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(57) ABSTRACT

A compound, an organic light-emitting device, and a flat
panel display device, the compound being represented by
Formula 1, below:

Formula 1
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COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0026210,
filed on Mar. 5, 2014, in the Korean Intellectual Property
Office, and entitled: “Compound and Organic Light-Emitting
Device Comprising the Same,” is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a compound and an organic
light-emitting device including the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices, which are self-emit-
ting devices, may have advantages such as a wide viewing
angle, excellent contrast, quick response, high brightness,
and excellent driving voltage characteristics, and may pro-
vide multicolored images.

[0006] An organic light-emitting device may have a struc-
ture including a substrate, and an anode, ahole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and a cathode which are sequentially stacked on the
substrate. In this regard, the HTL, the EML, and the ETL, may
be organic thin films respectively formed of organic com-
pounds.

[0007] An operating principle of an organic light-emitting
device having the above-described structure may be as fol-
lows.

[0008] Whena voltage is applied between the anode and the
cathode, holes injected from the anode may move to the EML
via the HTL, and electrons injected from the cathode may
move to the EML via the ETL. Carriers (such as the holes and
electrons) may recombine in the EML to generate excitons.
When the excitons drop from an excited state to a ground
state, light may be emitted.

SUMMARY

[0009] Embodiments are directed to a compound and an
organic light-emitting device including the same.

[0010] According to one or more embodiments, a com-
pound is represented by Formula 1 below:

Formula 1

[0011] wherein R, to R, are each independently a substi-
tuted or unsubstituted C,-Cq, aryl group, a substituted or
unsubstituted C,-Cg, heteroaryl group. or a substituted or
unsubstituted C,-Cg, condensed polycyclic group,
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[0012] A and B are each independently a substituted or
unsubstituted C;-C, arylene group or a substituted or unsub-
stituted C,-Cq, heteroarylene group, and

[0013] m and n are each independently an integer of O or 1.
[0014] According to one or more embodiments, an organic
light-emitting device includes: a first electrode; a second
electrode; and an organic layer interposed between the first
electrode and second electrode, wherein the organic layer
includes the compound represented by Formula 1.

[0015] According to one or more embodiments, a flat panel
display device includes the organic light-emitting device,
wherein the first electrode of the organic light-emitting device
is electrically connected to a source electrode or a drain
electrode of a thin-film transistor.

BRIEF DESCRIPTION OF THE DRAWING

[0016] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawing in which:

[0017] FIG. 1 illustrates a schematic cross-sectional view
of an organic light-emitting device according to an embodi-
ment.

DETAILED DESCRIPTION

[0018] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ing; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0019] In the drawing FIGURE, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements throughout.
[0020] 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.

[0021] A compound according to an embodiment may be
represented by Formula 1, below.

Formula 1
Ry R, Rz Ry
~ . e ~ N Ve

[0022] InFormulal,R,toR, may be eachindependently a
substituted or unsubstituted C,-C, aryl group, a substituted
or unsubstituted C,-Cg, heteroaryl group, or a substituted or
unsubstituted C,-Cy, condensed polycyclic group, A and B
may be each independently a substituted or unsubstituted
Cs-Cg arylene group or a substituted or unsubstituted C, -Cy,
heteroarylene group, and m and n may be each independently
an integer of 0 or 1.
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[0023] Thecompound according to an embodiment may be
suitable for a light-emitting material used in organic light-
emitting devices. For example, the compound represented by
Formula 1 may have a high glass transition temperature (Tg)
or melting point due to an introduction of a heterocyclic
group. Thus, the compound may have high thermal resistance
against Joule heat generated in an organic layer, between
organic layers, and/or between an organic layer and a metallic
electrode when light emission occurs, and may have high
durability in a high-temperature environment. An organic
light-emitting device manufactured using the compound of
Formula 1 may have high durability when stored or operated.

[0024] Substituents of Formula 1 will be described below in
more detail.
[0025] According to an embodiment, R, to R, may be each

independently selected from the group of moieties repre-
sented by Formulae 2a to 2d, below.
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[0026] InFormulae 2ato 2d, Q, may be —C(R;,)(R;5)—,
—S—, or —O0—, 7Z,, R,,, and R,, may be each indepen-
dently, a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C,-C,, alkyl group, a C,-C,, alkylsilyl group, a
substituted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted C,-C,, condensed polycyclic group, ahalogen-
containing group, a cyano group, a nitro group, a hydroxyl
group, or a carboxyl group, P may be an integer of 1 to 9, and
* is a binding site (e.g., to an N atom of Formula 1).

[0027] In an implementation, A and B may be each inde-
pendently a moiety represented by Formula 3a, below.

3a
Zyp
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[0028] In Formula3a, 7, may be a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C4-C,, aryl group, a
substituted or unsubstituted C,-C,, heteroaryl group, a sub-
stituted or unsubstituted C4-C,, condensed polycyclic group,
a halogen-containing group, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group, P may be an integer of
1to 4, and the *s are binding sites (e.g., to a N atom and/or to
the core moiety of Formula 1).

[0029] Inanimplementation, the compound represented by
Formula 1 may be represented by one of Formula 2, 3, 4, or 5.

Formula 2

Formula 3

Formula 4

Formula 5




US 2015/0255723 Al

[0030] Substituents of Formulae 2 to 5 may be as defined
above with reference to Formula 1.

[0031] Substituents used herein will now be described in
detail. In this regard, the numbers of carbon atoms in the
substituents are presented only for illustrative purposes and
do not limit the characteristics of the substituents. Substitu-
ents that are not defined herein are defined as well known in
the art.

[0032] Theunsubstituted C,-Cq, alkyl group may be linear
or branched. Examples of the alkyl group may include, but are
notlimited to, methyl, ethyl, propyl, isobutyl, sec-butyl, pen-
tyl, iso-amyl, hexyl, heptyl, octyl, nonanyl, and dodecyl. At
least one hydrogen atom of the alkyl group may be substituted
with a deuterium atom, a halogen atom, a hydroxyl group, a
nitro group, a cyano group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl 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,,
alkylsilyl group, a C,-C,, alkoxy group, a C,-C,, alkenyl
group, a C,-C, , alkynyl group, a C,-C, saryl group,a C,-C 4
heteroaryl group, or an organosilyl group.

[0033] The unsubstituted C,-Cq, alkenyl group refers to a
hydrocarbon group having at least one carbon-carbon double
bond within or at a terminal of the alkyl group. Examples of
the unsubstituted C,-C, alkenyl group include ethenyl, pro-
penyl, and butenyl. At least one hydrogen atom of the unsub-
stituted C,-Cg,, alkenyl group may be substituted with the
same substituents as described above in connection with the
alkyl group.

[0034] The unsubstituted C,-C, alkynyl group refers to a
hydrocarbon group having at least one carbon-carbon triple
bond within or at a terminal of the alkyl group. Examples of
the unsubstituted C,-Cg, alkynyl group include acetylene,
propyne, phenylacetylene, naphthylacetylene, isopropy-
lacetylene, t-butylacetylene, and diphenylacetylene. At least
onehydrogen atom of the unsubstituted C,-Cy, alkynyl group
may be substituted with the same substituents as described
above in connection with the alkyl group.

[0035] Theunsubstituted C,-Cq, cycloalkyl group refers to
aC,-Cg, cyclic alkyl group. Atleast one hydrogen atom of the
cycloalkyl group may be substituted with the same substitu-
ent group described above in connection with the C,-C,
alkyl group.

