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(7) ABSTRACT

A heterocyclic compound is represented by Formula 1 below.
An organic light-emitting device includes a first electrode, a
second electrode and an organic layer between the first elec-
trode and the second electrode. The organic layer includes the
heterocyclic compound.

Formula 1

Organic light emitting devices including the heterocyclic
compound of Formula 1 exhibit high efficiency, low voltages,
high brightness, and long lifespans.
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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0065465, filed on
Jun. 7, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] One or more embodiments of the present invention

relate to a heterocyclic compound and an organic light-emit-
ting device including the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs) are self-
emitting diodes having advantages such as wide viewing
angles, good contrast, quick response speeds, high bright-
ness, and good driving voltages. Also, OLEDs can provide
multicolored images.

[0006] A typical diode has a structure including a substrate,
and an anode, a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and a cathode
sequentially stacked on the substrate. The HTL, the EML, and
the ETL are organic thin films formed of organic compounds.

[0007] An operating principle of an OLED having the
above-described structure is as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode move to the EML via the HTL, and electrons
injected from the cathode move to the EML via the ETL. The
holes and electrons (carriers) recombine in the EML to gen-
erate excitons. When the excitons drop from an excited state
to a ground state, light is emitted.

SUMMARY

[0008] One or more embodiments of the present invention
are directed to a material that has improved electrical charac-
teristics, good charge transporting capabilities, improved
emission capability, and a high glass transition temperature.
These properties allow the material to be capable of prevent-
ing crystallization, making the material suitable as an electron
transporting or injecting material for fluorescent or phospho-
rescent devices of any color, or as a red, green, blue, or white
light-emitting material. An OLED that includes the material
has improved characteristics, such as high-efficiency, low-
voltage, high-luminance, and long-lifetime.

[0009] 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 ofthe described
embodiments.

[0010] According to an aspect of the present invention, a
heterocyclic compound is represented by Formula 1 below.
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Formula 1

[0011] InFormulal,R, and R, may each independently be
a substituted or unsubstituted C1-C60 alkyl group, a substi-
tuted or unsubstituted C6-C60 aryl group, a substituted or
unsubstituted C2-C60 heteroaryl group (but not pyrimidine
or 1,3,5-triazine), or a substituted or unsubstituted C6-060
condensed polycyclic group.

[0012] At least one of R, and R, may be a heterocyclic
compound represented by Formula 2 below.

Formula 2

[0013] InFormula 2, X may be O, S, or Se. Also, p may be
an integer of 1 to 7, and * may indicate a binding site to the N
atom in Formula 1.

[0014] Z, may be a hydrogen atom a deuterium atom, a
substituted or unsubstituted C1-C20 alkyl group, a C1-C20
alkylsilyl group, a C6-C20 arylsilyl group, a substituted or
unsubstituted C6-C20 aryl group, a substituted or unsubsti-
tuted C2-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxyl group, a carboxyl
group, or an amino group substituted with a C6-C20 aryl
group or a C2-C20 heteroaryl group.

[0015] According to another aspect of the present inven-
tion, an organic light-emitting device includes a first elec-
trode, a second electrode, and an organic layer between the
first electrode and the second electrode, and the organic layer
includes the heterocyclic compound.

[0016] According to another aspect of the present inven-
tion, a flat panel display apparatus includes the organic light-
emitting device, and 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 DRAWINGS

[0017] These and/or other aspects will become apparent
and more readily appreciated by reference to the following
detailed description taken in conjunction with the accompa-
nying drawing (FIG. 1), which is a schematic view of an
organic light-emitting device according to an embodiment of
the present invention.
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DETAILED DESCRIPTION
[0018] According to an embodiment of the present inven-

tion, a heterocyclic compound is represented by Formula 1
below.

Formula 1

[0019] In Formula 1, R, and R, are each independently a
substituted or unsubstituted C1-C60 alkyl group, a substi-
tuted or unsubstituted C6-C60 aryl group, a substituted or
unsubstituted C2-C60 heteroaryl group (but not pyrimidine
or 1,3,5-triazine), or a substituted or unsubstituted C6-C60
condensed polycyclic group.

[0020] AtleastoneofR, andR, is a heterocyclic compound
represented by Formula 2 below.

Formula 2
X

SN

S U

“op

[0021] InFormula2,XisO, S, or Se. Also, p is an integer
of 1 to 7, and * indicates a binding site to the N atom of
Formula 1.

[0022] 7, may be a hydrogen atom a deuterium atom, a
substituted or unsubstituted C1-C20 alkyl group, a C1-C20
alkylsilyl group, a C6-C20 arylsilyl group, a substituted or
unsubstituted C6-C20 aryl group, a substituted or unsubsti-
tuted C2-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxyl group, a carboxyl
group, or an amino group substituted with a C6-C20 aryl
group or a C2-C20 heteroaryl group.

[0023] Tris(2-phenylpyridine)iridium(TIr(ppy),) is a phos-
phorescent material used in organic electroluminescent (EL)
devices that emits a spectrum at CIE 0.30, 0.63, and its maxi-
mum power efficiency is quantum efficiency of 6%. Although
organic EL devices use an “electric-phosphorescent,” they
have low efficiency, lifespans, and stability, and thus are not
suitable for high efficiency and high quality displays. Accord-
ingly, there is a need for the development of a phosphorescent
material having high efficiency and a long lifespan at low
voltage, and an organic EL device including the phosphores-
cent material.

[0024] The compounds represented by Formula 1 may be
used as light-emitting materials or as electron transporting
materials for organic light-emitting devices (OLEDs). Also,
the compounds of Formula 1 have high glass transition tem-
peratures (Tgs) or high melting points due to the introduction
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of the heterocycle. Accordingly, during electroluminescent
light-emission, the resistance against Joule’s heat between
organic layers or between an organic layer and a metal elec-
trode, and the resistance under high-temperature environ-
ments may increase. An organic EL light-emitting device
(OLED) manufactured using the heterocyclic compound
according to embodiments of the present invention is highly
durable during storage and operation.

[0025] Insome embodiments, the compound of Formula 1
may be represented by one of Formula 3 or Formula 4 below.

Formula 3

Formula 4

[0026] In Formulae 3 and 4, R, and R, are as described
above with respect to Formula 1.

[0027] Hereinafter, the substituents of the heterocyclic
compound of Formula 1 will be described.

[0028] According to an embodiment of the present inven-
tion, when one of R, and R, in Formula 1 is the heterocyclic
compound of Formula 2, the other of R, and R, may be
represented by Formula 2a below.

[0029] In Formula2a, 7, may be a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted C1-C20 alkyl
group, a C1-C20 alkylsilyl group, a C1-C20 arylsilyl, a sub-
stituted or unsubstituted C6-C20 aryl group, a substituted or
unsubstituted C2-C20 heteroaryl group, a substituted or
unsubstituted C6-C20 condensed polycyclic group, a halogen
group, a cyano group, a nitro group, a hydroxyl group, a
carboxyl group, or an amino group substituted with a C6-C20
aryl group or a C2-C20 heteroaryl group.

[0030] Also, p is an integer of 1 to 5, and * indicates a
binding site to the N atom in Formula 1.
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[0031] Insome embodiments, in Formula 1, the Z, may be
a hydrogen atom or a deuterium atom.

[0032] Insomeembodiments,in Formula 2a, the Z, may be
a hydrogen atom or a deuterium atom.

[0033] Hereinafter, representative substituents from among
those listed above will be defined. However, the numbers of
carbon atoms listed here are non-limiting, and do not limit the
properties of the substituent. Also, unless defined otherwise,
the definitions of the substituents are consistent with their
general definitions, as known to those of ordinary skill in the
art.

[0034] As used herein, the unsubstituted C1-C60 alkyl
group may be a linear or branched alkyl group, and non-
limiting examples thereof include a methyl group, an ethyl
group, a propyl group, an isobutyl group, a sec-butyl group, a
pentyl group, an iso-amyl group, a hexyl group, a heptyl, an
octyl, a nonanyl, and a dodecyl. The substituted C1-C60 alkyl
group refers to the substitution of at least one hydrogen atom
of the alkyl group with a deuterium atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C1-C10
alkyl group, aC1-C10 alkoxy group, aC2-C10 alkenyl group,
a C2-C10 alkynyl group, a C6-C16 aryl group, or a C2-C16
heteroaryl group.

[0035] As used herein, the unsubstituted C2-C60 alkenyl
group refers to an unsubstituted alkyl group having one or
more carbon-carbon double bonds at a center or terminal end
thereof. Non-limiting examples of the unsubstituted C2-C60
alkenyl group include ethenyl, propenyl, and butenyl. The
substituted C2-C60 alkenyl group refers to the substitution of
at least one hydrogen atom of the unsubstituted alkenyl group
with the substituents described above in connection with the
substituted alkyl group.

