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(57 ABSTRACT

A material for an organic electroluminescent device having
high emission efficiency and long life and an organic elec-
troluminescent device including the same. The material for an
organic electroluminescent device is represented by the fol-
lowing Formula 1.
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MATERIAL FOR ORGANIC
ELECTROLUMINESCENT DEVICE AND
ORGANIC ELECTROLUMINESCENT
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 14/924,574, filed Oct. 27, 2015, which claims
priority to and the benefit of Japanese Patent Application Nos.
2014-219497, filed on Oct. 28, 2014, and 2015-092410, filed
on Apr. 28, 2015, the entire content of all of which is incor-
porated herein by reference.

BACKGROUND

[0002] The present disclosure herein relates to a material
for an organic electroluminescent device and an organic elec-
troluminescent device including the same. For example, the
present disclosure herein relates to a material for an organic
electroluminescent device having high emission efficiency
and long life, and an organic electroluminescent device
including the same.

[0003] Recently, the developments of organic electrolumi-
nescent (EL) displays as one type of image displays are being
actively conducted. Organic EL, devices are so-called self
luminescent displays and are different from liquid crystal
displays. The organic EL devices display images by emitting
light from a luminescent material (including an organic mate-
rial) in its emission layer via recombination of holes and
electrons injected from an anode and a cathode in the emis-
sion layer.

[0004] As an organic EL, device, an organic device may
include, for example, an anode, a hole transport layer dis-
posed 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 trans-
port layer. Holes are injected from the anode, and the injected
holes move via the hole transport layer and are injected into
the emission layer. Flectrons are injected from the cathode,
and the injected electrons move via the electron transport
layer and are injected into the emission layer. The injected
holes and electrons recombine to generate excitons in the
emission layer. The organic EL device emits light utilizing
light generated by the radiation deactivation of the excitons.
The configuration of the organic EL device is not limited
thereto, however, and various modifications may be possible.
[0005] When organic EL devices are applied to display
apparatuses, the high efficiency and long life of the organic
EL devices are required. However, in an organic EL device—
particularly in a blue emission region when compared to a
green emission region and a red emission region, the driving
voltage is high and the emission efficiency is insufficient. To
realize the high efficiency and long life of an organic EL
device, ways of increasing the normalization, stabilization
and durability of the hole transport layer have been examined.
[0006] As a hole transport material utilized in a hole trans-
port layer, various compounds such as an aromatic amine
compound have been utilized. However, issues related to
resolving the short life of the device remain. As a useful
material for increasing the life of the organic EL device, for
example, an amine derivative substituted with an aryl group
or a heteroaryl group has been suggested. However, an
organic EL deviceutilizing the above-mentioned material has
insufficient emission life. Thus, an organic EL device having
higher efficiency and long emission life is desired at present.
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SUMMARY

[0007] According to an embodiment of the disclosure, a
material for an organic EL device is represented by Formula
1.

Formula 1
M
(Ar3)n
4
\Lz
\N
Ll/ \LZ
A N
[0008] In Formula 1, X, is O or S; Ar, and Ar, are each

independently a substituted or unsubstituted aryl group hav-
ing 6 to 30 carbon atoms for forming a ring, a silyl group, a
halogen atom, a deuterium atom, a hydrogen atom, or a sub-
stituted or unsubstituted dibenzoheterole group having 10 to
30 carbon atoms for forming a ring and including an oxygen
atom or a sulfur atom; Ar; and Ar, are each independently a
silyl group, or a substituted or unsubstituted aryl group hav-
ing 6 to 30 carbon atoms for forming aring; [, and [, are each
independently a direct linkage, or a divalent group selected
from a silyl group and a substituted or unsubstituted arylene
group having 6 to 30 carbon atoms for forming a ring; L, isa
divalent group selected from a silyl group and a substituted or
unsubstituted arylene group having 6 to 30 carbon atoms for
forming aring; nis an integer from 0 to 3; mis an integer from
0to 4; and n+m=1.

[0009] Inthe material for an organic EL device according to
an embodiment, a substituted dibenzoheterole group with
high electron tolerance is introduced in (e.g., linked to) an
amine group (or an amine compound), and the life of a layer
utilizing the material for an organic EL device may increase,
and the life of an organic EL device may increase. Since the
dibenzoheterole group includes a substituent, the amorphous
properties of the material may be improved (e.g., the crystal-
linity of the material may be decreased), charge mobility may
increase, and high emission efficiency may be realized.
[0010] Inanembodiment, a compound represented by For-
mula 1 may be a compound represented by Formula 2 or
Formula 3.

Formula 2

Ry
R; R
Lg
\
R4 /N\
L Ls
Ars Arg
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-continued
Formula 3

©)
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[0011] In Formulae 2 and 3, X, is O or S; Ar5 and Ar, are
each independently a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, a silyl group,
a halogen atom, a deuterium atom, a hydrogen atom, or a
substituted or unsubstituted dibenzoheterole group having 10
to 30 carbon atoms for forming a ring and including an oxy-
gen atom or a sulfur atom; Ar., and Ar, are each independently
a silyl group, or a substituted or unsubstituted arvl group
having 6 to 30 carbon atoms for forming a ring; L, and 5 are
each independently a direct linkage, or a divalent group
selected from a silyl group and a substituted or unsubstituted
arylene group having 6 to 30 carbon atoms for forming a ring;
L is a direct linkage or a divalent group selected from a
substituted or unsubstituted aryl group having 6 to 24 carbon
atoms for forming a ring and a silyl group; R, to R, are each
independently an aryl group having 6 to 30 carbon atoms for
forming a ring, a heteroaryl group having 5 to 30 carbon
atoms for forming a ring, an alkyl group having 1 to 15 carbon
atoms, a silyl group, a halogen atom, a hydrogen atom or a
deuterium atom; n is an integer from 0 to 3; m is an integer
from 0 to 4; and n+mz1.

[0012] Inthe material for an organic EL device according to
an embodiment, in Formula 1, L, includes an m-phenylene
group or a p-phenylene group, and a dibenzoheterole group is
linked at the meta position or para position of a phenylene
group that is linked to an amine group. The dibenzoheterole
group is combined via a direct linkage or L4 to the phenylene
group. The molecular symmetry of the material may be bro-
ken, the amorphous properties of the material may be
improved further, and charge mobility may increase, thereby
realizing the long life and high emission efficiency of an
organic EL device.

[0013] In an embodiment, the compound represented by
Formula 2 may be a compound represented by Formula 4.

Formula 4

@

Ars

[0014] Inthe material for an organic EL device according to
an embodiment, in Formula 2, R, to R, are each indepen-
dently a hydrogen atom, and the long life and high efficiency
of an organic EL, device may be realized.

Jul. 7, 2016

[0015] In an embodiment, the compound represented by
Formula 4 may be a compound represented by Formula 5.

&
()

[0016] Inthe material for an organic EL device according to
an embodiment, in Formula 4, L, and L, are each indepen-
dently a direct linkage, Arj is a phenyl group, mis 1,nis 0, and
a dibenzoheterole group makes a bond with an m-phenylene
group at position 4. Since a part with high electron density of
the dibenzoheterole group is substituted, the material may be
stabilized, and the long life and high efficiency of an organic
EL device may be realized.

[0017] In an embodiment, the compound represented by
Formula 3 may be a compound represented by Formula 6.

Formula 5

®)

Ls
hS
7
Al Darg

Formula 6

©)

Ls
\N
T

Arg”

Ls
g

[0018] Inthe material for an organic EL device according to
an embodiment, in Formula 3, since each of R5 to Ry is a
hydrogen atom, the long life and high efficiency of an organic
EL device may be realized.

[0019] In an embodiment, the compound represented by
Formula 6 may be a compound represented by Formula 7.

Formula 7

Q)
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[0020] Inthe material for an organic EL device according to
an embodiment, in Formula 6, each of L, and L5 is a direct
linkage, Ar, is a phenyl group, m is 1, nis 0, the dibenzohet-
erole group is combined with (e.g., bonded to) a p-phenylene
group at position 4, and a part with high electron density of the
dibenzoheterole group is substituted. Thus, the material may
be stabilized, and the long life and high efficiency of an
organic EL device may be realized.

[0021] According to an embodiment of the disclosure, an
organic EL, device includes the material for an organic EL
device in at least one layer of a plurality of stacking layers
between an emission layer and an anode.

[0022] In an embodiment, a first layer including the mate-
rial for an organic EL, device may be adjacent to the emission
layer.

[0023] Since the first layer is disposed adjacent to the emis-
sion layer in the organic EL device according to an embodi-
ment, a hole transport layer disposed between the first layer
and the anode may be passivated from electrons not con-
sumed in the emission layer, the diffusion of energy with an
excited state generated in the emission layer into the hole
transport layer may be prevented, and the charge balance of a
whole device may be controlled. Thus, the increase of emis-
sion efficiency and long life may be realized.

[0024] In an embodiment, the plurality of stacking layers
may include a second layer including an electron accepting
compound having a lowest unoccupied molecular orbital
(LUMO) level within a range from about —9.0 eV to about
-4.0 eV, and the second layer may be between the anode and
the first layer.

[0025] Since the organic EL device according to an
embodiment includes the second layer, hole injection prop-
erties from the anode may be improved, and emission effi-
ciency may be improved.

[0026] In an embodiment, the plurality of stacking layers
may include a third layer including an amine derivative rep-
resented by Formula 8, and the third layer may be between the
first layer and the second layer.

Formula 8
Tr 10
N
/ A
A\I 12 /L7 o
W,
N
|
Aryy
[0027] InFormula 8, Ar,, Ar,, and Ar,, are each indepen-

dently a substituted or unsubstituted aryl group having 6 to 50
carbon atoms for forming a ring, or a substituted or unsubsti-
tuted heteroaryl group having 5 to 50 carbon atoms for form-
ing a ring; Ar,, is a substituted or unsubstituted aryl group
having 6 to 50 carbon atoms for forming a ring, a substituted
or unsubstituted heteroaryl group having 5 to 50 carbon atoms
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for forming a ring, or a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms; L, is a direct linkage, a
substituted or unsubstituted arylene group having 6 to 18
carbon atoms for forming a ring, or a substituted or unsubsti-
tuted heteroarylene group having 5 to 15 carbon atoms for
forming a ring.

[0028] Since the organic EL device according to an
embodiment includes a compound having a carbazolyl group
in a hole transport layer, hole transport properties and current
flow durability may be improved, and emission efficiency and
life may increase.

[0029] Since the organic EL device according to an
embodiment utilizes the material for an organic EL device in
at least one layer of a plurality of stacking layers disposed
between the emission layer and the anode, high emission
efficiency and long life may be realized. For example,
remarkable effects may be obtainable in from a green emis-
sion region to a blue emission region.

BRIEF DESCRIPTION OF THE FIGURES

[0030] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate example embodiments of the disclosure
and, together with the description, serve to explain principles
of the disclosure. In the drawings:

[0031] FIG. 1isaschematic diagram illustrating an organic
EL device 100 according to an embodiment;

[0032] FIG. 21sa schematic diagram illustrating an organic
EL device 200 according to another embodiment;

[0033] FIG. 3 is a schematic diagram illustrating an organic
EL device 300 according to another embodiment; and
[0034] FIG. 4is a schematic diagram illustrating an organic
EL device 400 according to another embodiment.

DETAILED DESCRIPTION

[0035] The inventors of the present disclosure thoroughly
examined to solve the above-described defects and found that
high efficiency and long life may be realized for a layer
utilizing a material for an organic EL device, in which a
substituted dibenzoheterole group with high electron toler-
ance is introduced in an amine group, thereby obtaining an
organic EL device having high efficiency and long life.
[0036] Hereinafter, the material for an organic EL device
and the organic EL device including the same according to an
embodiment of the disclosure will be described with refer-
ence to the accompanying drawings. The material for an
organic EL device and the organic EL device including the
same according to an embodiment may, however, be embod-
ied in different forms and should not be construed as limited
to the embodiments set forth herein. In the drawings, like
reference numerals refer to like elements or elements having
like functions throughout, and repeated explanation thereof
will not be provided again.

[0037] The material for an organic EL device according to
an embodiment is an amine compound including a substituted
dibenzoheterole group represented by the following Formula
1.
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Formula 1

1)

— (Ar3)n
Ls
\N
_L 7L
Ar] \Arz

[0038] Inthe material for an organic EL device of Formula

1 according to an embodiment, X, is O or S; Ar, and Ar, are
each independently a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, a silyl group,
a halogen atom, a deuterium atom, a hydrogen atom, or a
substituted or unsubstituted dibenzoheterole group having 10
to 30 carbon atoms for forming a ring and including an oxy-
gen atom or asulfur atom; Ar; and Ar,, are each independently
a silyl group, or a substituted or unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring; L., and L, are
each independently a direct linkage, or a divalent group
selected from a silyl group and a substituted or unsubstituted
arylene group having 6 to 30 carbon atoms for forming a ring;
L, is a divalent group selected from a silyl group and a
substituted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring; n is an integer from 0to 3; m
is an integer from O to 4; and n+m=1.

[0039] In the present disclosure, the term “substituted or
unsubstituted” may correspond to an unsubstituted group; a
group substituted with at least one substituent selected from a
deuterium atom, a halogen atom, a nitrile group, a nitro group,
an amino group, a phosphine oxide group, an alkoxy group,
an aryloxy group, an alkylthioxy group, an arylthioxy group,
an alkylsulfoxy group, an arylsulfoxy group, a silyl group, a
boron group, an alkyl group, a cycloalkyl group, an alkenyl
group, an aryl group, an aralkyl group, an aralkenyl group, an
alkylaryl group, an alkylamine group, a heteroarylamine
group, an arvlamine group and a heterocyclic group; or a
group substituted with a substituent obtained by connecting
two or more substituents described above. For example, “a
substituent obtained by connecting two or more substituents”
may be a biphenyl group. For example, the biphenyl group
may be interpreted as the aryl group or a substitutent obtained
by connecting two or more phenyl groups.

[0040] In Formula 1, the aryl group having 6 to 30 carbon
atoms for forming a ring utilized 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 fluorenyl group, a triphenylene group,
a biphenylene group, a pyrenyl group, a benzofluoranthenyl
group, a chryseny! group, a phenylnaphthyl group, a naphth-
ylphenyl group, etc., without being limited thereto.

[0041] The dibenzoheterole group having 10 to 30 carbon
atoms for forming a ring and including an oxygen atom or a
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sulfur atom utilized as Ar, and Ar, may include a dibenzofu-
ryl group, a dibenzothienyl group, etc.

[0042] The silyl group utilized as Ar, and Ar, may include
a trialkylsilyl group, a triarylsilyl group, a monoalkyldiaryl-
silyl group and a dialkylmonoarylsilyl group, and may
include, for example, a trimethylsilyl group, a triphenylsilyl
group, efc.

[0043] The halogen atoms utilized as Ar, and Ar, may
include a fluorine atom (F), a chlorine atom (Cl) and a bro-
mine atom (Br).

[0044] In one embodiment, in Formula 1, an aryl group
having 6 to 30 carbon atoms for forming a ring or a hydrogen
atom may be utilized as Ar, and/or Ar,.

[0045] In Formula 1, the aryl group having 6 to 30 carbon
atoms for forming a ring utilized as Ar, and Ar, may be the
same as the aryl group utilized as Ar, and Ar,. In addition, the
silyl group utilized as Ar; and Ar, may be the same as the silyl
group utilized as Ar, and Ar,,.

[0046] In Formula 1, the arylene group having 6 to 30
carbon atoms for forming a ring among the divalent groups
utilized as L, to L, may include a phenylene group, a biphe-
nylene group, a terphenylene group, a naphthylene group, an
anthracenyl group, a fluorenyl group, a triphenylene group,
etc., without being limited thereto.