[0036] The unsubstituted C,-C, alkoxy group refers to a
group having a structure of —OA in which A is an unsubsti-
tuted C, -C,, alkyl group as described above. Examples of the
C,-Cyg, alkoxy group include methoxy, ethoxy, propoxy, iso-
propyloxy, butoxy, and pentoxy. At least one hydrogen atom
of the alkoxy group may be substituted with the same sub-
stituents as described above in connection with the alkyl
group.

[0037] The unsubstituted C.-Cq, aryl group refers to a car-
boceyclic aromatic system containing at least one ring. Two or
more rings may be fused to each other or linked to each other
viaa single bond. The term “aryl’ refers to an aromatic system,
such as phenyl, naphthyl, or anthracenyl. At least one hydro-
gen atom of the aryl group may be substituted with the same
substituents described with reference to the C,-Cg, alkyl
group.

[0038] Examples of the substituted or unsubstituted C4-Cg,
aryl group include a phenyl group, a C,-C,, alkylphenyl
group (e.g., ethylphenyl group), a halophenyl group (e.g., o-,
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m-, and p-fluorophenyl groups, and dichlorophenyl group), a
cyanophenyl group, a dicyanophenyl group, a trifluo-
romethoxyphenyl group, a biphenyl group, a halobiphenyl
group, acyanobiphenyl group,a C,-C, , alkyl biphenyl group,
aC,-C, alkoxybiphenyl group, o-, m-, and p-tolyl groups, o-,
m-,and p-cumenyl groups, a mesityl group, a phenoxyphenyl
group, an (o,a-dimethylbenzene)phenyl group, an (N,N'-
dimethyl)aminophenyl group, an (N,N'-diphenyl)aminophe-
nyl group, a pentalenyl group, an indenyl group, a naphthyl
group, a halonaphthyl group (e.g., fluoronaphthyl group), a
C,-C,, alkylnaphthyl group (e.g., methylnaphthyl group), a
C,-C,, alkoxynaphthyl group (e.g., methoxynaphthyl
group), a cyanonaphthyl group, an anthracenyl group, an
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an
anthraquinolyl group, a methylanthryl group, a phenanthryl
group, a triphenylene group, a pyrenyl group, a chrycenyl
group, an ethyl-chrysenyl group, a picenyl group, a perylenyl
group, a chloroperylenyl group, a pentaphenyl group, a pen-
tacenyl group, a tetraphenylenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a coronelyl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group.

[0039] Theunsubstituted C,-Cq, heteroaryl group includes
one, two, three, or four hetero atoms selected from the group
consisting of N, O, P and S. Two or more rings may be fused
to each other or linked to each other via a single bond.
Examples of the unsubstituted C,-Cg, heteroaryl group
include a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl group,
an oxadiazolyl group, a pyridinyl group, a pyridazinyl group,
a pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, aquinolinyl group, an isoquinolinyl group, and
a dibenzothiophene group. In addition, at least one hydrogen
atom of the heteroaryl group may be substituted with the same
substituents described with reference to the C,-C, alkyl

group.

[0040] The unsubstituted C,-Cy, aryloxy group refers to a
group represented by —OA |, in which A, is a C4-Cg, aryl
group. Examples of the aryloxy group include a phenoxy
group. In addition, at least one hydrogen atom of the het-
eroaryl group may be substituted with the same substituents
described with reference to the C,-Cq, alkyl group.

[0041] The unsubstituted C,-Cg, arylthio group refers to a
group represented by —SA |, in which A, is a C4-Cg aryl
group. Examples of the arylthio group include a benzenethio
group and a naphthylthio group. In addition, at least one
hydrogen atom of the arylthio group may be substituted with
the same substituents described with reference to the C,-Cg,
alkyl group.

[0042] The unsubstituted C4-Cg, condensed polycyclic
group is a substituent including at least two rings in which at
least one aromatic ring and at least one non-aromatic ring are
fused to each other or a substituent including an unsaturated
ring without having a conjugation structure. The condensed
polycyclic group is distinguished from the aryl group or het-
eroaryl group since the condensed polycyclic group does not
have an orientation.

[0043] An example of the compound of Formula 1 may
include one of the following Compounds 1-102.
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[0044] An organic light-emitting device according to [0047] In an implementation, the organic layer may

another embodiment may include, e.g., a first electrode; a
second electrode; and an organic layer between the first elec-
trode and the second electrode. The organic layer may include
a compound represented by Formula 1 described above.

[0045] The organic layer may include at least one layer
selected from the group of ahole injection layer (HIL), a hole
transport layer (HTL), a functional layer having both hole
injecting and hole transporting capabilities (H-functional
layer), a buffer layer, an electron blocking layer (EBL), an
emission layer (EML), a hole blocking layer (HBL), an elec-
tron transport layer (ETL), an electron injection layer (EIL),
and a functional layer having both electron injecting and
electron transporting capabilities (E-functional layer).

[0046] For example, the organic layer may include an
EML, and the compound may be a fluorescent dopant. In an
implementation, the compound may be a blue fluorescent
dopant.

include, e.g., an EIL, an ETL, an E-functional layer, an EML,
an HIL, an HTL, or an H-functional layer. The EML may
include, e.g., an anthracene-based compound, an arylamine-
based compound, or a styryl-based compound.

[0048] In an implementation, the organic light-emitting
device may include, e.g., an EIL, an ETL, an E-functional
layer, an EML, an HIL, an HTL, or an H-functional layer. One
ofared layer, a green layer, a blue layer, or a white layer of the
EML may include a phosphorescent compound. The HIL, the
HTL, or the H-functional layer may further include a charge-
generating material. In an implementation, the charge-gener-
ating material may be a p-dopant. The p-dopant may include,
e.g., a quinone derivative, a metal oxide, or a cyano group-
containing compound.

[0049] Inanimplementation, the organic layer may include
an ETL that includes a metal complex. The metal complex
may include, e.g., a Li complex.
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[0050] The term “organic layer” used herein may refer to a
single layer and/or a multiple layers interposed between the
first and second electrodes of the organic light-emitting
device.

[0051] FIG. 1 illustrates a schematic cross-sectional view
of an organic light-emitting device according to an embodi-
ment. Hereinafler, a structure of the organic light-emitting
device according to an embodiment and a method of fabri-
cating the organic light-emitting device will be described
with reference to FIG. 1.

[0052] A substrate (not shown), which may be a suitable
substrate used in organic light-emitting devices, may include
a glass substrate or a transparent plastic substrate with excel-
lent mechanical strength, thermal stability, transparency, sur-
face smoothness, handling convenience, and waterproofness.

[0053] A first electrode may be formed on the substrate by
depositing or sputtering a material that is used to form the first
electrode. When the first electrode is an anode, the material
used to form the first electrode may be a high work function
material so as to facilitate hole injection. The first electrode
may be a reflective electrode or a transmissive electrode.
Transparent and conductive materials, e.g., indium tin oxide
(ITO), indium zinc oxide (IZ0), tin oxide (SnO,), or zinc
oxide (ZnO), may be used to form the first electrode. The first
electrode may also be formed as a reflective electrode using
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
Li), calcium (Ca), magnesium-indium (Mg—In), magne-
sium-silver (Mg—Ag), or the like.

[0054] The first electrode may have a single-layered or a

multi-layered structure. For example, the first electrode may
have a triple-layered structure of ITO/Ag/ITO.

[0055] An organic layer may be formed on the first elec-
trode.
[0056] The organic layer may include an HIL, an HTL, a

buffer layer (not shown), an EML, an ETL, and/or an EIL.

[0057] The HIL may be formed on the first electrode by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like.

