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POLYMER COMPOUND, COMPOSITION
INCLUDING THE POLYMER COMPOUND,
AND ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE POLYMER COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2016-253645, filed on Dec. 27, 2016, in the
Japanese Patent Office, and Korean Patent Application No.
10-2017-0164324, filed on Dec. 1, 2017, in the Korean
Intellectual Property Office, and all the benefits accruing
therefrom under 35 U.S.C. § 119, the contents of which are
incorporated herein in their entireties by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a polymer
compound, a composition including the polymer compound,
and a method of manufacturing an organic light-emitting
device.

2. Description of the Related Art

[0003] Recently, display devices, mobile devices, lighting
devices, and the like, using organic light-emitting devices
that are self-emission devices, have been actively developed.
[0004] As materials of the organic light-emitting devices,
a variety of low-molecular-weight materials and high-mo-
lecular-weight materials are used for an emission layer and
a charge transport layer. In particular, many low-molecular-
weight materials that are excellent in terms of device effi-
ciency and lifespan have been proposed, and commercial-
ization thereof has begun in mobile applications. However,
the biggest problem with organic light-emitting devices
including low-molecular-weight materials is manufacturing
costs. In order to solve this problem, there is a need to
develop a coating material such as a polymer material.

SUMMARY

[0005] As a polymer material capable of forming a film by
solution coating, an arylamine polymer for a hole transport
material has been proposed.

[0006] Also, organic light-emitting devices using phos-
phorescent materials exhibiting high luminescent efficiency,
such as a 2-phenylpyridine iridium complex [Ir(ppy);], have
been actively developed. In addition to such light-emitting
materials, carrier transport materials may preferably have a
high triplet energy level (for example, 2.5 electron volts (eV)
or higher). However, in the case of the arylamine polymer,
a repeating unit itself has a sufficiently high triplet energy
level, but the triplet energy level is reduced as the number of
repeating units increase. Therefore, research has been con-
ducted into polymer materials enabling a film or a layer to
be formed in a large area having increased luminescent
efficiency.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0008] An aspect of the present disclosure provides a
polymer material including:

[0009] a first repeating unit represented by Formula 1; and
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[0010] a second repeating unit represented by Formula 3:
Formula 1
Rsi
Xl__
L Radpz_|
Formula 2
Arg
F——(Ar))g——N—(An)) p—>'
Formula 3
((|2 Dal
Lo)m
\‘_/pl
Ary

[0011] In Formula 1,

[0012] X, and X, may each independently be represented
by Formula 2,

[0013] R, and R, may each independently be selected

from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a substituted or unsubstituted C,;-Cy, alkyl group, a substi-
tuted or unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cy, aryl group, a substituted or unsubsti-
tuted C,-Cg, aryloxy group, a substituted or unsubstituted
C¢-Cyo arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

[0014] b1 and b2 may each independently be an integer
from 1 to 4,
[0015] when bl is two or more, two or more groups R;

may be identical to or different from each other, and

[0016] when b2 is two or more, two or more groups R,
may be identical to or different from each other,

[0017]

[0018] Anto Ar, may each independently be selected from
a substituted or unsubstituted C5-C,,, carbocyclic group and
a substituted or unsubstituted C,-C,, heterocyclic group,

[0019] al and a2 may each independently be an integer
from 0 to 4,

wherein in Formula 2,
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[0020] provided that, when al is zero, Ar, is a single bond,
and

[0021] when a2 is zero, Ar, is a single bond, and

[0022] * and * each indicate a binding site to a neighbor-
ing atom,

[0023] wherein in Formula 3,

[0024] Ar, may be a substituted or unsubstituted C5-C;,

carbocyclic group or a substituted or unsubstituted C,-Cs,
heterocyclic group,

[0025] L, may be a single bond, a substituted or unsub-
stituted C,-Cy, alkylene group, a substituted or unsubsti-
tuted C;5-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C, -C, , heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-C, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

[0026] ml may be an integer from 1 to 5,

[0027] when m1 is two or more, two or more groups L,
may be identical to or different from each other,

[0028] Q, may be a monovalent crosslinking group
including at least one selected from an ether group, a vinyl
group, an acrylate group, a methacrylate group, a styryl
group, an epoxy group, an oxetane group, and a benzocy-
clobutene group,

[0029] nl may be an integer from 1 to 5,

[0030] when nl is two or more, two or more groups Q,
may be identical to or different from each other, and
[0031] pl may be an integer from 1 to 5, wherein, when pl
is two or more, two or more groups -(L,),,;-(Q,),,; may be
identical to or different from each other.

[0032] According to the above aspect, it is possible to
provide an organic layer having excellent thermal stability
and an organic light-emitting device having an improved
emission lifespan.

[0033] Another aspect of the present disclosure provides a
composition for manufacturing an organic light-emitting
device, the composition the polymer compound and a liquid
medium.

[0034] According to the above aspect, it is possible to
provide an organic layer having excellent thermal stability
and an organic light-emitting device having an improved
emission lifespan, and it is possible to provide a composition
suitable for solution coating.

[0035] Another aspect of the present disclosure provides
an organic light-emitting device including:

[0036] a first electrode;
[0037] a second electrode; and
[0038] an organic layer disposed between the first elec-

trode and the second electrode,

[0039] wherein the organic layer includes an emission
layer and the polymer compound.

[0040] According to the above aspect, it is possible to
provide an organic layer having excellent thermal stability
and an organic light-emitting device having an improved
emission lifespan.

[0041] Another aspect of the present disclosure provides a
method of manufacturing an organic light-emitting device,
the organic light-emitting device including a first electrode,
a second electrode, and an organic layer disposed between
the first electrode and the second electrode, wherein the
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organic layer includes an emission layer and the polymer
compound, and wherein the method includes forming a layer
including the polymer compound by solution coating using
a composition including the polymer compound and a liquid
medium.

[0042] According to the above aspect, it is possible to
provide an organic layer having excellent thermal stability
and a large-area organic light-emitting device having an
improved emission lifespan.

BRIEF DESCRIPTION OF THE DRAWING

[0043] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the FIGURE,
which is a schematic view of an organic light-emitting
device according to an embodiment.

DETAILED DESCRIPTION

[0044] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
disclosure. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0045] It will be understood that when an element is
referred to as being “on” another element, it can be directly
in contact with the other element or intervening elements
may be present therebetween. In contrast, when an element
is referred to as being “directly on” another element, there
are no intervening elements present.

[0046] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0047] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0048] The term “or” means “and/or.”” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifi-
cation, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this general inventive concept belongs. It will
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be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and
will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0050] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.
[0051] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0052] Polymer Compound

[0053] An aspect of the present disclosure provides a
polymer compound including:

[0054] a first repeating unit represented by Formula 1; and
[0055] a second repeating unit represented by Formula 3:
Formula 1
_ Rdpi _
__XZ Xl__
L Ra)ez |
Formula 2
Arz
F—(Ar)) g N—(Arp) p—*
Formula 3
N
((lgl)nl
(Ll)ml
»l
Ary

[0056] In Formula 1,

[0057] X, and X, may each independently be represented
by Formula 2,

[0058] R, and R, may each independently be selected

from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
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amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a substituted or unsubstituted C,-C, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cy, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cgy, aryl group, a substituted or unsubsti-
tuted C,-Cy,, aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted, or
a unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

[0059] b1 and b2 may each independently be an integer
from 1 to 4,
[0060] when bl is two or more, R; may be identical to or

different from each other, and

[0061] when b2 is two or more, R, may be identical to or
different from each other,

[0062] wherein in Formula 2,

[0063] Ar, to Ar, may each independently be selected
from a substituted or unsubstituted C;-C,, carbocyclic
group and a substituted or unsubstituted C,-C;, heterocyclic
group,

[0064] al and a2 may each independently be an integer
from 0 to 4, provided that al+a2=z1,

[0065] when al is zero, Ar, may be a single bond,
[0066] when a2 is zero, Ar, may be a single bond, and
[0067] * and * each indicate a binding site to a neighbor-
ing atom,

[0068] wherein in Formula 3,

[0069] Ar, may be a substituted or unsubstituted C5-C;,

carbocyclic group or a substituted or unsubstituted C,-C,,
heterocyclic group,

[0070] L, may be a single bond, a substituted or unsub-
stituted C,-Cq, alkylene group, a substituted or unsubsti-
tuted C;-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C, -C, ; heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-C,,, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

[0071] ml may be an integer from 1 to 5,

[0072] when m! is two or more, two or more groups L,
may be identical to or different from each other,

[0073] Q, may be a monovalent crosslinking group
including at least one selected from an ether group, a vinyl
group, an acrylate group, a methacrylate group, a styryl
group, an epoxy group, an oxetane group, and a benzocy-
clobutene group,

[0074] nl may be an integer from 1 to 5,

[0075] when nl is two or more, two or more groups Q,
may be identical to or different from each other,

[0076] pl may be an integer from 1 to 5, wherein, when pl
is two or more, two or more groups -(L,),,;-(Q,),; may be
identical to or different from each other.
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[0077] First Repeating Unit

[0078] The polymer compound includes a first repeating
unit represented by Formula 1. For example, the polymer
compound may include first repeating units having the same
structure, or may include two or more first repeating units
having different structures.

[0079] X, and X, in Formula 1 may each independently be
represented by Formula 2.

[0080] In an embodiment, X, and X, may be identical to
each other.
[0081] In one or more embodiments, X, and X, may be

different from each other.

[0082] Ar, to Ar, in Formula 2 may each independently be
selected from a substituted or unsubstituted C,-C,,, carbo-
cyclic group and a substituted or unsubstituted C,-Cs,
heterocyclic group, and al and a2 may each independently
be an integer from 0 to 4.

[0083] In an embodiment, al and a2 may each indepen-
dently be an integer from 0 to 2.

[0084] In an embodiment, al and a2 in Formula 2 may
satisfy al+a2=1. That is, at least one of Ar, and Ar, in
Formula 2 is not a single bond.

[0085] In an embodiment, Ar, to Ar; may each indepen-
dently be selected from:

[0086] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, an indene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazine group, a pyrimidine group, a pyridazine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a quinoxaline group, a quinazoline group, a carbazole
group, a benzimidazole group, a benzofuran group, a ben-
zothiophene group, an isobenzothiophene group, a benzox-
azole group, an isobenzoxazole group, a triazole group, a
tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, and a dibenzothiophene group; and
[0087] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, an indene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazine group, a pyrimidine group, a pyridazine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a quinoxaline group, a quinazoline group, a carbazole
group, a benzimidazole group, a benzofuran group, a ben-
zothiophene group, an isobenzothiophene group, a benzox-
azole group, an isobenzoxazole group, a triazole group, a
tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, and a dibenzothiophene group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazine group, a hydrazone
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group.
[0088] Inoneor more embodiments, Ar, and Ar, may each
independently be selected from a phenylene group, a naph-
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thylene group, a fluorenylene group, a spiro-bifluorenylene
group, a triphenylenylene group, an indenylene group, a
pyrrolylene group, a thiophenylene group, a furanylene
group, an imidazolylene group, a pyrazolylene group, a
thiazolylene group, an isothiazolylene group, an
oxazolylene group, an isoxazolylene group, a pyridinylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, a quinolinylene group, an isoquino-
linylene group, a benzoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, a benzimidazolylene group, a benzofuranylene
group, a benzothiophenylene group, an iso-benzothiophe-
nylene group, a benzoxazolylene group, an isobenzox-
azolylene group, a triazolylene group, a tetrazolylene group,
an oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, and a dibenzothiophenylene group; and
[0089] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a triphenyle-
nylene group, an indenylene group, a pyrrolylene group, a
thiophenylene group, a furanylene group, an imidazolylene
group, a pyrazolylene group, a thiazolylene group, an iso-
thiazolylene group, an oxazolylene group, an isoxazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a quinoxalinylene group, a quinazolinylene group, a
carbazolylene group, a benzimidazolylene group, a benzo-
furanylene group, a benzothiophenylene group, an iso-ben-
zothiophenylene group, a benzoxazolylene group, an
isobenzoxazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a triazinylene
group, a dibenzofuranylene group, and a dibenzothiophe-
nylene group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazine
group, a hydrazone group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, an
adamantanyl group, a norbornanyl group, a norbornenyl
group, a phenyl group, a biphenyl group, a terphenyl group,
a naphthyl group, a fluorenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
atriazinyl group, a quinolinyl group, an isoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group.

[0090] In one or more embodiments, Ar, may be selected
from:
[0091] a phenyl group, a naphthyl group, a fluorenyl

group, a spiro-bifluorenyl group, a triphenylenyl group, an
indenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group. a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
benzimidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, an iso-benzothiophenyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group; and
[0092] a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a triphenylenyl group, an
indenyl group, a pyrrolyl group, a thiophenyl group, a
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furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group. a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
benzimidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, an iso-benzothiophenyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazine group, a hydrazone
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group.
[0093] Forexample, Ar, to Ar; may each independently be
selected from:

[0094] a benzene group, a carbazole group, a fluorene
group, and a triphenylene group; and

[0095] a benzene group, a carbazole group, a fluorene
group, and a triphenylene group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazine group, a hydrazone group, a C,-C, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a carbazole
group, a fluorenyl group, and a triphenylenyl group, but
embodiments of the present disclosure are not limited
thereto.

[0096] For example, Ar, and Ar, may each independently
be selected from:

[0097] a phenylene group, a carbazolylene group, a fluo-
renylene group, and a triphenylenylene group; and

[0098] a phenylene group, a carbazolylene group, a fluo-
renylene group, and a triphenylenylene group, each substi-
tuted with at least one selected from deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazine group, a hydrazone group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a carbazole group, a fluorenyl group, and a triphenylenyl
group, but embodiments of the present disclosure are not
limited thereto.