[0047] The divalent silyl group among the divalent groups
utilized as L, to L; may include a dimethylsilyl group and a
diphenylsilylene group.

[0048] The substituents of the aryl group, the dibenzohet-
erole group including an oxygen atom or a sulfur atom or the
silyl group utilized as Ar, and Ar,, of the aryl group and the
silyl group utilized as Ar, and Ar,, and of the arylene group
utilized as L, to L; may include a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthryl group, a biphenyl
group, a terpheny! group, a quaterphenyl group, a fluorenyl
group, a triphenylene group, a biphenylene group, a pyrenyl
group, a benzofluoranthenyl group, a chrysenyl group, a phe-
nylnaphthyl group, a naphthylphenyl group, a trimethylsilyl
group, a triphenylsilyl group, a dibenzofuranyl group and a
dibenzothiophenyl group. In one embodiment, the phenyl
group, the naphthyl group, the biphenyl group, the phenyl-
naphthyl group, the naphthylphenyl group, the trimethylsilyl
group and the triphenylsilyl group may be utilized.

[0049] Inthe material for an organic EL device according to
an embodiment, a substituted dibenzoheterole group com-
bined with (e.g., bonded to) the nitrogen atom (N) of the
amine via L, is introduced. Since the substituted dibenzohet-
erole has high electron tolerance, the deterioration of a mate-
rial due to electrons not consumed in an emission layer may
be restrained (e.g., reduced or prevented). In addition, since
the dibenzoheterole group has a substituent, the amorphous
properties of the material may be improved, and the mobility
of charges may increase. Thus, the long life and high effi-
ciency of the organic EL device may be realized.

[0050] Inthe material for an organic EL device according to
an embodiment, an m-phenylene group or a p-phenylene
groupmay be included in L; in Formula 1. The material for an
organic EL device according to an embodiment may be an
amine compound represented by the following Formula 2 or
Formula 3.
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Formula 2

R,
Ry
Lg
\
Ry /N\
L L,
A SArg
Formula 3
(©)
Rg
Rs
Ry Ls
\
Rg /N\
i, Ls
A Arg

[0051] Inthe material for an organic EL device of Formula
2 and Formula 3 according to an embodiment, X, is O or S;
Ar, and Ar, are each independently a substituted or unsubsti-
tuted aryl group having 6 to 30 carbon atoms for forming a
ring, a substituted or unsubstituted dibenzoheterole group
having 10 to 30 carbon atoms for forming a ring and including
an oxygen atom or a sulfur atom, a silyl group, a halogen
atom, a deuterium atom or a hydrogen atom; Ar, and Ar, are
each independently a silyl group, or a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for forming a
ring; L, and L5 are each independently a direct linkage, or a
divalent group selected from a silyl group and a substituted or
unsubstituted arylene group having 6 to 30 carbon atoms for
forming a ring; L is a direct linkage or a divalent group
selected from a substituted or unsubstituted aryl group having
610 24 carbon atoms for forming a ring and a silyl group, R,
to Ry are each independently a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms for forming a ring, a
substituted or unsubstituted heteroaryl group having 5 to 30
carbon atoms for forming a ring, an alkyl group having 1 to 15
carbon atoms, a silyl group, a halogen atom, a hydrogen atom
or adeuterium atom; n is an integer from 0 to 3; m is an integer
from 0 to 4; and n+m=1.

[0052] In Formulae 2 and 3, the aryl group having 6 to 30
carbon atoms for forming a ring, the dibenzoheterole group
having 10 to 30 carbon atoms for forming a ring and including
an oxygen atom or a sulfur atom, the silyl group and the
halogen atom utilized as Ar, and Ar, may be the same as the
aryl group having 6 to 30 carbon atoms for forming aring, the
dibenzoheterole group having 10 to 30 carbon atoms for
forming a ring and including an oxygen atom or a sulfuratom,
the silyl group and the halogen atom utilized as Ar, and Ar, in
the compound represented by Formula 1.

[0053] In Formulae 2 and 3, Ar; and Arg may be each
independently an aryl group having 6 to 30 carbon atoms for
forming a ring or a hydrogen atom.

[0054] In Formulae 2 and 3, the aryl group having 6 to 30
carbon atoms for forming a ring utilized as Ar. and Ar, may be
the same as the aryl group utilized as Ar, and Ar, in the
compound represented by Formula 1. In addition, the silyl
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group utilized as Ar; and Ar, may be the same as the silyl
group utilized as Ar, and Ar, in the compound represented by
Formula 1.

[0055] In Formulae 2 and 3, the divalent group of the
arylene group having 6 to 30 carbon atoms for forming a ring
and the silyl group utilized as [, and L. may be the same as
the divalent group of the arylene group and the silyl group
utilized as L, to L, in the compound represented by Formula
1

[0056] In Formulae 2 and 3, the arylene group having 6 to
24 carbon atoms for forming a ring utilized as L, may include
a phenylene group, a biphenylene group, a terphenylene
group, a naphthylene group, an anthracenyl group, a fluore-
nylene group, a triphenylene group, etc., without being lim-
ited thereto.

[0057] The divalent silyl group utilized as L, may be the
same as the divalent silyl group utilized as L, to L, in the
compound represented by Formula 1.

[0058] The aryl group having 6 to 30 carbon atoms for
forming a ring utilized as R, to Rg in Formulae 2 and 3 may
include a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthryl group, a biphenyl group, a terphenyl
group, a quaterphenyl group, a fluorenyl group, a triph-
enylene group, a biphenylene group, a pyrenyl group, a ben-
zofluoranthenyl group, a chrysenyl group, a phenylnaphthyl
group, a naphthylphenyl group, etc., without being limited
thereto.

[0059] In addition, the heteroaryl group having 5 to 30
carbon atoms for forming a ring utilized as R, to R, may
include a pyridyl group, a quinolyl group, an isoquinolyl
group, a benzofuryl group, a benzothienyl group, an indolyl
group, a benzoxazolyl group, a benzothiazolyl group, a qui-
noxalyl group, a benzoimidazolyl group, a dibenzofuryl
group, a dibenzothienyl group, a carbazolyl group, etc., with-
out being limited thereto.

[0060] Thealkyl grouphaving 1 to 15 carbon atoms utilized
as R, to Ry may include a methyl group, an ethyl group, a
propyl group, an isopropyl group, an n-butyl group, an s-butyl
group, an isobutyl group, a t-butyl group, an n-pentyl group,
an n-hexyl group, an n-heptyl group, an n-octyl group, a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxy-
ethyl 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-trihydroxypropyl group, a chloromethyl
group, a l-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-bromoet-
hyl group, a 2-bromoethyl 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,
a2-iodoisobutyl group, a 1,2-diiodoethy! group, a 1,3-diiodo-
isopropyl group, a 2,3-diiodo-t-butyl group, a 1,2,3-tri-
iodopropyl 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-
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, a 4-methylcyclohexyl
group, a 1-adamantyl group, a 2-adamantyl group, a 1-nor-
bornyl group, a 2-norbornyl group, etc.

[0061] In addition, the silyl group utilized as R to Rg may
include a trialkylsilyl group, a triarylsilyl group, a monoalky-
Idiarylsilyl group, a dialkylmonoarylsilyl group, a trimethyl-
silyl group, a triphenylsilyl group, etc.
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[0062] 1In addition, the halogen atom utilized as R, to Rq
may include a fluorine atom (F), a chlorine atom (Cl), a
bromine atom (Br), etc.

[0063] Inthe material for an organic EL device according to
an embodiment, an m-phenylene group or a p-phenylene
group may be included in L; in Formula 1. Into the material
for an organic EL device according to an embodiment repre-
sented by Formula 2 or 3, a dibenzoheterole group is intro-
duced at the meta position or the para position of a phenylene
group combined with (e.g., bonded to) an amine group
directly or via L. Thus, the symmetry of a molecule may be
broken, and the amorphous properties of the material may be
improved further. Therefore, the mobility of charges may
increase, and the long life and high efficiency of the organic
EL device may be realized.

[0064] Inthe material for an organic EL device according to
an embodiment, each of R, to R, in Formula 2 may be a
hydrogen atom. That is, the material for an organic EL device
according to an embodiment may be an amine compound
represented by the following Formula 4.

Formula 4

&)

Ars

[0065] By utilizing the ahydrogen atom foreachofR toR,
in Formula 2 of the material for an organic EL device accord-
ing to an embodiment, the long life and high efficiency of the
organic EL device may be realized.

[0066] Inthe material for an organic EL device according to
an embodiment, in Formula 4, L, and L are each indepen-
dently a direct linkage, Ar is a phenyl group, mis 1,nis 0, and
the dibenzoheterole group is combined with (e.g., bonded to)
the m-phenylene group at position 4. The material for an
organic EL device according to an embodiment may be an
amine compound represented by the following Formula 5.

O
s

[0067] Inthe material for an organic EL device according to
an embodiment, in Formula 4, L, and L are each indepen-
dently a direct linkage, Arg is a phenyl group, mis 1,nis 0, and
the dibenzoheterole group is combined with (e.g., bonded to)
the m-phenylene group at position 4. The position 4 of the
dibenzoheterole group is a part with high electron density and

Formula 5

)

Lg
\

N
7
A7
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high reactivity. The compound may be stabilized by the sub-
stitution of the dibenzoheterole group at position 4 with high
reactivity. Thus, the long life of a layer utilizing the material
for an organic EL device according to an embodiment may be
realized, and the life of the organic EL device may increase
further.

[0068] Inthe material for an organic EL device according to
an embodiment, each of Rs to Ry in Formula 3 may be a
hydrogen atom. The material for an organic EL device
according to an embodiment may be an amine compound
represented by the following Formula 6.

Formula 6

©)

[0069] Inthe material for an organic EL device according to
an embodiment, in Formula 3, each of R; to Ry is a hydrogen
atom, and the long life and high efficiency of the organic EL
device may be realized.

[0070] Inthe material foran organic EL device according to
an embodiment, in Formula 6, L, and L5 are each indepen-
dently a direct linkage, Ary is a phenyl group, mis 1,nis 0, and
the dibenzoheterole group is combined with (e.g., bonded to)
the p-phenylene group at position 4. The material for an
organic EL device according to an embodiment may be an
amine compound represented by the following Formula 7.

Formula 7
M
X
Ls
\N
A g
[0071] According to an embodiment, the material for an

organic EL device represented by Formula 6 may be stabi-
lized if [, and L5 are each independently a direct linkage, Ar,
is a phenyl group, mis 1, nis 0, and the dibenzoheterole group
is combined with (e.g., bonded to) the p-phenylene group at
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position 4. Thus, the long life of a layer utilizing the material [0072] The material for an organic EL device according to
for an organic EL device according to an embodiment may be an embodiment may include at least one of compounds in
realized, and the increase of the life of the organic EL device Compounds group 1 (including compounds 1 to 269 and 300
may be realized. to 311) below.

Compounds group 1
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[0073] The material for an organic EL device according to
an embodiment may be utilized in at least one layer of stack-
ing layers (e.g., utilized in at least one layer of a plurality of
layers stacked over one another) disposed between an emis-
sion layer and an anode of an organic EL device. As described
above, in the material for an organic EL device according to
an embodiment, a substituted dibenzoheterole group with
high electron tolerance is introduced in (e.g., linked to) the
nitrogen atom (N) of an amine group via a linker. Thus, the
electron tolerance of a layer utilizing the material for an
organic EL. device according to an embodiment may be
improved, the durability thereof may be improved, and the
long life of the organic EL device may be realized. Since the
dibenzoheterole group includes a substituent, the amorphous
properties of the material may be improved, the mobility of
charges may increase, and high emission efficiency may be
realized.

[0074] The layer including the material for an organic EL
device according to an embodiment may be a layer disposed
adjacent to the emission layer among stacking layers dis-
posed between the emission layer and the anode of the
organic EL device.

[0075] Since the layer including the material for an organic
EL device according to an embodiment is disposed adjacent
to the emission layer, the deterioration of the layer disposed
between the layer including the material for an organic EL
device according to an embodiment and the anode due to
electrons may be restrained (e.g., reduced or prevented).

[0076] (Organic EL Device 1)

[0077] An organic EL device utilizing a material for an
organic EL device according to an embodiment of the disclo-
sure will be explained. FIG. 1 is a schematic diagram illus-
trating an organic EL device 100 according to an embodiment
of the disclosure. The organic EL device 100 may include, for
example, a substrate 102, an anode 104, a hole injection layer
106, a hole transport layer 108, an emission layer 110, an
electron transport layer 112, an electron injection layer 114
and a cathode 116. In an embodiment, the material for an
organic EL device according to an embodiment of the disclo-
sure may be utilized in at least one layer of stacking layers
disposed between the emission layer and the anode.

[0078] A case that the material for an organic EL device
according to the disclosure is utilized in the hole transport
layer 108 will be explained as an embodiment.

O s

311

O

[0079] The substrate 102 may be a transparent glass sub-
strate, a semiconductor substrate formed utilizing silicon, or
a flexible substrate of a resin, etc.

[0080] Theanode 104 may be disposed on the substrate 102
and may be formed utilizing indium tin oxide (ITO), indium
zinc oxide (IZ0), etc.

[0081] The hole injection layer (HIL) 106 may be formed
utilizing a suitable material to a thickness within a range from
about 10 nm to about 150 nm. For example, triphenylamine-
containing poly ether ketone (TPAPEK), 4-isopropyl-4'-me-
thyldiphenyliodoniumtetrakis(pentafluorophenyl)borate
(PPBI), N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-trile-amino)-
phenyl]-biphenyl-4,4'-diamine (DNTPD), a phthalocyanine
compound (such as copper phthalocyanine) suitable, 4,4'4"-
tris(3-methylphenylphenylamino)triphenylamine ~ (m-MT-

DATA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB),  4,4'4"-tris{N,N-diphenylamino }triphenylamine
(TDATA), 4,4'4"-tris(N,N-2-naphthylphenylamino triph-

enylamine (2-TNATA), polyaniline/dodecylbenzenesulfonic
acid (PANI/DBSA), poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate (PEDOT/PSS), polyaniline/camphorsul-
fonic acid (PANI/CSA), polyaniline/poly(4-styrene-
sulfonate) (PANI/PSS), etc., may be included.

[0082] The hole transport layer (HTL) 108 may be formed
on the hole injection layer 106 utilizing the material for an
organic EL device according to the disclosure to a thickness
within a range from about 10 nm to about 150 nm. The hole
transport layer 108 including the material for an organic EL
device according to the disclosure may be formed by a
vacuum evaporation method.

[0083] The emission layer (EL) 110 may be formed on the
hole transport layer 108 utilizing a suitable host material to a
thickness within a range from about 10 nm to about 60 nm.
The suitable host material utilized in the emission layer 110
may include, for example, tris(8-quinolinolato)aluminum
(Alg3), 4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinyl-
carbazole) (PVK), 9,10-di(naphthalene-2-yl)anthracene
(ADN), 4,4'4"-tris(N-carbazolyl)triphenylamine (TCTA),
1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene ~ (TPBI),
3-tert-butyl-9,10-di(naphtho-2-yl)anthracene ~ (TBADN),
distyrylarylene (DSA), 4,4'-bis(9-carbazole)-2,2'-dimethyl-
biphenyl (dmCBP), etc.

[0084] The host material utilized in the emission layer 110
may be selected from an anthracene derivative, a pyrene
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derivative, a fluoranthene derivative, a chrysene derivative, a
benzoanthracene derivative and a triphenylene derivative. In
one embodiment, the emission layer 110 may include the
anthracene derivative or the pyrene derivative. As the
anthracene derivative utilized in the emission layer 110, a
compound represented by the following Formula 9 may be
utilized.