[0058] When the HIL is formed by vacuum deposition, the
deposition conditions may vary according to a compound that
1s used to form the HIL, and the structure and thermal char-
acteristics of the HIL to be formed. For example, the deposi-
tion conditions may include a deposition temperature of 100
to 500° C., a vacuum pressure of 10~* to 107 torr, and a
deposition rate of about 0.01 to about 100 A/sec.

[0059] When the HIL is formed by spin coating, coating
conditions may vary according to a compound that is used to
form the HIL, and the structure and thermal characteristics of
the HIL to be formed. For example, the coating conditions
may include a coating speed of about 2,000 rpm to about
5,000 rpm, and a temperature of heat treatment about 80° C.
to about 200° C.

[0060] A suitable hole injecting material may be used to
form the HIL. Examples of the hole injecting material may
include N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-
phenyl]-biphenyl-4,4'-diamine (DNTPD), a phthalocyanine
compound such as copperphthalocyanine, 4,4',4"-tris(3-me-
thylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2T-NATA, polyaniline/dodecylbenzenesulfonic
acid (Pani’/DBSA), poly(3.4-ethylenedioxythiophene)/poly
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(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonicacid (Pani/CSA), and polyaniline)/poly(4-styrene-
sulfonate (PANI/PSS).
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[0061] The thickness of the HIL may be about 100 to about
10,000 A, e.g., about 100 to about 1,000 A. When the thick-
ness of the HIL is within this range, the HIL may have excel-
lent hole injecting ability without a substantial increase in
driving voltage.

[0062] Then, the HTL may be formed on the HIL by using
vacuum deposition, spin coating, casting, LB deposition, or
the like. When the HTL is formed by vacuum deposition or
spin coating, the conditions for deposition and coating may be
similar to those for the formation of the HIL, although the
conditions for the deposition and coating may vary according
to the material that is used to form the HTL.

[0063] A suitable hole transporting material may be used to
form the HTL. Examples of the hole transporting material
may include a carbazole derivative such as N-phenylcarba-
zole and polyvinyl carbazole, N,N-bis(3-methylphenyl)-N,
N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4'4"-tris
(N-carbazolyl)triphenylamine (TCTA), and NN'-di(1-
naphthyl)-N,N'-diphenylbenzidine (NPB).

%008

TFD

Sep. 10, 2015
17

-continued

avals
Oy Y

NPB

[0064] The thickness of the HTL may be about 50 to about
2,000 A, e.g., about 100 to about 1,500 A. When the thickness
of the HTL is within the range described above, the HTL may
have excellent hole transporting ability without a substantial
increase in driving voltage.

[0065] The H-functional layer may include at least one of
the hole injecting materials and hole transporting materials as
described above, and the thickness of the H-functional layer
may be in the range of about 100 A to about 10,000 A, e.g,,
about 100 A to about 1,000 A. When the thickness of the
H-functional layer is within the range described above, the
H-functional layer may have excellent hole injecting and
transporting abilities without a substantial increase in driving
voltage.

[0066] At least one of the HIL, HTL, and the H-functional
layer may include at least one of the compounds represented
by Formulae 300 and 350 below.

Formula 300
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Formula 350
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[0067] InFormulae300and350,Ar, ;. Ar,,, Ar,,, and Ar,,
may be each independently a substituted or unsubstituted
C,-Cg arylene group.

[0068] In Formula 300, e and f may be each independently
an integer from 0 to 5, or 0, 1, or 2. For example, e may be 1,
and f may be 0.

[0069] InFormulae300and350,R5, to Ry, Ry, toRsqand
R;, and R,, may be each independently a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or asalt thereof, a phosphoric acid or asalt
thereof, a substituted or unsubstituted C,-Cy, alkyl group, a
substituted or unsubstituted C,-Cy, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-Cg, cycloalkyl group, a substituted or unsubstituted
C,-Cy aryl group, a substituted or unsubstituted C5-Cy, ary-
loxy group, or a substituted or unsubstituted C5-Cy,, arylthio
group. For example, R, to Ry, Ry, to Ry and R, and R,
may be each independently selected from the group consist-
ing of: a hydrogen atom; a deuterium atom; a halogen atom;
a hydroxyl group; a cyano group; a nitro group; an amino
group; an amidino group; hydrazine; hydrazone; a carboxyl
group or a salt thereof;, a sulfonic acid group or a salt thereof;
aphosphoric acid group or asalt thereof; a C,-C |, alkyl group
(e.g., a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, and a hexyl group); a C,-C,, alkoxy
group (e.g., a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, and a pentoxy group); a C,-C, ; alkyl
group and a C,-C | , alkoxy group substituted with at least one
selected from the group consisting of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, and a phosphoric acid group or a salt thereof; a phenyl
group; a naphthyl group; an anthryl group; a fluorenyl group;
a pyrenyl group; and a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, and a pyrenyl group substi-
tuted with at least one selected from the group consisting of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl 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, and a C,-C,, alkoxy
group, without being limited thereto.

[0070] In Formula 300, Rs, may be: a phenyl group; a
naphthyl group; an anthryl group; a biphenyl group; a pyridyl
group; and a phenyl group, a naphthyl group, an anthryl
group, a biphenyl group, and a pyridyl group substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group of a

18
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salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid or a salt thereof, a substituted or unsubstituted
C,-C,, alkyl group, and a substituted or unsubstituted C, -C,,
alkoxy group.

[0071] In an implementation, the compound of Formula
300 may be represented by Formula 300A below.

Formula 300A

Rs1

9
J

[0072] In Formula 300A, Ry, Ry, Re,, and Ry, are as
defined above.
[0073] For example, at least one of the HIL, the HTL, and

the H-functional layer may include at least one of Com-
pounds 301 to 320 below.

iy
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-continued -continued
318 320

D50 QR

\ /

[0074] At least one of the HIL, the HTL, and the H-func-
N / tional layer may further include a charge-generating material
\ to help improve conductivity of the layers in addition to
suitable hole injecting materials, suitable hole transporting
materials, and/or materials having both hole injecting and

hole transporting capabilities.

[0075] The charge-generating material may include a
p-dopant. The p-dopant may be a quinone derivative, a metal
oxide, or a cyano group-containing compound. Examples of
the p-dopant may include: a quinone derivative such as tetra-
cyanoquinonedimethane (TCNQ) and 2,3,5,6-tetrafluoro-
tetracyano-1,4-benzoquinonedimethane  (F4-TCNQ); a
metal oxide such as tungsten oxide and molybdenum oxide;
and a cyano group-containing compound such as Compound
200 below.

319

N N_ _CN
N 7 >

Qo Tt

NC CN

Compound 200

NC CN
F F

/ N\ F4-TCNQ

Z

[0076] Ifthe HIL, the HTL, or the H-functional layer fur-
ther includes the charge-generating material, the charge-gen-
erating material may be homogeneously or non-homoge-
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neously dispersed in the HIL, the HTL, or the H-functional _continued
layer, or a variety of modifications may be possible.

[0077] A buffer layer may be interposed between the EML
and at least one of the HIL, the HTL, and the H-functional
layer. The buffer layer may help increase efficiency by com-
pensating an optical resonant distance according to a wave-
length of light emitted from the EML. The buffer layer may
include suitable hole injecting materials and/or suitable hole
transporting materials. The buffer layer may also include a
material that is the same as one of the materials contained in
the HIL, the HTL, and the H-functional layer disposed under
the buffer layer.

[0078] The EML may be formed on the HTL, the H-func- TBADN

tional layer, or the buffer layer by vacuum deposition, spin

coating, casting, LB deposition, or the like. When the EML is

formed by using vacuum deposition or spin coating, the depo- E3
sition and coating conditions may be similar to those used to

form the HIL, although the deposition and coating conditions

may vary according to a compound that is used to form the Q‘O Q.O Q‘O

EML.