[0036] As used herein, the unsubstituted C2-C60 alkynyl
group refers to an unsubstituted alkyl group having one or
more carbon-carbon triple bonds at a center or terminal end
thereof. Non-limiting examples thereof include acetylene,
propylene, phenylacetylene, naphthylacetylene, isopropy-
lacetylene, t-butylacetylene, and diphenylacetylene. The sub-
stituted C2-C60 alkynyl group refers to the substitution of at
least one hydrogen atom of the unsubstituted alkynyl group
with the substituents described above in connection with the
substituted alkyl group.

[0037] As wused herein, the unsubstituted C3-C60
cycloalkyl group refers to a C3-C60 cyclic alkyl group. The
substituted C3-C60 cycloalkyl group refers to the substitution
of at least one hydrogen atom of the cycloalkyl group with the
substituents described above in connection with the C1-C60
alkyl group.

[0038] As used herein, the unsubstituted C1-C60 alkoxy
group refers to a group represented by —OA where A is the
unsubstituted C1-C60 alkyl group. Non-limiting examples of
the unsubstituted C1-C60 alkoxy group include methoxy,
ethoxy, isopropyloxy, butoxy, and pentoxy. The substituted
C1-C60 alkoxy group refers to the substitution of at least one
hydrogen atom of the unsubstituted alkoxy group with the
substituents described above in connection with the alkyl
group.

[0039] As used herein, the unsubstituted C6-C60 aryl
group refers to a carbocyclic aromatic system having at least
one aromatic ring. When the number of rings is two or more,
the rings may be fused to each other or may be linked to each
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other via, for example, a single bond. The term ‘aryl” includes
aromatic systems, such as phenyl, naphthyl, or anthracenyl.
The substituted C6-C60 aryl group refers to the substitution
of at least one hydrogen atom of the aryl group with the
substituents described above in connection with the C1-C60
alkyl group.

[0040] Non-limiting examples of the substituted or unsub-
stituted C6-C60 aryl group include a phenyl group, a C1-C10
alkylphenyl group (for example, an ethylphenyl group), a
biphenyl group, a C1-C10 alkylbiphenyl group, a C1-C10
alkoxybiphenyl group, o-, m-, and p-tolyl groups, 0-, m- and
p-cumenyl groups, a mesityl group, a phenoxyphenyl group,
a (a,a-dimethylbenzene)phenyl group, a (N,N'-dimethyl)
aminophenyl group, a (N,N'-diphenyl)aminophenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, a
C1-C10 alkylnaphthyl group (for example, methylnaphthyl
group), a C1-C10 alkoxynaphthyl group (for example, a
methoxynaphthyl group), an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthalenyl group, a phe-
nalenyl group, a fluorenyl group, an anthraquinolinyl group,
a methylanthryl group, a phenanthryl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, an ethyl-chrysenyl
group, a picenyl group, a perylenyl group, a chloroperylenyl
group, a pentaphenyl group, a pentacenyl group, a tetraphe-
nylenyl group, a hexaphenyl group, a hexacenyl group, a
rubicenyl group, a coronenyl group, a trinaphthalenyl group,
a heptaphenyl group, a heptacenyl group, a pyranthrenyl
group, and an ovalenyl group.

[0041] As used herein, the unsubstituted C2-C60 het-
eroaryl group refers to a carbocyclic aromatic system having
atleast one ring and at least one ring heteroatom selected from
nitrogen (N), oxygen (O), phosphorous (P), and sulfur (S).
When the group has two or more rings, the rings may be fused
to each other or may be linked to each other via, for example,
a single bond. Non-limiting examples of the unsubstituted
C2-C60 heteroaryl group include a pyrazolyl group, an imi-
dazolyl group, a oxazolyl group, a thiazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, aquinolinyl group, an isoquinolinyl group, and
a dibenzothiophenyl group. The substituted C2-C60 het-
eroaryl group refers to the substitution of at least one hydro-
gen atom of the heteroaryl group with the substituents
described above in connection with the C1-C60 alkyl group.
[0042] As used herein, the unsubstituted C5-C60 aryloxy
group refers to a group represented by —OA | where A, is the
C5-C60 aryl group. A non-limiting example of the aryloxy
group is a phenoxy group. The substituted C5-C60 aryloxy
group refers to the substitution of at least one hydrogen atom
of the aryloxy group with the substituents described above in
connection with the C1-C60 alkyl group.

[0043] As used herein, the unsubstituted C5-C60 arylthio
group refers to a group represented by —SA, where A, is the
C5-C60 aryl group. Non-limiting examples of the arylthio
group include a benzenethio group and a naphthylthio group.
The substituted C5-C60 arylthio group refers to the substitu-
tion of at least one hydrogen atom of the arylthio group with
the substituents described above in connection with the
C1-C60 alkyl group.

[0044] As used herein, the unsubstituted C6-C60 con-
densed polycyclic group refers to a substituent having two or
more rings formed by fusing at least one aromatic ring and/or
atleast one non-aromatic ring to at least one other aromatic or
non-aromatic ring, or to a substituent in which an unsaturated
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group is present in a ring but a conjugated system does not _continued
exist. The condensed polycyclic group is distinguished from 4

the aryl or heteroaryl group in that it does not have overall
aromaticity.

[0045] Non-limiting examples of heterocyclic compounds
represented by Formula 1 include Compounds 1-32, below.
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[0046] An organic light-emitting device according to an
embodiment of the present invention includes a first elec-
trode, a second electrode, and an organic layer between the
first electrode and the second electrode, and the organic layer

includes the heterocyclic compound represented by Formula
1.

[0047] The organic layer may include at least one layer
selected from a hole injection layer, a hole transport layer, a
functional layer having both a hole injection function and a
hole transport function (hereinafter referred to as an “H-func-
tional layer”), a buffer layer, an electron blocking layer, an
emission layer, a hole blocking layer, an electron transport
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layer, an electron injection layer, and a functional layer hav-
ing both an electron transport function and an electron injec-
tion function (hereinafter referred to as an “E-functional
layer™).

[0048] For example, the organic layer may be an emission
layer or an electron transport layer.

[0049] According to an embodiment of the present inven-
tion, the organic layer may include an electron injection layer,
an electron transport layer, an emission layer, a hole injection
layer, a hole transport layer, or a functional layer having both
hole injection capability and hole transportation capability.
The emission layer may further include an anthracene-based
compound, an arylamine-based compound, or a styryl-based
compound.

[0050] In some embodiments, the organic layer may an
electron injection layer, an electron transport layer, an emis-
sion layer, a hole injection layer, a hole transport layer, or a
functional layer having hole injection capability and hole
transportation capability. The emission layer may include a
red layer, a green layer, a blue layer, and a white layer, and any
one of these layers may include a phosphorescent compound.
The hole injection layer, the hole transport layer, or the func-
tional layer having hole injection capability and hole trans-
portation capability may include a charge-generation mate-
rial. The charge-generation material may be a p-dopant, and
the p-dopant may be a quinone derivative, a metal oxide, or a
cyano group-containing compound.

[0051] In some embodiments, the organic layer may
include an electron transport layer that includes an electron-
transporting organic compound and a metal complex. The
metal complex may be a Li complex.

[0052] As used herein, the term “organic layer” refers to a
single layer and/or a plurality of layers positioned between
the first electrode and the second electrode of the organic
light-emitting device.

[0053] The organic layer includes an emission layer, and
the emission layer may include the compound represented by
Formula 1. The organic layer may include at least one layer
selected from a hole injection layer, a hole transport layer, or
a H-functional layer. The at least one layer selected from the
hole injection layer, the hole transport layer, or the H-func-
tional layer may include the compound represented by For-
mula 1.

[0054] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment of
the present invention. Hereinafter, the structure of an organic
light-emitting device according to an embodiment of the
present invention, and a method of manufacturing the organic
light-emitting device according to another embodiment of the
present invention will be described with reference to FIG. 1.
[0055] Thesubstrate (not shown)may be any one of various
substrates that are commonly used in organic light-emitting
devices, and may be a glass substrate or a transparent plastic
substrate with mechanical strength, thermal stability, trans-
parency, surface smoothness, ease of handling, and water
resistance.