Formula 9

Rao)

[0085] In Formula 9, R,, to R,, are each independently a
substituted or unsubstituted aryl group having 6 to 30 carbon
atoms for forming a ring, a substituted or unsubstituted het-
eroaryl group having 1 to 30 carbon atoms for forming a ring,
an alkyl group having 1 to 15 carbon atoms, a silyl group, a
halogen atom, a hydrogen atom or a deuterium atom. In
addition, g and h are each independently an integer from 0 to
5. A plurality of adjacent R | to R,, may make abond to form
a saturated or unsaturated ring.

[0086] The substituted or unsubstituted heteroaryl group
having 1 to 30 carbon atoms for forming a ring utilized as R ||
to 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, an N-aryl carba-
zolyl group, an N-heteroarylcarbazolyl group, an N-alkylcar-
bazolyl group, a phenoxazinyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazile group, a quinoli-
nyl group, a quinoxalyl group, etc., without being limited
thereto.

[0087] The substituted or unsubstituted heteroaryl group
having 1 to 30 carbon atoms for forming a ring utilized asR ||
to R,y 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, an N-aryl carba-
zolyl group, an N-heteroarylcarbazolyl group, an N-alkylcar-
bazolyl group, a phenoxazinyl group, a phenothiazyl group, a
pyridyl group, a pyrimidyl group, a triazile group, a quinoli-
nyl group, a quinoxalyl group, etc., without being limited
thereto.

[0088] Thealkyl group having 1 to 15 carbon atoms utilized
as R}, to R,, may include a methyl group, an ethyl group, a
propyl group, anisopropyl group, an n-butyl group, an s-butyl
group, an isobutyl group, a t-butyl group, an n-pentyl group,
an n-hexyl group, an n-heptyl group, an n-octyl group, a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxy-
ethyl group, a2-hydroxyisobutyl 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

Jul. 7, 2016

group, a l-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-bromoet-
hyl group, a 2-bromoethyl 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,
a2-iodoisobutyl group, a 1,2-diiodoethy! group, a 1,3-diiodo-
isopropyl group, a 2,3-diiodo-t-butyl group, a 1,2,3-tri-
iodopropyl 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-cyanoethyl 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-nitroet-
hyl 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 cyclo-
propyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a 4-methylcyclohexyl group, a 1-adaman-
tyl group, a 2-adamantyl group, a 1-norbornyl group, a 2-nor-
bornyl group, etc., without being limited thereto.

[0089] The anthracene derivative utilized in the emission
layer 110 of the organic EL device according to an embodi-
ment may include at least one of compounds a-1 to a-12
below.

a-1
a-2
a-3
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[0090] The emission layer 110 may include, as a dopant
material, styryl derivatives (such as 1,4-bis[2-(3-N-ethylcar-
bazolyl)vinyllbenzene (BCzVB), 4-(di-p-tolylamino)-4'-
[(di-p-tolylamino)styryl]stilbene (DPAVB), or N-(4-((E)-2-
(6-((E)-4-(diphenylamino)styryl)naphthalene-2-yl)vinyl)
phenyl-N-phenylbenzeneamine (N-BDAVBI)), perylene and
the derivatives thereof (such as 2,5,8,11-tetra-t-butylperylene
(TBPe)), pyrene and the derivatives thereof (such as 1,1-
dipyrene, 1,4-dipyrenylbenzene, or 1,4-bis(N,N-dipheny-
lamino)pyrene), etc., without being limited thereto.

[0091] The electron transport layer (ETL) 112 may be
formed on the emission layer 110 to a thickness within arange
from about 15 nm to about 50 nm utilizing tris(8-hydrox-
yquinolinato)aluminum (Alg3) or a material having a nitro-
gen-containing aromatic ring (for example, a material includ-
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ing a pyridine ring such as 1,3,5-tri[(3-pyridyl)-phen-3-y1]
benzene, a material including a triazine ring such as 2,4,6-tris
(3'-(pyridine-3-yDbiphenyl-3-y1)1,3,5-triazine, and a
material including an imidazole derivative such as 2-(4-N-
phenylbenzoimidazolyl-1-ylphenyl)-9,10-dinaphthylan-
thracene).

[0092] The electron injection layer (EIL) 114 may be
formed on the electron transport layer 112 to a thickness
within a range from about 0.3 nm to about 9 nm utilizing a
material including, for example, lithium fluoride (LiF),
lithium-8-quinolinato (Lig). etc.

[0093] The cathode 116 may be disposed on the electron
injection layer 114 and may be formed utilizing a metal (such
as aluminum (Al), silver (Ag), lithium (L), magnesium (Mg),
calcium (Ca), or a mixture thereof) and a transparent material
(such as ITO or I1ZO).

[0094] Each electrode and each layer constituting the
organic EL device according to the disclosure as described
above may be formed by selecting an appropriate layer form-
ing method depending on a material utilized, such as a
vacuum evaporation method, a sputtering method. or various
suitable coating methods. The hole transport layer 108
formed utilizing the material for an organic EL device accord-
ing to the disclosure may be formed by the vacuum evapora-
tion method.

[0095] In the organic EL device 100 according to the dis-
closure, a hole transport layer capable of realizing long life
and high efficiency may be formed utilizing the material for
an organic EL device according to the disclosure.

[0096] In the organic EL device 100 according to the dis-
closure, the material for an organic EL device according to the
disclosure may beutilized as the material of the hole injection
layer. As described above, an organic EL device with long life
and high efficiency may be manufactured by utilizing the
material for an organic EL device according to the disclosure
in at least one layer of stacking layers disposed between the
emission layer and the anode.

[0097] (Organic EL Device 2)

[0098] Another organic EL device utilizing a material for
an organic EL, device according to an embodiment of the
disclosure will be explained. FIG. 2 is a schematic diagram
illustrating an organic EL device 200 according to another
embodiment of the disclosure. In FIG. 2, the same reference
numerals may be designated to the same parts or parts having
substantially the same function as those in the organic EL
device 100 shown in FIG. 1, and repeated explanation thereof
will not be provided again.

[0099] The organic EL device 200 may include a substrate
102, an anode 104, a hole transport band 201, an emission
layer 110, an electron transport layer 112, an electron injec-
tion layer 114 and a cathode 116. The hole transport band 201
may include a first layer 203 disposed at the anode-side and a
second layer 207 disposed between the first layer 203 and the
emission layer 110. In the hole transport band 201, a third
layer 205 may be disposed between the anode 104 and the
second layer 207. The position of the third layer 205 is not
specifically limited, however, and it may be disposed between
the first layer 203 and the second layer 207. In the hole
transport band 201, another hole transport layer may be dis-
posed between the first layer 203 and the third layer 205, and
between the third layer 205 and the second layer 207. In the
organic EL device 200, the material for an organic EL device
may be appropriately utilized in the second layer 207 adjacent
to the emission layer 110.

[0100] The first layer 203 disposed at the anode side of the
hole transport band 201 may include an electron accepting
compound having a LUMO level within a range from about
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-9.0 eV to about -4.0 eV. The first layer 203 may be formed
utilizing a hole transport compound doped with the electron
accepting compound or may be formed utilizing only the
electron accepting compound. Examples of the electron
accepting compound may be at least one of compounds acl to
acl4. However, the electron accepting compound according
to the disclosure is not limited thereto.

acl
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R R
R R
X
ac2
X
R R
R ‘
‘ R
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[0101] Inthe electron accepting Compounds acl toac14,R
is a hydrogen atom. a deuterium atom, a halogen atom, a
fluoroalkyl group having 1 to 10 carbon atoms, a cyano group,
an alkoxy group having 1 to 10 carbon atoms, an alkyl group
having 1 to 10 carbon atoms, or a substituted or unsubstituted
aryl group having 6 to 30 carbon atoms for forming a ring.
However, all Rs may not be (e.g., at least one of the Rs is not)
ahydrogen atom, a deutetium atom or fluorine in a molecule.
Ar is each independently a substituted aryl group with an
electron withdrawing group or an unsubstituted aryl group
having 6 to 30 carbon atoms for forming a ring, or a substi-
tuted or unsubstituted heteroaryl group having 3 to 30 carbon
atoms for forming a ring; Y is a methine group (—CH=) or
a nitrogen atom (—N—); Z is a pseudohalogen atom or a
sulfur (S) atom; and X is one of the substituents represented
by the following formulae X, to X,.

x1
ii
x2
Iq(l\\\]I’/,(ITJ
x3
CN
11/’
x4
NC\Tf/CR
x5
Ra0,C TCOZR&
X6
NCTCOZRa
x7

NC Ra

—(

[0102] In Formulae X5 to X7, Ra is a hydrogen atom, a
deuterium atom, a halogen atom, a fluoroalkyl group having
1 to 10 carbon atoms, a cyano group, an alkoxy group having
1 to 10 carbon atoms, an alkyl group having 1 to 10 carbon
atoms, a substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring or a substituted or unsubsti-
tuted heteroaryl group having 3 to 30 carbon atoms for form-
ing a ring.

[0103] Examples of the substituted or unsubstituted aryl
group having 6 to 30 carbon atoms for forming a ring, or the
substituted or unsubstituted heteroaryl group having 3 to 30
carbon atoms for forming a ring, represented by R, Arand Ra,
may include a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a l-anthryl group, a 2-anthryl group, a 9-anthryl
group, a l-phenanthryl group, a 2-phenanthryl group, a
3-phenanthryl group, a 4-phenanthryl group, a 9-phenanthryl
group, a 1-naphthacenyl group, a 2-naphthacenyl group, a
9-naphthacenyl group, a 1-pyrenyl group, a 2-pyrenyl group,
a 4-pyrenyl group, a 2-biphenylyl group, a 3-biphenylyl
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group, a 4-biphenylyl group, a p-terphenyl-4-yl group, a
p-terphenyl-3-yl group, a p-terphenyl-2-yl group, an m-ter-
phenyl-4-yl group, an m-terphenyl-3-yl group, an m-terphe-
nyl-2-y1 group, an o-tolyl group, an m-tolyl group, a p-tolyl
group, a p-t-butylphenyl group, a p-(2-phenylpropyl)phenyl
group, a 3-methyl-2-naphthyl group, a 4-methyl-1-naphthyl
group, a 4-methyl-1-anthryl group, a 4'-methylbiphenylyl
group, a 4"-t-butyl-p-terphenyl-4-yl group, a fluoranthenyl
group, a fluorenyl group, a 1-pyrrolyl group, a 2-pyrrolyl
group, a 3-pyrrolyl group, a pyridinyl group, a 2-pyridinyl
group, a 3-pyridinyl group, a 4-pyridinyl group, a 1-indolyl
group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl
group, a S-indolyl group, a 6-indolyl group, a 7-indolyl
group, a 1-isoindolyl group, a 2-isoindolyl group, a 3-isoin-
dolyl group, a 4-isoindolyl group, a S-isoindolyl group, a
6-isoindolyl group, a 7-isoindolyl group, a 2-furyl group, a
3-furyl group, a 2-benzofuranyl group, a 3-benzofuranyl
group, a 4-benzofuranyl group, a 5-benzofuranyl group, a
6-benzofuranyl group, a 7-benzofuranyl group, a 1-isobenzo-
furanyl group, a 3-isobenzofuranyl group, a 4-isobenzofura-
nyl group, a S-isobenzofuranyl group, a 6-isobenzofuranyl
group, a 7-isobenzofuranyl group, a quinolyl group, a
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a
6-quinolyl group, a 7-quinolyl group, an 8-quinolyl group, a
1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl
group, a 5-isoquinolyl group, a 6-isoquinolyl group, a 7-1so-
quinolyl group, an 8-isoquinolyl group, a 2-quinoxalinyl
group, a 5-quinoxalinyl group, a 6-quinoxalinyl group, a
1-carbazolyl group, a 2-carbazolyl group, a 3-carbazolyl
group, a 4-carbazolyl group, a 9-carbazolyl group, a
1-phenanthridinyl group, a 2-phenanthridinyl group, a
3-phenanthridinyl group, a 4-phenanthridinyl group, a
6-phenanthridinyl group, a 7-phenanthridinyl group, an
8-phenanthridinyl group, a 9-phenanthridinyl group, a
10-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl
group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl
group, a 1,7-phenanthroline-2-yl group, a 1,7-phenanthro-
line-3-yl group, a 1,7-phenanthroline-4-yl group, a 1,7-
phenanthroline-5-y1 group, a 1,7-phenanthroline-6-yl group,
a 1,7-phenanthroline-8-yl group, a 1,7-phenanthroline-9-yl
group, a 1,7-phenanthroline-10-y1 group, a 1,8-phenanthro-
line-2-yl group, a 1,8-phenanthroline-3-yl group, a 1,8-
phenanthroline-4-y1 group, a 1,8-phenanthroline-5-yl group,
a 1.8-phenanthroline-6-yl group, a 1,8-phenanthroline-7-yl
group, a 1,8-phenanthroline-9-yl group, a 1,8-phenanthro-
line-10-y1 group, a 1,9-phenanthroline-2-yl group, a 1,9-
phenanthroline-3-y1 group, a 1,9-phenanthroline-4-yl group,
a 1.9-phenanthroline-5-yl group, a 1,9-phenanthroline-6-yl
group, a 1,9-phenanthroline-7-yl group, a 1,9-phenanthro-
line-8-yl group, a 1,9-phenanthroline-10-yl group, a 1,10-
phenanthroline-2-yl group, a 1,10-phenanthroline-3-yl
group, a 1,10-phenanthroline-4-yl group, a 1,10-phenanthro-
line-5-y1 group, a 2,9-phenanthroline-1-yl group, a 2,9-
phenanthroline-3-yl1 group, a 2,9-phenanthroline-4-yl group,
a 2,9-phenanthroline-5-yl group, a 2,9-phenanthroline-6-yl
group, a 2,9-phenanthroline-7-yl group, a 2,9-phenanthro-
line-8-y1 group, a 2,9-phenanthroline-10-yl group, a 2,8-
phenanthroline-1-y1 group, a 2,8-phenanthroline-3-yl group,
a 2,8-phenanthroline-4-yl group, a 2,8-phenanthroline-5-yl
group, a 2,8-phenanthroline-6-yl group, a 2,8-phenanthro-
line-7-yl group, a 2,8-phenanthroline-9-yl group, a 2.8-
phenanthroline-10-yl group, a 2,7-phenanthroline-1-yl
group, a 2,7-phenanthroline-3-yl group, a 2,7-phenanthro-
line-4-yl group, a 2,7-phenanthroline-5-yl group, a 2,7-
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phenanthroline-6-y1 group, a 2,7-phenanthroline-8-yl group,
a 2,7-phenanthroline-9-yl group, a 2,7-phenanthroline-10-yl
group, a 1-phenazinyl group, a 2-phenazinyl group, a 1-phe-
nothiazinyl group, a 2-phenothiazinyl group, a 3-phenothi-
azinyl group, a 4-phenothiazinyl group, a 10-phenothiazinyl
group, a 1-phenoxaziny group, a 2-phenoxazinyl group, a
3-phenoxazinyl group, a 4-phenoxazinyl group, a 10-phenox-
azinyl group, a 2-oxazolyl group, a 4-oxazolyl group, a 5-0x-
azolyl group, a 2-oxadiazolyl group, a 5-oxadiazolyl group, a
3-furazanyl group, a 2-thienyl group, a 3-thienyl group, a
2-methylpyrrole-1-yl group, a 2-methylpyrrole-3-yl group, a
2-methylpyrrole-4-yl group, a 2-methylpyrrole-5-y1 group, a
3-methylpyrrole-1-yl group, a 3-methylpyrrole-2-yl group, a
3-methylpyrrole-4-yl group, a 3-methylpyrrole-5-y1 group, a
2-t-butylpyrrole-4-yl group, a 3-(2-phenylpropyl)pyrrole-1-
vyl group, a 2-methyl-1-indolyl group, a 4-methyl-1-indolyl
group, a 2-methyl-3-indolyl group, a 4-methyl-3-indolyl
group, a 2-t-butyl-1-indolyl group, a 4-t-butyl-1-indolyl
group, a 2-t-butyl-3-indolyl group, a 4-t-butyl-3-indolyl
group, efc.