[0079] The EML may include the compound according to
an embodiment. For example, the compound of Formula 1
may be used as a dopant. The EML may be formed using a

variety of suitable light-emitting materials instead of the com-

pound of Formula 1. Alternatively, the EML may also be Nn/
formed using a suitable host and a dopant. The dopant for

forming the EML may include either a fluorescent dopant or

a phosphorescent dopant. Q O
[0080] Examples of suitable host material may include

Alq,, 4,4'-N,N'-dicarbazol-biphenyl (CBP), poly(n-vinylcar- PVK

bazole)  (PVK),  9,10-di(naphthalene-2-yl)anthracene

(ADN), TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)ben-
zene (TPBI), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene

(TBADN), E3, distyrylarylene (DSA), dmCBP (refer to the O Q
following formula), and Compounds 501 to 509 below. QO Q O
ADN

5 o

CBP

AN\ O Q

dmCBP
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[0081] In an implementation, the host may include an
anthracene-based compound represented by Formula 400
below.

N (Arggs);
/X
Arpyg——(Ar )y (Arqy)g—Arp3
/
\ /\(Arlls)j

[0082] InFormula400, Ar,,, and Ar, ,, may be each inde-
pendently a substituted or unsubstituted C;-Cg, arylene
group; Ar, 510 Ar; , smay be each independently a substituted
or unsubstituted C, -C, , alkyl group or a substituted or unsub-
stituted C5-Cg, aryl group; and g, h, 1, and j may be each
independently an integer of 0 to 4.

509

Formula 400

[0083] For example, in Formula 400, Ar, |, and Ar, |, may
be a phenylene group, a naphthylene group, a phenanthre-
nylene group, or a pyrenylene group; or a phenylene group, a
naphthylene group, a phenathrenylene group, a fluorenyl
group, or a pyrenylene group substituted with at least one
selected from the group consisting of a phenyl group, a naph-
thyl group, and an anthryl group.

[0084] In Formula 400, g, h, 1, and j may be each indepen-
dently 0, 1, or 2.

[0085] In Formula 400, Ar, 5 to Ar, ;¢ may be each inde-
pendently selected from the group of: a C,-C,, alkyl group
substituted with at least one selected from the group consist-
ing ofa phenyl group, a naphthyl group, and an anthryl group;
a phenyl group; a naphthyl group; an anthryl group; a pyrenyl
group; a phenanthrenyl group; a fluorenyl group; a phenyl
group, a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, and a fluorenyl group substituted with
at least one selected from the group consisting of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl 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,, alkenyl group, a
C,-Cgp alkynyl group, a C, -C, alkoxy group, a phenyl group,
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a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, and a fluorenyl group; and

&
&

[0086] For example, the anthracene-based compound rep-
resented by Formula 400 may include one or the following
compounds.
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[0091] For example, the anthracene-based compound rep-
resented by Formula 401 may include one or the following
compounds.

-continued

[0087] In an implementation, the host may include an
anthracene-based compound represented by Formula 401

below.
Formula 401 ‘

[0089] InFormula401, Ar, s and Ar,,, may be each inde-

[0088] In Formula 401, Ar,,, to Ar,,s may be as defined

above with reference to Ar,, ; of Formula 400. O
pendently a C,-C,, alkyl group, e.g., amethyl group, an ethyl

group, or a propyl group.

[0090] In Formula 401,k and 1 may be each independently

an integer of 0 to 4. For example, k and 1 may be 0, 1, or 2,

respectively.
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[0092] If the organic light-emitting device is a full-color
organic light-emitting device, the EML may be patterned to a
red EML, a green EML, and a blue EML.

[0093] In animplementation, at least one of the red, green,
and blue EMLs may include the following dopant
(ppy=phenylpyridine).

[0094] Forexample, the following compounds may be used
as a blue dopant.

v

_ ]
N o 0
II/
F RS
N? |
N
B P
Fslrpic
il
N N
\\Ir \\Ir
F L F e F
B B
N F N A
L P, L P, L

30

(Fappy)ali(tmd)

\/

Ir(dfppz)s

_ | \_
AN
F. | N
MNFA
L Fooo_
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[0095] Forexample, the following compounds may be used _continued

as a red dopant. Q

S N.

an 0
\Ir/ \
/ \\\ .

6]

— —2
Ir(BT)a(acac)
S

PtOEP
/N\\ 5 7 N /o_
N N,/
-
Ir(piq)s Btp,Ir(acac)

_| N _ _ _
F 0 O
\>Ir/ \ >Ir
7 |N A o 7 |N A
x N
— — — —2
[r(pq)z(acac) Ir(2-phq)s

DCM
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D1
t-Bu
D2
DCITB
[0096] Forexample, the following compounds may be used
as a green dopant.
D3
N
W
Ir(ppy)s D4
8 $
N 0= N
\Ir/ \Ir
N / L~
L 4, L 4, D5
Ir(ppy ) (acac) Ir(mpyp)s
D6

[0097] 1In an implementation, the dopant used in the EML
may be a complex, which will be described later.
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D28
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-continued -continued
D44 D49
D45
D50
D46
Bu!
x N_< [0098] Inaddition, the dopant used in the EMIL may include
‘ / an Os-complex, which will be described later.
N, N
N VY
\Pt/
AN CF;
N? N/ N7
_
N x
Bu’

D47

D48

Os(fppz)2(PPhMe),

F3C
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Os(bppz)>(PPh3)y

Os(hptz),(PPhMe;),

[0099] Ifthe EML includes a host and a dopant, an amount
of the dopant may be, e.g., about 0.01 to about 15 parts by
weight, based on 100 parts by weight of the host.

[0100] The thickness of the EML may be about 100 A to
about 1,000 A, e.g., about 200 A to about 600 A, When the
thickness of the EML is within this range, the EML may have
excellent light emitting characteristics without a substantial
increase in driving voltage.

[0101] Then, the ETL may be formed on the EML by
vacuum deposition, spin coating, casting, or the like. When
the ETL is formed by using vacuum deposition or spin coat-
ing, the deposition and coating conditions may be similar to
those used to form the HIL, although the deposition and
coating conditions may vary according to a compound that is
used to form the ETL.

[0102] A material that is used to form the ETL may be a
suitable material that stably transports electrons injected from
the electron injecting electrode (cathode). Examples of suit-
able electron transporting materials may include quinoline
derivatives, such as tris-(8-hydroxyquinoline)aluminum
(Algy), TAZ, Balg, beryllium bis(benzoquinolin-10-olate)
(Balg,), ADN, Compound 201, and Compound 202.

Sep. 10, 2015
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[0103] The thickness of the ETL may be about 100 A to
about 1,000 A, e.g., about 150 A to about 500 A. When the
thickness of the ETL is within this range, the ETL may have
excellent electron transporting ability without a substantial
increase in driving voltage.

[0104] In animplementation, the ETL may further include
a metal-containing material in addition to suitable electron
transporting organic compounds.

[0105] The metal-containing material may include a Li
complex. Examples of the Li complex may include lithium
quinolate (LiQ) or Compound 203 below.

Compound 203

[0106] Inanimplementation, the EIL may be formed onthe
ETL using a suitable material that facilitates electron injec-
tion from the cathode.

[0107] Examples of materials for forming the EIL may
include LiF, NaCl, CsF, L1,0. and BaQO. The conditions for
deposition of the EIL may be similar to those for formation of
the HIL, although the deposition conditions may vary accord-
ing to a compound that is used to form the EIL.

