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(57) ABSTRACT

An organic light-emitting diode including a condensed cyclic
compound represented by Formula 1 and a condensed cyclic
compound represented by Formula 2:

Formula 1

Formula 2

wherein Ar;, L, X, R, to Ry, and A are defined as in the
specification. An organic layer including the condensed
cyclic compounds may emit blue light of high color purity,
high efficiency, and long lifetime.




Patent Application Publication Mar. 5, 2015 US 2015/0060785 A1




US 2015/0060785 A1l

ORGANIC LIGHT-EMITTING DIODE
INCLUDING CONDENSED CYCLIC
COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0102657, filed on
Aug. 28,2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003]
relate to an organic light-emitting diode including a con-
densed cyclic compound.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), which are
self-emitting devices, have advantages such as wide viewing
angles, excellent contrast, quick response, high luminance,
low driving voltage characteristics, and can provide multicol-
ored images.

[0006] A typical OLED has a structure including a sub-
strate, and an anode, a hole transport layer (HTL), an emis-
sion 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 are organic thin
films formed of organic compounds.

[0007] The OLED may form a full-color display by emit-
ting blue, green, and red light according to compounds
included in the EML. Particularly, an OLED having high
color purity, high efficiency, and long lifetime is needed at
blue light emission.

One or more embodiments of the present invention

SUMMARY

[0008] One or more aspects of embodiments of the present
invention include an organic light diode including an organic
layer including a condensed cyclic compound having high
color purity, high efficiency, and long lifetime at blue light
emission.

[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 belearned by practice ofthe presented
embodiments.

[0010] According to one or more embodiments of the
present invention, an organic light-emitting diode includes a
first electrode; a second electrode disposed opposite to the
first electrode; and an organic layer disposed between the first
electrode and the second electrode, wherein the organic layer
includes a compound represented by Formula 1 and a com-
pound represented by Formula 2:

Mar. 5, 2015

Formula 1
Rg
Formula 2
RI\S /R17
N A N
/
Ry Ryg
[0011] In Formulae 1 and 2,
[0012] Ar, is selected from
[0013] aC4-Cgyaryl group oraC,-Cg, heteroaryl group; or
[0014] a C,-Cqq aryl group or a C,-Cy, heteroaryl group,

each 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 group, a
hydrazone group, 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,-C,, alkynyl group, a C,-C,, alkoxy group, a C,-C,,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,,, heterocycloalkenyl group, a
Cs-C,q aryl group, a C,-C,4, heteroaryl group, a C4-C,q ary-
loxy group, or a C4-C,, arylthio group;

[0015] L is selected from

[0016] a C4Cg, arylene group or a C,-Cg, heteroarylene
group; or

[0017] a C,-Cg, arylene group or a C,-Cg, heteroarylene

group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,y alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C |, cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,4, aryloxy group, or a C4-C,, arylthio
group;

[0018] Xis —C(R;)(R,3), —NR ), —S—, or —0—;
[0019] R, toR,, are each independently selected from
[0020] ahydrogen atom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, 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, aC,-C,, alkynyl
group, a C,-C,, alkoxy group, a C,-C,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, aC,-C, , cycloalkenyl group,
a C5-C,, heterocycloalkenyl group, a C¢-C,q aryl group, a
C,-C o heteroaryl group, a C-C,, aryloxy group, oraC4-C,,
arylthio group;
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[0021] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,, alkynyl group, or a C, -C,, alkoxy group, each substi-
tuted 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 group, a hydrazone
group, acarboxyl group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C;-C, cycloalkyl group, a C5-C,  heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cyy aryl group, a C,-C,, heteroaryl group, a
Cs-C,, aryloxy group, or a C4-C,,, arylthio group; or

[0022] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-C,q aryl group, a C,-C,, het-
eroaryl group, a C4-C,, aryloxy group, or a Cy-C,, arylthio
group, each 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 group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof,a C,-C,, alkyl group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
C¢-C,, aryl group, a C,-C,,, heteroaryl group, a C,-C,,, ary-
loxy group, or a C-C,, arylthio group;

[0023] R,,is selected from

[0024] ahydrogen atom, adeuterium atom, a halogen atom,
a C,-C,, alkyl group, a C5-C,, cycloalkyl group, a C5-C,
heterocycloalkyl group, a C,-C,, aryl group, or a C,-C,,
heteroaryl group; or

[0025] aC,-C,, alkyl group, a C,-C,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, a C,-C,, aryl group, or a
C,-C,, heteroaryl group, each 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 group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,q alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C,-C, , heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C,-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,4, aryloxy group, or a C¢-C,, arylthio
group;