[0104] Examples of the fluoroalkyl group having 1 to 10
carbon atoms represented by R and Ra may include a perfluo-
roalkyl group (such as a trifluoromethyl group, a pentafluo-
roethyl group, a heptafluoropropyl group or a heptadecafluo-
rooctane  group), a monofluoromethyl group, a
difluoromethyl group, a trifluoroethyl group, a tetrafluoro-
propyl group, an octafluoropentyl group, etc.

[0105] Examples of the alkyl group having 1 to 10 carbon
atoms represented by R and Ra may include a methyl group,
an ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an s-butyl group, an isobutyl group, a t-butyl group, an
n-pentyl group, an n-hexyl group, an n-heptyl group, an n-oc-
tyl 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
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-methylcyclohexyl group, a 1-adaman-
tyl group, a 2-adamantyl group, a 1-norbornyl group, a 2-nor-
bornyl group, etc.

[0106] The alkoxy group having 1 to 10 carbon atoms rep-
resented by R and Ra may be a group represented by —OY.
Examples of Y may include a methyl group, an ethyl group, a
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propyl group, anisopropyl group, an n-butyl group, an s-butyl
group, an isobutyl group, a t-butyl group, an n-pentyl group,
an n-hexyl group, an n-heptyl group, an n-octyl group, a
hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxy-
ethyl group, a2-hydroxyisobutyl 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 l-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-bromoet-
hyl group, a 2-bromoethyl 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-diiodo-
isopropyl group, a 23-diiodo-t-butyl group, a 1,2,3-tri-
iodopropyl 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-cyanoethyl 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-nitroet-
hyl 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, etc.
[0107] Examples of thehalogen atom represented by R and
Ra may include fluorine, chlorine, bromine and iodine.
[0108] In the case that the electron accepting compound is
doped in another hole transport compound, a suitable hole
transport compound may be utilized as the hole transport
compound included in the first layer 203. As the suitable hole
transport compound, a compound having a carbazolyl group
may be utilized, without being limited thereto. The hole trans-
port compound having the carbazolyl group may be, for
example, an amine derivative represented by the following
Formula 8.

Formula 8

[0109] In Formula 8, Ar,, Ar,, and Ar,, are each indepen-
dently a substituted or unsubstituted aryl group having 6 to 50
carbon atoms for forming a ring, or a substituted or unsubsti-
tuted heteroaryl group having 5 to 50 carbon atoms for form-
ing a ring; Ar, , is a substituted or unsubstituted aryl group
having 6 to 50 carbon atoms for forming a ring, a substituted
or unsubstituted heteroaryl group having 5 to 50 carbon atoms
for forming a ring, or a substituted or unsubstituted alkyl
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group having 1 to 50 carbon atoms; and L, is a direct linkage,
a substituted or unsubstituted arylene group having 6 to 18
carbon atoms for forming a ring, or a substituted or unsubsti-
tuted heteroarylene group having 5 to 15 carbon atoms for
forming a ring.

[0110] In one embodiment, Ar, to Ar,, may be each inde-
pendently a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, an anthryl group, a phenanthryl
group, a fluorenyl group, an indenyl group, a pyranyl group,
an acetonaphthenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyridyl group, a pyranyl group, a quinolyl
group, an isoquinolyl group, a benzofuranyl group, a ben-
zothienyl group, an indolyl group, a carbazolyl group, a ben-
zoxazolyl group, a benzothiazolyl group, a quinoxalyl group,
a benzoimidazolyl group, a dibenzofuranyl group, a diben-
zothienyl group, etc. For example, the phenyl group, the
bipheny! group, the terphenyl group, the fluorenyl group, the
carbazolyl group, the dibenzofuranyl group, etc. may be uti-
lized.

[0111] As Ar,,, the aryl group and the heteroaryl group
may be the same as the functional groups exemplified as Ar,
to Ar,,, and the alkyl group may be, for example, a methyl
group or an ethyl group.

[0112] T, may include, other than the direct linkage, a phe-
nylene group, a biphenylylene group, a terphenylylene group,
a naphthylene group, an anthrylene group, a phenanthrylene
group, a fluorelene group, an indandiyl group, a pyrenediyl
group, an acenaphthenediyl group, a fluoranthenediyl group,
a triphenylenediyl group, a pyridinediyl group, a pyranediyl
group, a quinolinediyl group, an isoquinolinediyl group, a
benzofurandiyl group, a benzothiophenediyl group, an
indolediyl group, a carbazolediyl group, a benzoxazolediyl
group, a benzothiazolediyl group, a quinoxalinediyl group, a
benzoimidazolediyl group, a dibenzofuranediyl group, etc.
For example, the phenylene group, the terphenylene group,
the fluorenediyl group, the carbazolediyl group, the dibenzo-
furanediyl, etc. may be utilized.

[0113] The compound represented by Formula 8 may
include at least one of the compounds 270 to 285.
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[0114]
may include a compound represented by Formula 8. The

In the hole transport band 201, the third layer 205

68
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compound represented by Formula 8 and included in the third
layer 205 may be Compounds 270 to 285.

[0115] Each electrode and each layer constituting the
organic EL. device 200 according to the disclosure as
described above may be formed by selecting an appropriate
layer forming method depending on materials utilized, such
as a vacuum evaporation method, a sputtering method or
various suitable coating methods. In addition, the second
layer 207 formed utilizing the material for an organic EL
device according to the disclosure may be formed by the
vacuum evaporation method.

[0116] In the hole transport band 201 in the organic EL
device 200, at least one of the first layer 203 including an
electron accepting compound having a LUMO level within a
range from about -9.0 eV to about -4.0 eV is disposed adja-
cent to the anode 104, and at least one of the second layer 207
including the material for an organic EL device according to
an embodiment is disposed adjacent to the emission layer
110. The organic EL device 200 according to an embodiment
includes the material for an organic EL device according to an
embodiment with high electron tolerance and improved
amorphous propetties in the hole transport second layer 207
disposed adjacent to the emission layer 110 in the hole trans-
port band 201, and the hole transport layer between the anode
104 and the second layer 207 may be passivated from elec-
trons not consumed in the emission layer 110. In addition, the
diffusion of energy with an excited state generated in the
emission layer 110 into the hole transport layer between the
anode 104 and the second layer 207 may be reduced or pre-
vented, and the charge balance of the whole organic EL
device 200 may be adjusted. By disposing the second layer
207 including the material for an organic EL device adjacent
to the emission layer 110, the diffusion of the electron accept-
ing compound included in the first layer 203 into the emission
layer 110 may be restrained.

[0117] According to an embodiment, as the material for an
organic EL, device included in the second layer 207, a com-
pound of Formula 1, in which a dibenzoheterole group is
dibenzofuran, L, includes an m-phenylene group or a p-phe-
nylene group, and an amine group includes a substituent of'a
naphthyl group, a biphenyl group or a naphthyl phenyl group,
is utilized. According to another embodiment, as the material
for an organic EL device included in the second layer 207, a
compound represented by Formula 4 or 6 and includes an
amine group having a substituent of a naphthyl group, a
bipheny! group or a naphthyl phenyl group may be utilized.

[0118] In the organic EL device 200, the first layer 203
including the electron accepting compound may be disposed
near the anode 104, for example, adjacent to (e.g., in contact
with) the anode 104. By disposing a layer including the elec-
tron accepting compound adjacent to the anode 104, the hole
injection properties from the anode 104 may be improved. In
the case that a hole transport compound having a carbazolyl
group, represented by Formula 8, is included in the first layer
203, charge transport properties and current flow durability
may be improved.

[0119] In the organic EL device 200, the third layer 205
including a compound having a carbazolyl group and repre-
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sented by Formula 8 may be disposed nearer to the emission
layer 110 than to the first layer 203. By including the com-
pound having the carbazolyl group in the hole transport band
201, charge transport properties and current flow durability
may be improved. In addition, since the third layer 205
includes the compound represented by Formula 8, the hole
transport layer between the anode 104 and the third layer 205
may be passivated from electrons not consumed in the emis-
sion layer 110, and the diffusion of energy with an excited
state generated in the emission layer 110 into the hole trans-
port layer between the anode 104 and the third layer 205 may
be reduced or prevented. In addition, the compound repre-
sented by Formula 8, which is an amine derivative having a
carbazolyl group may restrain (e.g., reduce or prevent) the
diffusion of the electron accepting compound included in the
first layer 203 into the emission layer 110.

[0120]
embodiment, the material for an organic EL device according

In the organic EL device 200 according to an

to an embodiment may be utilized as the material of the
second layer 207 adjacent to the emission layer 110, the first
layer 203 including the electron accepting compound may be
disposed adjacent to the anode 104, and the third layer 205
including the compound represented by Formula 8 may be
disposed between the first layer 203 and the second layer 207.
Thus, the high efficiency and long life of the organic EL
device may be realized.

[0121]
an embodiment may be applied in an organic EL display of an
active matrix type utilizing a thin film transistor (TFT).

The material for an organic EL device according to

(Manufacturing Method)

[0122]
an embodiment may be synthesized, for example, as follows.

The material for an organic EL device according to

Synthetic Method of Compound 17

Synthesis of Compound A in Formula 14

[0123] First, the following Compound A was synthesized.
Under an Ar atmosphere, 53.8 g of N-[1,1'-biphenyl]-4-y1-N-
(4-bromophenyl)-[1,1'-biphenyl]-4-amine, 646 g of
Pd(dppH)Cl,.CH,Cl,, 33.3 g of KOAc and 33.0 g of bis(pina-
colato)diboron were added to a 2 L flask, followed by degas-
sing under vacuum in a dioxane solvent and stirring at about
100° C. for about 12 hours. After that, the solvent was dis-
tilled, CH,Cl, and water were added thereto, an organic phase
was separated, magnesium sulfate and activated clay were
added thereto (e.g, added to the organic phase), filtering with
suction was performed, and the solvents were distilled. The
crude product thus obtained was separated by silica gel col-
umn chromatography (utilizing a mixture solvent of dichlo-
romethane and hexane) to produce 56.8 g of Compound A as
a white solid (Yield 98%). The molecular weight of Com-
pound A measured by FAB-MS was 523.
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Synthesis of Compound B in Formula 15

[0124] Then, the following Compound B was synthesized.
Under an Ar atmosphere, 10.0 g of Compound A, 6.00 g of
1-i0do-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 mixture solvent of
450 mL of toluene and 60 mL of water at about 90° C. for
about 8 hours. After air cooling, water was added, an organic
layer was separated, and the solvents were distilled. The
crude product thus obtained was separated by silica gel col-
umn chromatography (utilizing a mixture solvent of dichlo-
romethane and hexane) and recrystallized utilizing a mixture
solvent of toluene and hexane to produce 9.29 g of Compound
B as a white solid (Yield 87%). The molecular weight of
Compound B measured by FAB-MS was 553.

Formula 15
I

Pd(PPhs),
K5COs

toluene, H,0,
reflux, 8 h
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N
./‘ \‘\./Br
B (88%)

Synthesis of Compound C in Formula 16

[0125] Then, the following Compound C was synthesized.
Substantially the same procedure as that of the method for
synthesizing Compound A was conducted except for utilizing
4.00 g of Compound B instead of N-[1,1'-biphenyl]-4-y1l-N-
(4-bromophenyl)-[1,1'-biphenyl]-4-amine to produce 4.12 g
of Compound C as a pale yellow solid (Yield 95%). The
molecular weight of Compound C measured by FAB-MS was

599.
0] ]
7
B—B
/N
0] 0]

Formula 16
Pd(dppf)Cl;,
KOAc

Dioxane

Formula 17
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-continued

N
O O :
O 0 B O

C (95%)

Synthesis of Compound D in Formula 17

[0126] The following Compound D was synthesized.
Under an Ar atmosphere, 2.70 g of Compound C, 3.70 g of
4,6-dibromodibenzofuran, 0.34 g of Pd(PPh,), and 1.25 g of
potassium carbonate were added to a 300 ml, three necked
flask, followed by heating and stirring in a mixture solvent of
50 mL of toluene and 20 mL of water at about 90° C. for about
8 hours. After air cooling, water was added, an organic layer
was separated, and the solvents were distilled. The crude
product thus obtained was separated by silica gel column
chromatography (utilizing a mixture solvent of dichlo-
romethane and hexane) and recrystallized utilizing a mixture
solvent oftoluene and hexane to produce 1.78 g of Compound
D as a white solid (Yield 55%). The molecular weight of
Compound D measured by FAB-MS was 686.

Lty

O
Br Br

Pd(PPh3)4,K-CO5

toluene, H,O,
reflux, 8 h

N
:
O O B
0]
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-continued

Q O

Br

D (55%)

Synthesis of Compound 17 in Formula 18

[0127] Under an Ar atmosphere, 7.18 g of Compound D,
2.10 g of phenylboronic acid, 1.14 g of Pd(PPh,), and 3.55 ¢
of potassium carbonate were added to a 300 ml, three necked
flask, followed by heating and stirring in a mixture solvent of
150 mL of toluene and 60 mL of water at about 90° C. for
about 8 hours. After air cooling, water was added, an organic
layer was separated, and the solvents were distilled. The
crude product thus obtained was separated by silica gel col-
umn chromatography (utilizing a mixture solvent of dichlo-
romethane and hexane) and recrystallized utilizing a mixture
solvent oftoluene and hexane to produce 6.79 g of Compound
17 as a white solid (Yield 95%).

Formula 18

Pd(PPhs)s, K005

I l N toluene, H,O, reflux, 8
Q O

Br
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O O

17
(95%)

[0128] The molecular weight of Compound 17 measured
by FAB-MS was 715. The chemical shift values (3) of Com-
pound 17 measured by "H-NMR (CDCL,) were 7.85 (d, 2H,
J=7.80 Hz), 7.81 (d, 2H, J=7.90 Hz), 7.70 (s, 1H), 7.58-7.50
(m, 19H), 7.48-7.41 (m, 7TH), 6.69-6.65 (m, 6H)).

[0129] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthetic Method of Compound 5

[0130] Compound 5 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 17 except for utilizing 4,6-dibromodiben-
zothiophene instead of 4,6-dibromodibenzofuran. The
molecular weight of Compound 5 measured by FAB-MS was
732. The chemical shift values (8) of Compound 5 measured
by 'H-NMR (CDCl,) were 7.89 (d. 2H, I=7.90 Hz), 7.83 (d,
2H,J=7.70 Hz), 7.72 (s, 1H), 7.68-7.55 (m, 19H), 7.48-7.41
(m, 7H), 6.71-6.67 (m, 6H). From the results, the synthesized
white solid was determined as Compound 5.

[0131] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthetic Method of Compound 77

[0132] Compound 77 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 17 except for utilizing 2,8-dibromodiben-
zothiophene instead of 4,6-dibromodibenzofuran. The
molecular weight of Compound 77 measured by FAB-MS
was 732. The chemical shift values () of Compound 77
measured by 'H-NMR (CDCl,) were 7.80 (d, 2H, J=7.90 Hz),
7.73(d,2H, J=7.70Hz),7.70 (d, 2H, J=7.90 Hz), 7.79 (s, 1H),

72
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7.64-7.55 (m, 17H), 7.48-7.41 (m, 7H), 6.71-6.67 (m, 6H).
From the results, the synthesized white solid was determined
as Compound 77.