[0108] The thickness of the EIL. may be about 1 A to about
100 A, e.g., about 3 A to about 90 A. When the thickness of
the EIL is within this range, the EIL. may have excellent
electron injecting ability without a substantial increase in
driving voltage.

[0109] A second electrode may be disposed on the organic
layer. The second electrode may be a cathode, which is an
electron injecting electrode. A material used to form the sec-
ond electrode may be a metal, an alloy, an electrically con-
ductive compound, which have a low work function, or any
mixture thereof. For example, the second electrode may be a
transmissive electrode formed of lithium (Li), magnesium
(Mg), aluminum (Al), an Al—Li alloy, calcium (Ca), an
Mg—In alloy, or an Mg—Ag alloy in a thin film. In an
implementation, in order to manufacture a top-emission type
organic light-emitting device, a transmissive electrode
formed of ITO or IZO may be used, and various modifications
may be applied thereto

39
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[0110] In an implementation, when a phosphorescent
dopant is used to form the EML, an HBL may be formed
between the HTL and the EML or between the H-functional
layer and the EML by using vacuum deposition, spin coating,
casting, LB deposition, or the like, in order to prevent diffu-
sion of triplet excitons or holes into the ETL. When the HBL
is formed by vacuum deposition or spin coating, the condi-
tions for deposition and coating may be similar to those for
the formation of the HIL, although the conditions for the
deposition and coating may vary according to the material
that is used to form the HBL. A suitable hole blocking mate-
rial may be used. Examples of hole blocking materials may
include an oxadiazole derivative, a triazole derivative, and a
phenanthroline derivative. For example, BCP may be used as
the hole blocking material.

BCP

[0111] The thickness of the HBL may be about 20 A to
about 1,000 A, e.g., about 30 A to about 300 A. When the
thickness of the HBL is within this range, the HBL may have
excellent hole blocking ability without a substantial increase
in driving voltage.

[0112] The organic light-emitting device according to an
embodiment may be applied to various types of flat panel
display devices, such as a passive matrix organic light-emit-
ting display device or an active matrix organic light-emitting
display device. For example, when the organic light-emitting
device is applied to an active matrix organic light-emitting
display device, the first electrode formed on the substrate may
function as a pixel electrode and may be electrically con-
nected to a source electrode or a drain electrode of a thin-film
transistor. Moreover, the organic light-emitting device may
also be applied to a flat panel display device having a double-
sided screen.

[0113] The organic layer of the organic light-emitting
device according to an embodiment may be formed of the
compound according to an embodiment by using a deposition
method or a wet method of coating a solution of the com-
pound according to an embodiment.

[0114] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.
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EXAMPLES -continued

Synthesis Example 1

Synthesis of Compound 1 MeO Q O

1-6

[0115]

—_—
MeO Br
1-2
O
/ TBSO
e0 B
\ Br al
O
1-3 HO

1-4

TIO

1-5
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(1) Synthesis of Intermediate 1-1

[0116] 10 g of 1,5-dihydroxy naphthalene and 30 g of
potassium carbonate were diluted with 300 ml of acetone, and
the solution was stirred for 3 hours. Then, 20 g of
iodomethane was dropwise added thereto, and the mixture
was stirred for 24 hours and filtered under a reduced pressure.
A filtrate was distilled under a reduced pressure, and the
residue was separately purified using silica gel column chro-
matography to obtain 9.5 g of Intermediate 1-1 (Yield: 81%).
The produced compound was identified using LC-MS.
(C,H,,0, M+ cal’d: 188.08 found 188.09)

(2) Synthesis of Intermediate 1-2

[0117] 9.5 g of Intermediate 1-1 was dissolved in 150 ml of
acetonitrile, and 8.9 g of N-bromosuccinimide was slowly
dropwise added thereto at 0° C. for 10 minutes. The reaction
mixture was slowly heated from 0° C. to ambient temperature
for 4 hours, and the reaction was terminated by adding water.
The reaction mixture was distilled under a reduced pressure,
and the residue was subjected to extraction three times using
ethyl acetate. The resultant was dried using anhydrous mag-
nesium sulfate and distilled under a reduced pressure, and the
residue was separately purified using silica gel column chro-
matography to obtain 12.9 g of Intermediate 1-2 (Yield:
93%). The produced compound was identified using LC-MS.
(C,H,,BrO, M+ cal’d: 265.95 found 265.98)

(3) Synthesis of Intermediate 1-3

[0118] 12.9 g of Intermediate 1-2 was dissolved in 4 ml of
dimethyl formamide, 1.97 g of [1,1'-bis(diphenylphosphino)
ferrocene|dichloropalladium (II), 12.2 g of bis(pinacolato)
diboron and 14 g of potassium acetate were added thereto,
and the mixture was refluxed while stirring at 80° C. for 2
hours. The reaction mixture was slowly cooled to ambient
temperature, the reaction was terminated by adding water,
and the resultant was subjected to extraction three times using
ethyl acetate. A separated organic layer was dried using anhy-
drous magnesium sulfate and distilled under a reduced pres-
sure, and the residue was separately purified using silica gel
column chromatography to obtain 11.5 g of Intermediate 1-3
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(Yield: 76%). The produced compound was identified using
LC-MS. (C,4H,,BO, M+ cal’d: 314.17 found 314.18)

(4) Synthesis of Intermediate 1-4

[0119] 11.5 g of Intermediate 1-4 and 8 g of 2-bromo-5-
chlorophenol were diluted with 300 ml of tetrahydrofuran
and 150 ml of water. Then, 2.1 g of Pd(PPh,), and 15 g of
potassium carbonate were added thereto, and the mixture was
refluxed while stirring at 70° C. After maintaining the reac-
tion mixture for 15 hours, the reaction mixture was cooled to
ambient temperature, and an organic layer was separated by
using ethyl acetate. The separated organic layer was dried
using anhydrous magnesium sulfate and concentrated under a
reduced pressure, and the residue was separately purified
using silica gel column chromatography to obtain 9.8 g of
Intermediate 1-4 (Yield: 85%). The produced compound was
identified using LC-MS. (C,3H,sClO; M+ cal’d: 314.07
found 314.09)

(5) Synthesis of Intermediate 1-5

[0120] 9.8 g of Intermediate 1-4 was diluted with 300 m1 of
dichloromethane, and 6.4 ml of triethylamine was dropwise
added thereto. Continuously, 9.9 g of anhydrous trifuloroace-
tic acid was slowly dropwise added thereto. After stirring the
reaction mixture for 3 hours, the reaction was terminated
adding water, and an organic layer was separated. The sepa-
rated organic layer was dried using anhydrous magnesium
sulfate and concentrated under a reduced pressure, and the
residue was separately purified using silica gel column chro-
matography to obtain 12.7 g of Intermediate 1-5 (Yield:
91%). The produced compound was identified using LC-MS.
(C,sH, 4CIF;04S M+ cal’d: 446.02 found 446.09)

(6) Synthesis of Intermediate 1-6

[0121] 12.7 g of Intermediate 1-5, 5.6 g of trimethylsily-
lacetylene, 5.5 g of Cul, and 1.6 g of Pd(PPh,) were dissolved
in 120 ml of triethylamine, and the mixture was refluxed
while stirring at 70° C. for 6 hours. The reaction mixture was
cooled to 0° C., neutralized by using 1 N HCl, and extracted
three times using ethyl acetate. An extracted organic layer
was dried using anhydrous magnesium sulfate and distilled
under a reduced pressure, and the residue was separately
purified using silica gel column chromatography to obtain 6.7
g of Intermediate 1-6 (Yield: 73%). The produced compound
was identified using LC-MS. (C,,H, CIO, M+ cal’d: 322.08
found 322.10)