[0099] For example, Ar; may be selected from:

[0100] a phenyl group, a carbazolyl group, a fluorenyl
group, and a triphenylene group; and

[0101] a phenyl group, a carbazolyl group, a fluorenyl
group, and a triphenylene group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazine group, a hydrazone group, a C,-C,,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a carbazole
group, a fluorenyl group, and a triphenylenyl group, but
embodiments of the present disclosure are not limited
thereto.

[0102] Inan embodiment, Ar, and Ar, may each indepen-
dently be a substituent represented by one selected from
Formulae A-1 to A-9:
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[0103] In Formulae A-1 to A-9,

[0104] 7, may be hydrogen, deuterium, —F, —CI, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted C,-C,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-Cg,, alkynyl group,
a substituted or unsubstituted C,-Cy, alkoxy group, a sub-
stituted or unsubstituted C;-C, , cycloalkyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-Cq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, and

[0105] * and * each indicate a binding site to a neighbot-
ing atom.

[0106] In an embodiment, 7, may be selected from:

[0107] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a phenyl group, a naphthyl group, a fluo-
renyl group, a triphenylenyl group, a spiro-bifluorenyl
group, a biphenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a biphenylcarbazolyl group, a dibenzofuranyl group,
and a dibenzothiophenyl group; and

[0108] a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a triphenylenyl group, a
biphenyl group, a dimethylfluorenyl group, a diphenylfluo-
renyl group, a carbazolyl group, a phenylcarbazolyl group,
a biphenylcarbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a triphenylenyl group, a biphenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, a phenylcarbazolyl group, a biphenylcarba-
zolyl group, a dibenzofuranyl group, and a dibenzothiophe-
nyl group.

[0109] Forexample, Z, may be a phenyl group, a fluorenyl
group, a phenyl group substituted with a C,-C, alkyl group,
or a fluorenyl group substituted with a C,-Cg, alkyl group.

[0110] In an embodiment, Ar, and Ar, may each indepen-
dently be a substituent represented by Formula A-3 or A-4.

[0111] In an embodiment, Ar, and Ar, may each indepen-
dently be a substituent represented by one selected from
Formulae 3-1 to 5-6, but embodiments of the present dis-
closure are not limited thereto:

%

*
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-continued
5-6

Rs;

[0112]

[0113] R, and Rs, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, or a C,-Cg, alkyl
group, and

In Formulae 5-1 to 5-6,

[0114] * and *' each indicate a binding site to a neighbor-
ing atom.
[0115] InFormula3, bl and b2 may each independently be

an integer form 1 to 4, and when b1 is 2 or greater, a plurality
of groups R, may be identical to or different from each other,
and when b2 is 2 or greater, a plurality of groups R, may be
identical to or different from each other.

[0116] In an embodiment, bl and b2 may each indepen-
dently be 1 or 2, but embodiments of the present disclosure
are not limited thereto.

[0117] In an embodiment, Ar; may be a substituent rep-
resented by one selected from Formulae B-1 to B-7:

Z;

N
o

>
&
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-continued
B-6
7> 73
B-7
ZZ Z3

[0118] In Formulae B-1 to B-7,
[0119] Z, and Z, may each independently be selected from

hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a substituted or unsubstituted C,-Cg, alkyl group, a substi-
tuted or unsubstituted C,-Cg, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;5-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C;-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cyq aryloxy group, a substituted or unsubstituted
C¢-Cy, arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, and

[0120]

[0121] In an embodiment, 7, and 7, may each indepen-
dently be understood by referring to the description of Z, of
Formulae A-1 to A-6.

[0122] In Formula 1, R, and R, may each independently
be selected from hydrogen, deuterium, —F, —Cl, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cy, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-Cy, alkoxy group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or unsub-
stituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cy, aryl group, a substituted or
unsubstituted C,-Cg, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, and a

* indicates a binding site to a neighboring atom.
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substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group.

[0123] In an embodiment, R, and R, may each indepen-
dently be selected from:

[0124] hydrogen, deuterium, —F, —CSI, —Br, —1, a
hydroxyl group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-bifluorenyl group, a triphenylenyl group, a biphenyl
group, a dimethylfluorenyl group, a diphenylfiuorenyl
group, a carbazolyl group, a phenylcarbazolyl group, a
biphenylcarbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group; and

[0125] a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a biphenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a biphenylcarbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a triphenylenyl
group, a biphenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a biphenylcarbazolyl group, a dibenzofuranyl group,
and a dibenzothiophenyl group.

[0126] Forexample, R, and R, may each independently be
selected from hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-bifluorenyl group, a triphenylenyl group, a biphenyl

oo
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group, a dimethylfluorenyl group, and a diphenylfluorenyl
group, a carbazolyl group, but embodiments of the present
disclosure are not limited thereto.

[0127] In an embodiment, R, and R, may each indepen-
dently be hydrogen.

[0128] In Formula 1, bl and b2 may each independently
be an integer from 1 to 4, and when bl is 2 or greater, a
plurality of groups R, may be identical to or different from
each other, and when b2 is 2 or greater, a plurality of groups
R, may be identical to or different from each other.

[0129] In Formula 1, X, and X, may each independently
be represented by Formula 2, and the first repeating unit
represented by Formula 1 may be represented by Formula
10:

Formula 10

(Ry)s1

@

Ra)p2

[0130] In Formula 10,

[0131] R,, R,, bl, b2, and Ar, to Ar, are each indepen-
dently the same as those defined in Formulae 1 and 2.
[0132] In an embodiment, the first repeating unit may be
a repeating unit represented by one selected from Formulae
1-1 to 1-10.

1-1

e Xe e O

Ri2
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[0133] In Formulae 1-1 to 1-10,

[0134] R,, to R, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amine group, or a C,-Cg, alkyl
group, and

[0135] * and * each indicate a binding site to a neighbor-
ing atom.
[0136] The first repeating unit has a high triplet energy

level because of a structure in which two arylamine groups
(X, and X, in Formula 1) are linked via two o-phenylene
groups (portions except for X, and X, in Formula 1; also
referred to as “linker”). Therefore, current efficiency may be
improved by applying the polymer compound including the
first repeating unit to an organic light-emitting device. Also,
the polymer compound including the first repeating unit has
high charge mobility. Thus, in particular, when the polymer
compound including the first repeating unit is used as a hole
transport material of the organic light-emitting device, deg-
radation caused by electrons is reduced to thereby increase
an emission lifespan of the organic light-emitting device.
[0137] Also, the first repeating unit controls flexibility of
the first repeating unit by introducing a linker in which two
o-phenyl groups are linked to two aryl amine groups,
thereby improving solubility and heat resistance of the
polymer compound to the solvent.

[0138] An amount of the first repeating unit in the polymer
compound is not particularly limited, and may be adjusted
by taking into account the triplet energy level and current
efficiency of a layer formed using the polymer compound
(for example, a hole injection layer or a hole transport layer).
In an embodiment, the amount of the first repeating unit may
be in a range of about 35 parts by weight to about 95 parts
by weight, for example, about 40 parts by weight to about 85
parts by weight, based on 100 parts by weight of the polymer
compound.

[0139] When the polymer compound includes two or more
first repeating units having different structures, the amount
of the first repeating unit means a total amount of the two or
more first repeating units having different structures.
[0140] Second Repeating Unit

[0141] The polymer compound includes a second repeat-
ing unit represented by Formula 3. For example, the polymer
compound may include second repeating units having the
same structure, or may include two or more second repeating
units having different structures.

[0142] In an embodiment, the polymer compound may
include two or more second repeating units having different
structures.

[0143] In Formula 3, Ar, may be a substituted or unsub-
stituted C5-C;, carbocyclic group or a substituted or unsub-
stituted C,-C,,, heterocyclic group.

[0144] In an embodiment, Ar, may be selected from:
[0145] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, an indene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazine group, a pyrimidine group, a pyridazine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a quinoxaline group, a quinazoline group, a carbazole
group, a benzimidazole group, a benzofuran group, a ben-
zothiophene group, an isobenzothiophene group, a benzox-
azole group, an isobenzoxazole group, a triazole group, a
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tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, and a dibenzothiophene group; and
[0146] a benzene group, a naphthalene group, a fluorene
group, a spiro-bifluorene group, an indene group, a pyrrole
group, a thiophene group, a furan group, an imidazole group,
a pyrazole group, a thiazole group, an isothiazole group, an
oxazole group, an isoxazole group, a pyridine group, a
pyrazine group, a pyrimidine group, a pyridazine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a quinoxaline group, a quinazoline group, a carbazole
group, a benzimidazole group, a benzofuran group, a ben-
zothiophene group, an isobenzothiophene group, a benzox-
azole group, an isobenzoxazole group, a triazole group, a
tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, and a dibenzothiophene group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazine group, a hydrazone
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, an adamantanyl
group, a norbornanyl group, a norbornenyl group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group.
[0147] In one or more embodiments, Ar, may be a sub-
stituent represented by one selected from Formulae C-1 to
C-4:

C-1
7y Zs "
C-2
74 Zs
C-3
« Zy Zs o
C-4
. Za Zs
[0148] In Formulae C-1 to C-4,
[0149] 7, and Z; may each independently be selected from

-(L)n1-(Q)),.1, hydrogen, deuterium, —F, —Cl, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
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group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-Cy, alkoxy group, a substituted or unsub-
stituted C;-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or unsub-
stituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C,-C, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsubstituted
C,-C, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyelic group, and a
substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group,

[0150] at least one of Z, and Z; may be -(L,),,;(Q),.1,
and

[0151] * and * each indicate a binding site to a neighbor-
ing atom.

[0152] In an embodiment, Z, and Z; may each be -(L,)

1-(Q1),,1, the description provided in connection with 7, in
Formulae A-1 to A-6 may be applied thereto, and at least one
of 7, and Zs may be (L,),,;-(Qy),1-

[0153] In an embodiment, Ar, may be a substituent rep-
resented by Formula C-2, but embodiments of the present
disclosure are not limited thereto.

[0154] L, in Formula 3 may be selected from a single
bond, a substituted or unsubstituted C,-C, alkylene group,
a substituted or unsubstituted C;-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C,-C,, cycloalk-
enylene group, a substituted or unsubstituted C, -C, , hetero-
cycloalkenylene group, a substituted or unsubstituted
Cs-Ceo arylene group, a substituted or unsubstituted C,-Cy,
heteroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropo-
lycyclic group.

[0155] In an embodiment, L, may be selected from:
[0156] a single bond, a C,-C,, alkylene group, a phe-
nylene group, a naphthylene group, a fluorenylene group, a
spiro-bifluorenylene group, a triphenylenylene group, and a
carbazolylene group; and

[0157] a C,-Cg, alkylene group, a phenylene group, a
naphthylene group, a fluorenylene group, a spiro-bifluorenyl
group, a triphenylenylene group, and a carbazolylene group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazine group, a hydra-
zone group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a carbazole group, a fluorenyl group, and a
triphenylenyl group.

[0158] In Formula 3, m1 may be an integer from 1 to 5,
wherein, when m1 is two or more, two or more groups L,
may be identical to or different from each other. For
example, m1 may be 1 or 2, but embodiments of the present
disclosure are not limited thereto.

[0159] Q, in Formula 3 is a crosslinking group. The
crosslinking group is not particularly limited as long as the
crosslinking group can induce a crosslinking reaction by
thermal energy or light energy, and the crosslinking group
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may be selected by taking into account the film-forming
property of the polymer compound.

[0160] Inan embodiment, Q, may be a monovalent cross-
linking group including at least one selected from an ether
group, a vinyl group, an acrylate group, a methacrylate
group, a styryl group, an epoxy group, an oxetane group, and
a benzocyclobutene group.

[0161] In an embodiment, Q, in Formula 3 may be a
crosslinking group represented by one of Formulae Q-1 to

Q-8
Q-1
H
4%—1{
Ryo
Q-2
O RIO
_o>_§—H
H
Q3
H
I\
AR
Ryo
Q-4
0]
o AN
- Rio
Q-5
* 1CH2),, \A Ryg
Q-6
o \Q
Q-7
Q-8

Cb
X

[0162] In Formulae Q-1 to Q-8,

[0163] R,, may be hydrogen, deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, or a C,-C,, alkyl group,

[0164] p may be an integer from 1 to 10, and
[0165] * indicates a binding site to a neighboring atom.
[0166] Inanembodiment, R,, may be hydrogen, a methyl

group, an ethyl group, a propyl group, an iso-butyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, an
iso-amyl group, or a hexyl group, but embodiments of the
present disclosure are not limited thereto.
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[0167] In an embodiment, p may be an integer from 1 to
5, for example, 1 or 2.

[0168] In an embodiment, for example, a benzocy-
clobutene ring such as cyclo[4,2,0]octa-1,3,5-triene group
may be used as Q, by taking into account the crosslinkabil-
ity, the structural stability of the crosslinked structure, and
the electrochemical stability of the second repeating unit.
[0169] cyclo[4,2,0]octa-1,3,5-triene group

[0170] In one or more embodiments, a ring-type ether
group such as an epoxy group or an oxetane group, or a vinyl
ether group may be used as Q, by taking into account the
crosslinkability of the second repeating unit.

[0171] pl in Formula 3 may be an integer from 1 to 5,
wherein, when pl is two or more, two or more groups
-(L)),,1-(Q,),; may be identical to or different from each
other. In an embodiment, pl may be 1 or 2.