[0133] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthetic Method of Compound 89

[0134] Compound 89 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 17 except for utilizing 2,8-dibromodibenzofuran
instead of 4,6-dibromodibenzofuran. The molecular weight
of Compound 89 measured by FAB-MS was 715. The chemi-
cal shift values (8) of Compound 89 measured by ‘H-NMR
(CDCl,) were 7.82 (d, 2H, J=7.84 Hz), 7.78 (d, 2H, J=7.90
Hz), 7.70 (d, 2H, J=7.88 Hz), 7.68 (s, 1H), 7.66-7.57 (m,
17H),7.51-7.41 (m, 7H), 6.68-6.64 (m, 6H). From the results,
the synthesized white solid was determined as Compound 89.
[0135] 1In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthetic Method of Compound 141

[0136] Compound 141 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 17 except for utilizing 3,7-dibromodibenzofuran
instead of 4,6-dibromodibenzofuran. The molecular weight
of Compound 141 measured by FAB-MS was 715. The
chemical shift values (8) of Compound 141 measured by
'"H-NMR (CDCl,) were 7.95 (d, 2H, 1=7.80 Hz), 7.75 (d, 2H,
J=1.70 Hz), 7.70 (s, 1H), 7.64 (d, 2H, J=7.90 Hz), 7.57-7.51
(m, 19H), 7.48-7.40 (m, 5H), 6.72-6.65 (m, 6H). From the
results, the synthesized white solid was determined as Com-
pound 141.
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[0137] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthetic Method of Compound 213

Synthesis of Compound F in Formula 19

[0138] First, the following Compound F was synthesized.
Under an Ar atmosphere, 30.0 g of Compound E, 16.4 g of
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline, 4.34
g of Pd(PPh,), and 31.8 g of K,PO, were added to a 1,000
mL, three necked flask, followed by heating and stirring in a
mixture solvent of 400 mL of toluene and 70 mL of water at
about 80° C. for about 8 hours. After air cooling, water was
added, an organic layer was separated, and the solvents were
distilled. The crude product thus obtained was separated by
silica gel column chromatography (utilizing a mixture sol-
vent of dichloromethane and hexane) and recrystallized uti-
lizing a mixture solvent of toluene and acetonitrile to produce
27.7 g of Compound F as a yellow solid (Yield 90%). The
molecular weight of Compound F measured by FAB-MS was
411.

Formula 19

Pd(PPh3)s,K>CO;
toluene, 1,0, 80°C.,8h

NH,

a
&

Synthesis of Compound G in Formula 20

F (90%)

[0139] The following Compound G was synthesized.
Under an Ar atmosphere, 25.0 g of Compound F, 14.2 g of
4-bromobiphenyl, 1.99 g of Pd,(dba);, 1.20 g of tri-tert-
butylphosphine, and 8.89 g of NaOtBu were added to a 1,000
mL, three necked flask, followed by heating, refluxing and
stirring in 300 mL of a mixture solvent of toluene for about 8
hours (or about 6 hours). After air cooling, water was added,

Jul. 7, 2016

an organic layer was separated, and the solvents were dis-
tilled. The crude product thus obtained was separated by
silica gel column chromatography (utilizing a mixture sol-
vent of dichloromethane and hexane) and recrystallized uti-
lizing a mixture solvent of toluene and ethanol to produce
17.5 g of Compound G as a yellow solid (Yield 51%). The
molecular weight of Compound G measured by FAB-MS was
564.

Formula 20

v
A C

Pdy(dba)s, NaO'Bu,
(‘Bu);P

toluene, reflux, 6 h

9
ag
&,

NH

ar
O

G (51%)

Synthesis of Compound 213 in Formula 21

[0140] Under an Ar atmosphere, 4.00 g of Compound G,
2.0 g of 1-(4-bromophenyl)naphthalene, 0.31 g of Pd,(dba),,
0.52 g of tri-tert-butylphosphine and 1.09 g of NaOtBu were
added to a 200 mL, three necked flask, followed by heating,
refluxing and stirring in 60 m[ of a mixture solvent of toluene
for about 6 hours. After air cooling, water was added, an
organic layer was separated, and the solvents were distilled.
The crude product thus obtained was separated by silica gel
column chromatography (utilizing a mixture solvent of
dichloromethane and hexane) and recrystallized utilizing a
mixture solvent of toluene and ethanol to produce 4.025 g of
Compound 213 as a yellow solid (Yield 74%).
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Formula 21

\_/ \
oY
)
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Br

NE Pdy(dba)s, NaOBu, (Bu);P

Q G

&

) Q

213 (74%)

[0141] The molecular weight of Compound 213 measured
by FAB-MS was 766. The chemical shift values (8) of Com-
pound 213 measured by *H-NMR (CDCl,) were 8.31 (s, 1H),
8.16(d, 1H, I=6.10 Hz), 7.99 (d, 1H, J=7.00 Hz), 7.96 (d, 1 H,
J=1.20 Hz), 7.96-7.88 (m, 3H), 7.87-7.82 (m, 2H), 7.73 (d,
1H, I=7.10 Hz), 7.67-7.53 (m, 10H), 7.51-7.42 (m, SH),
7.37-7.25 (m, 10H).

[0142] In addition, the material for an organic EL, device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 169

[0143] In the synthesis of Compound D in the synthetic
method of Compound 17 explained above, Compound A was
utilized instead of Compound C to prepare an intermediate,
and Compound 169 was synthesized utilizing the intermedi-
ate by conducting substantially the same procedure described

toluene, reflux, 6 h

for the preparation of Compound 17. The molecular weight of
Compound 169 measured by FAB-MS was 640. The chemi-
cal shift values (8) of Compound 169 measured by ‘H-NMR
(CDCl;) were 8.01-7.89 (m, 6H), 7.68-7.61 (m, 6H), 7.56-7.
41 (m, 12H), 7.39-7.27 (m, 9H).

[0144] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 181

[0145] Compound 181 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 169 except for utilizing N,N-bis([1.1'-biphenyl]-
4-y1)-4'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)[ 1,1'-

biphenyl]-4-amine instead of Compound A. The molecular
weight of Compound 181 measured by FAB-MS was 716.
The chemical shift values () of Compound 181 measured by
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'"H-NMR (CDCl,) were 8.03-7.85 (m, 6H), 7.71-7.67 (m,
8H), 7.53-7.40 (m, 14H), 7.37-7.29 (m, 9H).

[0146] In addition, the material for an organic EL, device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 216

[0147] Compound 216 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing 1-iodonaphthalene
instead of 1-(4-bromophenyl)naphthalene. The molecular
weight of Compound 216 measured by FAB-MS was 690.
The chemical shift values (8) of Compound 216 measured by
'"H-NMR (CDCl,) were 8.27 (s, 1H), 8.03 (d, 1H, ]=7.10 Hz),
7.99-7.88 (m, 3H), 7.86-7.78 (m, 4H), 7.72 (d, 1H, J=6.80
Hz), 7.62 (d, 1H, J=6.80 Hz), 7.58-7.38 (m, 16H), 7.32-7.22
(m, 3H), 7.20-7.09 (m, 5H).

[0148] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 13

Synthesis of Compound H in Formula 22

[0149] First, the following Compound H was synthesized.
Under an Ar atmosphere, 29.0 g of Compound E, 13.4 g of
4-chlorophenylboronic acid, 3.14 g of Pd(PPh,),, 38.8 g of
K,CO; were added to a 1,000 mL, three necked flask, fol-
lowed by heating and stirring in a mixture solvent of 300 mL
of toluene and 60 mL of water at about 80° C. for about 4
hours (or about 8 hours). After air cooling, water was added,
an organic layer was separated, and the solvents were dis-
tilled. The crude product thus obtained was separated by
silica gel column chromatography (utilizing a mixture sol-
vent of dichloromethane and hexane) and recrystallized uti-
lizing a mixture solvent of toluene and acetonitrile to produce
28.2 g of Compound H as a white solid (Yield 90%). The
molecular weight of Compound H measured by FAB-MS was

430.
: ,Cl
(HO),B

Pd(PPhs3)4,K,CO;
toluene, H,0, 80°C., 81

Formula 22

([

H (90%)
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Synthesis of Compound 13

[0150] Compound 13 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-phenyl-1-
naphthylamine instead of Compound G. The molecular
weight of Compound 13 measured by FAB-MS was 614. The
chemical shift values (8) of Compound 13 measured by
'H-NMR (CDCl;) were 8.27-8.26 (2H, m), 8.02-7.89 (6H,
m), 7.83-7.78 (2H, m), 7.72 (2H, d, J=6.0 Hz), 7.63 (2H, d,
J=6.6Hz),7.56-739 (11H, m), 7.27-7.21 (3H, m), 7.14-7.09
(3H, m) 7.06 (2H, d, J=7.8 Hz), 6.97 (1H, d, J=6.0 Hz).

[0151] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 23

[0152] Compound 23 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing 2-bromonaphthalene
instead of 1-(4-bromophenyl)naphthalene. The molecular
weight of Compound 23 measured by FAB-MS was 690. The
chemical shift values (3) of Compound 23 measured by
'"H-NMR (CDCl,) were 8.25 (s, 1H), 8.00 (d, 1H, J=7.10 Hz),
7.99-7.88 (m, 3H), 7.82-7.75 (m, 4H), 7.73 (d, 1H, J=6.90
Hz), 7.62 (d, 1H, ]=6.80 Hz), 7.60-7.48 (m, 16H), 7.32-7.22
(m, 3H), 7.18-7.11 (m, SH).

[0153] In addition, the material for an organic EL device

according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 170

Synthesis of N-[4-(1-naphthalenyl)phenyl]-[1,1'-
biphenyl]-4-amine

[0154] First, the following N-[4-(1-naphthalenyl)phenyl]-
[1,1'-biphenyl]-4-amine was synthesized. Under an Ar atmo-
sphere, 4.22 g of 4-bromobiphenyl, 4.05 g of 1-(4-aminophe-
nyljnaphthalene, 0.78 g of (DPPF)PdCl,, 1.60 g of DPPF and
1.77 g of NaOtBu were added to a 300 mL, three necked flask,
followed by heating, refluxing and stirring in 120 mL of a
mixture solvent of THF for about 3 hours. After air cooling,
water was added, an organic layer was separated, and the
solvents were distilled. The crude product thus obtained was
separated by silica gel column chromatography (utilizing a
mixture solvent of dichloromethane and hexane) and recrys-
tallized utilizing a mixture solvent of toluene and ethanol to
produce 6.31 g of a target product as a yellow solid (Yield
92%).

Formula 23

(DPPF)PACL

DPPF, -BuONa
THF, 100°C., 3 h g
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N

92%

Synthesis of Compound 170 in Formula 24

[0155] Under an Ar atmosphere, 3.59 g of Compound 1,
2.71 g of N-[4-(1-naphthalenyl)phenyl]-[1,1'-biphenyl]-4-
amine, 0.30 g of Pd,(dba),, 0.54 g of tri-tert-butylphosphine
and 2.18 g of NaOtBu were added to a 200 mL, three necked
flask, followed by heating, refluxing and stirring in 65 mL of
a mixture solvent of toluene for about 4 hours (or about 6
hours). After air cooling, water was added, an organic layer
was separated, and the solvents were distilled. The crude
product thus obtained was separated by silica gel column
chromatography (utilizing a mixture solvent of dichlo-
romethane and hexane) and recrystallized utilizing a mixture
solvent of toluene and ethanol to produce 4.19 g of Com-
pound 170 as a yellow solid (Yield 81%). The molecular
weight of Compound 170 measured by FAB-MS was 689.
The chemical shift values (8) of Compound 170 measured by
'"H-NMR (CDCl,) were 8.01-7.92 (m, 7H), 7.69-7.42 (m,
20H), 7.38-7.33 (m, 8H).

Formula 24
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[0156] 1In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 217

[0157] Compound 217 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing 1-iodonaphthalene
instead of 1-(4-bromophenyl)naphthalene and utilizing Com-
pound F instead of Compound G. The molecular weight of
Compound 217 measured by FAB-MS was 664. The chemi-
cal shift values (8) of Compound 217 measured by ‘H-NMR
(CDCl;) were 8.24 (t, 1H, J=1.2 Hz), 8.11 (d, 2H, J=8.6 Hz),
7.98-7.84 (m, 6H), 7.78-7.69 (m, 4H), 7.63-7.31 (m, 15H),
7.20 (t, 2H, J=7.5 Hz), 6.98 (1, 1H, J=7.4 Hz), 6.72 (d, 2H,
J=8.7 Hz).

[0158] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 218

Synthesis of
N-[4-(1-naphthalenyl)phenyl]-phenyl-4-amine

[0159] First, the following N-[4-(1-naphthalenyl)phenyl]-
phenyl-4-amine was synthesized. Substantially the same pro-
cedure described for synthesizing N-[4-(1-naphthalenyl)phe-
nyl]-[1,1"-biphenyl]-4-amine was conducted except for

Sy

Pd,(dba),, NaO'Bu, (‘Bu);P

o
O

{
0,
»

O N O

170 (81%)

toluene, reflux, 6 h
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utilizing dibromobenzene instead of 4-bromobiphenyl. The
molecular weight measured by FAB-MS was 295.

H
N O ‘

Synthesis of Compound 218

Formula 25

[0160] Compound 218 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-[4-(1-naph-
thalenyl)phenyl]-phenyl-4-amine instead of Compound G.
The molecular weight of Compound 218 measured by FAB-
MS was 690. The chemical shift values (8) of Compound 218
measured by "H-NMR (CDCI,) were 8.31 (S, 1H), 8.08-8.02
(m, 1H),7.99-7.78 (m, 7H), 7.72 (d, 1H, I=7.5 Hz), 7.64-7.21
(m, 24H), 7.09 (t, 1H, J=7.2).

[0161] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 220

Synthesis of 4-(1-naphthalenyl)-N-[4-(1-naphthale-
nyl)phenyl]-benzenamine

[0162] First, the following 4-(1-naphthalenyl)-N-[4-(1-
naphthalenyl)phenyl-benzenamine was synthesized. Sub-
stantially the same procedure described for synthesizing
N-[4-(1-naphthalenyl)phenyl]-[ 1,1'-biphenyl]-4-amine was
conducted except for utilizing 1-(4-bromophenyl)naphtha-
lene instead of 4-bromobiphenyl. The molecular weight mea-
sured by FAB-MS was 421.

H
O O N ‘

Synthesis of Compound 220

Formula 26

[0163] Compound 220 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing 4-(1-naphthale-
nyl)-N-[4-(1-naphthalenyl)phenyl]-benzenamine instead of
Compound G. The molecular weight of Compound 220 mea-
sured by FAB-MS was 816. The chemical shift values (8) of
Compound 220 measured by *H-NMR (CDCl,) were 8.78 (d,
J=7.8Hz,2H),8.70 (d, J=7.8 Hz, 2H), 8.29 (d, ]=8.1 Hz, 2H),
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8.24 (1, J=1.5 Hz, 1H),7.95 (d, J=7.8 Hz, 2H), 7.84 (d, I=7.8
Hz, 2H), 7.79 (d, J=8.0 Hz, 1H), 7.73-7.38 (m, 20H), 7.18 (t.
J=7.5Hz, 21), 6.98 (1, 1=7.5 Hz, 111), 6.89 (d, I=7.8 z, 2H).