(7) Synthesis of Intermediate 1-7

[0122] 6.7 g of Intermediate 1-6 and 277 mg of PtCl, were
diluted with 120 ml of toluene, and the solution was refluxed
while stirring at 80° C. for 24 hours. The reaction was termi-
nated adding water, and the reaction mixture was subjected to
extraction three times using ethyl acetate. A separated organic
layer was dried using anhydrous magnesium sulfate and dis-
tilled under a reduced pressure, and the residue was sepa-
rately purified using silica gel column chromatography to
obtain 5.7 g of Intermediate 1-7 (Yield: 85%). The produced
compound was identified using LC-MS. (C, H,sC10, M+
cal’d: 322.08 found 322.09)
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(8) Synthesis of Intermediate 1-8

[0123] 5.7 g of Intermediate 1-7 was diluted with 100 ml of
dichloromethane, and 13.2 g of tribromoboron was slowly
dropwise added thereto. After maintaining the reaction mix-
ture for 3 hours, the reaction was terminated adding a satu-
rated sodium bicarbonate solvent, and layers were separated.
A separated organic layer was dried using anhydrous magne-
sium sulfate and concentrated under a reduced pressure, and
the residue was separately purified using silica gel column
chromatography to obtain 4.7 g of Intermediate 1-8 (Yield:
91%). The produced compound was identified using LC-MS.
(CsH,,Cl0, M+ cal’d: 294.04 found 294.05)

(9) Synthesis of Intermediate 1-9

[0124] 4.7 g of Intermediate 1-8 was diluted with 100 ml of
dichloromethane, and 4.4 ml of triethylamine and 2.6 g of
tert-butyldimethylchlorosilane were slowly dropwise added
thereto. After maintaining the reaction mixture for 3 hours,
the reaction was terminated adding water, and an organic
layer was separated. The separated organic layer was dried
using anhydrous magnesium sulfate and concentrated under a
reduced pressure, and the residue was separately purified
using silica gel column chromatography to obtain 6.3 g of
Intermediate 1-9 (Yield: 93%). The produced compound was
identified using LC-MS. (C,,H,5C10,Si M+ cal’d: 408.13
found 408.17)

(10) Synthesis of Intermediate 1-10

[0125] 6.3 g of Intermediate 1-9 was diluted with 150 ml of
nitrobenzene, and 3.7 g of Cu(I)O was dropwise added
thereto, and then the mixture was refluxed while stirring at
180° C. After maintaining the reaction mixture for 48 hours,
the reaction mixture was cooled to ambient temperature and
distilled under a reduced pressure to remove nitrobenzene.
The residue was separately purified using silica gel column
chromatography to obtain 4.8 g of Intermediate 1-10 (Yield:
76%). The produced compound was identified using L.C-MS.
(C,4H,5ClO,S1 M+ cal’d: 406.12 found 406.15)

(11) Synthesis of Intermediate 1-11

[0126] 4.8 gof Intermediate 1-10 was diluted with 80 ml of
tetrahydrofuran, and 23.4 ml of 1 M TBAF was slowly drop-
wise added thereto at 0° C., and then the reaction mixture was
stirred at ambient temperature. After maintaining the reaction
mixture for 5 hours, the reaction mixture was distilled under
a reduced pressure, and the residue was separately purified
using silica gel column chromatography to obtain 2.4 g of
Intermediate 1-11 (Yield: 99%). The produced compound
was identified using LC-MS. (C, HsClO, M+ cal’d: 292.03
found 292.08)

(12) Synthesis of Intermediate 1-12

[0127] 3.3 gofintermediate 1-12 (Yield: 93%) was synthe-
sized in the same manner as the synthesis of Intermediate 1-5,
exceptthat 2.4 gof Intermediate 1-11 was used. The produced
compound was identified using LC-MS. (C, H,CIF;0,S M+
cal’d: 423.98 found 424.02)

(13) Synthesis of Compound 1

[0128] 1 goflntermediate 1-12, 1 gofdiphenylamine, 0.09
g of Pd,(dba),, 0.02 g of PtBu,, and 0.56 g of KOtBu were
dissolved in 75 ml of toluene, and the mixture was stirred at
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85° C. for 2 hours. The reaction was terminated adding water
at ambient temperature and the resultant was subjected to
extraction three times using ethyl acetate. A separated organic
layer was dried using anhydrous magnesium sulfate and dis-
tilled under a reduced pressure, and the residue was sepa-
rately purified using silica gel column chromatography to
obtain 1.1 g of Compound 1 (Yield: 82%).

Synthesis Example 2
Synthesis of Compound 7
[0129]
O O
1-12
O O
N

»

7

[0130] 1.5 gof Compound 7 (Yield: 86%) was synthesized
in the same manner as the synthesis of Compound 1, except
that 1 g of Intermediate 1-12 and 1.3 g of N-phenyl-[1,1'-
biphenyl]-2-amine were used.

Synthesis Example 3

Synthesis of Compound 13

[0131]
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-continued -continued

[0132] 1.1 g of Compound 13 (Yield: 65%) was synthe-
sized in the same manner as the synthesis of Compound 1,
except that 1 g of Intermediate 1-12 and 1.2 g of N-phenyl-
4-(trimethylsilyl)aniline were used. O

Synthesis Example 4 19

Synthesis of Compound 18
Synthesis of Intermediate 19-1

0133
[ | [0136] 0.8 gofIntermediate 19-1 (Yield: 71%) was synthe-
sized in the same manner as the synthesis of Compound 1,
0 except that 1 g of Intermediate 1-12 and 0.6 g of N-phe-
nyldibenzo|[b,d]furan-4-amine were used. The produced
compound was identified using LC-MS. (C,4H,,CINO, M+
o O ¢ cal’d: 533.12 found 533.17)
Synthesis of Compound 19
L2 [0137] 1 gof Compound 19 (Yield: 79%) was synthesized
O O 0 in the same manner as the synthesis of Compound 1, except
O that 0.8 g of Intermediate 19-1 and 0.6 g of 4'-fluoro-N-
0 N C O N o phenyl-[1,1":3',1"-terphenyl]-5"-amine were used.
O Q Q O Synthesis Example 6

8 Synthesis of Compound 28

[0138]

[0134] 1.4 g of Compound 18 (Yield: 78%) was synthe-
sized in the same manner as the synthesis of Compound 1,
except that 1 g of Intermediate 1-12 and 1.3 g of N-phe- O

nyldibenzo[b,d]furan-4-amine were used.

Q
Synthesis Example 5 TIO Q O . —

Synthesis of Compound 19
[0135] 1-12

1-12 281
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Synthesis of Intermediate 28-1

[0139] 1.1 g of Compound 28-1 (Yield: 56%) was synthe-
sized in the same manner as the synthesis of Intermediate 1-4,
except that 2 g of Intermediate 1-12 and 0.45 g of (4-bro-
mophenyl)boronic acid were used. The produced compound
was identified using LC-MS. C,,H,,BrC10 M+cal’d: 429.98
found 430.02)

Synthesis of Compound 28

[0140] 1.4 g of Compound 28 (Yield: 83%) was synthe-
sized in the same manner as the synthesis of Compound 1,
except that 1.1 g of Intermediate 28-1 was used.

Synthesis Example 7

Synthesis of Compound 34

[0141]

34

[0142] 1.4 g of Compound 34 (Yield: 67%) was synthe-

sized in the same manner as the synthesis of Compound 1,

except that 1.1 g of Intermediate 28-1 and 1.7 g of N-([1,
1'biphenyl]-2-yl)dibenzo[b,d]furan-4-amine were used.

