission layer and an anode, and an organic EL
device including the same.

[0083] For example, a material for an organic EL device
according to an embodiment may maintain amorphous prop-
erty and realize high mobility of holes by introducing a ben-
zoxazinophenoxazine part with high planarity to the meta
positionofa phenylene group having small conjugation effect
in an amine with high amorphous property and high hole
mobility, and may realize the driving at alow voltage and high
emission efficiency when used for the manufacture of an
organic EL device. Remarkable effects may be obtained in a
blue emission region.

[0084] According to embodiments, the organic EL device
may maintain amorphous property and realize high mobility
of holes by using a material introducing a benzoxazinophe-
noxazine part with high planarity to the meta position of a
phenylene group having small conjugation effect in an amine
with high amorphous property and high hole mobility in one
layer of stacking layers disposed between an emission layer
and an anode, and may realize the driving at a low voltage and
high emission efficiency.

[0085] According to embodiments, a material for an
organic EL device capable of being driven at a low voltage
and having high emission efficiency, and an organic EL
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device including the same are provided. Particularly, a mate-
rial for an organic EL device capable of being driven at a low
voltage and having high emission efficiency and used in a
layer of stacking layers between an emission layer and an
anode in a blue emission region, and an organic EL device
including the same are provided. In an amine having high
amorphous property and high hole mobility, a benzoxazi-
nophenoxazine part with high planarity is introduced to the
meta position of a phenylene group with small conjugation
effect. thereby maintaining amorphous property, realizing the
high mobility of holes, a low driving voltage and high emis-
sion efficiency

[0086] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope thereof as set forth in the
following claims.

What is claimed is:

1. A compound for an organic electroluminescent (EL)
device, the compound being represented by the following
General Formula (1), wherein X in General Formula (1) is
selected from the following General Formulae (2), (3), and

CF

General Formula (1)
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wherein, in General Formula (1),

Rs)i

s

N
o N

R;,R,, R; and R, are independently a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms, an alkyl group having 1 to 15
carbon atoms, a silyl group, a halogen atom, a hydrogen
atom or a deuterium atom,

L,,L, and L, are independently a divalent group selected
from a substituted or unsubstituted alkylene group,
aralkylene group, arylene group and heteroarylene
group, or a direct linkage,

Ar, and Ar, are independently a substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms, and

in General Formulae (2), (3), and (4),

R,, Rg and R, are independently a substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms, an alkyl group having 1 to 15
carbon atoms, a silyl group, a halogen atom, a hydrogen
atom or a deuterium atom, and

1. n and m are independently an integer from 0 to 2.

2. The compound for an organic EL device as claimed in
claim 1, wherein X in General Formula (1) is represented by
General Formula (2).

3. The compound for an organic EL device as claimed in
claim 1, wherein Ar, and Ar, in the above General Formula
(1) are a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms.

4. The compound for an organic EL device as claimed in
claim 1, wherein multiple adjacent R}, R,. R; and R, and/or
Rs, R;and R, are combined to form a saturated or unsaturated
ring.
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5. Anorganic electroluminescent (EL) device comprising a _continued
compound for an organic EL device in a layer of stacking
layers between an emission layer and an anode,

wherein the compound for an organic EL device is repre- *
sented by the following General Formula (1), and X in (Ro)m
General Formula (1) is selected from the following Gen- \ x
eral Formulae (2), (3) and (4): |
P

(0]
Ra)n (Rs)!

XX TN Y
N [ |
| AN

X N wherein, in General Formula (1),

Aty R,,R,, R and R, are independently a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms, an alkyl group having 1 to 15
carbon atoms, a silyl group, a halogen atom, a hydrogen

Ry atom or a deuterium atom,
General Formulas (2), (3), and (4) L,, L, and L, are independently a divalent group selected
. from a substituted or unsubstituted alkylene group,
Reym @ aralkylene group, arylene group and heteroarylene

group, or a direct linkage, and

\ x Ar, and Ar, are independently a substituted or unsubsti-
| tuted aryl group having 6 to 30 ring carbon atoms or a
P substituted or unsubstituted heteroaryl group having 1 to

Y 30 ring carbon atoms, and

(Ry)n (Rs)! in General Formula (2), (3), and (4),

N /] R4, R, and R, are independently a substituted or unsubsti-

0N

General Formula 1

Ry

z

\

tuted aryl group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heteroaryl group having 1 to
30 ring carbon atoms, an alkyl group having 1 to 15
carbon atoms, a silyl group, a halogen atom, a hydrogen
atom or a deuterium atom, and
1. n and m are independently an integer from 0 to 2.
©) 6. The organic EL device as claimed in claim 5, wherein X
in General Formula (1) is represented by General Formula
XN, @).
A 7. The organic EL device as claimed in claim 5, wherein
Z Ar, and Ar, in the above General Formula (1) are a substituted
0 or unsubstituted aryl group having 6 to 30 ring carbon atoms.
Ro)n (Rs)! 8. The organic EL device as claimed in claim 5, wherein
\ AN P multiple adjacent R |, R,, R; and R, and/or Rs, Rs and R, are
| | combined to form a saturated or unsaturated ring.
z A 9. The organic EL device as claimed in claim 5, wherein the
0 compound for an organic EL device is at least one of the
following compounds 1 to 18:
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-continued
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10. The organic EL device of claim 5, wherein the com-
pound for an organic EL device is at least one of the following
compounds 19 to 36:
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11. The organic EL device as claimed in claim 5, wherein
the compound for an organic EL device is at least one of the
following compounds 27 to 60:
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