[0164] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 222

Synthesis of N-9-phenanthrenyl-9-phenanthrenamine

[0165] First, the following N-9-phenanthrenyl-9-phenan-
threnamine was synthesized. Substantially the same proce-
dure described for synthesizing N-[4-(1-naphthalenyl)phe-
nyl]-[1,1'"-biphenyl]-4-amine was conducted except for
utilizing 9-bromophenanthrene instead of 4-bromobiphenyl
and utilizing 9-aminophenanthrene instead of 1-(4-ami-
nophenyl)naphthalene. The molecular weight measured by
FAB-MS was 369.

O H
O N

[0166] Compound 222 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-9-phenan-
threnyl-9-phenanthrenamine instead of Compound G. The
molecular weight of Compound 222 measured by FAB-MS
was 764. The chemical shift values (8) of Compound 222
measured by "H-NMR (CDC],) were 8.78 (d, J=7.8 Hz, 2H),
8.70 (d, J=7.8 Hz, 2H), 8.29 (d, J=8.1 Hz, 2H), 8.24 (t, I=1.5
Hz, 1H),7.95 (d, J=7.8 Hz, 211), 7.84 (d, J=7.8 Hz, 2H), 7.79
(d, J=8.0 Hz, 1H), 7.73-7.38 (m, 20H), 7.18 (t, J=7.5 Hz, H),
6.98 (1, 1=7.5 Hz, 1H), 6.89 (d, J=7.8 Hz, 2H).

[0167] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Formula 27

Synthesis of Compound 222

Synthesis of Compound 225

Synthesis of
N-[4-(1-naphthalenyl)phenyl]-1-naphthalenamine

[0168] First, the following N-[4-(1-naphthalenyl)phenyl]-
1-naphthalenamine was synthesized. Substantially the same
procedure described for synthesizing N-[4-(1-naphthalenyl)
phenyl]-[1,1'-biphenyl]-4-amine was conducted except for
utilizing 1-iodonaphthalene instead of 4-bromobiphenyl. The
molecular weight measured by FAB-MS was 345.
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Formula 28

jrasas]

Synthesis of Compound 225

[0169] Compound 225 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound E instead of
1-(4-bromophenyl)naphthalene and utilizing N-[4-(1-naph-
thalenyl)phenyl]-1-naphthalenamine instead of Compound
G. The molecular weight of Compound 225 measured by
FAB-MS was 664. The chemical shift values (8) of Com-
pound 225 measured by *H-NMR (CDCI,) were 8.08 (d, 1H,
J=8.1Hz),7.98-7.84 (m, 7H), 7.83-7.75 (m, 3H), 7.64 (d, 1 H,
J=1.5 Hz), 7.56 (d, 1H, J=7.8 Hz), 7.54-7.43 (m, 8H), 7.43-
7.33 (m, 6H), 7.25 (m, 3H), 7.16 (d, 2H, J=8.4 Hz), 7.12 (m,
1H).

[0170] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 226

[0171] Compound 226 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound E instead of
1-(4-bromophenyl)naphthalene and utilizing 4-(1-naphthale-
nyl)-N-[4-(1-naphthalenyl)phenyl]-benzenamine instead of
Compound G. The molecular weight of Compound 226 mea-
sured by FAB-MS was 740. The chemical shift values (3) of
Compound 226 measured by '"H-NMR (CDCl,) were 8.02 (d,
2H, J=8.4), 7.96-7.81 (m, 9H), 7.69-7.56 (m, 3H), 7.54-7.30
(m, 23H).

[0172] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 229

[0173] Compound 229 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound I instead of
1-(4-bromophenyl)naphthalene and utilizing 1,1'-dinaphthy-
lamine instead of Compound G. The molecular weight of
Compound 229 measured by FAB-MS was 588. The chemi-
cal shift values () of Compound 229 measured by *H-NMR
(CDCly) were 8.12 (d, 2H, J=8.70 Hz), 7.95-7.86 (m, 6H),
7.77-1.73 (m, 4H), 7.65 (dd, 1H, J=1.20, 7.60 Hz), 7.58 (dd,
1H, J=1.20,7.60 Hz), 7.52-7.47 (m, 2H). 7.46-7.28 (m, 1 1H),
6.81 (d, 1H, J=9.00 Hz).

[0174] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 231

[0175] Compound 231 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
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Compound 213 except for utilizing Compound T instead of
1-(4-bromophenyl)naphthalene and utilizing N-[4-(1-naph-
thalenyl)phenyl]-1-naphthalenamine instead of Compound
G. The molecular weight of Compound 231 measured by
FAB-MS was 664. The chemical shift values (8) of Com-
pound 231 measured by '‘H-NMR (CDCl,) were 8.09 (d,
J=8.0 Hz, 1H), 8.05 (d, J=8.1 Hz, 1H), 8.00-7.81 (m, 10H),
7.66 (d, J=7.8 Hz, 1H), 7.62 (d, I=7.8 Hz, 1H), 7.60-7.33 (m,
15H), 7.29-7.2 (m, 4H).

[0176] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 232

[0177] Compound 232 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound T instead of
1-(4-bromophenyl)naphthalene and utilizing 4-(1-naphthale-
nyl)phenyl]-N-[4-(1-naphthalenyl)phenyl]-benzenamine
instead of Compound G. The molecular weight of Compound
232 measured by FAB-MS was 740. The chemical shift val-
ues (8) of Compound 232 measured by ‘H-NMR (CDCI,)
were 8.10 (m, 2H), 7.95-8.05 (m, 7H), 7.87 (d, 2H, J=7.90
Hz), 7.70 (dd, 1H, J1=1, 20 Hz, J2=3, 70 Hz), 7.67 (dd, 1H,
J1=1,20Hz, J2=3, 70 Hz), 7.58-7.34 (m, 21 H), 7.24-7 .28 (m,
2H), 7.17 (d, 1H, J=7.10 Hz).

[0178] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 243

[0179] Compound 243 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing 1-(3-bromophenyl)naph-
thalene instead of 1-(4-bromophenyl)naphthalene. The
molecular weight of Compound 243 measured by FAB-MS
was 766. The chemical shift values (8) of Compound 243
measured by 'H-NMR (CDCL,) were 8.29 (t. 1H, I=1.2 Hz),
8.01-7.81 (m, 8H), 7.73 (dd, 1H, J=7.62 Hz), 7.66-7.40 (m,
18H), 7.35-7.28 (m, 8H), 7.22-7.16 (m, 3H).

[0180] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 244

Synthesis of
N-[1,1'-biphenyl]-4-yl-9-phenanthrenamine

[0181] First, the following N-[1,1-biphenyl]-4-yl-9-
phenanthrenamine was synthesized. Substantially the same
procedure described for synthesizing N-[4-(1-naphthalenyl)
phenyl]-[1,1'-biphenyl]-4-amine was conducted except for
utilizing 9-aminophenanthrene instead of 1-(4-aminophenyl)
naphthalene. The molecular weight measured by FAB-MS
was 345.
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[Formula 29

Synthesis of Compound 244

[0182] Compound 244 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-[1,1"-biphe-
nyl]-4-y1-9-phenanthrenamine instead of Compound G. The
molecular weight of Compound 244 measured by FAB-MS
was 740. The chemical shift values (8) of Compound 244
measured by "H-NMR (CDCI,) were 8.78 (d, ]=8.0 Hz, 1H),
8.74 (d,J=8.0 Hz, 1H), 8.28 (t, J=1.2 Hz, 1H), 8.13 (d, J=8.0
Hz, 1H),7.97 (d, ]=8.0 Hz, 2H), 7.87 (d. J=8.1 Hz, 2H), 7.81
(d, J=8.1 Hz, 2H), 7.75-7.36 (m, 19H), 7.34-7.16 (m, 6H),
7.11 (t, J=7.5 Hz, 2H).

[0183] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 245

Synthesis of
N-[1,1'-biphenyl]-4-yl-2-phenanthrenamine

[0184] First, the following N-[1,1'-biphenyl]-4-yl-2-
phenanthrenamine was synthesized. Substantially the same
procedure described for synthesizing N-[4-(1-naphthalenyl)
phenyl]-[1.1-biphenyl]-4-amine was conducted except for
utilizing 2-aminophenanthrene instead of 1-(4-aminophenyl)
naphthalene. The molecular weight measured by FAB-MS

was 345.

Formula 30

H
‘O

[0185] Compound 245 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound E instead of
1-(4-bromophenyl)naphthalene and utilizing N-[1,1-biphe-
nyl]-4-yl-2-phenanthrenamine instead of Compound G. The
molecular weight of Compound 245 measured by FAB-MS
was 664. The chemical shift values (8) of Compound 245
measured by "H-NMR (CDCl,) were 8.56 (d, ]=7.8 Hz, 1H),
8.52(d, J=8.0 Hz, 1H), 8.00-7.91 (m, 4H), 7.83 (d, J=8.0 Hz,
1H), 7.77 (t, ]=1.5 Hz, 1H), 7.71-7.24 (m, 25H).

Synthesis of Compound 245
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[0186] 1In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 246

Synthesis of Compound M in Formula 31

[0187] First, the following Compound M was synthesized.
Under an Ar atmosphere, 29.0 g of Compound E, 13.4 g of
3-chlorophenylboronic acid, 3.14 g of Pd(PPh,),, and 38.8 g
of K,CO; were added to a 1,000 mL, three necked flask,
followed by heating and stirring in a mixture solvent of 300
mL of toluene and 60 ml of water at about 80° C. for about 4
hours (or about 8 hours). After air cooling, water was added,
an organic layer was separated, and the solvents were dis-
tilled. The crude product thus obtained was separated utiliz-
ing silica gel column chromatography (utilizing a mixture
solvent of dichloromethane and hexane) and recrystallized
utilizing a mixture solvent of toluene and acetonitrile to pro-
duce 28.2 g of Compound M as a white solid (Yield 90%). The
molecular weight of Compound M measured by FAB-MS
was 430.

Formula 31

Cl

(HO),B

Pd(PPh3)4,K,CO3
toluene, H,O, 80°C.,8 h

a
&

Cl

M (90%)

Synthesis of Compound 246

[0188] Compound 246 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound M instead of
1-(4-bromophenyl)naphthalene and utilizing N-[4-(1-naph-
thalenyl)phenyl]-[1,1'-biphenyl]-4-amine instead of Com-
pound G. The molecular weight of Compound 246 measured



US 2016/0197283 Al

by FAB-MS was 766. The chemical shift values (8) of Com-
pound 246 measured by *H-NMR (CDCI,) were 8.28 (s, 1H),
8.05-7.80 (m, 8H), 7.70 (1, 2H, J=8.2 Hz), 7.62-7.25 (m,
28H).

Formula 32

at
&

[0189] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 251 in Formula 32

[0190] Under an Ar atmosphere, 4.79 g of Compound E,
3.71 g of N-[4-(1-naphthalenyl)phenyl]-[1,1'-biphenyl]-4-
amine, 0.40 g of Pd,(dba),, 0.72 g of tri-tert-butylphosphine
and 2.90 g of NaOtBu were added to a 200 mL, three necked
flask, followed by heating and stirring in 87 mL of a mixture
solvent of toluene for about 5 hours (or about 6 hours). After
air cooling, water was added, an organic layer was separated,
and the solvents were distilled. The crude product thus
obtained was separated utilizing silica gel column chroma-
tography (utilizing a mixture solvent of dichloromethane and
hexane) and recrystallized utilizing a mixture solvent of tolu-
ene and ethanol to produce 5.50 g of Compound 251 as a
white solid (Yield 80%). The molecular weight of Compound
251 measured by FAB-MS was 689. The chemical shift val-
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ues (8) of Compound 251 measured by ‘H-NMR (CDCl,)
were 8.00 (d, J=8.4 Hz, 1H), 7.98-7.93 (m, 4H), 7.89 (d, J=8.1
Hz, 1H), 7.83 (d, J=8.4 Hz, 1H), 7.79 (t, J=2.1 Hz, 1H),
7.68-7.65 (m, 2H), 7.62-7.53 (m, 3H), 7.52-7.26 (m, 22H).

oI OF

Pda(dba)s, NaO'Bu, (Buj;P

toluene, reflux, 6 h

N

251 (80%)

[0191] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 235

Synthesis of Compound J in Formula 33

[0192] First, the following Compound J was synthesized.
Under an Ar atmosphere, 27.6 g of Compound E, 12.4 g of
4-chlorophenylboronic acid, 3.10 g of Pd(PPh,),, and 37.8 g
of K,CO; were added to a 1,000 mL, three necked flask,
followed by heating and stirring in a mixture solvent of 300
ml of toluene and 60 ml of water at about 80° C. for about 4
hours (or about 8 hours). After air cooling, water was added,
an organic layer was separated, and the solvents were dis-
tilled. The crude product thus obtained was separated utiliz-
ing silica gel column chromatography (utilizing a mixture
solvent of dichloromethane and hexane) and recrystallized
utilizing a mixture solvent of toluene and acetonitrile to pro-
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duce 26.8 gof Compound T as a white solid (Yield 90%). The
molecular weight of Compound J measured by FAB-MS was
430.

Formula 33

Br Cl

(HO),B

Pd(PPh3)4,K>CO;3
toluene, H>O, 80°C., 8 h

Cl

T (90%)

Synthesis of Compound 235

[0193] Compound 235 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound J instead of
1-(4-bromophenyl)naphthalene and utilizing 1,1'-dinaphthy-
lamine instead of Compound G. The molecular weight of
Compound 235 measured by FAB-MS was 664. The chemi-
cal shift values (8) of Compound 235 measured by 'H-NMR
(CDCl;) were 8.22-8.15 (4H, m), 8.07 (2H, d, J=7.830 Hz),
8.03-7.90 (4H, m), 7.81-7.69 (8H, m), 7.50-7.35 (9H, m),
7.37-7.28 (6H, m).

[0194] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 242

Synthesis of Compound K in Formula 34

[0195] Under an Ar atmosphere, 8.51 g of 4-phenylphenol,
10.0 g of 3-bromo-2-fluoro-benzonitrile, and 13.8 g of potas-
sium carbonate were added to a 200 mL, three necked flask,
followed by heating and refluxing in 72 mL of a mixture
solvent of DMF for about 3 hours (or about 4 hours). After air
cooling, water and ethyl acetate were added, an organic layer
was separated, and the solvents were distilled. To the crude
product thus obtained, 20.0 g of sodium hydroxide, 140 mL of
dioxane, 140 mL of ethanol and 60 mL of water were added,
followed by heating and refluxing for about 20 hours (or
about 24 hours). The crude product thus obtained was sepa-
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rated utilizing silica gel column chromatography (utilizing a
mixture solvent of dichloromethane and methanol) and
recrystallized utilizing a mixture solvent of toluene and etha-
nol to produce 14.2 g of a target product (Compound K) as a
yellow solid (Yield 77%).

Formula 34
1) K,CO3, DMF, 4 h, 110° C.
2) NaOH, Dioxane,
NC aq. EtOH, reflux, 24 h.
F

Br

HOOC
(6]

(J
9

K (77%)

Synthesis of Compound L in Formula 35

[0196] Under an Ar atmosphere, 6.80 g of Compound K,
0.343 g of Rh(acac)(cod), and 1.53 g of potassium iodide
were added to a 30 mL, two necked flask, followed by heating
and stirring in 5.22 mL ofa Ac,O solvent at about 160° C. for
about 10 hours. After air cooling, water and chloroform were
added, an organic layer was separated, and the solvents were
distilled. The crude product thus obtained was separated uti-
lizing silica gel column chromatography (utilizing a mixture
solvent of dichloromethane and hexane) and recrystallized
utilizing a mixture solvent of toluene and hexane to produce
1.19 g of a target product (Compound L) as a yellow solid
(Yield 20%).