Sep. 10, 2015

Synthesis Example 8

Synthesis of Compound 38

[0144] 1.3 g of Compound 38 (Yield: 61%) was synthe-
sized in the same manner as the synthesis of Compound 1,
except that 1.1 g of Intermediate 28-1 and 1.7 g of N,6-
diphenyldibenzo[b,d] furan-4-amine were used.

[0143]

Synthesis Example 9

Synthesis of Compound 83
[0145]

O.Q ()
O O

83

[0146] 1.2 g of Compound 83 (Yield: 87%) was synthe-
sized in the same manner as the synthesis of Compound 1,
except that 1 g of Intermediate 19-1 and 0.5 g of 4'-fluoro-N-
phenyl-[1,1":3",1"-terphenyl]-5"-amine were used.

[0147] Spectral data of the synthesized compounds are
shown in Table 1 below.
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TABLE 1

Compound H NMR (CDCl,, 400 MHz)

LC/MS

found

cale.

28

34

38

83

7.74, 1H), 7.60(d, 1H), 7.48(dd, 1H), 7.37(t, 1H), 7.30(dd, 1H), 7.10-
7.02(m, 9H) 6.66-6.59(m, 6H), 6.33-6.27(m, 4H), 6.15-6.05(m, 4H)
7.91(dd, 1H), 7.76(d, 1H), 7.65(d, 1H), 7.60-7.43(m, 6H), 7.40(t, 1H), 7.20-
7.11(m, 4H) 7.08-6.95(m, 6H), 6.85-6.78(m, 3H), 6.66-6.58(m, 3H),
6.55(dd, 1T1), 6.48(d, 111), 6.18-6.12(m, 4H), 5.99-5.94(m, 4TT)

7.74(d, 1), 7.60(d, 1H), 7.47(dd, 1H), 7.42-7.34(m, 5H), 7.35(dd, 1H),
7.24(d, 111), 7.10-7.01(m, 41, 6.72-6.59(m, 41, 6.55(m, 41), 6.35-6.33(m,
M), 6.20-6.14(m, 21), 0.22(s, 18H)

7.83-7.76(m, 3H), 7.77-7.62(m, 4H), 7.51-7.35(m, 6H), 7.16(d, 1) 7.09-
6.92(m, SH), 6.76(dd, 1H), 6.66-6.58(m, 4H), 6.35-6.31(m, 4H), 6.24-
6.19(m, 4H)

7.83(dd, 1H), 7.76(d, 1H), 7.70-7.58(m, SH), 7.55-7.38(m, 7H), 7.30(dd,
M), 7.16-6.91(m, 6H), 6.89(dd, 2H), 6.69(dd, 11T}, 6.65-6.59(m, 4H), 6.36-
6.25(m, 4H), 6.20-6.18(m, 41)

8.33(s, 1H), 8.18(d, 1H), 7.71(d, 1H) 7.64(d, 1H), 7.56(t, 1H), 7.51-7.46(m,
41), 7.37(d, 1H), 7.10-7.00(m, 6H) 6.95-6.92(m, 4H), 6.66-6.61(m, 41T),
6.31-6.24(m, 4H), 6.18-6.13(m, 4H)

7.84-7.80(m, 4H), 7.73-7.63(m, 4H), 7.61-7.53(m, 6H), 7.48m, (1H), 7.43-
7.37(m, 4H), 7.30(dd, 2H), 7.28(d, 1H), 7.21(d, 1H), 7.18(t, 1H), 7.17-
7.11(m, 4H), 7.18(dd, 15), 7.08(d, 1H), 7.05(d, 1H), 7.03(d, 1H), 7.01-
6.87(m, 6H)6.59(m, 2H)

7.85-7.78(m, 2H), 7.77(d, 1H), 7.74(d, 1H), 7.68-7.62(m, 3H), 7.51(m, 1H),
7.40-7.31(m, 61, 7.25-7.21(m, 410), 7.10-7.02(m, 411}, 6.99(m, 2H) 6.96(d,
1H), 6.92(d, 1H), 6.85(d, 1H), 6.76(m, 1), 6.65-6.60(m, 4H), 6.36-6.33(m,
41), 6.23-6.15(m, 4H)

7.83-7.81(m, 2H), 7.75(dd, 1H), 7.72-7.65(m, 3H), 7.58-7.55(m, 3H), 7.50-
7.43(m, 5H), 7.43-7.37(m, 2H), 7.19-7.15(m, 2H), 7.08-6.93(m, 9H), 6.85-
6.75(m, 2H), 6.65-6.60(m, 4H), 6.55(d, 1H)

576.25

728.24

720.37

756.29

836.21

652.28

903.31

908.39

742.23

576.22

728.28

720.30

756.24

836.28

652,25

908.30

908.30

742.26

[0148]

Example 1

An anode was prepared by cutting a Corning 15

Q/em? (1,200 A) ITO glass substrate to a size of 50 mmx50
mmx0.7 mm, ultrasonically cleaning the glass substrate using
isopropyl alcohol and pure water for five minutes each, and
then irradiating UV light for 30 minutes and exposing to
ozone to clean. Then, the glass substrate was disposed in a

vacuum deposition apparatus.

[0149] Then, 2-TNATA, which is a material for forming an
HIL, was vacuum deposited on the glass substrate to form an
HIL having a thickness of 600 A, and then 4,4'-bis[N-(1-
naphthyl)-N-phenylamino]biphenyl (NPB), as a hole trans-
porting compound, was vacuum deposited on the HIL to form

an HTL having a thickness of 300 A.

2-TNATA

Sep. 10, 2015
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NPB

DNA

[0150] Then, 9,10-di-naphthalene-2-yl-anthracene (DNA),
as a blue fluorescent host, and Compound 1 according to an
embodiment, as a blue fluorescent dopant, were co-deposited
withaweightratio of 98:2 onthe HTL to form an EML having
a thickness of 300 A.

[0151] Then, Alq, was deposited on the EML to form an
ETL having a thickness of 300 A, and then LiF, which is a
halogenated alkali metal, was deposited on the ETL to form
an EIL having a thickness of 10 A. Then, Al was vacuum
deposited on the FIL to form a cathode having a thickness of
3,000 A, thereby forming an LiF/Al electrode. As a result, an
organic light-emitting device was manufactured.

Example 2

[0152] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
7 was used to form the EML instead of Compound 1.

Example 3

[0153] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
13 was used to form the EML instead of Compound 1.

Example 4

[0154] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
18 was used to form the EML instead of Compound 1.

46
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Example 5

[0155] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
19 was used to form the EML instead of Compound 1.

Example 6

[0156] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
28 was used to form the EML instead of Compound 1.

Example 7

[0157] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
34 was used to form the EML instead of Compound 1.

Example 8

[0158] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
38 was used to form the EML instead of Compound 1.

Example 9

[0159] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
83 was used to form the EML instead of Compound 1.

Comparative Example 1

[0160] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that N,N,N"N'-
tetraphenyl-pyrene-1,6-diamine (Compound A), which is a
blue fluorescent dopant, was used when forming the EML,
instead of Compound 1.

[0161] When the compounds having the structure of For-
mula 1 according to the embodiments were used as a dopant
material of a blue emission layer, driving voltage was reduced
and efficiency was considerably improved, thereby having
excellent I-V-L characteristics, compared to N,N,N',N'-tet-
raphenyl-pyrene-1,6-diamine (Compound A), as a compara-
tive material, and lifespan was considerably increased. Char-
acteristics and lifespan test results are shown in Table 2 below.
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TABLE 2
Driving  Current Half-life span
voltage  density  Brightness Efficiency (hr @
Material (Vi (mA/em?)  (cd/m?) (cd/A)  Color 100 mA/em?)