[0172] In an embodiment, the second repeating unit may
be represented by Formula 3-1 or 3-2:

3-1

32

[0173] In Formulae 3-1 and 3-2,

[0174] * and *' each indicate a binding site to a neighbor-
ing atom.

[0175] An amount of the second repeating unit is not

particularly limited, and may be adjusted by taking into the
film-forming property of the second polymer compound. In
an embodiment, the amount of the second repeating unit
may be in a range of about 1 part by weight to about 15 parts
by weight, for example, about 5 parts by weight to about 10
parts by weight, based on 100 parts by weight of the polymer
compound.

[0176] When the polymer compound includes two or more
second repeating units having different structures, the
amount of the second repeating unit means a total amount of
the two or more second repeating units having different
structures.
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[0177] The second repeating unit represented by Formula
3 includes a crosslinking group (Q, in Formula 3). There-
fore, by introducing the second repeating unit, the film-
forming property may be improved by using solution coat-
ing.

[0178]

[0179] The polymer compound may further include a third
repeating unit represented by Formula 4. For example, the
polymer compound may include third repeating units having
the same structure, or may include two or more third
repeating units having different structures.

AT

Third Repeating Unit

Formula 4

[0180] In Formula 4, Ars may be a substituted or unsub-
stituted C5-C,,, carbocyclic group or a substituted or unsub-
stituted C,-C;,, heterocyclic group.

[0181] In Formula 4, the description provided in connec-
tion with Ar, to Ar, in Formula 2 or the description provided
in connection with Ar, in Formula 3 may be applied to Ar,.

[0182] In an embodiment, the third repeating unit may be
represented by one of Formulae 4-1 to 4-5:

41
Ray
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42
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-continued
44
@ R4]
Ry
N
N
4.5

[0183] In Formulae 4-1 to 4-5,

[0184] R,, and R,, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, or C,-C, alkyl group,
and

[0185] * and * each indicate a binding site to a neighbor-
ing atom.
[0186] In an embodiment, the third repeating unit may be

represented by Fornwla 4-1 or 4-5, but embodiments of the
present disclosure are not limited thereto.

[0187] An amount of the third repeating unit is not par-
ticularly limited, and may be adjusted by taking into account
the solubility of the polymer compound in a solvent. In an
embodiment, the amount of the third repeating unit may be
in a range of about 1 part by weight to about 60 parts by
weight, for example, about 10 parts by weight to about 50
parts by weight, based on 100 parts by weight of the polymer
compound.

[0188] In one or more embodiments, the amount of the
third repeating unit may be in a range of about 40 parts by
weight to about 60 parts by weight based on 100 parts by
weight of the polymer compound.

[0189] When the polymer compound includes two or more
third repeating units having different structures, the amount
of the third repeating unit means a total amount of the two
or more third repeating units.

[0190] Since the polymer compound including the third
repeating unit has excellent solubility in a solvent, the film
formation using solution coating may be facilitated by
introducing the third repeating unit into the polymer com-
pound.

16
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[0191] The polymer compound may include the first
repeating unit and the second repeating unit, and may further
include the third repeating unit.

[0192] Therefore, as described above, since the polymer
compound includes the first repeating unit, the polymer
compound has a high triplet energy level, and high efficiency
may be achieved when the polymer compound is applied to
an organic light-emitting device. Also, since charge mobility
of the polymer compound is improved, an organic light-
emitting device manufactured by using the polymer com-
pound as a hole transport material may exhibit high lumi-
nescent efliciency.

[0193] Also, since the polymer compound includes the
second repeating unit, the film-forming property thereof is
excellent, and thus, the film formation using solution coating
is possible. Therefore, a large-area organic light-emitting
device may be provided and mass production may be
improved.

[0194] In addition, when the polymer compound further
includes the third repeating unit, the solubility of the poly-
mer compound in the solvent is high and the film formation
using solution coating is facilitated.

[0195] In an embodiment, the polymer compound may be
a 2-element copolymer(i.e., bipolymer) including the first
repeating unit and the second repeating unit or a 3-element
copolymer(i.e., terpolymer) including the first repeating
unit, the second repeating unit, and the third repeating unit.
However, the polymer compound is not limited thereto, and
may further include other repeating units except for the first
repeating unit, the second repeating unit, or the third repeat-
ing unit.

[0196] In an embodiment, the structure of the polymer
compound is not particularly limited, and may be a random
copolymer, an alternating copolymer, a periodic copolymer,
or a block copolymer.

[0197] The number average molecular weight (Mn) of the
polymer compound is not particularly limited as long as the
effects of the present disclosure can be obtained. In an
embodiment, the number average molecular weight of the
polymer compound may be in a range of about 5,000
Daltons to about 500,000 Daltons, for example, about 9,000
Daltons to about 85,000 Daltons. When the number average
molecular weight is within this range, a layer having a
uniform thickness may be formed by appropriately adjusting
a viscosity of a composition including the polymer com-
pound.

[0198] In an embodiment, the weight average molecular
weight of the polymer compound is not particularly limited
as long as the effects of the present disclosure can be
obtained. In an embodiment, the weight average molecular
weight of the polymer compound may be in a range of about
10,000 Daltons to about 1,000,000 Daltons, for example,
about 15,000 Daltons to about 180,000 Daltons. While not
wishing to be bound by theory, it is understood that when the
weight average molecular weight is within this range, a layer
having a uniform thickness may be formed by appropriately
adjusting a viscosity of a composition including the polymer
compound.

[0199] The number average molecular weight (Mn) and
the weight average molecular weight (Mw) were measured
and calculated by the following method. However, the
method of measuring the number average molecular weight
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(Mn) and the weight average molecular weight (Mw) is not
particularly limited, and known methods may be applied
thereto.

[0200] Measurement of number average molecular weight
(Mn) and weight average molecular weight (Mw)

[0201] The number average molecular weight (Mn) and
the weight average molecular weight (Mw) were measured
under the following conditions by gel permeation chroma-
tography (GPC) using polystyrene as a standard sample.
[0202] Analysis apparatus: Prominance (manufactured by
Shimadzu Corporation)

[0203] Column: PLgel MIXED-B (manufactured by Poly-
mer Laboratories Inc.)

[0204] Column temperature: 40° C.

[0205] Flow rate: 1.0 milliliters per minute (ml/min)
[0206] Dose: 20 microliters (ul)

[0207] Solvent: tetrahydrofuran (THF) (concentration:

about 0.05 percent by weight, wt %)

[0208] Detector: UV-VIS detector (SPD-10AV, manufac-
tured by Shimadzu Corporation)

[0209] Standard sample: Polystyrene

[0210] The main chain terminal of the polymer compound
may be appropriately defined according to a type of a
material used. For example, the main chain terminal of the
polymer compound may be a hydrogen atom, but embodi-
ments of the present disclosure are not limited thereto.
[0211] The polymer compound may be easily understood
and prepared by those of ordinary skill in the art by referring
to known organic synthesis methods or Examples provided
below.

[0212] For example, the polymer compound may be pre-
pared by using a copolymerization reaction by using at least
one first monomer represented by Formula 11 and at least
one second monomer represented by Formula 12 and/or at
least one third monomer represented by Formula 13.
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[0213] In Formula 11 to 13,

[0214] X,,X,,R;,R,, b1, b2, Ar,, L;, m1, Q;,nl, pl, and
Ar; are the same as described in Formulae 1 to 4,

[0215] Y, to Y, may each independently be —F, —Cl,
—Br, —1I, or a substituent represented by Formula 14,

[0216] wherein in Formula 14,

[0217] R, to R, may each independently be a C,-C, alkyl
group, and

[0218] * indicates a binding site to a neighboring atom.
[0219] The first monomer, the second monomer, and the

third monomer may be synthesized according to a known
synthesis method, and the structures thereof may be identi-
fied by a known method, for example, NMR and LC-MS.

[0220] The polymer compound may be used as a material
for an organic light-emitting device and may provide a
material for an organic light-emitting device, which has high
current efficiency and high charge mobility because of a high
triplet energy level.

[0221] Also, since the first repeating unit in the polymer
compound has a flexible structure as described above, the
polymer compound has a high solubility in a solvent and a
high heat resistance, thereby facilitating a film formation
using solution coating.

[0222] Composition for Manufacturing Organic Light-
Emitting Device

[0223] Another aspect of the present disclosure provides a
composition for manufacturing an organic light-emitting
device, which includes the polymer compound and a liquid
medium.

[0224] The polymer compound described above or the
material for the organic light-emitting device, which
includes the polymer compound, has high charge mobility
and thus may be used as a hole injection material, a hole
transport material, or a material for forming an emission
layer. In an embodiment, the polymer compound and the
material for the organic light-emitting device, which
includes the polymer compound, may be used as a hole
injection material or a hole transport material (for example,
a hole transport material Jin terms of hole transport capabil-
ity.

[0225] In an embodiment, the composition for manufac-
turing the organic light-emitting device may include the
polymer compound, and at least one selected from a hole
transport material, an electron transport material, and a
light-emitting material.

[0226] In an embodiment, the light-emitting material may
be an organometallic complex compound, but embodiments
of the present disclosure are not limited thereto.

[0227] The composition for manufacturing the organic
light-emitting device may include the polymer compound
and a liquid medium. The composition for manufacturing
the organic light-emitting device may be used for forming
each layer of the organic light-emitting device by solution
coating.

[0228] The liquid medium may be a liquid medium (for
example, a solvent) that enables the material for the organic
light-emitting device to be dissolved. That is, the composi-
tion for the organic light-emitting device may be a solution
composition.

[0229] Examples of the liquid medium may include tolu-
ene, xylene, ethylbenzene, diethylbenzene, mesitylene, pro-
pylbenzene, cyclohexylbenzene, dimethoxybenzene, ani-
sole, ethoxy toluene, phenoxytoluene, iso-propylbiphenyl,
dimethylanisole, phenyl acetate, phenyl propionic acid,
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methyl benzoate, and ethyl benzoate, but embodiments of
the present disclosure are not limited thereto.

[0230] In the composition for manufacturing the organic
light-emitting device, a concentration of the material for the
organic light-emitting device may be adjusted according to
usage.

[0231] Another aspect of the present disclosure provides a
method of manufacturing an organic light-emitting device,
which includes a first electrode, a second electrode, and an
organic layer disposed between the first electrode and the
second electrode, wherein the organic layer includes an
emission layer and the polymer compound, wherein the
method includes forming a layer including the polymer
compound by solution coating using the composition includ-
ing the polymer compound and the liquid medium.

Organic Light-Emitting Device

[0232] Hereinafter, with reference to the FIGURE, an
embodiment of an organic light-emitting device will be
described in detail. The FIGURE is a schematic view of an
organic light-emitting device according to an embodiment.
[0233] An organic light-emitting device 100 according to
an example embodiment may include a substrate 110, a first
electrode 120 on the substrate 110, a hole injection layer 130
on the first electrode 120, a hole transport layer 140 on the
hole injection layer 130, an emission layer 150 on the hole
transport layer 140, an electron transport layer 160 on the
emission layer 150, an electron injection layer 170 on the
electron transport layer 160, and a second electrode 180 on
the electron injection layer 170.

[0234] In the organic light-emitting device 100, the poly-
mer compound represented by Formula 1 may be, for
example, included in at least one organic layer (e.g., at least
one organic layer selected from the hole injection layer 130,
the hole transport layer 140, the emission layer 150, the
electron transport layer 160, and the electron injection layer
170 between the first electrode 120 and the second electrode
180. In some embodiments, the polymer compound repre-
sented by Formula 1 may be included in the emission layer
150 as a hole transport host. In some embodiments, the
polymer compound represented by Formula 1 may be
included in an organic layer other than the emission layer
150. For example, the polymer compound represented by
Formula 1 may be included in the hole injection layer 130
and/or the hole transport layer 140 as a hole transport
material.

[0235] An organic layer including the polymer compound
represented by Formula 1 may be formed by, for example,
solution coating. In some embodiments, the organic layer
including the polymer compound represented by Formula 1
may be formed by solution coating, such as spin coating,
casting, micro-gravure coating, gravure coating, bar coating,
roll coating, wire bar coating, dip coating, spray coating,
screen printing, flexographic printing, offset printing, or
ink-jet printing.

[0236] In the solution coating, a material for an organic
light-emitting device including the polymer compound rep-
resented by Formula 1 may be coated to form an organic
layer. In this embodiment, the material for an organic
light-emitting device may include a solvent. Examples of the
material for an organic light-emitting device including the
solvent include an ink composition used in ink-jet printing
and a film-forming composition used in spin coating, but
embodiments are not limited thereto.
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[0237] Also, the solvent, included in the material for the
organic light-emitting device, for use in the solution coating
is not particularly limited as long as the solvent can dissolve
the polymer compound represented by Formula 1 and may
be appropriately selected according to the type of the
polymer compound. For example, examples of the solvent
may include toluene, xylene, ethylbenzene, diethylbenzene,
mesitylene, propylbenzene, cyclohexylbenzene, dimethoxy-
benzene, anisole, ethoxy toluene, phenoxytoluene, iso-pro-
pylbiphenyl, dimethylanisole, phenyl acetate, phenyl propi-
onic acid, methyl benzoate, and ethyl benzoate, but
embodiments of the present disclosure are not limited
thereto. An amount of the solvent used is not particularly
limited. The concentration of the polymer compound may be
in a range of 0.1 wt % to about 10 wt %, for example, about
0.5 wt % to about 5 wt %, by taking into account the
coatability thereof.

[0238] Also, a method of depositing layers other than the
organic layer including the polymer compound is not par-
ticularly limited. The layers other than the organic layer
including the polymer may be formed by, for example,
vacuum deposition or solution coating.