[0026] R,stoR,4 are each independently selected from
[0027] a Cq-Cyg aryl group; or
[0028] aC4-C,qaryl 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 group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkenyl group, a C,-C,, alkynyl group. a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-C,q aryl group, a C,-C,, het-
eroaryl group, a C4-C,, aryloxy group, or a Cy-C,,, arylthio
group; and

[0029] A is selected from

[0030] phenalene, anthracene, pyrene, benzopyrene, chry-
sene, or phenanthroline; or

[0031] phenalene, anthracene, pyrene, benzopyrene, chry-
sene, or phenanthroline, each substituted with at least one of
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a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C |, cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-C,, aryl group, a C,-C,, het-
eroaryl group, a C¢-C,, aryloxy group, or a C4-C,, arylthio
group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0033] The drawing schematically illustrates the structure
of an organic light-emitting diode according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to the like
elements throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. 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. Further, the use of “may”
when describing embodiments of the present invention refers
to “one or more embodiments of the present invention.”

[0035] An organic light-emitting diode (OLED) according
to an embodiment of the present invention includes a first
electrode; a second electrode disposed opposite to the first
electrode; and an organic layer disposed between the first
electrode and the second electrode, wherein the organic layer
includes a compound represented by Formula 1 and a com-
pound represented by Formula 2:

Formula 1
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-continued

RI\S /R17
N A N
/ \
Rug Rig
[0036]
[0037]

Formula 2

In Formulae 1 and 2,

Ar, is selected from

[0038] aC,-C,qaryl group oraC,-C,, heteroaryl group; or
[0039] a C4-C,, aryl group or a C,-C,, heteroaryl group,
each 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 group, a
hydrazone group, 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,-C,, alkynyl group, a C,-C,, alkoxy group, a C5-C,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-C, aryl group, a C,-C,, heteroaryl group, a C4-C,, ary-
loxy group, or a C4-C,, arylthio group.

[0040] L is selected from

[0041] a C,-C,, arylene group or a C,-C,, heteroarylene
group; or

[0042] a C,-C,, arylene group or a C,-C,, heteroarylene

group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,y alkenyl group, a C,-C,, alkynyl group, a C;-C,,
alkoxy group, a C,-C, , cycloalkyl group, a C;-C, ; heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C,-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,4, aryloxy group, or a C¢-C,, arylthio

group.
[0043] Xis —C(R;,)(R;3), —NR ), —S—, or —O—.
[0044] R, toR,; are each independently selected from
[0045] ahydrogen atom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, acarboxyl 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,-C,, alkynyl
group, a C,-C,, alkoxy group, a C,;-C,, cycloalkyl group, a
C;-C,heterocycloalkyl group, a C,-C,| , cycloalkenyl group,
a C,-C,, heterocycloalkenyl group, a C4-C,, aryl group, a
C,-C,pheteroaryl group, a C4-C,q aryloxy group, ora Cg-Cy,
arylthio group;

[0046] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,, alkynyl group, or a C, -C,,, alkoxy group, each substi-
tuted 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 group, a hydrazone
group, acarboxyl group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C;-Cyy cycloalkenyl group, a C;-C,, heterocycloalkenyl
group, a C-C,, aryl group, a C,-C,, heteroaryl group, a
Cs-C, aryloxy group, or a C4-C,, arylthio group; or

[0047] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C5-C,, het-
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erocycloalkenyl group, a C4-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C, aryloxy group, or a C,-C,, arylthio
group, each 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 group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasalt thereof, a C,-C, alkyl group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C,-C,, alkoxy group, a C,-C,,
cycloalkyl group, a C;-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-C,q aryl group, a C,-C,4, heteroaryl group, a C4-C,y, ary-
loxy group, or a C4-C,, arylthio group.

[0048]

[0049] ahydrogen atom, adeuterium atom, a halogen atom,
aC,-C,, alkyl group, a

[0050] C,-C,, cycloalkyl group, a C5-C, , heterocycloalkyl
group, a C¢-C,,, aryl group, or a C,-C,, heteroaryl group; or
[0051] a C,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, a C4-C,, aryl group, or a
C,-C,, heteroaryl group, each 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 group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,y alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C, , het-
erocycloalkenyl group, a C4-Cy, aryl group, a C,-C,q het-
eroaryl group, a C4-C,, aryloxy group, or a C,-C,,, arylthio
group.