Example ]  Compound 1 6.89 50 3725 745 blue 280
Example2  Compound 7 6.92 50 3980 8.06 blue 269
Example 3 Compound 13 6.78 50 4025 8.15 blue 272
Example 4  Compound 18 6.81 50 4020 8.04 blue 262
Example 5  Compound 19 6.69 50 4005 8.01 blue 268
Example 6  Compound 28 6.79 50 3700 746 blue 246
Example 7  Compound 34 6.83 50 4210 8.42 blue 276
Example 8  Compound 38 6.86 50 4065 8.13 blue 267
Example 9 Compound 83 6.88 50 4030 8.06 blue 257
Comparative Compound A 7.01 50 2645 5.29 blue 258
Example 1
[0162] As described above, according to the one or more of What is claimed is:

the above embodiments, the compound of Formula 1 may
efficiently be used as a dopant material with excellent light
emitting characteristics and stability. By using the compound
of Formula 1, an organic light-emitting device having high
efficiency, low driving voltage, high brightness, and long
lifespan may be manufactured.

[0163] The embodiments may provide a material having
excellent electrical stability, higher charge transporting abil-
ity, or higher light-emitting capability, and higher glass tran-
sition temperature (compared to other organic single-mol-
ecule substances) and may be capable of preventing
crystallization.

[0164]
for an all color fluorescent or phosphorescent device such as
red, green, blue, and white devices having excellent electrical

The embodiments may provide compounds suitable

properties, high charge transporting capability, light-emitting
capability and high glass transition temperature, and capable
of preventing crystallization, and organic light-emitting
devices including the same and having high luminous effi-
ciency, low driving voltage, high brightness, and long
lifespan.

[0165]
and although specific terms are employed, they are used and

Example embodiments have been disclosed herein,

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

1. A compound represented by Formula 1, below:

Formula 1

wherein R, to R, are each independently a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
stituted C,-Cg, heteroaryl group, or a substituted or
unsubstituted C4-Cg, condensed polycyclic group,

A and B are each independently a substituted or unsubsti-
tuted C4-Cg, arylene group or a substituted or unsubsti-
tuted C,-Cg, heteroarylene group, and

m and n are each independently an integer of O or 1.

2. The compound as claimed in claim 1, wherein R, to R,
are each independently selected from the group of moieties
represented by Formulae 2a to 2d below:

2b
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wherein Q, is —C(R5)(R5,)— —S— or —O0—;
Z,,R;,, and R;, are each independently, a hydrogen atom,
a deuterium atom, a substituted or unsubstituted C,-C,,
alkyl group, a C,-C,,, alkylsilyl group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C,,, heteroaryl group, a substituted or unsub-
stituted C,4-C,, condensed polycyclic group, a halogen-
containing group, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group;
P is an integer of 1 to 9; and
* is a binding site.
3. The compound as claimed in claim 1, wherein A and B
are each independently a moiety represented by Formula 3a
below:

3a

wherein Z, is a hydrogen atom, a deuterium atom, a sub-
stituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C4-C,, aryl group, a substituted or
unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted Cq4-C,, condensed polyceyclic group, a
halogen-containing group, a cyano group, a nitro group,
a hydroxyl group, or a carboxyl group;
P is an integer of 1 to 4; and
* is a binding site.
4. The compound as claimed in claim 1, wherein the com-
pound represented by Formula 1 is represented by Formula 2
below:

Formula 2

wherein R, to R, are each independently a substituted or
unsubstituted C4-Co, aryl group, a substituted or unsub-
stituted C,-Cq, heteroaryl group, or a substituted or
unsubstituted C4-Cg, condensed polycyclic group.

Sep. 10, 2015

5. The compound as claimed in claim 1, wherein the com-
pound represented by Formula 1 is represented by Formula 3
below:

Formula 3

wherein:

R, to R, are each independently a substituted or unsubsti-
tuted Cq-Cy, aryl group, a substituted or unsubstituted
C,-C¢, heteroaryl group, or a substituted or unsubsti-
tuted C,-Cg, condensed polycyclic group, and

A is asubstituted or unsubstituted C4-C,, arylene group or
a substituted or unsubstituted C,-Cg, heteroarylene
group.

6. The compound as claimed in claim 1, wherein the com-

pound represented by Formula 1 is represented by Formula 4
below:

Formula 4

wherein:

R, to R, are each independently a substituted or unsubsti-
tuted C,-Cy, aryl group, a substituted or unsubstituted
C,-C¢ heteroaryl group, or a substituted or unsubsti-
tuted C,-C,, condensed polycyclic group, and

B is a substituted or unsubstituted C4-C,, arylene group or
a substituted or unsubstituted C,-C, heteroarylene
group.

7. The compound as claimed in claim 1, wherein the com-

pound represented by Formula 1 is represented by Formula 5
below:

Formula 5

wherein:

R, to R, are each independently a substituted or unsubsti-
tuted C4-Cg, aryl group, a substituted or unsubstituted
C,-Cq, heteroaryl group, or a substituted or unsubsti-
tuted C,-Cg, condensed polycyclic group, and

A and B are each independently a substituted or unsubsti-
tuted C,-Cg, arylene group or a substituted or unsubsti-
tuted C,-Cg, heteroarylene group.
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8. The compound as claimed in claim 1, wherein the com-
pound represented by Formula 1 is one of the following
Compounds 1-102:

1

1%, 388
Q
9,

6

oJops, g
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9. An organic light-emitting device, comprising:
a first electrode;
a second electrode; and

an organic layer between the first electrode and second
electrode,

wherein the organic layer includes the compound as
claimed in claim 1.

10. The organic light-emitting device as claimed in claim 9,
wherein the organic layer includes an emission layer.

11. The organic light-emitting device as claimed inclaim 9,
wherein the organic layer includes an emission layer, and the
compound is a dopant.

12. The organic light-emitting device as claimed in claim 9,
wherein the organic layer includes an emission layer, and the
compound is a blue fluorescent dopant.

13. The organic light-emitting device as claimed in claim 9,
wherein:

the organic layer includes an emission layer, and further
includes at least one of an electron injection layer, an
electron transport layer, a functional layer having both
electron injecting and electron transporting capabilities,
a hole injection layer, a hole transport layer, or a func-

tional layer having both hole injecting and hole trans-
porting capabilities, and

the emission layer includes an anthracene-based com-
pound, arylamine-based compound, or a styryl-based
compound.

14. The organic light-emitting device as claimedinclaim 9,
wherein:

the organic layer includes an emission layer, and further
includes at least one of an electron injection layer, an
electron transport layer, a functional layer having both
electron injecting and electron transporting capabilities,
a hole injection layer, a hole transport layer, or a func-
tional layer having both hole injecting and hole trans-
porting capabilities, and

ared layer, a green layer, a blue layer, or a white layer of the
emission layer includes a phosphorescent compound.

15. The organic light-emitting device as claimed inclaim 9,
wherein the organic layer includes an electron transport layer,
the electron transport layer including a metal complex.

16. The organic light-emitting device as claimed in claim
15, wherein the metal complex is a Li complex.

17. The organic light-emitting device as claimed in claim
15, wherein the metal complex is lithium quinolate (LiQ).
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18. The organic light-emitting device as claimed in claim
15, wherein the metal complex is Compound 203, below:

Compound 203

19. The organic light-emitting device as claimed in claim 9,
wherein the organic layer is formed by a wet process.

20. A flat panel display device comprising the organic
light-emitting device of claim 9, wherein the first electrode of
the organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin-film transistor.

I I T T
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