[0239] The substrate 110 may be any suitable substrate
generally used in organic light-emitting devices. For
example, the substrate 110 may be a glass substrate, a
semiconductive substrate such as a silicon substrate, or a
transparent plastic substrate, but embodiments of the present
disclosure are not limited thereto.

[0240] The first electrode 120 may be formed on the
substrate 110. The first electrode 120 may be, for example,
an anode, and be formed of a material with a high work
function selected from a metal, an alloy, or a conductive
compound. For example, the first electrode 120 may be a
transparent electrode including indium tin oxide (In,O;—
Sn0,, ITO), indium zinc oxide (In,0,—7Zn0), tin oxide
(Sn0,), or zinc oxide (ZnO), each having excellent trans-
parency and conductivity. The first electrode 120 may be a
reflective electrode that may be formed by stacking magne-
sium (Mg) or aluminum (Al) on the transparent electrode.

[0241] The hole injection layer 130 may be formed on the
first electrode 120. The hole injection layer 130 may facili-
tate hole injection from the first electrode 120. In some
embodiments, the hole injection layer 130 may be formed to
a thickness in a range of about 10 nanometers (nm) to about
1,000 nm, and in some embodiments, about 10 nm to about
100 nm.

[0242] The hole injection layer 130 may include a known
hole injection material. Examples of the known hole injec-
tion material forming the hole injection layer 130 include
poly(ether ketone)-containing triphenylamine (TPAPEK),
4-iso-propyl-4'-methyl diphenyl iodonium tetrakis (penta-
fluorophenyl) borate (PPBI), N,N'-diphenyl-N,N'-bis-[4-
(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), copper phthalocyanine, 4,4'4"-tris(3-methyl
phenyl phenyl amino) triphenylamine (m-MTDATA), N,N'-
di(1-naphthyl)-N,N'-diphenylbenzidine (NPB), 4,4',4"-tris
(diphenyl amino) triphenylamine (TDATA), 4,4',4"-tris(N,
N-2-naphthyl phenyl amino) triphenylamine (2-TNATA),
polyaniline/dodecylbenzene sulphonic acid (PANI/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrene sulfonate
(PEDOT/PSS), polyaniline/10-camphor  sulfonic  acid
(PANI/CSA), and polyaniline/poly(4-styrene sulfonate
(PANI/PSS).
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[0243] The hole transport layer 140 may be formed on the
hole injection layer 130. The hole transport layer 140 may
facilitate hole transport. In some embodiments, the hole
transport layer 140 may be formed to a thickness in a range
of about 10 nm to about 150 nm. The hole transport layer
140 may include the polymer compound represented by
Formula 1. Since the hole transport layer 140 includes the
polymer compound according to the embodiment, the cur-
rent efliciency and emission lifespan of the organic light-
emitting device 100 may be improved. When a film is
formed by wet deposition, a film may be efliciently formed
to a large area by using the polymer compound.

[0244] The hole transport layer 140 may further include a
known hole transport material. Examples of the known hole
transport material include carbazole derivatives, e.g., 1,1-
bis[(di-4-tolylamino)phenyl] cyclohexane (TAPC), N-phe-
nylcarbazole, and polyvinylcarbazole, and N,N'-bis(3-meth-
vlphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4'4"-tris(N-carbazolyl) triphenylamine (TCTA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB), and
poly(9,9-dioctyl-fluorene-co-N-(4-butylphenyl)-diphe-
nylamine (TFB).

[0245] The emission layer 150 may be formed on the hole
transport layer 140. The emission layer 150 emits light by
fluorescence or phosphorescence. The emission layer 150
may include a known electron transport host (ET-host)
material and a known dopant material.

[0246] The emission layer 150 may be formed by solution
coating, e.g., spin coating or ink-jet coating. The emission
layer 150 may be, for example, formed to a thickness in a
range of about 10 nm to about 60 nm.

[0247] In the organic light-emitting device 100 according
to an embodiment, a dopant material included in the emis-
sion layer 150 may be capable of emitting light from triplet
excitons (i.e., emission by phosphorescence). In this
embodiment, the organic light-emitting device 100 may
have an improved emission lifespan.

[0248] Examples of an HT-host material or the ET-host
material in the emission layer 150 include tris(8-quinolinato)
aluminum (Alg,), 4,4'-bis(carbazol-9-yl)biphenyl (CBP),
poly(n-vinylcarbazole (PVK), 9,10-di(naphthalene-yl)an-
thracene (ADN), 4,4'4"-tris(N-carbazolyl)triphenylamine
(TCTA),  1,3,5-tris(N-phenyl-benzimidazol-2-yl)benzene
(TPBI) 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), distyrylarylene (DSA), and 4,4'-bis(9-carba-
zole)-2,2'-dimethyl-biphenyl (dmCBP).

[0249] In addition, the emission layer 150 may include, as
a dopant material, perylene or a derivative thereof, rubrene
or a derivative thereof, coumarin or a derivative thereof,
4-dicyanomethylene-2-(p-dimethylaminostyryl)-6-methyl-
4H-pyran (DCM) or a derivative thereof, an iridium com-
plex, e.g., bis[2-(4,6-difluorophenyl)pyridinate] picolinate
iridium (I1T) (Flrpic), bis(1-phenylisoquinoline)(acetylac-
etonate) iridium (III) (Ir(piq),(acac)), or tris(2-phenylpyri-
dine) iridium (IIT) (Ir(ppy),), an osmium complex, or a
platinum complex. For example, the light-emitting material
may be an organometallic light-emitting complex com-
pound.

[0250] The electron transport layer 160 may be formed on
the emission layer 150. The electron transport layer 160 may
serve to transport electrons, and may be formed by vacuum
deposition, spin coating, or ink-jet printing. The electron
transport layer 160 may be, for example, formed to a
thickness in a range of about 15 nm to about 50 nm.
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[0251] The electron transport layer 160 may include a
known electron transport material. Examples of the known
electron transport material include tris(8-quinolinato) alu-
minum (Alq,) and a compound including a nitrogen-con-
taining aromatic ring. Examples of the compound including
a nitrogen-containing aromatic ring include a compound
including a pyridine ring such as 1,3,5-tri[(3-pyridyl)-phen-
3-yl]benzene, a compound including a triazine ring such as
2,4,6-tris(3'-(pyridin-3-yl)biphenyl-3-y1)-1,3,5-triazine, and
a compound including an imidazole ring such as 2-(4-(N-
phenylbenzimidazolyl-1-yl-phenyl)-9,10-dinaphthylanthra-
cene. In some embodiments, as an electron transport mate-
rial, a commercially available item may also be used.
Examples of the commercially available item include
KLET-01, KLET-02, KLET-03, KLET-10, and KLET-M1
(available from Chemipro Kasei Corporation).

[0252] The electron injection layer 170 may be formed on
the electron transport layer 160. The electron injection layer
170 may facilitate electron injection from the second elec-
trode 180, and may be formed by vacuum deposition. In
some embodiments, the electron injection layer 170 may be
formed to a thickness in a range about 0.3 nm to about 9 nm.
The electron injection layer 170 may include a known
electron injection material. For example, the electron injec-
tion layer 170 may be formed of a lithium compound, e.g,,
(8-hydroxyquinolinato)lithium (Liq) or lithium fluoride
(LiF), sodium chloride (NaCl), cesium fluoride (CsF),
lithium oxide (L1,0), or barium oxide (BaO).

[0253] The second electrode 180 may be formed on the
electron injection layer 170. The second electrode 180 may
be a cathode, and be formed of a material with a low work
function selected from a metal, an alloy, and a conductive
compound. For example, the second electrode 180 may be
formed as a reflective electrode including a metal, e.g,,
lithium (Li), magnesium (Mg), aluminum (Al), or calcium
(Ca), or an alloy, e.g., an aluminum-lithium (Al—Li) alloy,
amagnesium-indium (Mg—In) alloy, or a magnesium-silver
(Mg—Ag) alloy. In some embodiments, the second elec-
trode 180 may be formed as a transparent electrode having
a thickness of 20 nm or less and including a thin film of the
metal or the alloy, or a transparent conductive film including
indium tin oxide (In,0,—Sn0,) or indium zinc oxide
(In,0,—7n0).

[0254] The organic light-emitting device 100 according to
an embodiment includes an organic layer including the
bicarbazole compound represented by Formula 1, and thus,
may have improved luminous efficiency and an improved
emission lifespan.

[0255] Furthermore, a stacking structure of the organic
light-emitting device 100 according to an embodiment is not
limited to the foregoing description. The organic light-
emitting device 100 according to an embodiment may have
a different stacking structure known in the art. For example,
the organic light-emitting device 100 may not include at
least one selected from the hole injection layer 130, the hole
transport layer 140, the electron transport layer 160, and the
electron injection layer 170, or may further include another
layer. In some embodiments, each layer of the organic
light-emitting device 100 may be formed as a single layer or
as multiple layers.

[0256] For example, in order to prevent diffusion of exci-
tons or holes to the electron transport layer 160, the organic
light-emitting device 100 may further include a hole block-
ing layer between the hole transport layer 140 and the
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emission layer 150. The hole blocking layer may be formed
using, for example, an oxadiazole derivative, a triazole
derivative, or a phenanthroline derivative.

[0257] The term “C,-C, alkyl group” as used herein
refers to a linear or branched saturated aliphatic hydrocarbon
monovalent group having 1 to 60 carbon atoms, and non-
limiting examples thereof include a methyl group, an ethyl
group, an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a tert-pentyl
group, a neo-pentyl group, a 1,2-dimethylpropyl group, an
n-hexyl group, an iso-hexyl group, a 1,3-dimethylbutyl
group, a l-iso-propylpropyl group, a 1,2-dimethylbutyl
group, an n-heptyl group, a 1.4-dimethylpentyl group, a
3-ethylpentyl group, a 2-methyl-1-iso-propylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-ethyl-
hexyl group, a 3-methyl-1-iso-propylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methylpropyl
group, an n-nonyl group, a 3,5,5-trimethyldecyl group, an
n-decyl group, an iso-decyl group, an n-undecyl group, a
1-methyldecyl group, an n-dodecyl group, an n-tridecyl
group, an n-tetradecyl group, an n-pentadecyl group, an
n-hexadecyl group, an n-heptadecyl group, an n-octadecyl
group, an n-nonadecyl group, an n-eicosyl group, an n-he-
neicosyl group, an n-docosyl group, an n-tricosyl group, and
an n-tetracosyl group. The term “C,-Cy, alkylene group” as
used herein refers to a divalent group having the same
structure as the C;-Cg, alkyl group.

[0258] The term “C,-C, alkoxy group” as used herein
refers to a monovalent group represented by —OA,,;
(wherein A, is the C,-Cq, alkyl group), and non-limiting
examples thereof include a methoxy group, an ethoxy group,
a propoxy group, an iso-propoxy group, an n-butoxy group,
an iso-butoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a tert-
pentoxy group, a neo-pentoxy group, an n-hexyloxy group,
an 1s0-hexyl group, a heptyloxy group, an octyloxy group, a
nonyloxy group, a decyloxy group, an undecyloxy group, a
dodecyloxy group, a tridecyloxy group, a tetradecyloxy
group, a pentadecyloxy group, a hexadecyloxy group, a
heptadecyloxy group, an octadecyloxy group, a 2-ethyl-
hexyloxy group, and a 3-ethylpentyloxy group.

[0259] The term “C,-C, alkenyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon double bond in the middle or at the terminus of a
C,-Cy, alkyl group, and examples thereof include an ethenyl
group, a propenyl group, and a butenyl group. The term
“C,-Cg, alkenylene group” as used herein refers to a diva-
lent group having the same structure as the C,-Cg,, alkenyl
group.

[0260] The term “C,-Cq, alkynyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon triple bond in the middle or at the terminus of a
C,-Cy, alkyl group, and examples thereof include an ethynyl
group and a propynyl group. The term “C,-Cq, alkynylene
group” as used herein refers to a divalent group having the
same structure as the C,-Cg, alkynyl group.

[0261] The term “C,-C,, cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms, and examples thereof
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, and a cycloheptyl group.
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The term “C;-C,, cycloalkylene group” as used herein refers
to a divalent group having the same structure as the C;-C,,
cycloalkyl group.

[0262] The term “C,-C,, heterocycloalkyl group” as used
herein refers to a monovalent saturated monocyclic group
having at least one heteroatom selected from N, O, P, Si, and
S as a ring-forming atom, in addition to 1 to 10 carbon
atoms, and non-limiting examples thereof include a tetra-
hydrofuranyl group and a tetrahydrothiophenyl group. The
term “C,-C,, heterocycloalkylene group” as used herein
refers to a divalent group having the same structure as the
C,-C,o heterocycloalkyl group.

[0263] The term “C,;-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group that has 3
to 10 carbon atoms and at least one carbon-carbon double
bond in the ring thereof and no aromaticity, and non-limiting
examples thereof include a cyclopentenyl group, a cyclo-
hexenyl group, and a cycloheptenyl group. The term “Cs-
C,, cycloalkenylene group” as used herein refers to a
divalent group having the same structure as the C;-C,
cycloalkenyl group.

[0264] The term “C,-C,, heterocycloalkenyl group™ as
used herein refers to a monovalent monocyclic group that
has at least one heteroatom selected from N, O, P, Si, and S
as a ring-forming atom, 1 to 10 carbon atoms, and at least
one carbon-carbon double bond in its ring. Examples of the
C,-C,, heterocycloalkenyl group are a 2,3-dihydrofuranyl
group and a 2,3-dihydrothiophenyl group. The term “C,-C,,
heterocycloalkenylene group” as used herein refers to a
divalent group having the same structure as the C,-C,,
heterocycloalkenyl group.