[0056] A first electrode may be formed by depositing or
sputtering a first electrode material on the substrate. When the
first electrode is an anode, the first electrode material may be
selected from materials with a high work function to facilitate
easy hole injection. The first electrode may be a reflective
electrode or atransmissive electrode. The material for the first
electrode may be a transparent material with high conductiv-
ity, and non-limiting examples of the material include indium
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tin oxide (ITO), indium zinc oxide (IZ0), tin oxide (SnO,),
and zinc oxide (ZnO). According to an embodiment of the
present invention, the first electrode may be formed as a
reflective electrode using magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), or magnesium-silver (Mg—Ag).

[0057] The first electrode may have a single-layer structure
or a multi-layer structure including at least two layers. For
example, the first electrode may have a three-layered struc-
ture of ITO/Ag/ITO, but is not limited thereto.

[0058] An organic layer may be formed on the first elec-
trode. The organic layer may include a hole injection layer, a
hole transport layer, a buffer layer, an emission layer, an
electron transport layer, and an electron injection layer.
[0059] Theholeinjection layer (HIL) may be formed onthe
first electrode by any one of various methods, for example,
vacuum deposition, spin coating, casting, or Langmuir-
Blodgett (LB) deposition. When the HIL is formed by
vacuum deposition, the deposition conditions may vary
according to the material that is used to form the HIL, and the
desired structural and thermal characteristics of the HIL. For
example, the deposition conditions may include a deposition
temperature of about 100° C. to about 500° C., a vacuum
pressure of about 10~% torr to about 107 torr, and a deposition
rate of about 0.01 A/sec to about 100 A/sec. However, the
deposition conditions are not limited thereto.

[0060] When the HIL is formed using spin coating, the
coating conditions may vary according to the material used to
form the HIL, and the desired structural and thermal propet-
ties of the HIL. For example, the coating speed may be about
2,000 rpm to about 5,000 rpm, and the temperature at which
heat treatment is performed to remove solvent after coating
may be about 80° C. to about 200° C. However, the coating
conditions are not limited thereto.

[0061] Any suitable hole injection material may be used,
non-limiting examples of which include N,N'-diphenyl-N,N'-
bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-di-
amine (DNTPD), a phthalocyanine compound such as copper
phthalocyanine,  4,4' 4"-tris(3-methylphenylphenylamino)
triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), TDATA, 2-TNATA, a polyaniline/
dodecylbenzenesulfonic acid (pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonicacid (pani/CSA), or
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS).

m-MTDATA
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[0062] The thickness of the HIL may be about 100 A to
about 10,000 A, for example, about 100 A to about 1,000 A.
When the thickness of the HIL is within these ranges, the HIL,
may have satisfactory hole injection characteristics without a
substantial increase in a driving voltage.

[0063] Then, a hole transport layer (HTL) may be formed
on the HIL by vacuum deposition, spin coating, casting,
Langmuir-Blodgett (LB) deposition, or the like. When the
HTL is formed by vacuum deposition or spin coating, the
deposition or coating conditions may be similar to those used
to form the HIL, although the deposition or coating condi-
tions may vary according to the material that is used to form
the HTL.

[0064] Any suitable hole transportation material may be
used, non-limiting examples of which include a carbazole
derivative, such as N-phenylcarbazole, or polyvinylcarba-
zole, N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphe-
nyl]-4,4'-diamine (TPD), 4,4',4"-tris(N-carbazolyl)tripheny-
lamine (TCTA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), or the like.

2-TNATA
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[0065] The thickness of the HTL may be about 50 A to
about 2,000 A, for example, about 100 A to about 1,500 A.
When the thickness of the HTL is within these ranges, the
HTL may have satisfactory hole transportation properties
without a substantial increase in a driving voltage.

[0066] The H-functional layer (i.e., a functional layer hav-
ing hole injection ability and hole transport ability) may
include one or more materials selected from the materials for
the HIL and the materials for the HTL. The thickness of the
H-functional layer may be about 500 A to about 10,000 A, for
example, about 100 A to about 1,000 A. When the thickness
of the H-functional layer is within these ranges, satisfactory
hole injection and transportation properties may be obtained
without a substantial increase in driving voltage.

[0067] Also, at least one layer of the hole injection layer,
the hole transport layer, or the H-functional layer may include
at least one compound selected from compounds represented
by Formula 300 below and compounds represented by For-
mula 350 below.

JoleBe
golone

NPB

Formula 300

Rsg
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[0068] InFormulae300and350,Ar, . Ar,,, Ar,,, and Ar,,
are each independently a substituted or unsubstituted C5-C60
arylene group.

[0069] InFormulae 300, eand f may each independently be
an integer of 0 to 5, or 0, 1 or 2. For example, e may be 1 and
fmay be 0, but e and fare not limited thereto.

[0070] InFormulae300and350,Rs, to Rqg, Rg; toRes, and
R,, and R,, may each independently be 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, a phosphoric acid group
or a salt thereof, a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C2-C60 alkenyl group, a
substituted or unsubstituted C2-C60 alkynyl group, a substi-
tuted or unsubstituted C1-C60 alkoxy group, a substituted or
unsubstituted C3-C60 cycloalkyl group, a substituted or
unsubstituted C5-C60 aryl group, a substituted or unsubsti-
tuted C5-C60 aryloxy group, or a substituted or unsubstituted
C5-C60 arylthio group.

[0071] For example, Rs; to Ryq, Ry, to Ry, Ry, and R,
may each independently be:

[0072] ahydrogenatom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C1-C10
alkyl group (for example, a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, or
the like), or a C1-C10 alkoxy group (for example, a methoxy
group, an ethoxXy group, a propoxy group, a butoxy group, a
pentoxy group, or the like); or

[0073] a CI1-C10 alkyl group or a C1-C10 alkoxy group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, or a phosphoric acid group or a salt thereof; or

[0074] a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, or a pyrenyl group; or

[0075] a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, or a pyrenyl group substituted with at least
one 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 C1-C10 alkyl group, or a
C1-C10 alkoxy group. However, Ry, to Rsg, Rg; 10 Rgo, R
and R, are not limited thereto.
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[0076]

[0077] aphenyl group, a naphthyl group, an anthryl group,
a biphenyl group, or a pyridyl group; or

[0078] a phenyl group, a naphthyl group, an anthryl group,
a biphenyl group, or a pyridyl group substituted with at least
one 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 substituted or unsubstituted
C1-C20 alkyl group, or a substituted or unsubstituted C1-C20
alkoxy group.

[0079] According to an embodiment of the present inven-
tion, the compound represented by Formula 300 may be rep-
resented by Formula 300A, but the chemical structure of the
compound is not limited thereto.

R, in Formula 300 may be:

Formula 300A

Rs)

O ~ Rso

N

500
)

[0080] Rs,, R, Rg;, and Ry, in Formula 300A are as
described above with respect to Formula 300.

[0081] Forexample, at least one of the HIL, the HTL, or the
H-functional layer may include at least one of Compounds
301 to 320 below, but may also include other materials.

®

b
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-continued
319

Z

\

320

[0082] To increase the conductivity of the layer, at least one
of the HIL, the HTL, and the H-functional layer may further
include a charge-generation material in addition to the hole
injecting materials, hole transport materials, and/or materials
having both hole injection and hole transport capabilities. The
charge-generation material may be, for example, a p-dopant.
The p-dopant may be one of a quinone derivative, a metal
oxide, or a cyano group-containing compound, but is not
limited thereto. Non-limiting examples of the p-dopant
include a quinone derivative, such as tetracyanoquino-
nedimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracyano-1,
4-benzoquinonedimethane (F4-TCNQ), or the like; a metal
oxide, such as a tungsten oxide and a molybdenum oxide; and
acyano group-containing compound, such as Compound 200
below.

16
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Compound 200
CN
NC | N N
N N. CN
Va
I\i N CN
N
NC 7
CN
T T
NC CN
NC CN
F T
F4-TCNQ
[0083] When the hole injection layer, the hole transport

layer, or the H-functional layer further includes a charge-
generation material, the charge-generation material may be
homogeneously dispersed or non-homogeneously distributed
in the hole injection layer, the hole transport layer, or the
H-functional layer.

[0084] A buffer layer may be disposed between the emis-
sion layer and at least one of the HIL, the HTL, and the
H-functional layer. The buffer layer may compensate for an
optical resonance distance of light according to a wavelength
of the light emitted from the emission layer, and thus may
increase efficiency. The butter layer may include any hole
injecting material or hole transporting material. In some other
embodiments, the buffer layer may include the same material
as one of the materials included in the HIL, HTL, or H-func-
tional layer underneath the buffer layer.

[0085] Subsequently, an emission layer (EML) may be
formed on the hole transport layer, the H-functional layer, or
the buffer layer by vacuum deposition, spin coating, casting,
LB deposition, etc. If the EML is formed by vacuum deposi-
tion or spin coating, the deposition or coating conditions may
be similar to those used to form the HIL, although the depo-
sition or coating conditions may vary according to the mate-
rial that is used to form the EML.