Formula 35

Br

HOOC
(0]

[
v

K, Rh(acac)(cod)
_— =
Acy0, 104, 160° C.
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-continued
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L (20%)
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Synthesis of Compound 242 in Formula 36

[0197] The following Compound 242 was synthesized.
Under an Ar atmosphere, 1.51 g of Compound A, 0.85 g of
Compound L, 1.54 gof Pd(PPh,),, and 1.65 g of K,CO, were
added to a 300 mL, three necked flask, followed by heating
and stirring in a mixture solvent of 20 mL of toluene and 5 ml
of water at about 90° C. for about 8 hours. After air cooling,
water was added, an organic layer was separated, and the
solvents were distilled. The crude product thus obtained was
separated utilizing silica gel column chromatography (utiliz-
ing a mixture solvent of dichloromethane and hexane) and
recrystallized utilizing a mixture solvent of toluene and hex-
ane to produce 1.48 g of Compound 242 as a white solid
(Yield 88%). The molecular weight of Compound 242 mea-
sured by FAB-MS was 640. The chemical shift values (3) of
Compound 242 measured by "H-NMR (CDCl,) were 8.15 (d,
1H,J=1.20 Hz). 8.01 (d, 1H, J=8.10 Hz), 7.79 (d, 1H, ]=0.90
Hz), 7.71-7.68 (m, 3H), 7.65-7.51 (m, 13H), 7.47 (d, 1H,
J=1.80 Hz), 7.43-7.21 (m, 13H).

l

Pd(PPhs)y, KyCO;
toluene, H,O, reflux, 8 h

Formula 36

p—°

OO o

242 (88%)
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[0198] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 248

Synthesis of Compound N in Formula 37

[0199] The following Compound N was synthesized.
Under an Ar atmosphere, 1.02 g of biphenylboronic acid, 3.70
g of 4,6-dibromodibenzofuran, 0.24 g of Pd(PPh,),, and 1.00
g of potassium carbonate were added to a 300 mL, three
necked flask, followed by heating and stirring in a mixture
solvent of 50 mL of toluene and 20 mL of water at about 90°
C. for about 8 hours. After air cooling, water was added, an
organic layer was separated, and the solvents were distilled.
The crude product thus obtained was separated utilizing silica
gel column chromatography (utilizing a mixture solvent of
dichloromethane and hexane) and recrystallized utilizing a
mixture solvent of toluene and hexane 1o produce 1.08 g of
Compound N as a white solid (Yield 54%). The molecular
weight of Compound N measured by FAB-MS was 399.

Formula 37
(@)
B(OH); Br Br

PA(PPhy),, K>CO;
toluene, Hy0, 90°C., 8 h

athe

Br
N (54%)

Synthesis of Compound 248

[0200] Compound 248 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound D except for utilizing Compound N instead of
4,6-dibromodibenzofuran and utilizing Compound A instead
of Compound C. The molecular weight of Compound 248
measured by FAB-MS was 716. The chemical shift values (8)
of Compound 248 measured by "H-NMR (CDC],) were 8.09
(d, 2H, J=8.40 Hz), 8.01-7.89 (m, 4H), 7.74-7.72 (m, 3H),
7.68-7.42 (m, 17H), 7.37-7.21 (m, 11H). From the results, the
synthesized white solid was determined as Compound 248.

[0201] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.
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Synthesis of Compound 253

Synthesis of N-[4-(2-naphthalenyl)phenyl]-[1,1'-
biphenyl]-4-amine

[0202] First, the following N-[4-(2-naphthalenyl)phenyl]-
[1,1'-biphenyl]-4-amine was synthesized. Substantially the
same procedure described for synthesizing N-[4-(1-naphtha-
lenyl)phenyl]-[1,1'-biphenyl]-4-amine was conducted except
for utilizing 2-(4-aminophenyl)naphthalene instead of 1-(4-
aminophenyl)naphthalene. The molecular weight measured
by FAB-MS was 371.

Formula 38

ZIT

Synthesis of Compound 253

[0203] Compound 253 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-[4-(2-naph-
thalenyl)phenyl]-[1,1'-biphenyl]-4-amine instead of Com-
pound G. The molecular weight of Compound 253 measured
by FAB-MS was 766. The chemical shift values (3) of Com-
pound 253 measured by '‘H-NMR (CDCI,) were 832 (i,
J=1.5Hz, 1H), 8.05 (s, 1H), 8.02-7.97 (m, 2H), 7.96-7.82 (m,
6H), 7.78-7.73 (m, 2H), 7.72-7.53 (m, 11H), 7.52-7.41 (m,
6H), 7.37-7.24 (m, 10H).

[0204] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 254

Synthesis of
N-2-dibenzofuranyl-2-dibenzofuranamine

[0205] The following N-2-dibenzofuranyl-2-dibenzo-
furanamine was synthesized. Substantially the same proce-
dure described for synthesizing N-[4-(1-naphthalenyl)phe-
nyl]-[1,1'-biphenyl]-4-amine was conducted except for
utilizing 3-bromodibenzofuran instead of 4-bromobiphenyl
and utilizing 3-aminodibenzofuran instead of 1-(4-ami-
nophenyl)naphthalene. The molecular weight measured by
FAB-MS was 349.

Formula 39

QOOQ
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Synthesis of Compound 254

[0206] Compound 254 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound H instead of
1-(4-bromophenyl)naphthalene and utilizing N-2-dibenzo-
furanyl-2-dibenzofuranamine instead of Compound G. The
molecular weight of Compound 254 measured by FAB-MS
was 668. The chemical shift values (3) of Compound 254
measured by "H-NMR (CDCI,) were 7.99-7.95 (m, 8H), 7.83
(d,2H,1=8.4 Hz),7.66 (d,2H,J=7.8 Hz), 7.54-7.29 (m, 1 5H),
7.23 (d, 2H, J=8.4 Hz).

[0207] In addition, the material for an organic EL, device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 256
Synthesis of
N-[1,1-biphenyl]-4-yl-1-naphthalenamine

[0208] The following N-[1,1'-biphenyl]-4-yl-1-naphthale-
namine was synthesized. Substantially the same procedure
described for synthesizing N-[4-(1-naphthalenyl)phenyl]-[1,
1'-biphenyl]-4-amine was conducted except for utilizing
1-aminonaphthalene instead of 1-(4-aminophenyl)naphtha-
lene. The molecular weight measured by FAB-MS was 295.

Synthesis of Compound 256

Formula 40

H
N

[0209] Compound 256 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound I instead of
1-(4-bromophenyl)naphthalene and utilizing N-[1,1"-biphe-
nyl]-4-yl-1-naphthaleneamine instead of Compound G. The
molecular weight of Compound 256 measured by FAB-MS

o0
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was 614. The chemical shift values (8) of Compound 256
measured by "H-NMR (CDCl,) were 8.02 (d, 1H, J=8.50 Hz),
7.90-7.88 (m, SH), 7.84-7.80 (m, 3H), 7.68-7.37 (m, 17H),
7.29 (dt, 1H, J=9.10, 2.30 Hz), 7.23-7.15 (m, 4H).

[0210] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 257

[0211] Compound 257 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound E instead of
1-(4-bromophenyl)naphthalene and utilizing N-[1,1'-biphe-
nyl]-4-yl-[1,1'-biphenyl]-4-amine instead of Compound G.
The molecular weight of Compound 257 measured by FAB-
MS was 640. The chemical shift values (8) of Compound 257
measured by 'H-NMR (CDCL,) were 7.95 (m, 4H), 7.74 (m,
1H), 7.66 (m, 1H), 7.64 (m, 1H), 7.58 (m, 2H), 7.55 (m, 3H),
7.54-7.15 (m, 21H).

[0212] In addition, the material for an organic EL device
according to an embodiment may be synthesized, for
example, as follows.

Synthesis of Compound 258

[0213] Compound 258 was synthesized by conducting sub-
stantially the same procedure described for synthesizing
Compound 213 except for utilizing Compound E instead of
1-(4-bromophenyl)naphthalene and utilizing N-[1,1'-biphe-
nyl]-4-yl-1-naphthalenamine instead of Compound G. The
molecular weight of Compound 258 measured by FAB-MS
was 614. The chemical shift values (8) of Compound 258
measured by "H-NMR (CDCl,) were 8.01 (d, 1H, J=8.44 Hz),
7.99-7.90 (m, 4H), 7.88 (d, 1H, J=8.44 Hz), 7.77 (d, 1H,
J=1.92 Hz), 7.71 (t, 1H, J=1.98 Hz), 7.64 (dd, 1H, J=1.23,
7.61 Hz), 7.57-7.22 (m, 19H), 7.11 (dt, 2H, J=9.14, 2.39 Hz),
7.04 (ddd, 1H, 1=8.13, 2.31, 1.00 Hz).

Examples

[0214] Organic EL devices according to Examples 1 to 9
were manufactured utilizing the hole transport materials of
Compound 5, Compound 17, Compound 77, Compound 89,
Compound 141, Compound 169, Compound 181, Compound
213 and Compound 216 by the above-described manufactur-

ing method.

QOO
O

17
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213 216
[0215] As Comparative Examples, organic EL. devices _continued
according to Comparative Examples 1 to 5 were manufac- c3
tured utilizing hole transport materials of Comparative Com-
pounds C1 to C5. C

O

:::

o
S q
'e‘

C-4




US 2016/0197283 Al

-continued
C-5

SsUos

[0216] An organic EL device 300 according to Examples 1
to 91s shown in FIG. 3. In Examples 1 to 9, a transparent glass
substrate was utilized as a substrate 302, an anode 304 was
formed utilizing ITO to a layer thickness of about 150 nm, a
hole injection layer 306 was formed utilizing 2-TNATA to a
layer thickness of about 60 nm, a hole transport layer 308 was
formed to a layer thickness of about 30 nm, an emission layer
310 was formed utilizing ADN doped with 3% TBP to a layer
thickness of about 25 nm, an electron transport layer 312 was
formed utilizing Alq3 to a layer thickness of about 25 nm, an
electron injection layer 314 was formed utilizing LiF to a
layer thickness of about 1 nm, and a cathode 316 was formed
utilizing Al to a layer thickness of about 100 nm.

[0217] Forthe organic EL devices 300, driving voltages and
half life were evaluated. The voltage and emission efficiency
were obtained at current density of about 10 mA/cm?, and the
half life was a time period for decreasing the value of lumi-
nance to half from an initial luminance of about 1,000 cd/m?,
Evaluation results are shown in Table 1.

TABLE 1
Device Emission
manufacturing  Hole transport Voltage efficiency Life LTS0
example layer V) (cd/A) (h)
Example 1 Compound 5 5.6 6.7 2,200
Example 2 Compound 17 5.6 6.7 2,250
Example 3 Compound 77 5.4 6.8 2,000
Example 4 Compound 89 5.3 6.8 2,050
Example 5 Compound 141 5.5 6.5 2,000
Example 6 Compound 169 5.5 6.7 2,200
Example 7 Compound 181 5.5 6.7 2,150
Example 8 Compound 213 5.5 6.7 2,150
Example 9 Compound 216 5.5 6.7 2,100
Comparative  Comparative 6.3 5.2 1,600
Example 1 Compound C1
Comparative ~ Comparative 6.5 5.0 1,450
Example 2 Compound C2
Comparative Comparative 6.6 5.2 1,500
Example 3 Compound C3
Comparative Comparative 6.6 5.1 1,600
Example 4 Compound C4
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TABLE 1-continued

Device Emussion
manufacturing  Hole transport Voltage efficiency Life LT50
example layer V) (cd/A) (h)
Comparative Comparative 6.6 53 1,600
Example 5 Compound C5
[0218] Referringto Table 1, the organic EL devices accord-

ing to Examples 1 to 9 had longer life and improved emission
efficiency when compared to those according to Comparative
Examples 1 to 5. In Examples 1 to 9, a substituted dibenzo-
heterole group with high electron tolerance was introduced in
an amine group, and so, the electron tolerance of the hole
transport layer was improved, and the life thereof was
increased. In Examples 1 to 4, molecular symmetry was bro-
ken, amorphous properties were improved, and high device
efficiency was obtained by substituting an m-phenylene
group in the amine group with the substituted dibenzohet-
erole group. In Examples 5 to 9, molecular symmetry was
broken, amorphous properties were improved, and high
device efficiency was obtained by substituting a p-phenylene
group in the amine group with the substituted dibenzohet-
erole group. If an unsubstituted dibenzoheterole group was
present as in Comparative Examples 1, 3, 4 and 5, a group
with high electron density in the dibenzoheterole was not
substituted with a substituent, and it would be suggested that
amaterial was easily deteriorated, and the life of a device was
decreased. InComparative Examples 1, 3 and 5, Comparative
Compounds C1,C3 and C5 did not include a substituent in the
dibenzofuran and had insufficient amorphous properties
when compared to that of Examples 1 to 9, thereby having
short device life and low emission efficiency. In Comparative
Example 2, a carbazole group was included, and the electron
accepting properties of a hole transport layer was increased,
electrons remained in the hole transport layer, and device life
was deteriorated.

[0219] From the results of Table 1, long life and high effi-
ciency were recognized if the material for an organic EL
device according to an embodiment was utilized as the hole
transport material in consideration of the compounds of the
comparative examples. Since the material for an organic EL
device according to an embodiment included the substituted
dibenzoheterole group in an amine compound, the amine
compound showing hole transport properties, the electron
tolerance and amorphous properties of the material were
improved, and high emission efficiency and long life were
realized.

[0220] In addition, organic EL devices according to
Examples 10to 43 were manufactured utilizing Compound 5,
Compound 13, Compound 17, Compound 23, Compound 77,
Compound 89, Compound 141, Compound 169, Compound
170, Compound 181, Compound 213, Compound 216, Com-
pound 217, Compound 218, Compound 220, Compound 222,
Compound 225, Compound 226, Compound 229, Compound
231, Compound 232, Compound 235, Compound 242, Com-
pound 243, Compound 244, Compound 245, Compound 246,
Compound 248, Compound 251, Compound 253, Compound
254, Compound 256, Compound 257 and Compound 258 as
the hole transport materials and by the above-described
manufacturing method.



US 2016/0197283 Al Jul. 7, 2016
88

.
QOO

QQOO“ &

O

» g

> N

S o Woa >
SO G
&

‘ > W O o 89



US 2016/0197283 Al Jul. 7, 2016
89

-continued

169 170

8, Bk

181 213

141

() N N
G o Yo o



US 2016/0197283 Al Jul. 7, 2016
90

-continued
216 217

O O
Q o0
. 000 @
2280 ® I
. OO OO‘
O
ol
oo &V
220N’ &



US 2016/0197283 Al Jul. 7, 2016
91

-continued
226 229

g

231

o2
0‘0

235 242

o ~
- o‘ &

OO N



US 2016/0197283 Al Jul. 7, 2016
92

-continued
243 244

® ®

T 0 N
QQO J Q) QOO %
& &

5,

® O ©
ATOCS saove
‘ @

248 251

O C »
O C o ®
OO OO & OOOC



US 2016/0197283 Al Jul. 7, 2016
93

-continued
253 254

® ()

0]

9

® ®
QOO OQ
&

256 257

® ®

O C ®
o ’ SUN
O ‘ ‘ O O

258

[0221] FIG.41isa schematic diagram illustrating an organic formed as a hole injection layer 408 by doping the following
EL device 400 according to Examples 10 to 43. In Examples Compound 286 shown by Structure acl4 as an electron
10 to 43, an anode 404 was formed utilizing ITO to a layer accepting compound to a layer thickness of about 10 nm. On
thickness of about 150 nm. On the anode 404, HTL1 was the hole injection layer 408, HIL2 was formed utilizing
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Compound 272 to a layer thickness of about 10 nm as a first
hole transport layer 410. On the first hole transport layer 410,
HTL3 was formed utilizing the material for an organic EL
device according to an embodiment to a layer thickness of
about 10 nm as a second hole transport layer 412. Then, an
emission layer 414 was formed by utilizing Compound a-7 as
a host material and doping 3% of Compound 287 as a lumi-
nescent material (doping material) by co-deposition to a layer
thickness of about 25 nm. An electron transport layer 416 was
formed utilizing Alq3 to a layer thickness of about 25 nm, an
electron injection layer 418 was formed utilizing LiF to a
layer thickness of about 1 nm, and a cathode 420 was formed
utilizing Al to a layer thickness of about 100 nm.