[0265] The term “C4-Cgq aryl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and the term “C4-Cy, arylene
group” as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms.
Examples of the C4-Cy aryl group include a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
C-Cy, aryl group and the C-C arylene group each include
two or more rings, the rings may be fused to each other.
[0266] The term “C,-Cg, heteroaryl group” as used herein
refers to a monovalent group having a heterocyclic aromatic
system that has at least one heteroatom selected from N, O,
P, Si, and S as a ring-forming atom, in addition to 1 to 60
carbon atoms. The term “C,-C,, heteroarylene group” as
used herein refers to a divalent group having a heterocyclic
aromatic system that has at least one heteroatom selected
from N, O, P, and S as a ring-forming atom, in addition to
1 to 60 carbon atoms. Non-limiting examples of the C,-Cy,
heteroaryl group include a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group. When
the C,-Cg, heterocaryl group and the C,-C,, heteroarylene
group each include two or more rings, the rings may be fused
to each other.

[0267] The term “C4-Cg, aryloxy group” as used herein
refers to a group represented by —OA,,, (wherein A, is
the Cy-C, aryl group), and the term “C-C, arylthio group”
as used herein refers to a group represented by —SA 5
(wherein A o5 is the C4-Cg, aryl group).

[0268] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group having two or more rings condensed to each other,



US 2018/0182968 A1l

only carbon atoms (for example, the number of carbon
atoms may be in a range of 8 to 60) as ring-forming atoms,
and no aromaticity in its entire molecular structure. A
non-limiting example of the non-aromatic condensed poly-
cyclic group is a fluorenyl group. The term “divalent non-
aromatic condensed polycyclic group™ as used herein refers
to a divalent group having the same structure as the mon-
ovalent non-aromatic condensed polycyclic group.

[0269] The term “monovalent non-aromatic condensed
heteropolycyclic group™ as used herein refers to a monova-
lent group having two or more rings condensed to each
other, a heteroatom selected from N, O, P, Si, and S, other
than carbon atoms (for example, the number of carbon atoms
may be in a range of 2 to 60), as a ring-forming atom, and
no aromaticity in its entire molecular structure. A non-
limiting example of the monovalent non-aromatic con-
densed heteropolycyclic group is a carbazolyl group. The
term “divalent non-aromatic condensed heteropolycyclic
group” as used herein refers to a divalent group having the
same structure as the monovalent non-aromatic condensed
heteropolycyclic group.

[0270] At least one substituent of the substituted C,-Cg,
alkylene group, the substituted C;-C , cycloalkylene group,
the substituted C,-C,, heterocycloalkylene group, the sub-
stituted C;-C,, cycloalkenylene group, the substituted
C,-C,, heterocycloalkenylene group, the substituted C,-C,
arylene group, the substituted C,-Cg, heteroarylene group,
the substituted divalent non-aromatic condensed polycyclic
group, the substituted divalent non-aromatic condensed het-
eropolycyclic group, the substituted C,-C,, alkyl group, the
substituted C,-Cq, alkenyl group, the substituted C,-Cg,
alkynyl group, the substituted C,-Cgq, alkoxy group, the
substituted C;-C,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C5-C,, cycloalkenyl
group, the substituted C,-C,, heterocycloalkenyl group, the
substituted C4-Cg, aryl group, the substituted Cg-Cg, ary-
loxy group, the substituted C4-Cg, arylthio group, the sub-
stituted C, -C,, heteroaryl group, the substituted monovalent
non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0271] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, —NCS, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cq, alkyl group, a C,-C, alkenyl group, a C,-C,
alkynyl group, and a C,-C, alkoxy group;

[0272] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cg alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF;,
—CF,H, —CFH,, —NCS, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cy aryloxy group, a C4-Co, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
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densed heteropolycyclic  group, —Si(Q;,)(Q,,)(Q,5),

—N(Q,1)(Q2) and —C(=0)@Q,,);

[0273] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C-Cy, aryl group, a Cy4-Ce,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0274] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cg, aryl group, a Cy4-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, —CD;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cq,
alkyl group, a C,-C,,, alkenyl group, a C,-C,,, alkynyl group,
aC,-Cq, alkoxy group, a C5-C, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cqy, aryl group, a
Cs-Cgo aryloxy group, a C4-Cg, arylthio group, a C;-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic - group, —S81(Q;,)(Q22)(Qa3)s —N(Q3y)
(Q25), and —C(—0)(Qs,); and

[0275]  —Si(Q3,)(Q32)(Qs3),
—C(=0)(Qs,), wherein

[0276] Q, to Q3. Q) to Qu3 and Qy, to Q3 may each
independently selected from hydrogen, deuterium, a C,-C,,

alkyl group, a C,-C,, alkoxy group, a phenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
biphenyl group, a phenylpyridinyl group, a phenylpyrimidi-
nyl group, a phenyltriazinyl group, a diphenylpyridinyl
group, a diphenylpyrimidinyl group, a diphenyltriazinyl
group, a pyridinylphenyl group, a dipyridinylphenyl group,
a pyrimidinylphenyl group, a dipyrimidinylphenyl group, a
triazinylphenyl group, a ditriazinylphenyl group, a fluorenyl
group, a spiro-bifluorenyl group. a dimethylfluorenyl group,
a diphenylfluorenyl group, a carbazolyl group, a phenylcar-
bazolyl group, a biphenylcarbazolyl group, a dibenzofuranyl
group, phenyldibenzofuranyl group, a diphenyldibenzofura-
nyl group, a dibenzothiophenyl group, a phenyldibenzoth-
iophenyl group, and a diphenyldibenzothiophenyl group.

[0277] When a group containing a specified number of
carbon atoms is substituted with any of the groups listed in
the preceding paragraph, the number of carbon atoms in the
resulting “substituted” group is defined as the sum of the
carbon atoms contained in the original (unsubstituted) group
and the carbon atoms (if any) contained in the substituent.
For example, when the term “substituted C,-C;, alkyl”
refers to a C,-C;, alkyl group substituted with C4-C,,, aryl
group, the total number of carbon atoms in the resulting aryl
substituted alkyl group is C,-C,.

[0278] The term “biphenyl group” as used herein refers to
amonovalent group in which two benzene groups are linked
via a single bond.

—N@Q;)(Qs,);  and
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[0279] The term “terphenyl group” as used herein refers to
a monovalent group in which three benzene groups are
linked via a single bond.

[0280] * and *' used herein, unless defined otherwise, each
indicate a binding site to a neighboring atom in a corre-
sponding formula.

[0281] Embodiments of the present disclosure have been
described with reference to the accompanying drawings, but
the present disclosure is not limited thereto. It is apparent to
those of ordinary skill in the art that various modifications or
changes can be made thereto without departing from the
technical idea set forth in the claims. It is understood that
such modifications and changes also fall within the technical
spirit and scope of the present disclosure.

[0282] Further, in Examples and Comparative Examples
provided below, operations were carried out at room tem-
perature (25° C.), unless otherwise indicated. Also, “%” and
“parts” refer to “wt %” and “parts by weight”, respectively,
unless otherwise indicated.

[0283] The wording “B was used instead of A” used in
describing Synthesis Examples means that an identical
molar equivalent of B was used in place of A.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

[0284] 8.08 grams (g) (20.0 millimoles, mmol) of 1,4-
dihexyl-2,5-dibromobenzene, 12.19 g (48.0 mmol) of bis
(pinacolato)diboron, 0.98 g (1.2 mmol) of PdCl,(dppf),
11.78 g (120.0 mmol) of potassium acetate, and 100 milli-
liters (ml) of 1,4-dioxane were mixed in a 300-mL flask in
an argon atmosphere, and the mixture was heated and stirred
for 6 hours under reflux.

[0285] After the reaction was completed, toluene and
water were added to the reaction mixture, followed by liquid
separation and washing with water. Sodium sulfate and
activated charcoal were added thereto and filtering was
performed thereon through Celite (registered trademark). A
filtrate obtained therefrom was concentrated to obtain 11.94
g of a crude product.

[0286] The obtained product was recrystallized with
hexane, and the crystals were washed with methanol. The
obtained crystals were dried under reduced pressure to
obtain 4.23 g of Compound 1 having white needle shapes.
The structure of the obtained compound 1(yield: 42%) was
identified by 'H-NMR.

Compound 1
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Synthesis Example 2

Synthesis of Compound 2

[0287] 22.7 g (70.0 mmol) of 2,7-dibromofluorene, 21.9 g
(147.0 mmol) of 5-bromo-1-pentene, 16.7 g (297.6 mmol) of
potassium hydroxide, 1.2 g (7.2 mmol) of potassium iodide,
and 170 ml of dimethylsulfoxide (DMSO) were mixed in a
500-mL four-neck flask in an argon atmosphere, and heated
to a temperature of 80° C. for 4 hours.

[0288] After the reaction was completed, the reaction
mixture was cooled to room temperature. Then, liquid
separation was performed thereon by mixing 300 ml of
water and 300 ml of toluene. An organic layer obtained
therefrom was washed five times by using 300 ml of
saturated brine. The obtained organic layer was dried by
using sodium sulfate. Then, the residue obtained therefrom
was purified by column chromatography and recrystalliza-
tion to obtain 24.1 g of a white solid (yield: 75%). The
structure of the obtained compound 2 was identified by
'"H-NMR.

Feeot

Compound 2

Synthesis Example 3

Synthesis of Compound 3

[0289]

[0290] 4.1 g (22.4 mmol) of 3-bromobenzocyclobutane
and 69 ml of tetrahydrofuran were cooled to -78° C. in a dry
ice-methanol bath in a reaction vessel in an argon atmo-
sphere. 6.9 ml of n-Buli was added thereto, and the mixture
was stirred for 2 hours. A solution, in which 4.1 g of
4,4'-dibromo-[1,1"-biphenyl]-2-carboxylic acid methyl ester
was dissolved in 12 mL of tetrahydrofuran, was added
dropwise thereto. The reaction mixture was stirred at a
temperature of -=78° C. for 2 hours and then stirred at room
temperature for 4 hours. 50 ml of water was slowly added
thereto while the reaction mixture was cooled in an ice bath.
Then, the reaction mixture was transferred to a separatory
funnel and washed twice with 30 mL of water. An organic
layer obtained therefrom was dried by using magnesium
sulfate, a solid obtained therefrom was filtered, and a
solution was concentrated to obtain 5.6 g of a solid (yield:
92%). The structure of the obtained Compound 3-1 was
identified by 'H-NMR.

Synthesis of Compound 3-1
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Compound 3-1

OH

[0291] 3-2. Synthesis of Compound 3

[0292] 5.0 g (9.1 mmol) of Compound 3-1 and 24 mL of
chloroform were added to a reaction vessel in an argon
atmosphere and cooled to a temperature of 0° C. in an
ice-bath, and 7.0 mL of BF;.Et,O was added dropwise
thereto. After the reaction mixture was stirred for 1 hour, 7.0
mL of BF;.Et,O was added thereto and further stirred for 1
hour. Then, the reaction mixture was stirred at room tem-
perature for 5 hours. 100 mL of water was added thereto, and
the mixture was stirred and transferred to a separatory
funnel. Then, an organic layer was extracted therefrom three
times by using 50 mL of chloroform. The extracted organic
layer was dried by using sodium sulfate, and a solution was
concentrated, and 30 mL of chloroform was added thereto.
Crystals were obtained by adding 300 ml of methanol
thereto while heating under reflux, and the obtained crystals
were filtered. The crystals were added to 20 ml of chloro-
form and heated, and 200 ml of methanol was added thereto,
and the mixture was stirred at room temperature for 2 hours.
The generated crystals were filtered and dried to obtain 2.0
g of a solid (yield: 40%). The structure of the obtained
Compound 3 was identified by 'H-NMR.

I

Synthesis Example 4

Compound 3

Synthesis of Compound 8

[0293]
[0294] Compound 4 having the following structure was
synthesized as follows. Specifically, 38.52 g (131.4 mmol)
of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborane-2-y1)-9H-car-
bazole, 20.0 g (64.10 mmol) of 2,2'-dibromo-1,1-biphenyl,
2.22 g (1.92 mmol) of tetrakis(triphenylphosphine)palla-
dium(0) (Pd(PPh;),), 39.86 g (288.46 mmol) of potassium
cabonate, 144 mL of water, and 384 mL of 1,4-dioxane were
added to a reaction vessel in an argon atmosphere, and the

4-1. Synthesis of Compound 4
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Jun. 28,2018

mixture was stirred at a temperature of 85° C. for 10 hours.
After the reaction was completed, the reaction mixture was
cooled to room temperature, and impurities were filtered and
separated therefrom by using Celite (registered trademark).
A solvent was distilled therefrom, methanol was added
thereto, and a precipitated solid was filtered and removed
therefrom. Methanol was added to a solid obtained there-
from, and the mixture was heated and stirred at a tempera-
ture of 80° C. for 2 hours. After the solid was filtered and
removed therefrom, 100 mL of toluene and 400 mL of
methanol were added thereto, and the solid was heated and
stirred at a temperature of 80° C. for 2 hours. The solid was
filtered and removed therefrom, and dried to obtain 20.7 g of
Compound 4 (yield: 66%).