[0086] The EML may be formed using the compound
according to an embodiment of the present invention, or
various other hosts and dopants. The dopant for use in the
EML may be a fluorescent dopant or a phosphorescent
dopant.

[0087] Non-limiting examples of suitable hosts include
Alg,, 4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinyl-
carbazole)(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 (shown
below), Compounds 501 to 509 (shown below), and the like.
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[0088] Also, the host may be an anthracene-based com-
506 pound represented by Formula 400 below.

Q Formula 400
(AI 15)i

Arjja—(Ar )y (Ary)g—An3

N
O N
AN
O [0089] InFormula400,Ar,,, and Ar,,, may each indepen-
dently be a substituted or unsubstituted C5-C60 arylene

group.
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[0090] Ar,,; to Ar,,, may each independently be a substi- _continued
tuted or unsubstituted C1-C10 alkyl group, or a substituted or
unsubstituted C5-C60 aryl group.

[0091] InFormula400, g, h,1, and j are each independently
an integer of 0 to 4.

[0092] In Formula 400, for example, Ar,,, and Ar, , may
each independently be:

[0093] aphenylenyl group, anaphthalenyl group, aphenan-
threnyl group, a fluorenyl group, or a pyrenylenyl group; or

[0094] aphenylenyl group, a naphthalenyl group, aphenan-
threnyl group, a fluorenyl group, or a pyrenylenyl group sub-
stituted with at least one of a phenyl group, a naphthyl group,
or an anthryl group. However, Ar, |, and Ar, , , are not limited
thereto.

[0095] In Formula 400, g, h, i, and j may each indepen-
dently be 0, 1, or 2.

[0096] In Formula 400, Ar,,5 to Ar,,; may each indepen-
dently be:

[0097] aC1-C10alkyl group substituted with at least one of
a phenyl group, a naphthyl group, or an anthryl group;

[0098] a phenyl group; a naphthyl group; an anthryl group;
a pyrenyl group; a phenanthrenyl group; a fluorenyl group; or

[0099] a phenyl group, a naphthyl group, an anthryl group,
a pyrenyl group, a phenanthrenyl group, or a fluorenyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C1-C60
alkyl group, a C2-C60 alkenyl group, a C2-C60 alkynyl
group, a C1-C60 alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a pyrenyl group, a phenanthrenyl
group, a fluorenyl group, or

% :
X

However, Ar,, 5 to Ar,;, are not limited thereto.

[0100] For example, the anthracene-based compound rep-
resented by Formula 400 may be one of the following com-
pounds, but is not limited thereto.
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-continued -continued
[0101] Also, the host may be an anthracene-based com- O
pound represented by Formula 401 below.

Formula 401 ‘

[0102] InFormula401,Ar,,,toAr,,sarethesameasAr,
in Formula 400, and the description of Ar,, ; in Formula 400
is fully incorporated here.

[0103] InFormula401, Ar,, and Ar, ,, may each indepen-
dently be a C,-C, , alkyl group (for example, a methyl group,

an ethyl group, or a propyl group).

[0104] InFormula 401,k and 1 may each independently be
an integer of 0 to 4. For example, k and 1 may be 0, 1, or 2.
[0105] For example, the anthracene-based compound rep-
resented by Formula 401 may be one of the following com-
pounds, but is not limited thereto.

O [0106] When the organic light-emitting device is a full
color organic light-emitting device, the EML, may be pat-
terned into ared EML, a green EML, and ablue EML. At least
one of the red EML, the green EML, and the blue EML may
include one of the following dopants (ppy=phenylpyridine).
[0107]

Non-limiting examples of blue dopants include the
following compounds.



US 2014/0361255 Al Dec. 11,2014
24

(Fappy)sIr(tmd)

Ir(dfppz);

N/

N/




US 2014/0361255 Al Dec. 11,2014
25

-continued

i

DPVBI

DPAVBI

TBPe



US 2014/0361255 Al Dec. 11,2014

26
[0108] Non-limiting examples of red dopants include the -continued
following compounds. Ir(2-phq)3
PtOEP O
N
Ir
L~
= N/
X
L —I3
Ir(BT),(acac)
Ir(pig)s N N,
V. 0
N
Vs
‘O_
- 1>
Ir(flq),(acac)
Btpslr(acac)
Ir(flig),(acac)

Ir(pq)s(acac)
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-continued -continued

DCM

[0110] The dopant included in the EML may also be one of
the following Pd-complexes or Pt-complexes, but the dopant

DCAITB s not limited thereto.

D1
t-Bu
D2
[0109] Non-limiting examples of green dopants include the
following compounds.
D3
Ir(ppy)s
— - — - D4
A X
Va N\ O0=— Va N\
\T( \Wr
- / -

(0]

— —1s —

Ir(ppy )z (acac) Ir(mpyp);
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[0111] Also, another example of the dopant included in the
EML is a Os-complex below, but the dopant is not limited
thereto:

CFs
I
Ny | N
|~
Os
1 o
Co
Os(fppz)2(CO),
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-continued

Os(bppz),(PPh3)>

CFy

>_ \ PhaMe 1\?
5
Vi

Ph7Me \
N{
Ch;

Os(fptz),(PPhyMe),
C3F5
_N |
PhMea
\N/ ! \N Ny
| PhMe, \
- —

Gl

Os(hptz),(PPhiMe;,),

[0112] When the EML includes a host and a dopant, the
amount of the dopant may be about 0.01 to about 15 parts by
weight based on about 100 parts by weight of the host. How-
ever, the amount of the dopant is not limited thereto.

[0113] The thickness of the EML may be about 100 A to
about 10,000 A, for example, about 200 A to about 600 A. If
the thickness of the EML is within these ranges, good lumi-
nescent characteristics may be obtained without a substantial
increase in driving voltage.

[0114] Next, an electron transport layer (ETL) is formed on
the EML by any one of various methods, for example,
vacuum deposition, spin coating, casting, or the like. If the
ETL is formed by vacuum deposition or spin coating, the
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deposition or coating conditions may be similar to those used
to form the HIL, although the deposition or coating condi-
tions may vary according to the material that is used to form
the ETL.

[0115] Thematerial for forming the ETL may be any mate-
rial that stably transports electrons injected from an electron
injection electrode (cathode), and such a material may be the
compound according to an embodiment of the present inven-
tion or any other suitable electron transportation material.

[0116] Non-limiting examples of other suitable electron
transportation materials include a quinoline derivative, such
as tris(8-quinolinolato)aluminum (Alg3), TAZ, Balq, beryl-
lium bis(benzoquinolin-10-olate) (Bebq,), ADN, Compound
201, and Compound 202.

Compound 201
A
N\ | N
» .,
2 Y
N |\/ P
N
| g

\
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-continued Compound 202
A

| AN
»
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| v
PN
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BCP

CH, CH;

[0117] The thickness of the ETL may be about 100 A to
about 1,000 A, for example, about 150 A to about 500 A.
When the thickness of the ETL is within these ranges, the
ETL may have satisfactory electron transportation character-
istics without a substantial increase in driving voltage.

[0118] Inaddition to an electron transporting organic com-
pound, the ETL may include a metal-containing material. The
metal-containing material may include a lithium (Li) com-
plex. Non-limiting examples of the Li complex include
lithium quinolate (LiQ) and Compound 203 below.

Compound 2(3

. Li
Ny

w2

[0119] Also, a material that may allow easy injection of
electrons from an anode may be deposited on the electron
transport layer to form an electron injection layer (EIL). The
material of EIL is not particularly limited. The material for
forming the EIL. may be any one of various suitable materials,
including LiF, NaCl, CsF, Li,0, and BaO. The deposition
conditions for forming the EIL, may vary according to the
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material that is used to form the EIL, but the conditions may
be similar to those used to form the HIL.

[0120] The thickness of the EIL may be about 1 A to about
100 A, for example, about 3 A to about 90 A. When the
thickness of the EIL is within these ranges, the EIL may have
satisfactory electron transportation characteristics without a
substantial increase in a driving voltage.

[0121] The second electrode may be disposed on the
organic layer. The second electrode may be a cathode, which
is an electron injection electrode. The material for forming
the second electrode may be a metal, an alloy, an electrically
conductive compound, each having a low-work function, or a
mixture thereof. For example, lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), etc. may be formed as a thin film foruse as a transmissive
electrode. In some embodiments, to manufacture a top-emis-
sion light-emitting device, a transmissive electrode may be
formed of indium tin oxide (ITO) or indium zinc oxide (IZ0).
[0122] The organic light-emitting device according to
embodiments of the present invention has been described
with reference to FIG. 1, but is not limited thereto.