R, is selected from

[0052] R,stoR, 4 are each independently selected from
[0053] aC,-C,, aryl group; or
[0054] aC,-C,, aryl 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 group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C5-C,  heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-C,q aryl group, a C,-C,q het-
eroaryl group, a C,-C,, aryloxy group, or a C,-C,, arylthio
group.
[0055]
[0056] phenalene, anthracene, pyrene, benzopyrene, a
chrysene, or phenanthroline; or

[0057] phenalene, anthracene, pyrene, benzopyrene, a
chrysene, or phenanthroline, each 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 group, a hydrazone group, 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,-C,, alkynyl group, a
C,-C,, alkoxy group, a C,-C,, cycloalkyl group, a C5-Cq
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C;-C,o heterocycloalkenyl group, a C4-C,, aryl group, a
C,-C o heteroaryl group, a C-C,, aryloxy group, ora C4-C,,
arylthio group.

A is selected from
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[0058]
[0059] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl group, a fluoranthenyl group, a pyrenyl
group, a benzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a pyranyl group,
a thiophenyl group, a thiazolyl group, an isothiazolyl group,
a thiopyran group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, or a benzocarbazolyl group; or
[0060] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl group, a fluoranthenyl group, a pyrenyl
group, a benzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, apyridazinyl group, a triazinyl group, a pyranyl group,
a thiophenyl group, a thiazolyl group, an isothiazolyl group,
a thiopyran group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, and a benzocarbazolyl group, each
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 group, a hydra-
zone group, 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,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-C, aryl group, a C,-C,, heteroaryl group, a C,-C,, ary-
loxy group, or a C¢-C,, arylthio group.

In some embodiments, Ar, is selected from
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[0061] Inparticular, Ar, may be represented by one of For-
mulae 3A and 3B:

Formula 3A
W ——
\ /)~
Formula 3B
"
@Z1p | X
1
X Xy
[0062] In Formulae 3A and 3B,
[0063] each Z,, is independently selected from

[0064] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof; a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C;-Cy,
alkyl group, a C,-C, alkoxy group, a C,-C,, aryl group, a
C,-Cq heteroaryl group; or

[0065] aC,-C,, aryl group and a C,-C,q heteroaryl group,
each 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 group, a
hydrazone group, 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,, alkoxy group, a
Cs-C,q aryl group, or a C,-C,, heteroaryl group.

[0066] pisan integer from 0 to 7, and * is a binding site.
[0067] In some embodiments, Ar, may be represented by
one of Formulae 4A to 4F:

Formula 4A
: *

Formula 4B

Formula 4C
: *

Formula 4D
l |

Formula 4E

2
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-continued
Formula 4F
[0068] In Formulae 4A to 4F,
[0069] *is a binding site to L of Formula 1.
[0070] L is selected from
[0071] a phenylene group, a phenalenylene group, a pen-

talenylene group, an indenylene group, a naphthylene group,
an azulenylene group, an indacenylene group, an acenaphth-
ylene group, a biphenylene group, a heptalenylene group, a
phenalenylene group, a fluorenylene group, a phenanthre-
nylene group, an anthrylene group, a fluoranthenylene group,
a pyrenylene group, a benzofluorenylene group, a naphthace-
nylene group, a chrysenylene group, or a triphenylenyl group;
or

[0072] a phenylene group, a phenalenylene group, a pen-
talenylene group, an indenylene group, a naphthylene group,
an azulenylene group, an indacenylene group, an acenaphth-
ylene group, a biphenylene group, a heptalenylene group, a
phenalenylene group, a fluorenylene group, a phenanthre-
nylene group. an anthrylene group, a fluoranthenylene group,
a pyrenylene group, a benzofluorenylene group, a naphthace-
nylene group. a chrysenylene group, or a triphenylenyl group,
each 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 group, a
hydrazone group, 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,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C;-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-C,q aryl group, a C,-C,, heteroaryl group, a C4-C,, ary-
loxy group, or a C4-C,, arylthio group.

[0073] Insome embodiments, [ may be represented by one
of Formulae 5A to 5C:

Formula SA
. i x \I \I .
Z31),
U 4&2l)g
ras
Formula 5B
Formula 5C
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[0074] In Formulae 5A to 5C,
[0075] each Z,, and each 7., is independently one of
[0076] a deuterium atom, a halogen atom, a hydroxyl

group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a C4-C,, aryl group, a
C,-C,q heteroaryl group; or

[0077] a C4-C,, aryl group or a C,-C,,, heteroaryl group,
each 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 group, a
hydrazone group, 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,, alkoxy group, a
C¢-C,p aryl group, or a C,-C,, heteroaryl group.

[0078] qis aninteger from Oto 8, ris an integer from O to 5,
and * is a binding site.