A
B—O
O O |
N
H
Pd(PPh3)4/K7CO3
Dloxane/HZO

Br

O 0
s

Compound 4

e®

[0295]

[0296] 9.70 g (20.0 mmol) of Compound 4, 9.89 g (41.03
mmol) of p-bromohexyl benzene, 7.68 g (80.08 mmol) of
sodium tert-butoxide (t-BuONa), 20.408 g (0.80 mmol) of
bis(tri-tert-butylphosphine)palladium (Pd(t-Bu,P), and 200
mL of xylene were added to an argon-substituted three-neck

4-2. Synthesis of Compound 5

flask, and the mixture was stirred for 4 hours under reflux.
The reaction solution was cooled to room temperature, and
impurities were filtered and removed from the reaction
solution by using Celite (registered trademark). An organic
layer was passed through an alumina column, and a solvent
was distilled under reduced pressure. A solid obtained there-
from was recrystallized by toluene and hexane to obtain 10.0
g of Compound 5 (yield: 62%).
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DD
s

Compound 4

Ot

CeHiys

Pd(t-BuyP)2/t-BuONa
_—
Xylene

CeHi3

g0y

Lo (O

Cellj3

Compound 5

[0297] 4-3. Synthesis of Compound 6

[0298] 10.0 g (12.42 mmol) of Compound 5 and 100 mL
of chloroform were added 1o a three-neck flask and cooled
to a temperature of below -5° C. A solution in which 4.53
g (25.46 mmol) of N-bromosuccinimide (NBS) was dis-
solved in 10 mL of dimethyl formamide was stirred for 2
hours while the internal temperature was kept below 0° C.
Water was added to the reaction solution, extraction was
performed thereon by using chloroform, and drying was
performed thereon by using magnesium sulfate. A solvent
was distilled from the extraction solution under reduced
pressure, and a residue was recrystallized by a mixed solvent
including toluene and hexane and purified to obtain 11.2 g
of Compound 6 (yield: 93%).
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CeHyz

SEg0y

NBS
—_—
Q CHCl;
N
CeHys
Compound 5
CeHys

S0y
s

Br

Cellj3
Compound 6

[0299] 4-4. Synthesis of Compound 7

[0300] 11.0g(11.42 mmol) of Compound 6, 4.29 g (23.42
mmol) of 4-methyl diphenylamine, 6.58 g (68.53 mmol) of
sodium tert-butoxide, 0.24 g (0.46 mmol) of bis(tri-tert-
butylphosphine)palladium (Pd(t-BusP),, and 200 mL of
xylene were added to an argon-substituted three-neck flask.
The mixture was refluxed for 3 hours, and cooled to room
temperature. Impurities were filtered and removed from the
cooled reaction solution by using Celite (registered trade-
mark). An organic layer was passed through an alumina
column, and a solvent was distilled from an eluent under
reduced pressure. A residue obtained therefrom was recrys-
tallized by a mixed solvent including toluene and hexane to
obtain and purified to obtain 13.0 g of Compound 7 (yield:
97%).
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CeHiys

jesols

CeHys

Compound 6

CH,

Cell3

[0301] 4-5. Synthesis of Compound 8

[0302] 12.5 g (10.70 mmol) of Compound 7 and 150 mL
of chloroform were added to an argon-substituted three-neck
flask and cooled to a temperature of below -5° C. A solution
in which 3.85 g (21.93 mmol) of N-bromosuccinimide
(NBS) was dissolved in 15 mL of dimethy] formamide was
stirred for 2 hours while the internal temperature was kept

SESey

Br +

e
SResols
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CHj3
Pd(t-BusP)»/t-BuONa
B
Xylene
NH
Celli3

SSaPN

H,C

Compound 7

below 0° C. The reaction solution was poured into 300 mL
of methanol to filter and remove a precipitated solid. Metha-
nol was added to the solid, and the mixture was heated and
stirred at a temperature of 80° C. for 1 hour. After the solid
was filtered and removed therefrom, recrystallization was
performed thereon three times by using a mixed solvent
including chloroform and iso-propyl alcohol and purified to
obtain 12.2 g of Compound 8 (yield: 86%).
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CeHy3

CH;

Cell13

Compound 7

CH,

O

CeHys

Compound 8

Synthesis Example 5

Svnthesis of Compound 17

[0303] 5-1. Synthesis of Compound 9

[0304] 25.0 g (89.60 mmol) of 2-iodine-4-methoxy-1-
nitrobenzene, 18.89 g (94.08 mmol) of 2-bromophenylbo-
ronic acid, 2.07 g (1.79 mmol) of tetrakis(triphenylphos-
phine)palladium(0) [Pd(PPh,),], 28.48 g (268.79 mmol) of
sodium carbonate, 134 ml of water, 131 mL of dime-
thoxyether (DME), 131 mL of toluene were added to a
reactor in an argon atmosphere, and the mixture was stirred
at a temperature of 85° C. for 15 hours. After the reaction
was completed, the reaction mixture was cooled to room
temperature, and impurities were filtered and separated
therefrom by using Celite (registered trademark). After

NBS
CHCl;

i

CeHiy3

D0 A

N

H;C

water was added to a filtrate, an organic layer was extracted
therefrom by using toluene, and the extracted organic layer
was concentrated. A concentrated solution was purified by
column chromatography 22.0 g of Compound 9 (yield:
79%).

NO,
Br
)
(HO:B
+
OMe

Pd(PPh3)4/NB.2C03
—_—
Toluene/DME
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-continued

OMe
Compound 9

[0305] 5-2. Synthesis of Compound 10

[0306] 20.00 g (64.94 mmol) of Compound 9, 42.56 g
(162.27 mmol) of triphenylphosphine (PPh, ), and 136 mL of
o-dichlorobenzene were added to a nitrogen-substituted
three-neck flask and refluxed at a temperature of 180° C. for
20 hours. A solvent was distilled under reduced pressure,
and a residue obtained therefrom was purified by column
chromatography charged with silica gel to obtain 9.60 g of
Compound 10 (yield: 53%).

NO;
PPhs
Br o-dichlorobenzene
OMe
Compound 9
Br
OMe
N
H
Compound 10
[0307] 5-3. Synthesis of Compound 11

[0308] In an argon atmosphere, 500 mL of dehydrated
1,4-dioxane was added to 5.48 g (20.0 mmol) of p-iodine-
pentylbenzene, 5.00 g (18.1 mmol) of Compound 10, 0.19 g
(1.0 mmol) of copper iodide, and 2.51 g (26.18 mmol) of
sodium tert-butoxide, and the mixture was stirred at room
temperature for 30 minutes. Then, 0.53 g (4.65 mmol) of
trans-1,2-cyclohexanediamine (DACyHx) was added
thereto, and the mixture was stirred for 8 hours under reflux.

[0309] After the reaction was completed, the mixture was
cooled to room temperature and passed through Celite
(registered trademark). A filtrate obtained therefrom was
concentrated. A concentrated residue was purified by silica
gel column chromatography to obtain 5.35 g of a white solid
(vield: 70%).
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Br 1
OMe
Cul/DACyHx/
t-BuONa
4
dioxane
N
H
CsHiy
Compound 10
Br
OMe
N
CsHyy
Compound 11
[0310] 5-4. Synthesis of Compound 12

[0311] 13.40 g (31.73 mmol) of Compound 11 was added
to an argon-substituted three-neck flask, and 190 mL of
tetrahydrofuran (THF) was added and dissolved. The mix-
ture was cooled to a temperature of -75° C. by using an
acetone/dry ice bath and stirred for 15 minutes. Then, 13.17
mL (3490 mmol) of 2.6 M hexane solution of n-butyl
lithium (n-BuLi) was added dropwise thereto, and the mix-
ture was stirred for 1 hour. Then, 7.07 ml (34.90 mmol) of
2-iso-propoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was
added thereto, and the mixture was stirred at room tempera-
ture for 3 hours. After the reaction was completed, water was
added to the reaction mixture, and an organic layer was
extracted therefrom by using ethyl acetate. Then, the
extracted organic layer was concentrated to obtain a solid.
The obtained solid was purified through recrystallization by
hexane to obtain 10.0 g of Compound 12 (yield: 67%).

5 L

N

==}
-
o ~c

n-Bul.i/

THF

Cslly

Compound 11
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-continued [0312] 5-5. Synthesis of Compound 13

[0313] 8.0 g (17.0 mmol) of Compound 12, 2.5 g (8.0
mmol) of 2,2'-dibromo-1,1'-biphenyl, 0.19 (0.17 mmol) of
O\ tetrakis(triphenylphosphine)palladium(0) (Pd(PPh,),), 1.86
2 (17.6 mmol) of sodium carbonate, 20 mL of water, and 50

mL of 1,4-dioxane were stirred at a temperature of 85° C. for
10 hours in a reactor in an argon atmosphere. After the
reaction was completed, the reaction mixture was cooled to

N room temperature, and impurities were filtered and sepa-
rated therefrom by using Celite (registered trademark). After

a solvent was distilled, methanol was added thereto and a

precipitated solid was filtered and separated therefrom.

Methanol was added to a solid obtained therefrom and

CSH,, heated at a temperature of 80° C. for 2 hours under reflux.
Compound 12 The solid was filtered and removed therefrom by adding
toluene and methanol thereto, and dried to obtain 4.0 g of

Compound 13 (yield: 60%).

OMe O
LB Pd(PPhy)4/2N Na;CO; eq
dioxane
Br
| O
CsHyy

Compound 12

OMe

()

R A
5O

MeO
Compound 13
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[0314]

[0315] A reaction solution in which 4.0 g (4.7 mmol) of
Compound 13 was added to 50 mL of dichloromethane was
stirred at a temperature of 0° C. in an argon atmosphere.
Then, a dichloromethane solution including boron tribro-
mide (10.34 mmol) was added dropwise thereto, and the

5-6. Synthesis of Compound 14

OMe

CSH”ON

9

MeO
Compound 13

mixture was stirred at room temperature for 18 hours. The
reaction mixture was cooled to a temperature of 0° C., and
40 mL of water was added thereto to separate an organic
layer. A solvent was distilled under reduced pressure. A
residue obtained therefrom was purified by silica gel column
chromatography (developing solvent: toluene) to obtain 3.7
g of Intermediate (OH type) (yield: 99%).

[0316] Then, 3.7 g (4.5 mmol) of Intermediate (OH type),
1.1 g (10.73 mmol) of 2,6-lutidine, and 150 mL of dehy-
drated dichloromethane were added in an argon atmosphere
and cooled to a temperature of 0° C. in an ice bath. Then, 3.0
g (10.80 mmol) of trifluvoromethanesulfonic anhydride
(T£,0) was added thereto and reacted at room temperature
for 5 hours.

[0317] After the reaction was completed, 150 mL of water
was added thereto to extract an organic layer. The extracted

Qe
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organic layer was dried by using magnesium sulfate and
filtrated to remove magnesium sulfate. A solvent was
removed under reduced pressure, and a residue obtained
therefrom was separated by silica gel column chromatogra-
phy to obtain 3.8 g of Compound 14 (yield: 80%).

BBI3
CH,Cl,

TH0/Lutidine
CH,CL

N
9

OTf

QO
J 0

9
(J

TO

[0318] 5-7. Synthesis of Compound 15

[0319] 3.8 g (3.6 mmol) of Compound 14, 0.77 g (7.2
mmol) of 4-methylamine, and 50 mL. of dehydrated toluene
were added to a flask in an argon atmosphere, and the
mixture was stirred at room temperature for 30 minutes.
Then, 92 mg (0.10 mmol) of tris(dibenzylideneacetone)
dipalladium, 221 mg (0.40 mmol) of 1,1'-bis(diphenylphos-
phino)ferrocene, and 1.3 g (14.4 mmol) of sodium t-butox-
ide were added thereto, and the mixture was stirred at a
temperature of 95° C. for 2 hours. The reaction mixture was
cooled to room temperature, and water and toluene were
added thereto to perform liquid separation and washing. An
organic layer obtained therefrom was dried by using mag-
nesium sulfate, dried, filtered, and then concentrated. A
residue obtained therefrom was purified by column chroma-
tography (developing solvent: hexane/ethyl acetate=95/5) to
obtain 2.1 g of Compound 15 (yield: 60%).

Compound 14
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OTf

QO
OOO
(J

TO

Compound 14
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CH,

H3C O

Compound 15

[0320] 5-8. Synthesis of Compound 16

[0321] 150 mL of dehydrated 1,4-dioxane was added to
1.27 g (4.5 mmol) of p-bromoiodine benzene, 2.1 g (2.1
mmol) of Compound 15, 0.043 g (0.23 mmol) of copper
iodide, and 0.56 g (5.89 mmol) of sodium tert-butoxide in an
argon atmosphere, and the mixture was stirred at room
temperature for 30 minutes. Then, 0.115 g (1.04 mmol) of

tris-1,2-cyclohexane diamine was added thereto, and the
mixture was heated and stirred for 8 hours under reflux.
[0322] After the reaction was completed, the reaction
mixture was cooled to room temperature and passed through
Celite (registered trademark), and a filtrate was concen-
trated. A concentrated residue obtained therefrom was puri-
fied by silica gel column chromatography to obtain 1.36 g of
Compound 16 (yield: 50%).
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Compound 15

Compound 16

Synthesis Example 5

Synthesis of Compound 17

[0323] 5.2 g (17.0 mmol) of boronic ester, 2.5 g (8.0
mmol) of 2,2"-dibromo-1,1'-biphenyl, 0.19 g (0.17 mmol) of
tetrakis(triphenylphosphine)palladium(0) (Pd(PPh,),), 1.86
g (17.6 mmol) of sodium carbonate, 20 mL of water, and 50
mlL of 1,4-dioxane were added to a reactor in an argon
atmosphere, and the reaction mixture was stirred at a tem-
perature of 85° C. for 10 hours. The reaction was completed,
the reaction mixture was cooled to room temperature and
impurities were filtered and separated by using Celite (reg-
istered trademark). After a solvent was distilled, methanol
was added thereto, and a precipitated solid was filtered and
removed therefrom. Methanol was added to a solid obtained
therefrom, and the mixture was heated and stirred at a
temperature of 80° C. for 2 hours. The solid was filtered and
removed therefrom by adding toluene and methanol and
dried to obtain 6.4 g of Compound 17 (yield: 73%).