[0123] When the EML includes a phosphorescent dopant, a
hole blocking layer (HBL) may be formed between the ETL
and the EML or between the E-functional layer and the EML
to prevent the diffusion of triplet excitons or holes into the
ETL. The HBL may be formed by vacuum deposition, spin
coating, casting, LB deposition, etc. When the HBL is formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions may be similar to those used to form the HIL,
although the deposition or coating conditions may vary
according to the material that is used to form the HBL.
[0124] The hole blocking material may be any one of vari-
ous suitable hole blocking materials, non-limiting examples
of which include an oxadiazole derivative, a triazole deriva-
tive, a phenanthroline derivative, etc. For example, bathocu-
proine (BCP), shown below, may be used as the hole-block-
ing material.

BCP

[0125] The thickness of the HBL may be about 20 A to
about 1,000 A, for example, about 30 A to about 300 A. If the
thickness of the HBL is within these ranges, good hole block-
ing properties may be obtained without a substantial increase
in driving voltage.

[0126] An organic light-emitting device according to an
embodiment of the present invention may be included in
various flat panel display apparatuses, for example, a passive
matrix organic light-emitting display apparatus and an active
matrix organic light-emitting display apparatus. In particular,
when the organic light-emitting device is included in an active
matrix organic light-emitting display apparatus, the first elec-

Dec. 11,2014

trode, disposed on a substrate, functions as a pixel and may be
electrically connected to a source electrode or a drain elec-
trode of a thin film transistor. In addition, the organic light-
emitting device may be included in a flat panel display appa-
ratus that emits light in two opposite directions.

[0127] The organic layer of an organic light-emitting
device according to an embodiment of the present invention
may be formed by depositing a compound according to an
embodiment of the present invention, or by coating a solution
containing the compound according to an embodiment of the
present invention. The latter method is a wet method.

[0128] Hereinafter, one or more embodiments of the
present invention will be described with reference to the
following examples. These examples are presented for illus-
trative purposes only and are not intended to limit the purpose
and scope of the one or more embodiments of the present
invention.

EXAMPLES

Synthesis Example 1

[0129]
Br Br —
I-1
‘O . PPh;
iy —_—

B
Pd/c
Br B
NILNH,

NO,
.O Br
1-2
H
N
.O Br
13
H
N
Cul
—_—
. :
14
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Synthesis of Intermediate I-1

[0130] 10.0 g (55.4 mmol) of 9,10-dihydrophenanthrene,
21.8 g (121.0 mmol) of N-bromosuccinimide, and 0.5 g (2.7
mmol) of p-TsOH were dissolved in 30 mL of acetonitrile,
and then the mixture was stirred at a temperature of 50° C. for
12 hours. The reaction solution was cooled to room tempera-
ture, and then stirred for 30 minutes to precipitate crystals.
The crystals were collected using a reduced-pressure filter,
and then washed with methanol, and 8.4 g (yield: 45%) of
Intermediate I-1 was obtained as a gray crystal. The obtained
compound was identified by LC-MS. C,,H, ,Br, M" 336.9
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Synthesis of Intermediate 1-2

[0131] 5.0 g (15.0 mmol) of Intermediate I-1 was com-
pletely dissolved in 50 mL of dichloromethane, and 1.7 g
(30.0 mmol) of a nitric acid was added thereto at room tem-
perature, and then 1.5 g (15.0 mmol) of a sulfuric acid was
slowly added dropwise thereto and the mixture was stirred at
a temperature of 30° C. for 6 hours. When the reaction was
terminated, the reaction solution was cooled to room tem-
perature, and then 50 mL of methanol was added thereto and
the resultant was stirred for 2 hours to precipitate crystals. The
crystals were collected using a reduced-pressure filter, and
then washed with methanol, and 5.2 g (yield: 90%) of Inter-
mediate [-2 was obtained as a yellow crystal. The obtained
compound was identified by LC-MS. C,,H,Br,NO, M*
381.9

Synthesis of Intermediate 1-3

[0132] 4.6 g (12.0 mmol) of Intermediate 1-2 was added to
30 mL of o-dichlorobenzene and then completely dissolved
by heating, and then 4.7 g (18.0 mmol) of triphenylphosphine
was added thereto, and the mixture was stirred at a tempera-
ture of 180° C. for 3 hours. The reaction solution was cooled
to room temperature, and then the residue obtained by evapo-
rating the solvent was separation-purified by silica gel col-
umn chromatography, and then the resultant was washed with
methanol to obtain 2.9 g (yield: 70%) of Intermediate I-3,
which was a white crystal. The obtained compound was iden-
tified by LC-MS. C, ,H,Br,N M* 349.9

Synthesis of Intermediate 1-4

[0133] 10 g (28.5 mmol) of Intermediate 1-3 and 0.03 g
(0.28 mmol) of Pd/C (10%) were dissolved in 100 mL of
ethanol at room temperature, and then the temperature of the
solution was increased to 50° C. Then, 5.48 g (171 mmol) of
hydrazine was added thereto and the mixture was stirred for
24 hours. The reaction solution was cooled to room tempera-
ture, washed with acetone, and 100 mL ofice water was added
thereto to obtain 3.63 g (yield: 66%) of Intermediate 1-4,
which was a white crystal. The obtained compound was iden-
tified by LC-MS. C, ,H, ;N M+ 194.1

Synthesis of Intermediate 1-5

[0134] 1.93 g (10.0 mmol) of Intermediate 1-4, 2.5 g (12.0
mmol) of iodobenzene, 0.2 g (1.0 mmol) of 1,10-phenanthro-
line, 0.2 g (2.0 mmol) of Cul, and 4.1 g (30.0 mmol) of K,CO,
were dissolved in 30 mL of N,N-dimethylformamide (DMF),
and then the mixture was stirred at a temperature of 80° C. for
24 hours. The reaction solution was cooled to room tempera-
ture, and then extracted three times with 30 mL of water and
40 mL of diethylether. The collected organic solvent layer
was dried using magnesium sulfate, and then the residue
obtained by evaporating the solvent was separation-purified
by silica gel column chromatography to obtain 2.39 g (yield:
89%) of Intermediate I-5. The obtained compound was iden-
tified by LC-MS. C,H,; sN M* 270.1

Synthesis of Intermediate 1-6

[0135] 10 g (37.1 mmol) of Intermediate I-5 was com-
pletely dissolved in 100 mL of dichloromethane, and 3.58 g
(14.1 mmol) of iodine and 2.38 g (11.13 mmol) of KIO, were
each divided into five portions, and each of the portions was
added one at a time. The mixture was stirred for 6 hours and
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washed with methanol to obtain 8.06 g (vield: 55%) of Inter-
mediate I-6. The obtained compound was identified by LC-
MS. C,H,,IN M+ 396.1

Synthesis of Intermediate 1-7

[0136] 10 g(25.3 mmol) of Intermediate I-6 was dissolved
in 100 mL of toluene in an oxygen atmosphere, and then, at
room temperature, 1.57 g (7.6 mmol) of 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone and 0.52 g (7.6 mmol) of NaNO,
were added thereto, and the mixture was stirred at a tempera-
ture of 110° C. for 6 hours. When the reaction was completed,
the reaction solution was cooled to room temperature, and the
residue obtained by evaporating the solvent was separation-
purified by silica gel column chromatography to obtain 8.94
g (yield: 90%) of Intermediate I-7. The obtained compound
was identified by LC-MS. C,oH,IN M+ 394.0

Synthesis of Intermediate 1-8

[0137] 10 g(25.3 mmol) of Intermediate I-7 was dissolved
in 30 ml of THF, and then, at a temperature of -78° C., 10 mL
of n-BuLi (25.0 mmol, 2.5M in hexane) was slowly added
dropwise thereto. At the same temperature, after the mixture
was stirred for one hour, 9.3 mL (50 mmol) of 2-isoproxy-4,
45,5 -tetramethyl-1,3,2-dioxaborolane was slowly added
dropwise thereto. Then, the reaction solution was stirred at a
temperature of -78° C. for 1 hour, and then the resultant was
additionally stirred for 24 hours at room temperature. When
the reaction was terminated, 50 mL of 10% HCI aqueous
solution and 50 mL of H,O were added thereto, and then the
resultant was extracted three times with 80 mL of diethyl-
ether. The collected organic layer was dried using magnesium
sulfate, and then the residue obtained by evaporating the
solvent was separation-purified by silica gel column chroma-
tography to obtain 7.49 g (yield: 75%) of Intermediate 1-8.
The obtained compound was identified by LC-MS.
C,sH,;BNO,: M+ 396.2