Formula 44
286
NC CN
N N
N
NC / \ CN
—N N=—
NC CN
272
N O .
N
a-7
D |
D
D D
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-continued

0"

[0222] Organic EL devices according to Comparative
Examples 6 to 10 were manufactured utilizing Comparative
Compounds C1 to C5 as hole transport materials.

[0223] Forthe organic EL devices 400, driving voltages and
halflife were evaluated. The voltage and emission efficiency
were obtained at current density of about 10 mA/cm?, and the
half life was a time period for decreasing the value of lumi-
nance to half from an initial luminance of about 1,000 cd/m?.

287

Evaluation results are shown in Table 2.

TABLE 2

Device Emission
manufacturing  Hole transport Voltage efficiency Life LT50
example layer V) (cd/A) (h)
Example 10 Compound 5 5.6 6.74 2,000
Example 11 Compound 13 5.5 6.8 1,900
Example 12 Compound 17 5.6 6.74 2,150
Example 13 Compound 23 5.4 6.7 2,000
Example 14 Compound 77 5.4 6.7 2,000
Example 15 Compound 89 5.2 6.74 2,000
Example 16 Compound 141 5.5 6.7 2.000
Example 17 Compound 169 5.5 6.5 2,050
Example 18 Compound 170 5.6 6.6 2,050
Example 19 Compound 181 5.5 6.5 2,050
Example 20 Compound 213 5.5 6.7 2,000
Example 21 Compound 216 5.5 6.8 1,950
Example 22 Compound 217 5.7 6.9 1,900
Example 23 Compound 218 5.5 6.8 1,950
Example 24 Compound 220 5.6 6.8 1,950
Example 25 Compound 222 5.7 6.7 1,900
Example 26 Compound 225 5.5 6.8 1,950
Example 27 Compound 226 5.6 6.8 1,950
Example 28 Compound 229 5.6 6.8 2,000
Example 29 Compound 231 5.5 6.6 2,000
Example 30 Compound 232 5.6 6.6 2,050
Example 31 Compound 235 5.6 6.6 2,050
Example 32 Compound 242 5.6 6.6 2,000
Example 33 Compound 243 5.5 6.8 1,950
Example 34 Compound 244 5.6 6.7 1,900
Example 35 Compound 245 5.6 6.7 1,950
Example 36 Compound 246 5.7 6.7 1,950
Example 37 Compound 248 5.6 6.5 2,000
Example 38 Compound 251 5.5 6.8 2,000
Example 39 Compound 253 5.5 6.7 1,950
Example 40 Compound 254 5.6 6.4 2,050
Example 41 Compound 256 5.6 6.6 2,050
Example 42 Compound 257 5.6 6.7 1,900
Example 43 Compound 258 5.4 6.8 1,950
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TABLE 2-continued

Device Emussion
manufacturing  Hole transport Voltage efficiency Life LT50
example layer V) (cd/A) (h)
Comparative Comparative 6.3 5.2 1,550
Example 6 Compound C1

Comparative ~ Comparative 6.3 5.0 1,450
Example 7 Compound C2

Comparative Comparative 6.6 5.2 1,500
Example 8 Compound C3

Comparative Comparative 6.6 5.1 1,550
Example 9 Compound C4

Comparative Comparative 6.6 33 1,550
Example 10 Compound C5

[0224] Referring to the results in Table 2, the organic EL

devices according to Examples 10 to 43 showed long life and
improved emission efficiency when compared to those
according to Comparative Examples 6 to 10. In Examples 10
to 43, the second hole transport layer 412 formed utilizing the
material for an organic EL device according to an embodi-
ment, in which a substituted dibenzoheterole group with high
electron tolerance was introduced into an amine compound,
had increased electron tolerance and long life. By disposing
the second hole transport layer 412 adjacent to the emission
layer 414, electrons not consumed in the emission layer 414
was not diffused into the hole transport band 406 at the anode
404 side due to the second hole transport layer 412, the layers
of the hole transport band 406 could be passivated, and long
life could be obtained. In the material for an organic EL
device according to an embodiment utilizing a compound in
which an amine group and an m-phenylene group are com-
bined, i.e., in Examples 10 to 16, 20to 27, 33 to 36, 38, 39, 42
and 43, relatively higher device efficiency was obtained. In
the material for an organic EL device according to an embodi-
ment utilizing a compound in which an amine group and a
p-phenylene group are combined, i.e., in Examples 17 to 19,
28 10 32, 37, 40 and 41, relatively longer life was obtained.

[0225] If an unsubstituted dibenzoheterole group was
present as in Comparative Examples 6, 8, 9 and 10, the mate-
rial was easily deteriorated, and device life was decreased,
because a group with high electron density of the dibenzo-
heterole was not substituted with a substituent.

[0226] In Comparative Examples 6, 8 and 10, since Com-
parative Compounds C1, C3 and C5 did not include a sub-
stituent in the dibenzofuran, amorphous properties were
insufficient, device life was short, and emission efficiency
was low when compared to Examples 10 to 43. In Compara-
tive Example 7, the amine compound included a carbazole
group, and the electron accepting properties of the second
hole transport layer 412 was increased, and electrons
remained in the second hole transport layer 412, thereby
decreasing the device life.

[0227] By introducing the substituted dibenzoheterole
group into the amine compound in the material for an organic
EL device according to an embodiment, the electron tolet-
ance and amorphous properties of the material may be
improved. Thus, the high emission efficiency and long life of
an organic EL device may be realized. Since the material for

Jul. 7, 2016

an organic EL device according to an embodiment has a wide
energy gap, application to a red emission region may be
possible.

[0228] According to an embodiment, a material for an
organic EL device having high emission efficiency and long
life, and an organic EL device including the same may be
provided. According to an embodiment, a material for an
organic EL device having high emission efficiency and long
life particularly within a range from a green emission region
to ablue emission region, and an organic EL device including
the same in at least one layer of stacking layers disposed
between an emission layer and an anode may be provided.
Since the material for an organic EL device according to an
embodiment introduces (e.g., includes) a substituted diben-
zoheterole group with high electron tolerance in an amine
compound, a layer utilizing the material for an organic EL
device according to an embodiment and having high effi-
ciency and long life may be realized. Further, an organic EL
device having high efficiency and long life may be manufac-
tured.

[0229] As used herein, the term “substantially,
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the inher-
ent deviations in measured or calculated values that would be
recognized by those of ordinary skill in the art. Also, any
numerical range recited herein is intended to include all sub-
ranges of the same numerical precision subsumed within the
recited range. For example, a range of “1.0 to 10.0” is
intended to include all subranges between (and including) the
recited minimum value of 1.0 and the recited maximum value
of 10.0, that is, having a minimum value equal to or greater
than 1.0 and a maximum value equal to or less than 10.0, such
as, for example, 2.4 to 7.6. Any maximum numerical limita-
tion recited herein is intended to include all lower numerical
limitations subsumed therein and any minimum numerical
limitation recited in this specification is intended to include
all higher numerical limitations subsumed therein. Accord-
ingly, Applicant reserves the right to amend this specification,
including the claims, to expressly recite any sub-range sub-
sumed within the ranges expressly recited herein.

[0230] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list. Further, the use
of “may” when describing embodiments of the disclosure
refers to “one or more embodiments of the disclosure.” Also,
the term “exemplary” is intended to refer to an example or
illustration.

[0231] The above-disclosed subject matter is to be consid-
ered illustrative and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true spirit and
scopeofthe disclosure. Thus, to the maximum extent allowed
by law, the scope of the disclosure is to be determined by the
broadest permissible interpretation of the following claims
and their equivalents, and shall not be restricted or limited by
the foregoing detailed description.

about,”
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What is claimed is:
1. A material for an organic electroluminescent (EL) device
represented by Formula 1:

Formula 1

M

wherein in Formula 1, X, is O or S;

Ar, and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for
forming a ring, a silyl group, a halogen atom, a deute-
rium atom, a hydrogen atom, or a substituted or unsub-
stituted dibenzoheterole group having 10 to 30 carbon
atoms for forming a ring and including an oxygen atom
or a sulfur atom;

Ar; and Ar, are each independently a silyl group, or a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring;

L, and L, are each independently a direct linkage, or a
divalent group selected from a silyl group and a substi-
tuted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

L; is a divalent group selected from a silyl group and a
substituted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

n is an integer from 0 to 3;

m is an integer from O to 4; and

n+mz1.

2. The material for an organic EL device of claim 1,

wherein the material represented by Formula 1 is acompound
represented by Formula 2 or Formula 3:

Formula 2

R;
Rs R
Ls
\
Ry L/N\L_
o SN

Jul. 7, 2016
-continued
Formula 3
®3)
Rs
Ry Lg
\N
Rg L4/ \L5
A "Arg

wherein in Formula 2 and 3, X, is O or S;

Ars and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for
forming a ring, a silyl group, a halogen atom, a deute-
rium atom, a hydrogen atom, or a substituted or unsub-
stituted dibenzoheterole group having 10 to 30 carbon
atoms for forming a ring and including an oxygen atom
or a sulfur atom;

Ar, and Arg are each independently a silyl group, or a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring;

L, and L are each independently a direct linkage, or a
divalent group selected from a silyl group and a substi-
tuted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

L, is a direct linkage or a divalent group selected from a
substituted or unsubstituted aryl group having 6 to 24
carbon atoms for forming a ring and a silyl group;

R, to R, are each independently an aryl group having 6 to
30 carbon atoms for forming a ring, a heteroaryl group
having 5 to 30 carbon atoms for forming a ring, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a
halogen atom, a hydrogen atom or a deuterium atom;

nis an integer from 0 to 3;
m is an integer from 0 to 4; and
n+mz].

3. The material for an organic EL device of claim 2,
wherein the compound represented by Formula 2 is a com-
pound represented by Formula 4:

Formula 4

)

=
G

Z
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4. The material for an organic EL device of claim 2,
wherein the compound represented by Formula 3 is a com- Formula 7
pound represented by Formula 6: o
Formula 6 O
(6)
X
Lg Lg
\ \
N AN
Iz Ls Ar "Atg.
A ! s, > ¢
5. The material for an organic EL device of claim 4, 6. The material for an organic EL device of claim 1,
wherein the compound represented by Formula 6 is a com-  wherein the material including at least one of compounds in
pound represented by Formula 7: Compounds group 1:
Compounds group 1
1 2

ar
O

'z,

Qo >
s 8y
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7. An organic electroluminescent (EL) device, comprising
a material for an organic EL device in at least one layer of a
plurality of stacking layers between an emission layer and an
anode, wherein the material for the organic EL device is
represented by Formula 1:

Formula 1

)

wherein in Formula X, is O or S;

Ar, and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for
forming a ring, a silyl group, a halogen atom, a deute-
rium atom, a hydrogen atom, or a substituted or unsub-
stituted dibenzoheterole group having 10 to 30 carbon
atoms for forming a ring and including an oxygen atom
or a sulfur atom;

Ar, and Ar, are each independently a silyl group, or a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring;

L, and L, are each independently a direct linkage, or a
divalent group selected from a silyl group and a substi-
tuted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

L; is a divalent group selected from a silyl group and a
substituted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

nis an integer from 0 to 3;

m is an integer from 0 to 4; and

n+mz1.

8. An organic EL device of claim 7, wherein the material

represented by Formula 1 is a compound represented by
Formula 2 or Formula 3:

Formula 2

R;
Rs R
Ls
\
Ry /N\
P Ls
Ars A

149
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Formula 3
®3)
Rs
Ry Lg
\N
Rg L4/ \L5
A "Arg

wherein in Formula 2 and 3, X, is O or S;

Arg and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 30 carbon atoms for
forming a ring, a substituted or unsubstituted dibenzo-
heterole group having 10 to 30 carbon atoms for forming
aring and including an oxygen atom or a sulfur atom, a
silyl group, a halogen atom, a deuterium atom or a
hydrogen atom;

Ar, and Ar, are each independently a silyl group, or a
substituted or unsubstituted aryl group having 6 to 30
carbon atoms for forming a ring;

L, and L are each independently a direct linkage, or a
divalent group selected from a silyl group and a substi-
tuted or unsubstituted arylene group having 6 to 30
carbon atoms for forming a ring;

L is a direct linkage or a divalent group selected from a
substituted or unsubstituted aryl group having 6 to 24
carbon atoms for forming a ring and a silyl group;

R, to R, are each independently an aryl group having 6 to
30 carbon atoms for forming a ring, a heteroaryl group
having 5 to 30 carbon atoms for forming a ring, an alkyl
group having 1 to 15 carbon atoms, a silyl group, a
halogen atom, a hydrogen atom or a deuterium atom;

nis an integer from 0 to 3;
m is an integer from 0 to 4; and
n+mz].

9. An organic EL device of claim 8, wherein a compound
represented by Formula 2 is a compound represented by
Formula 4:

Formula 4

)

(Arg)m

10. An organic EL device of claim 8, wherein the com-
pound represented by Formula 3 is a compound represented
by Formula 6:
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Ar,, is asubstituted or unsubstituted aryl group having 6 to

Formula 6 50 carbon atoms for forming a ring, a substituted or

unsubstituted heteroaryl group having 5 to 50 carbon

© atoms for forming a ring, or a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms; and

L, is adirect linkage, a substituted or unsubstituted arylene
group having 6 to 18 carbon atoms for forming a ring, or
a substituted or unsubstituted heteroarylene group hav-
ing 5 to 15 carbon atoms for forming a ring.

L 15. An organic EL device of claim 7, wherein the material
% including at least one of compounds in Compounds group 1:
N
L4/ ~ L5\ Compounds group 1

- Arg.

Ars

11. An organic EL device of claim 10, wherein the com- 1
pound represented by Formula 6 is a compound represented

by Formula 7:
XZ Q i

L 2
\

N
A i

[Formula 7]

O]

12. An organic EL device of claim 7, wherein the material
for the organic EL device is included in a first layer adjacent
to the emission layer.

13. An organic EL device of claim 7, wherein the plurality N
of stacking layers comprises a second layer comprising an
electron accepting compound having a lowest unoccupied
molecular orbital (LUMO) level within a range from about
-9.0eV to about —4.0 eV, the second layer between the anode
and the first layer. S
14. An organic EL device of claim 7, wherein the plurality
of stacking layers comprises a third layer comprising an
amine derivative represented by Formula 8, the third layer
between the first layer and the second layer: Q
Formula 8

Arp

wherein in Formula 8, Ar,, Ar,, and Ar, , are each indepen-
dently a substituted or unsubstituted aryl group having 6
to 50 carbon atoms for forming a ring, or a substituted or Q
unsubstituted heteroaryl group having 5 to 50 carbon
atoms for forming a ring;
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16. An organic EL device of claim 7, wherein the emission
309 layer including a compound represented by by following
Formula 9:

Formula 9

310

311

wherein in Formula 9,

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

g and h are each independently an integer from 0 to 5.

17. An organic EL device of claim 16, wherein a plurality
of adjacent R, to R,, make a bond to form a saturated or
unsaturated ring.

18. Anorganic EL device of claim 16, wherein the emission
layer includes one of compounds a-1 to a-12 below:

a-1 a-2
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