CsHyy

CH,

Jun. 28,2018
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Compound 17

Synthesis Example 6

Synthesis of Compound 19

[0324] 6-1. Synthesis of Compound 18

[0325] 3.34 g (20.0 mmol) of 9H-carbazole, 9.62 g (20.50
mmol) of 2-bromo-9,9-dioctylfluorene, 3.84 g (40.04 mmol)
of sodium-tert-butoxide (t-BuONa), 0.204 g (0.40 mmol) of
bis(tri-tert-butylphosphine)palladium (Pd(t-Bu,P),, and 100
mL of xylene were added to an argon-substituted three-neck
flask, and the mixture was stirred for 4 hours under reflux.
The reaction solution was cooled to room temperature and
impurities were filtered and separated therefrom by using
Celite (registered trademark). An organic layer obtained
therefrom passed through an alumina column, and a solvent
was distilled from an eluent under reduced pressure to obtain
8.3 g of Compound 18 (yield: 75%).

i

CHyy
Pd(t-Bu3P)2/t-BuONa
—_—m

CeHj7 Xylene
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CsHy7

&
5

N

-0

Compound 18

[0326] 6-2. Synthesis of Compound 19

[0327] 8.0 g (14.37 mmol) of Compound 18 and 150 mL
of chloroform were added to an argon-substituted three-neck
flask and cooled to below -5° C. A solution in which 5.6 g
(31.66 mmol) of N-bromosuccinimide (NBS) was dissolved
in 25 mL of dimethylformamide was stirred for 2 hours
while the internal temperature was kept below 0° C. After
the reaction was completed, liquid separation was performed
thereon by adding 300 mL of water thereto. An organic layer
obtained therefrom was dried by using sodium sulfate and
purified by silica gel column chromatography to obtain 8.8
g of Compound 19 (yield: 86%).

J

CsHy7
CgHy7
NBS
—_—
CHCL
N,
Compound 18
. CgHy7
CsHy7
N,
Br Br

Compound 19
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Example 1

Synthesis of Polymer Compound A-1

[0328] Polymer Compound A-1 including the following
repeating unit A and repeating unit B was synthesized by
using Compound 1, Compound 2, Compound 3, and Com-
pound 8, which were synthesized in Synthesis Examples.

Polymer Compound A-1

CeHys

CeHys

CH;

Jun. 28,2018

ate sodium trihydrate and 50 mL of ion-exchange water were
added thereto and additionally stirred at a temperature of 85°
C. for 2 hours. After an organic layer was separated from the
water layer, the organic layer was sequentially washed with
water, 3 wt % of acetic acid aqueous solution, and water. The
organic layer was added dropwise to methanol, and a
polymer compound was precipitated, filtered and dried to

B)

CeHys

D
ngoq@/

Cellj3

CH;

s

[0329] 1.49 g (3.0 mmol) of Compound 1, 0.138 g (0.30
mmol) of Compound 2, 0.159 g (0.30 mmol) of Compound
3,3.22 g (2.4 mmol) of Compound 8, 2.15 mg of palladium
acetate, 20.25 mg of tris(2-methoxyphenyl)phosphine, 45
mL of toluene, and 11.42 g of 20 wt % tetraethylammonium
hydroxide aqueous solution were stirred for 7 hours in an
argon atmosphere. Then, 23.30 mg (0.57 mmol) of phenyl-
boronic acid, 2.15 mg of palladium acetate, 10.12 mg of
tris(2-methoxyphenyl)phosphine, and 11.42 g of 20 wt %
tetraethylammonium hydroxide aqueous solution were
heated for 7 hours under reflux. Then, a water layer was
removed, 5.4 g (23.97 mmol) of N,N-diethyldithiocarbam-

obtain a solid. The solid was dissolved in toluene and passed
through column chromatography charged with silica gel and
alumina, and a solvent was distilled under reduced pressure.
A liquid obtained therefrom was added dropwise to metha-
nol, and a precipitated solid was filtered, separated, and
dried to obtain Polymer Compound A-1.

[0330] From the addition ratio of the monomers, it was
estimated that the obtained Polymer Compound A-1 was a
polymer compound in which the repeating unit A having the
above composition (the repeating unit derived from Com-
pound 1: the repeating unit derived from Compound 8: the
repeating unit derived from Compound 3: the repeating unit
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derived from Compound 2 was 50:40:5:5 (molar ratio)) and
the repeating unit B were alternately polymerized. Also, it
was estimated by size exclusion chromatography (SEC) that
the number average molecular weight (Mn) and the molecu-
lar weight distribution (Mw/Mn) of Polymer Compound A-1
were Mn=55,000 and Mw/Mn=2.54.

Example 2

Synthesis of Polymer Compound A-2

[0331] Polymer Compound A-2 including the following
repeating unit A' and repeating unit B' was synthesized by
using Compound 1, Compound 2, Compound 3, and Com-
pound 16, which were synthesized in Synthesis Examples.

Jun. 28,2018
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[0332] 1.49 g (3.0 mmol) of Compound 1, 0.138 g (0.30
mmol) of Compound 2, 0.159 g (0.30 mmol) of Compound
3,3.12 g (2.4 mmol) of Compound 16, 2.15 mg of palladium
acetate, 20.25 mg of tris(2-methoxyphenyl)phosphine, 45
mL of toluene, and 11.42 g of 20 wt % tetracthylammonium
hydroxide aqueous solution were stirred for 7 hours in an
argon atmosphere. Then, 23.30 mg (0.57 mmol) of phenyl-
boronic acid, 2.15 mg of palladium acetate, 10.12 mg of
tris(2-methoxyphenyl)phosphine, and 11.42 g of 20 wt %
tetraethylammonium hydroxide aqueous solution were
heated for 7 hours under reflux. Then, a water layer was
removed, 5.4 g (23.97 mmol) of N,N-diethyldithiocarbam-
ate sodium trihydrate and 50 mL of ion-exchange water were
added thereto and additionally stirred at a temperature of 85°

Polymer Compound A-2

CeHy3

CeHys

CH;

(a9

®)
CsHyy

CsHy

=40/5/5
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C. for 2 hours. After an organic layer was separated from the
water layer, the organic layer was sequentially washed with
water, 3 wt % of acetic acid aqueous solution, and water. The
organic layer was added dropwise to methanol, and a
polymer compound was precipitated, filtered and dried to
obtain a solid. The solid was dissolved in toluene and passed
through column chromatography charged with silica gel and

35

Jun. 28,2018

Example 3

Synthesis of Polymer Compound A-3

[0334] Polymer Compound A-3 including the following
repeating unit A" and repeating unit B" was synthesized by
using Compound 17, Compound 2, Compound 3, and Com-
pound 19, which were synthesized in Synthesis Examples.

Polymer Compound A-3

CH,

. CsHyr
O CsHyr
/ N \
alumina, and a solvent was distilled under reduced pressure.
A liquid obtained therefrom was added dropwise to metha-

nol, and a precipitated solid was filtered, separated, and
dried to obtain Polymer Compound A-2.

[0333] From the addition ratio of the monomers, it was
estimated that the obtained Polymer Compound A-2 was a
polymer compound in which the repeating unit A' having the
composition (the repeating unit derived from Compound 1:
the constituent unit derived from Compound 16: the repeat-
ing unit derived from Compound 3: the repeating unit
derived from Compound 2 was 50:40:5:5 (molar ratio)) and
the repeating unit B' were alternately polymerized. Also, it
was estimated by SEC that the number average molecular
weight (Mn) and the molecular weight distribution (Mw/
Mn) of Polymer Compound A-2 were Mn=40,000 and
Mw/Mn=2.50.

50

i)
2

(A"

(B

(i)

=40/5/5

[0335] 4.00 g (7.74 mmol) of Compound 17, 0.35 g (0.774
mmol) of Compound 2, 0.41 g (0.774 mmol) of Compound
3, 422 g (5.92 mmol) of Compound 19, and 55 mL of
toluene were stirred at a temperature of 60° C. for 3 minutes
in an argon atmosphere.

[0336] Then, 0.14 g (0.16 mmol) of tris(dibenzylidene
acetone)dipalladium and 0.32 g (1.20 mmol) of 4-(N,N-
dimethylamino)phenyl]di-tert-butylphosphine  (Aniphos)
were added thereto and heated for 2 hours under reflux. After
confirming that disappearance of each monomer, 0.89 g
(0.56 mmol) of bromobenzene was added thereto and heated
for 2 hours under reflux. After the reaction was completed,
the reaction solution was cooled to room temperature, and
50 mL of toluene was added thereto. Then, the reaction
solution was added dropwise to 500 mL of methanol to
obtain a solid.

[0337] The solid was dissolved in toluene and passed
through column chromatography charged with silica gel and
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alumina to distill the solvent under reduced pressure. A
liquid obtained therefrom was added dropwise to methanol,
and a precipitated solid was filtered, separated, and dried to
obtain Polymer Compound A-3.

[0338]
estimated that the obtained Polymer Compound A-3 was a
polymer compound in which the repeating unit A" having
the composition (the repeating unit derived from Compound
17: the constituent unit derived from Compound 19: the
repeating unit derived from Compound 3: the repeating unit
derived from Compound 2 was 50:40:5:5 (molar ratio)) and
the repeating unit B" were alternately polymerized. Also, it
was estimated by SEC that the number average molecular
weight (Mn) and the molecular weight distribution (Mw/
Mn) of Polymer Compound A-3 were Mn=9,100 and
Mw/Mn=1.64.

[0339]

[0340] The triplet energy levels (eV) of Polymer Com-
pounds A-1 to A-3 prepared according to Examples 1 to 3
and poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4'-(N-(4-sec-
butyl phenyl) diphenylamine) (TFB) (product of Lumines-
cence Technology Corp.) having the following repeating
unit (Comparative Example 1) were measured according to
the following method. Results thereof are shown in Table 1.

From the addition ratio of the monomers, it was

Mn=9.100, Mw/Mn=1.64.

L0

TFB

Evaluation Example 1

Measurement of Triplet Energy Level

[0341] A coating solution was prepared by dissolving each
Compound in toluene such that the concentration thereof
was 3.2 wt %. The coating solution was spin-coated at a
rotating speed of 1,600 revolutions per minute (rpm) and
dried at a temperature of 250° C. for 60 minutes on a hot
plate to obtain a film (sample) having a thickness of about
70 nanometers (nm) (thickness after drying). The sample
was cooled to 77 Kelvins (K) (-196° C.) and a photolumi-
nescence (PL) spectrum was measured. Also, the triplet
energy level (electron volts, eV) was calculated from the
peak value of the shortest wave side of the PL spectrum, and
results thereof are shown in Table 1.

Jun. 28,2018
TABLE 1
Polymer Mn Mw Triplet energy
Compound (x104) (x104) level (eV)

Example 1 A-1 5.5 14.0 2.70
Example 2 A-2 4.0 10.0 2.75
Example 3 A-3 0.9 1.5 2.42
Comparative TFB 8.6 183 2.30
Example 1

[0342] From the results of Table 1, it is confirmed that the

polymer compounds have a significantly high triplet energy
level, as compared with TFB that is an existing polymer
compound.

Example 4

Manufacture of Organic Light-Emitting Device
Device-1

[0343] As a first electrode (anode), a hole injection layer
was formed on an ITO glass substrate, on which stripe-
shaped indium tin oxide (ITO) was deposited to a film
thickness of 150 nm, by spin coating, such that PEDOT/PSS
(product of Sigma-Aldrich) had a dry film thickness of 30
nm.

[0344] Then, Polymer Compound A-1 (hole transport
material A-1) synthesized in Example 1 was dissolved in
xylene (solvent) at a concentration of 1 wt % to prepare a
coating liquid for forming a hole transport layer. The coating
liquid (A-1) for forming a hole transport layer was applied
on the hole injection layer by spin coating, such that a
thickness (dry film thickness) was 30 nm, and heat treatment
was performed thereon at a temperature of 230° C. for 1 hour
to form a hole transport layer having a thickness (dry film
thickness) of 30 nm.

[0345] Also, prepared was a toluene solution including
Compound h-1 (6,9-diphenyl-9'-(5'-phenyl-[1,1"3',1"-ter-
phenyl]-3-y1)3,3'-bis[ 9H-carbazole) and Compound h-2
(3,9-diphenyl-5-(3-(4-phenyl-6-(5'-phenyl-[1,1":3",1"-ter-
phenyl]-3-y1)-1,3,5-triazine-2-yl)ph enyl)-9H-carbazole) as
a host material, and tris(2-(3-p-xylyl)phenyl)pyridine iridi-
um(IIl) as a dopant material on the hole transport layer. At
this time, the toluene solution was prepared so that Com-
pound h-1 has a concentration of 0.49 grams per milliliter
(g/mL) and Compound h-2 has a concentration of 0.05
g/mL. Also, an amount of the dopant material was adjusted
so that a doping amount was 10 percent by weight (wt %)
based on the total weight of the emission layer. The toluene
solution was applied on the hole transport layer to a dry film
thickness of 30 nm by spin coating, thereby forming an
emission layer.
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[0346] Then, (8-quinolinolato)lithium (LiQ) and KLET-
03 (product of Chemipro Kasei) were vacuum-deposited on
the emission layer in a vacuum deposition apparatus to form
an electron transport layer having a thickness of 50 nm.
Also, lithium fluoride (LiF) was deposited on the electron
transport layer in the vacuum deposition apparatus to form
an electron injection layer having a thickness of 1 nm.