Synthesis of Intermediate 1I-1

[0138] 2.93 g(10.0 mmol) of 3-iodocarbazole, 2.96 g (12.0
mmol) of 4-bromodibenzofuran, 0.2 g (2.0 mmol) of Cul, and
4.1 g (30.0 mmol) of K,CO, were dissolved in 100 mL of
N,N-dimethylformamide (DMF), and then the mixture was
stirred at a temperature of 80° C. for 24 hours. The reaction
solution was cooled to room temperature, and then extracted
three times with 30 mL of water and 40 mL of diethylether.
The collected organic solvent layer was dried using magne-
sium sulfate, and then the residue obtained by evaporating the
solvent was separation-purified by silica gel column chroma-
tography to obtain 3.21 g (vield: 70%) of Intermediate 11-1.
The obtained compound was identified by LC-MS.
C,,H,,INO M* 460.2

Synthesis of Compound 3

[0139] 1.96¢g(5 mmol)ofIntermediate1-8,2.29 g (5 mmol)
of Intermediate 11-1, 0.289 g (0.25 mmol) of Pd(PPh,), and
0.829 g (6 mmol) of K,CO; were dissolved in 100 mL of a
THF/H,O (a volume ratio of 2/1) mixed solution, and then
stirred at a temperature of 80° C. for 5 hours. The reaction
solution was cooled to room temperature, 40 mL of water was
added thereto, and the solution was extracted three times with
50 mL of ethylether. The collected organic layer was dried
using magnesium sulfate, and then the residue obtained by
evaporating the solvent was separation-purified by silica gel



US 2014/0361255 Al
37

column chromatography to obtain 2.3 g (yield: 68%)of Com-
pound 3. The obtained compound was identified by LC-MS
and "H NMR. C,,H,N,O cal. 598.20. found 599.22.

Synthesis Example 2

[0140]
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Synthesis of Intermediate 1-9

[0141] Intermediate I-9 was synthesized as in the synthesis
of Intermediate I-5, except that 2-bromodibenzothiophene
was used instead of iodobenzene. The obtained compound
was confirmed by LC-MS. C,,H,,NS M* 376.11

Synthesis of Intermediate I-10

[0142] Intermediate I-10 was synthesized in the same man-
ner as used to synthesize Intermediate 1-6, except that Inter-
mediate 1-9 was used instead of Intermediate 1-5. The
obtained compound was confirmed by LC-MS. C,H, (INS:
M* 502.12

Synthesis of Intermediate I-11

[0143] Intermediate I-11 was synthesized as in the synthe-
sis of Intermediate I-7, except that Intermediate [-10 was used
instead of Intermediate [-6. The obtained compound was
confirmed by LC-MS. C,.H,,INS: M* 500.98

Synthesis of Intermediate I-12

[0144] Intermediate 1-12 was synthesized as in the synthe-
sis of Intermediate [-8, except that Intermediate [-11 was used
instead of Intermediate I-7. The obtained compound was
confirmed by LC-MS. C,,H,,BNO,S: M* 500.20

Synthesis of Intermediate 11-2

[0145] Intermediate II-2 was synthesized as in the synthesis
of Intermediate II-1, except that iodobenzene was used
instead of 4-bromodibenzofuran. The obtained compound
was confirmed by LC-MS. C,,H; ,JNO M* 460.2

38
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Synthesis of Compound 8

[0146] 2.62g(yield: 81%) of Compound 8 was synthesized
as in the synthesis of Compound 3, except that Intermediate
1-12 was used instead of Intermediate 1-8, and Intermediate
11-2 was used instead of Intermediate 11-1. The obtained com-
pound was confirmed by LC-MS and 'H NMR. C4;H,oN,
cal. 614.18. found 615.22

Synthesis Example 3
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Synthesis of Intermediate II-3 1113

[0148] Intermediate II-3 was synthesized as in the synthesis
of Intermediate II-1, except that 2-bromodibenzothiophene
was used instead of 4-bromodibenzofuran. The obtained
compound was confirmed by LC-MS. C,,H,.INSM* 476.98

N
Synthesis of Compound 14 OQQ +

[0149] 2.62 g (yield: 81%) of Compound 14 was synthe-
sized as in the synthesis of Compound 3, except that Inter- ]
mediate I-12 was used instead of Intermediate I-8, and Inter- o)
mediate 11-3 was used instead of Intermediate I1I-1. The
obtained compound was confirmed by LC-MS and ‘H NMR.

CsoHagN,S, cal. 720.17. found 721.44 -3
Synthesis Example 4 O
[0150]
6] PPhy

—_—
THFH0

q
N
) = P
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Q II-1
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Synthesis of Intermediate I11-1

[0151] 3.82 g(20.0 mmol) of 6H-benzo[def|carbazole was
completely dissolved in 200 ml of carbon tetrachloride
(CCl,), and 3.56 g (20.0 mmol) of N-bromosuccinimide was
added thereto, and then the mixture was stirred at a tempera-
ture of 80° C. for 30 minutes. The reaction solution was
cooled to room temperature, and then stirred for 30 minutes to
precipitate crystals. The crystals were collected using a
reduced-pressure filter, and then washed with methanol, and
2.2 g (yield: 45%) of Intermediate III-1 was obtained as a
white crystal. The obtained compound was identified by LC-
MS. C, ,HBrN M* 270.982

Synthesis of Intermediate I11-2

[0152] Intermediate I11-2 was synthesized as in the synthe-
sis of Intermediate I-5, except that Intermediate I1I-1 was
used instead of Intermediate I-4. The obtained compound was
identified by LC-MS. C,,H,;BrN M* 346.02

Synthesis of Intermediate I11-3

[0153] Intermediate I11-3 was as in the synthesis of Inter-
mediate -8, except that Intermediate III-2 was used instead of
Intermediate I-7. The obtained compound was identified by
LC-MS. C,5H,,BrNO, M*379.17

Synthesis of Compound 17

[0154] 1.91 g (yield: 61%) of Compound 17 was synthe-
sized as in the synthesis of Compound 3, except that Inter-
mediate I11-3 was used instead of Intermediate 1-8, and Inter-
mediate II-1 was used. The obtained compound was
identified by LC-MS and *H NMR. C,,H,,N,O cal. 598.20.
found 599.22

Dec. 11,2014

Synthesis Example 5
[0155]
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-continued Synthesis Example 6
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Synthesis of Intermediate I11-4 -6

[0156] Intermediate 111-4 was synthesized as in the synthe- 0
sis of Intermediate I-5, except that Intermediate I1I-1 was
used instead of Intermediate 1-4, and 4-dibenzofuran was

used instead of iodobenzene. The obtained compound was
identified by LC-MS. C, I, ,BfNO, M* 437.02

Synthesis of Intermediate I11-5 N,

[0157] Intermediate I11-5 was synthesized as in the synthe-
sis of Intermediate I-8, except that Intermediate I11-4 was
used instead of Intermediate I-7. The obtained compound was
identified by LC-MS. C;,H,¢BrNO; M* 484.20

Synthesis of Compound 21

[0158] 1.91 g (yield: 61%) of Compound 21 was synthe-
sized as in the synthesis of Compound 3, except that Inter-
mediate I1I-5 was used instead of Intermediate 1-8. The
obtained compound was identified by LC-MS and *H NMR.
CsoH,gN, O, cal. 688.22. found 689.05

17
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Synthesis of Intermediate I11-6

[0160]
sis of Intermediate I-5, except that Intermediate III-1 was
used instead of Intermediate 1-4, and 2-dibenzofuran was

Intermediate I11-6 was synthesized as in the synthe-

Dec. 11,2014

used instead of iodobenzene. The obtained compound was
identified by LC-MS. C, I, ,BfNO, M* 437.14

Synthesis of Intermediate I11-7

[0161] Intermediate IT1-7 was synthesized as in the synthe-
sis of Intermediate 1-8, except that Intermediate III-6 was
used instead of Intermediate I-7. The obtained compound was
identified by LC-MS. C,,H, BrNO, M* 484.32

Synthesis of Compound 32

[0162] 2.78 g (yield: 80%) of Compound 32 was synthe-
sized as in the synthesis of Compound 3, except that Inter-
mediate I1I-6 was used instead of Intermediate 1-8, and Inter-
mediate 1I-3 instead of Intermediate 1I-1. The obtained
compound was identified by LC-MS and 'H NMR.
CsoHo N, 0, cal. 704.19. found 705.88

[0163] Additional compounds were synthesized using the
same synthesis methods as described above and appropriate
intermediate materials (for example, a material having a cor-
responding I or Br substituent group, and a material having a
corresponding —B(OH), substituent group). '"H NMR and
MS/FAB results of the synthetic compounds are shown in
Table 1 below.