[0347] Then, aluminum was deposited on the electron
injection layer in the vacuum deposition apparatus to form
a second electrode (cathode) having a thickness of 100 nm.
In this manner, the manufacture of an organic light-emitting
device Device-1 was completed.
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Example 5
Manufacture of Organic Light-Emitting Device
Device-2
[0348] An organic light-emitting device Device-2 was

manufactured in the same manner as in Example 4, except
that Polymer Compound A-2 synthesized in Example 2 was
used instead of Polymer Compound A-1.

Example 6

Manufacture of Organic Light-Emitting Device
Device-3

[0349] An organic light-emitting device Device-3 was
manufactured in the same manner as in Example 4, except
that Polymer Compound A-3 (hole transport material A-3)
synthesized in Example 3 was used instead of Polymer
Compound A-1 (hole transport material A-1) in forming a
hole transport layer.

Comparative Example 2

Manufacture of Organic Light-Emitting Device
Device-4

[0350] An organic light-emitting device Device-4 was
manufactured in the same manner as in Example 4, except
that poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4'-(N-(4-sec-
butylphenyl) diphenylamine) (TFB) (product of Lumines-
cence Technology Corp.) was used instead of Polymer
Compound A-1 (hole transport material A-1) in forming a
hole transport layer.

[0351] The current efficiency and durability (emission
lifespan) of the organic light-emitting devices Device-1 to
Device-3 manufactured according to Examples 4 to 6 and
the organic light-emitting device Device-4 manufactured
according to Comparative Example 2 were evaluated by
using the following method. Results thereof are shown in
Table 2.

Evaluation Example 2

Evaluation of Current Efficiency and Durability
(Emission Lifespan)

[0352] First, when a predetermined voltage was applied to
the organic light-emitting devices by using a DC constant
voltage source (source meter, manufactured by KEYENCE),
a current started to flow through the respective organic
light-emitting devices at a constant voltage, and the organic
light-emitting devices emitted light. The voltage at this time
was set as a driving voltage (V). While the light emission of
the organic light-emitting device was measured by using a
luminance measurement apparatus (SR-3, manufactured by
Topcom), a current applied to the organic light-emitting
device was gradually increased. A current at which lumi-
nance reached 6,000 candelas per square meter (cd/m”) was
constantly maintained.

[0353] A current density that was a current value per unit
area of the organic light-emitting device was calculated, and
current efficiency (candelas per ampere, c¢d/A) was calcu-
lated by dividing luminance (cd/m?) by the current density
(amperes per square meter, A/m?).

[0354] The emission lifespan (hour, hr) indicates an
amount of time that lapsed when luminance measured by the
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measurement apparatus was reduced to 95% of initial lumi-
nance (100%). Also, the current efficiency indicates effi-
ciency (conversion efliciency) of converting a current into
luminescence energy. As the current efficiency is higher, the
organic light-emitting device has higher performance.

TABLE 2
Organic Current  Emission
light-emitting  Hole transport  efficiency  lifespan
device material (cd/A) (time)
Example 4 Device-1 A-1 64 268
Example 5 Device-2 A-2 70 122
Example 6 Device-3 A-3 60 89
Comparative Device-4 TFB 20 10

Example 2

[0355] Table 2, it is confirmed that the organic light-
emitting devices Device-1 to Device-3 including the poly-
mer compounds of Examples 1 to 3 as the hole transport
material are excellent in terms of both current efficiency and
emission lifespan, as compared with the organic light-
emitting device Device-4 using an existing hole transport
material (TFB). Therefore, it is confirmed that the polymer
compounds may be suitably used as the light-emitting
material, in particular, the hole transport material. Also, it is
confirmed that the use of the polymer compounds of
Examples enables a hole transport material to be formed by
using coating, and thus mass production may be possible.
[0356] As described above, the polymer compound has a
high triplet energy level and may enable a film to be easily
formed by heating. Therefore, the use of the polymer com-
pound may improve the thermal stability of the organic
layer, thereby improving the emission lifespan of the organic
light-emitting device.

[0357] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.

[0358] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the present disclosure as defined
by the following claims.

What is claimed is:

1. A polymer compound comprising:

a first repeating unit represented by Formula 1; and
a second repeating unit represented by Formula 3:

Formula 1

(Ry)p

__XZ Xl__

@

Ra)ez |
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-continued
Formula 2
Ar
* (Ar)g—N—(Ar)p—*
Formula 3
o
Q1
(Ll)ml
pl
Ary

wherein, in Formula 1,

X, and X, are each independently represented by Formula
25

R, and R, are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cq, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl
group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C,-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C,-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-C,o heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
stituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C4-Cy, arylthio group, a substituted or unsub-
stituted C,-Cgq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group,

bl and b2 are each independently an integer from 1 to 4,

when bl is two or more, two or more groups R, are
identical to or different from each other, and

when b2 is two or more, two or more groups R, are
identical to or different from each other,

wherein, in Formula 2,

Ar, to Ar; are each independently selected from a substi-
tuted or unsubstituted C4-C, carbocyclic group and a
substituted or unsubstituted C,-C;, heterocyclic group,

al and a2 are each independently an integer from 0 to 4,

provided that, when al is zero, Ar, is a single bond, and

when a2 is zero, Ar, is a single bond, and

* and * each indicate a binding site to a neighboring
atom,

wherein, in Formula 3,

Ar, 1s a substituted or unsubstituted C5-C;, carbocyclic
group or a substituted or unsubstituted C,-C,,, hetero-
cyclic group,

L, is selected from a single bond, a substituted or unsub-
stituted C,-C, alkylene group, a substituted or unsub-
stituted C,-C,,, cycloalkylene group, a substituted or
unsubstituted C, -C, , heterocycloalkylene group, a sub-
stituted or unsubstituted C,-C, cycloalkenylene group,
a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C;-Cg,
arylene group, a substituted or unsubstituted C,-Cq,
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heteroarylene group, a substituted or unsubstituted
divalent non-aromatic condensed polycyclic group, and
a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group,

ml is an integer from 0 to 5,
when ml is zero, L, is a single bond,

when ml is two or more, two or more groups L, are
identical to or different from each other,

Q, is a monovalent crosslinking group comprising at least
one selected from an ether group, a vinyl group, an
acrylate group, a methacrylate group, a styryl group, an
epoxy group, an oxetane group, and a benzocy-
clobutene group,

nl is an integer from 1 to 5,

when nl is two or more, two or more groups Q, are
identical to or different from each other, and

pl is an integer from 1 to 5, wherein, when p1 is two or
more, two or more groups -(L,),.;-(Q,),,; are identical
to or different from each other.

2. The polymer compound of claim 1, wherein,

in the polymer compound, al+a2=1 is satisfied in Formula

3. The polymer compound of claim 1, wherein

Ar, and Ar, in Formula 2 are each independently a
substituent represented by one of Formulae A-1 to A-9:

A-1
Z, ®
|
N.
A-2
Z
|
N,
**’
A3
7
|
“
-
A4
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A-5
* 7y *!
[
N,
A-6
£ Zl
[
N
A-7
A-8
A9

wherein, in Formulae A-1 to A-9,

7, is selected from hydrogen, deuterium, —F, —Cl,—Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cg,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C,-Cg, alkoxy group, a substituted or
unsubstituted C5-C, , cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C, , heterocycloalkenyl
group, a substituted or unsubstituted C4-C,, aryl group,
a substituted or unsubstituted C,-Cq, aryloxy group, a
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substituted or unsubstituted C4-Cq, arylthio group, a
substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, and

* and * each indicate a binding site to a neighboring
atom.

4. The polymer compound of claim 1, wherein

Ar; in Formula 2 is a substituent represented by one of
Formulae B-1 to B-7:

N
N
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B-6

%

B-7

wherein, in Formulae B-1 to B-7,

7 and 75 are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a hitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl
group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C5-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C,-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-Cy, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, a substituted or unsub-
stituted C,-Cy, aryloxy group, a substituted or unsub-
stituted C4-C,, arylthio group, a substituted or unsub-
stituted C,-Cgq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, and

* indicates a binding site to a neighboring atom.
5. The polymer compound of claim 1, wherein

R, and R, are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
C,-C, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a triphenylenyl group, a biphenyl
group, a dimethylfluorenyl group, a diphenylfluorenyl
group, and a carbazolyl group.
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6. The polymer compound of claim 1, wherein
the first repeating unit is represented by one of Formulae
1-1 to 1-10:

Ry

oo §
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-continued
1-9 1-10
@)
9%
R,
0
oYe!
o0
*—N
Rpp
Ry
Ry .

wherein, in Formulae 1-1 to 1-10,

R,, to R, are each independently hydrogen, deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
anitro group, an amino group, or a C,-Cy, alkyl group,
and

* and * each indicate a binding site to a neighboring
atom.

7. The polymer compound of claim 1, wherein

Q, in Formula 3 is a crosslinking group represented by
one of Formulae Q-1 to Q-8:

H !
/ H
Ryo
Q2
0, Rig
*—0 \ H
H
Q-3
H
H
/ \_/

-continued
0 et
O\/A\
*/ Ryo
6] o
o o\/A\
N 7
e (CHy), Rio
O, Qe
*/ Ry
0 o7
© O\Q
N 7
i (CHy), Rio
Q-8

7\
X :

* —

wherein, in Formulae Q-1 to Q-8,

R,, is hydrogen, deuterium, —F, —Cl, —Br, —1I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, or a C,-C,, alkyl group,

p is an integer from 1 to 10, and

* indicates a binding site to a neighboring atom.
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tuted or unsubstituted C4-Cq, arylthio group, a
substituted or unsubstituted C,-Cg,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-

8. The polymer compound of claim 1, wherein
Ar, in Formula 3 is a substituent represented by one of
Formulae C-1 to C-4:

C-1
7y Zs ! eropolycyclic group,
at least one of Z, and Z; is -(L,),,,-(Q,),,;, and
' . * and * each indicate a binding site to a neighboring
atom.
9. The polymer compound of claim 1, wherein
the second repeating unit is represented by Formula 3-1 or
3-2:
C-2
Zy Zs
i. 31
L PR
* 74 Zs ® .
i! ‘D 32
C4

*

7y IZs

-0

®!
>

/ \

(3

wherein, in Formulae 3-1 and 3-2,

* and * each indicate a binding site to a neighboring
atom.

wherein, in Formulae C-1 to C-4,

7, and Z are each independently selected from -(L,),,,-
(Q)),.1» hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted
C,-Coo alkyl group, a substituted or unsubstituted
C,-Cg, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted
C;-C, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C;-C,, cycloalkenyl group, a substituted or

10. The polymer compound of claim 1, wherein

an amount of the first repeating unit is in a range of about
35 parts by weight to about 95 parts by weight based on
100 parts by weight of the polymer compound, and

an amount of the second repeating unit is in a range of
about 5 parts by weight to about 15 parts by weight
based on 100 parts by weight of the polymer com-
pound.

11. The polymer compound of claim 1, further comprising
a third repeating unit represented by Formula 4:

+Arst,

Formula 4

wherein, in Formula 4,

unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-Cg, aryl group, a substi-
tuted or unsubstituted C¢-Cy,, aryloxy group, a substi-

Ar; is a substituted or unsubstituted C,-C,, carbocyclic
group or a substituted or unsubstituted C,-C,, hetero-
cyclic group.
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12. The polymer compound of claim 1, wherein _continued
45
the third repeating unit is represented by one of Formulae

4-1 to 4-5:

41

*

*!

42

R4)
wherein, in Formulae 4-1 to 4-5,
R,, and R, are each independently hydrogen, deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
anitro group, an amino group, or a C;-C, alkyl group,
N

and
* and * each indicate a binding site to a neighboring
atom.
13. The polymer compound of claim 1, wherein
an amount of the third repeating unit is in a range of about
* 5 parts by weight to about 50 parts by weight based on
# 100 parts by weight of the polymer compound.
14. The polymer compound of claim 1, wherein
a number average molecular weight (Mn) of the polymer
compound is in a range of about 10,000 Daltons to
about 500,000 Daltons.
15. A composition comprising:
the polymer compound of claim 1; and
a liquid medium.
16. The composition of claim 15, further comprising at
least one selected from a hole transport material, an electron

Ry
N transport material, and a light-emitting material.
17. The composition of claim 16, wherein
. O the light-emitting material comprises an organometallic
complex compound.
18. An organic light-emitting device comprising;

a first electrode;

a second electrode; and

an organic layer disposed between the first electrode and
the second electrode,

44 wherein the organic layer comprises an emission layer

and the polymer compound of claim 1.

19. The organic light-emitting device of claim 18, wherein

the first electrode is an anode,

@. the second electrode is a cathode,

43

the organic layer further comprises a hole transport region
Ry, disposed between the first electrode and the emission
layer and an electron transport region disposed between
N the emission layer and the second electrode,
wherein the hole transport region comprises at least one
selected from a hole injection layer, a hole transport
@ layer, a buffer layer, an emission auxiliary layer, and an
electron blocking layer,
) wherein the electron transport region comprises at least

one selected from a hole blocking layer, an electron
transport layer, and an electron injection layer, and



US 2018/0182968 A1l
48

wherein a layer comprising the polymer compound is
included in the hole transport region.

20. The organic light-emitting device of claim 18, wherein

the emission layer comprises a light-emitting material that
emits light from triplet excitons.

® 0% % % %
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