[0164] Methods of synthesizing compounds other than
those shown in Table 1 would be discernible to those of
ordinary skill in the art by referring to the synthesis paths and
source materials described above and in Table 1.

TABLE 1
Com- 'HNMR MS/FAB
pound (CDCls, 400 MHz) found  cale.

1 6=82515(m,3H),8.05-7.95 (m, 2H),7.90-  599.32 598.20
7.80 (m, 4H), 7.68-7.48 (m, 7H), 7.42-
7.30 (m, 9T), 7.28 (dd, 1H)
2 6=825-15 (m, 3H), 8.05-8.00 (m, 2H), 7.95-7.85 615.22 614.18
(m, 4H), 7.75-7.44 (m, 16H), 7.32 (dd, 1))
8=8.20-8.15 (m, 2H), 8.10 (d, 1H), 8.05-7.85 (m, $99.22 $598.20
6H), 7.60-7.35 (m, 16H), 7.30 (t, 11)
4 §=82515 (m, 3H), 8.05 (dd, 1H), 7.93-7.80 (m,
5H), 7.70-7.46 (m, 17H)
8 =830-8.15 (m, 3H), 8.05-7.80 (m, 6H), 7.75 (d, 599.44 59820
1H), 7.70-7.60 (m, 16H), 7.30 (t, 1H)
6  6=828-8.17 (m, 3H), 8.08 (dd, 111), 7.95-7.80
(m, 4H), 7.60-7.32 (m, 18H)
7 6=825-8.18 (m, 3H), 8.05-7.90 (m, 5H), 7.80-7.55 599.44 598.20
(m, 8H), 7.50-7.25 (m, 10H)
8 8=828-817 (m,3H),8.10 (m, 2H), 7.98-7.82 (m, 615.22 614.18
41), 7.68-7.38 (m, 17H)
9 6=%30-824 (m, 2H),8.22 (d, 111),8.01-7.96 (m, 689.04 688.22
3H), 7.84-7.40 (m, 20H), 7.30 (t, 2H)
10 8=828-8.17 (m, 3H), 8.12 (dd, 2H), 7.06-7.80 (m, 721.26 720.17
7H), 7.75-7.45 (m, 16H)
11 5=826-8.20 (m,3H), 8.18 (d, 1H), 8.14 (d, 1H),
8.05--7.90 (m, 8H), 7.85-7.55 (m, 14H),
730 (t.1H)
12 5=825-8.19 (m,3H), 8.18 (d, 1H), 8.15 (d, 1H),
8.07--7.91 (m, 8H), 7.86-7.57 (m, 14H),
732 (t.1H)
13 5=828-8.24 (m, 2H), 8.20 (d, 1H),8.16-8.10 (m, 721.46 720.17
4H), 8.06-7.86 (m, 6H), 7.82-
7.48 (m, 15H)
14 5=826-8.22 (m,2H), 822 (d, 1H),8.18-8.12 (m, 721.44 720.17
4H), 8.08-7.90 (m, 6H), 7.84-7.48 (m, 15H)
15 5=826-8.22 (m, 2H), 8.20 (d, 1H),8.16-8.12 (m, 704.98 704.19
2H), 8.10-7.92 (m, 7H), 7.88-7.50 (m, 14H),
744 (dd, 21)
16  5=828-8.22 (m,2H), 8.18 (d, 1H),8.16-8.12 (m, 705.22 704.19
2H), 8.08-7.82 (m, 8H), 7.78-7.42 (m, 15H)

[9%)

615.32 614.18

n

615.44 614.18

705.22 704.19

705.46 704.19
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TABLE 1-continued

Com 'HNMR MS/FAB
pound (CDCls, 400 MHz) found calc.
17 &=2830-8.26 (m, 2H), 8.05 (d, 1H),8.01-7.93 (m, 599.08 598.20
6H), 7.90-7.65 (m, 16H), 7.30 (t, 1H)
18  &=2828-822 (m, 2H), 8.18 (d, 1H),7.98-7.84 (m, 615.48 614.18
5H), 7.75-7.45 (m, 18H)
19 8=8.26-8.22(m, 2H),8.15-8.10 (m, 2H), 8.05-  599.86 598.20
7.96 (m, 5H), 7.92-7.72 (m, 9H), 7.65-7.34
(m, 7H), 7.30 (t, 1H)
20 = 8.29-8.25 (m, 2H), 8.21 (d, 1H), 8.12- 615.50 614.18
7.84 (m, 16H), 7.78-7.52 (m, 7H)
21 §=828-8.24 (m, 2H), 8.16-8.08 (m, 10H), 8.00-  689.05 688.22
7.75 (m, 14H), 7.57-7.50 (m, 2H)
22 §=828-8.24 (m, 2H), 8.20 (d, 2H), 8.04-7.96 (m, 722.01 720.17
7H),7.90-7.36 (m, 17H)
23 5=8%30-8.26 (m, 2H), 8.18 (d, 1H), 8.14-808  705.22 704.19
(m, 2H), 8.02-7.84 ( m, 6H), 7.80-7.45 (m, 16H),
7.30 (t, 1H)
24 5=8288.22(m,2H),8.16 (d, 1H), 8.10-7.94  705.46 704.19
(m, 8H), 7.90-7.65 (m, 16H), 7.28 (t, 1H)
25 5=830-8.26 (m, 2H), 8.20 (d, 1H), 8.16-7.88  599.10 598.20
(m, 8H), 7.84-7.76 (m, 7H), 7.72-7.50 (m, 8H)
26 5=8.30-8.26 (m, 2H), 8.22 (m, 2H), 8.05-7.88  615.43 614.18
(m, 6H), 7.80-7.52 (m, 15H), 7.46 (dd, 1H)
27 5=1828-824(m,2H),8.10-7.96 (m, 7TH), 7.90-  599.99 598.20
7.68 (m, 9H), 7.58-7.38 (m, TH), 7.34 (dd, 1H)
28 9=8.28-8.24 (m, 2H), 8.20 (m, 2H), 8.14-7.96  615.88 614.18
(m, 6H), 7.92-7.54 (m, 15H), 7.50 (dd, 1H)
29 §=8.30-8.26 (m, 2H), 8.00 (dd, 2H), 7.96-7.90  690.05 688.22
(m, 8H), 7.86-7.60 (m, 7H), 7.45-7.28 (m, SH)
30 9=8.30-8.26 (m, 2H), 8.18 (m, 4H), 8.00-7.84  721.56 720.17
(m, 8H), 7.82-7.40 ( m, 14H)
31 §=8.30-8.26 (m, 2H), 8.23 (m, 2H), 8.16-7.90  705.48 704.19
(m, 9H), 7.88-7.50 (m, 14H), 7.44 (dd, 1H)
32 §=8.28-8.24 (m, 2H), 8.20 (m, 2H), 8.14-7.90  705.88 704.19
(m, 9H), 7.84-7.48 (m, 14H), 7.44 (dd, 1H)
Example 1
[0165] Ananode was manufactured as follows. A substrate,

on which ITO, Ag, and ITO were respectively deposited to
thicknesses of 70 A, 1000 A, and 70 A, was cut 1o a size of 50
mmx50 mmx0.5 mm, and then sonicated with isopropy! alco-
hol and pure water each for 5 minutes, and then washed by
UV irradiation for 30 minutes and ozone. The resulting glass
substrate was loaded in a vacuum deposition apparatus.
[0166] 2-TNATA was vacuum deposited on the substrate to
form a HIL having a thickness of 600 A, and then, 4,4'-bis
[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB), as a hole
transportation compound, was vacuum deposited thereon to
form a HTL having a thickness of 1000 A.

[0167] Compound 3 according to an embodiment of the
present invention as a green phosphorescent host, and
Ir(ppy)3 as a dopant, were co-deposited on the HTL at a
weight ratio 0f 91 to 9 to form an EML having a thickness of
250 A. Then, BCP as a hole blocking compound, was vacuum
deposited on the EML to form a HBL having a thickness of 50
A to form a hole blocking layer. Subsequently, Alq3 was
deposited thereon to form an ETL having a thickness of 350
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, and Mg and Ag were deposited at weight ratio of 90 to 10
to a thickness of 120 A to form an electrode, thereby com-
pleting the manufacture of an organic electroluminescent
light-emitting device.

[0168] Ata current density of 10 mA/cm?, the device had a
driving voltage of 5.4 V, a luminescence brightness of 4,852

43
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cd/m?, a luminescence efficiency of 48.5 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 69 hours.
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Example 2

[0169] An organic EL device was manufactured as in
Example 1, except that in forming the EML,, Compound 8 was
used instead of Compound 3.

[0170] Atacurrent density of 10 mA/cm?, the device had a
driving voltage of 5.3 V, a luminescence brightness of 4,978
cd/m? a luminescence efficiency of 49.8 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 67 hours.

Example 3

[0171] An organic EL device was manufactured as in
Example 1, except that in forming the EML, Compound 17
was used instead of Compound 3.

[0172] Ata current density of 10 mA/cm?, the device had a
driving voltage of 5.2 V, a luminescence brightness of 5,234
cd/m?, a luminescence efficiency of 52.3 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 74 hours.

Example 4

[0173] An organic ELL device was manufactured as in
Example 1, except that in forming the EML, Compound 21
was used instead of Compound 3.

44
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[0174] Atacurrent density of 10 mA/cm?, the device had a
driving voltage of 5.3 V, a luminescence brightness of 5,534
cd/m?, a luminescence efficiency of 55.3 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 98 hours.

Example 5

[0175] An organic EL device was manufactured as in
Example 1, except that in forming the EML, Compound 32
was used instead of Compound 3.

[0176] At a current density of 10 mA/cm?, the device had a
driving voltage of 5.4 V, a luminescence brightness of 5,013
cd/m?, a luminescence efficiency of 50.1 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 88 hours.

Example 6

[0177] An organic EL device was manufactured as in
Example 1, except that in forming the ETL, Compound 14
was used instead of Alg,.

[0178] Atacurrent density of 10 mA/cm?, the device had a
driving voltage of 5.1 V, a luminescence brightness of 5,133

cd/m?, a luminescence efficiency of 51.3 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 104 hours.

Comparative Example 1

[0179] An organic EL device was manufactured as in
Example 1, except that in forming the EML, 4,4'-N,N'-dicar-
bazolylbiphenyl (CBP), which is a green phosphorescent
host, was used instead of Compound 3.

[0180] Atacurrent density of 10 mA/cm?, the device had a
driving voltage of 6.5 V, a luminescence brightness 0f 3,210
cd/m?, a luminescence efficiency of 32.1 cd/A, and a half-
lifespan (hr @100 mA/cm?) of 32 hours.

NN .

CBP

[0181] Compounds represented by Formula 1 were used as
host materials for green and red phosphorescent EMLs or as
electron transporting materials. When compared with CBP,
the compounds represented by Formula 1 showed high driv-
ing voltages, high efficiency, and good I-V-L characteristics.
In particular, the compounds represented by Formula 1
showed improved lifespan characteristics, exhibiting sub-
stantially prolonged lifespans. Representative characteristics
and lifespan results were measured and the results are shown
in Table 2.
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TABLE 2
Driving  Current
EML hostor Voltage Density Brightness Efficiency Emission Lifespan
ETL (V) (mA/em?)  (cd/m?) (cd/A) Color  LT97 (hr)
Examplel  Compound 54 10 4,852 48.5 Green 69 hr
Example 2 Comgound 5.3 10 4978 49.8 Green 67 hr
Example 3 Comiound 5.2 10 5,234 523 Green 74 hr
Example 4 Comlplound 5.3 10 5,534 553 Green 98 hr
Example 5 Comzplound 54 10 5,013 50.1 Green 88 hr
Example 6 Com3p20und 5.1 10 5,133 513 Green 104 hr
Comparative Cl];P 6.5 10 3,210 321 Green 32 hr
Example 1
[0182] The heterocyclic compounds represented by For-

mula 1 have good charge transporting capabilities, and thus
are suitable for use as light-emitting materials or as electron
transporting materials for full color (such as red, green, blue,
or white) fluorescent and phosphorescent devices. Accord-
ingly, by including the heterocyclic material, organic light-
emitting devices having high efficiency, low voltages, high
brightness, and long lifespans may be manufactured.

[0183] While certain exemplary embodiments have been
described herein, those of ordinary skill in the art will recog-
nize that various changes can be made to the described
embodiments without departing from the spirit and scope of
the present invention, as defined in the following claims. As
such, the described embodiments should be considered in a
descriptive sense only and not for purposes of limitation, and
descriptions of features or aspects within each embodiment
should typically be considered as available for other similar
features or aspects in other embodiments.

What is claimed is:

1. A heterocyclic compound represented by Formula 1:

Formula 1

wherein:

R, and R, are each independently a substituted or unsub-
stituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C6-C60 aryl group, a substituted or unsubstituted

C2-C60 heteroaryl group that is not pyrimidine or 1,3,
S-triazine, or a substituted or unsubstituted C6-C60 con-
densed polycyclic group;

at least one of R, and R, is a heterocyclic compound rep-
resented by Formula 2:

Formula 2

wherein:

Xis O, S, or Se;

7, is a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C20 alkyl group, a C1-C20 alkylsilyl
group, a C6-C20 arylsilyl group, a substituted or unsub-
stituted C6-C20 aryl group, a substituted or unsubsti-
tuted C2-C20 heteroaryl group, a substituted or unsub-
stituted C6-C20 condensed polycyclic group, a halogen
group, a cyano group, a nitro group, a hydroxyl group, a
carboxyl group, or an amino group substituted with a
C6-C20 aryl group or a C2-C20 heteroaryl group;

pis an integer of 1 to 7; and
* indicates a binding site.

2. The heterocyclic compound of claim 1, wherein the
heterocyclic compound of Formula 1 is represented by For-
mula 3:

Formula 3
R
I
N
O 0 l )
|
N
\
R‘7

3. The heterocyclic compound of claim 1, wherein the
heterocyclic compound of Formula 1 is represented by For-
mula 4:
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-continued
Formula 4 8

N

4. The heterocyclic compound of claim 1, wherein when
one of R, and R, in Formula 1 is the heterocyclic compound
of Formula 2, the other of R, and R, is represented by Formula
2a:

2 14
N

K/_ Ep

#

wherein:

7, is a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C20 alkyl group, a C1-C20 alkylsilyl
group, aC1-C20 arylsilyl, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted
C2-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, a halogen group, a
cyano group, a nitro group, a hydroxyl group, a carboxyl
group, or an amino group substituted with a C6-C20 aryl
group or a C2-C20 heteroaryl group;

p is an integer of 1 to 5; and
* indicates a binding site.

5. The heterocyclic compound of claim 1, wherein Z, in
Formula 1 is a hydrogen atom or a deuterium atom.

6. The heterocyclic compound of claim 4, wherein Z, in
Formula 2a is a hydrogen atom or a deuterium atom. 17

7. The heterocyclic compound of claim 1, wherein the
compound of Formula 1 is one of Compounds 3, 8, 14, 17, 21

or 32:
| L)

- <0
0 8%
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N

21

50

8. An organic light-emitting device (OLED) comprising:

a first electrode;

a second electrode; and

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

Dec. 11,2014

wherein the organic layer comprises the compound of
claim 1.

9. The OLED of claim 8, wherein the organic layer is an
emission layer or an electron transport layer.

10. The OLED of claim 8, wherein:

the organic layer includes one or more of an emission layer,

an electron injection layer, an electron transport layer, a
functional layer having electron injection capability and
electron transportation capability, a hole injection layer,
a hole transport layer, or a functional layer having hole
injection capability and hole transportation capability,
and

the emission layer includes an anthracene-based com-

pound, an arylamine-based compound, or a styryl-based
compound.

11. The organic light-emitting device of claim 8, wherein

the organic layer includes one or more of an emission layer,

an electron injection layer, an electron transport layer, a
functional layer having electron injection capability and
electron transportation capability, a hole injection layer,
a hole transport layer, or a functional layer having hole
injection capability and hole transportation capability,
and

the emission layer includes a red layer, a green layer, a blue

layer, and a white layer, one of which includes a phos-
phorescent compound.

12. The OLED of claim 11, wherein the hole injection
layer, the hole transport layer, or the functional layer having
hole injection capability and hole transport capability
includes a charge-generation material.

13. The OLED of claim 12, wherein the charge-generation
material is a p-dopant.

14. The OLED of claim 13, wherein the p-dopant is a
quinone derivative.

15.The OLED of claim 13, wherein the p-dopant is a metal
oxide.

16. The OLED of claim 13, wherein the p-dopant is a
compound containing a cyano group.

17. The OLED of claim 8, wherein the organic layer
includes an electron transport layer, and the electron transport
layer comprises a metal complex.

18. The OLED of claim 8, wherein the metal complex is a
Li-complex.

19. The OLED of claim 8, wherein the organic layer is
formed by a wet process using the compound of Formula 1.

20. A flat display apparatus, comprising the OLED of claim
8, 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.
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Formula 1