[0079] Insome embodiments, [ may be represented by one
of Formulae 6A to 6C:

Formula 6A
* O *
Formula 6B
O *
* Q
Formula 6C

[0080] In Formulae 6A to 6C, * is a binding site.

[0081] Incertainembodiments, for Formula1,R, toR,;are
each independently selected from a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, a meth-
OXy group, anethoxy group, a propoxy group, a butoxy group,
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a pentoxy group, a phenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, an azulenyl group, an
indacenyl group, an acenaphthyl group, a biphenyl group, a
heptalenyl group, a phenalenyl group, a fluorenyl group, a
phenanthrenyl group, an anthryl group, a fluoranthenyl
group, a pyreny! group, a benzofluoreny! group, a naphthace-
nyl group, a chrysenyl group, a triphenylenyl group, a terphe-
nyl group, a perylenyl group, a picenyl group, a hexacenyl
group, a spirofluorenyl group, a pyrrolyl group, a furyl group,
apyrazolyl group, an imidazolyl group, an oxazolyl group, an
isoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a pyridyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group, a
pyranyl group, a thiophenyl group, a thiazolyl group, an
isothiazolyl group, a thiopyran group, an indolyl group, an
isoindolyl group, an indolizinyl group, a benzofuryl group, an
isobenzofuryl group, an indazolyl group, a benzimidazolyl
group, a benzoxazolyl group, a benzisoxazolyl group, an
imidazopyridyl group, a purinyl group, a quinolyl group, an
isoquinolyl group, a phthalazinyl group, a quinazolinyl
group, a quinoxalinyl group, a naphthyridinyl group, a cin-
nolinyl group, a benzothiophenyl group, a benzothiazolyl
group, a carbazolyl group, a benzocarbazolyl group, a pyri-
doindolyl group, a dibenzofuryl group, a phenanthridinyl
group, a benzoquinolyl group, a phenazinyl group, a diben-
zosilolyl group, a dibenzothiophenyl group, or a benzocarba-
zolyl group;

[0082] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, a decyl group, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, or a
pentoxy group, each substituted with at least one of a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, or an amino group; or

[0083] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl group, a fluoranthenyl group, a pyrenyl
group, a benzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a pyranyl group,
a thiophenyl group, a thiazolyl group, an isothiazolyl group,
a thiopyran group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, or a benzocarbazolyl group, each
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 group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic acid
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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,-Cyy alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C;-C,,, heterocycloalkenyl group, a
Cs-C,q aryl group, a C,-C,4, heteroaryl group, a C4-Cy, ary-
loxy group, or a C4-C,, arylthio group.

[0084] Insome embodiments, R, to R ; are each indepen-
dently represented by one of Formulae 7A to 7C:

Formula 7A
== J/ Z3 1)5
N J
(231% \
w %
. Formula 7B
\’\
UZH)S
F
Formula 7C

*

@/Nj—% Z31)s

[0085] eachZ,, and each Z,, is independently one selected
from
[0086] ahydrogenatom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, 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,, alkoxy group, a C4-C,q aryl
group, a C,-C,, heteroaryl group;

[0087] aC,-C,,alkylgroup oraC,-C,, alkoxy group, each
substituted with at least one 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, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof; or

[0088] a C,-C,, aryl group or a C,-C,, heteroaryl group,
each substituted with at least one 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, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a C4-C,, aryl group, or a C,-C,, het-
eroaryl group.

[0089] sis4 orS5,and * is a binding site.

[0090] Insomeembodiments, R, to R, ; may be each inde-
pendently represented by one of Formulae 8A to 8E:

O

x

Formula 8A



US 2015/0060785 A1l

-continued
. Formula 8B
Formula 8C
D
* D
D D
D
Formula 8D
®
F
N
. Formula 8E
®
_ N
[0091] In Formulae 8A to 8E, * is a binding site.
[0092] In Formula 2, A may be represented by one of For-

mulae 9A to 9C:

Formula 9A
*
* Q
Formula 9B
* O *
Formula 9C

%
E3

[0093] In Formulae 9A to 9C, * is a binding site.

[0094] InFormula2, R ,toR,, may beeachindependently
selected from

[0095] a phenyl group; or

[0096] a phenyl group substituted with at least one of a

deuterium atom, a halogen atom, a C,-C,, alkyl group, or a
Cs-C, aryl group.
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[0097] Insomeembodiments, R, to R, may beeachinde-
pendently represented by one of Formula 10A to 10E:

Formula 10A
*
ol
Formula 10B
*
0
F
Formula 10C
Formula 10D
O
Formula 10E
®
F

[0098]

[0099] A condensed cyclic compound represented by For-
mula 1 may be one of compounds represented by Compounds
1 to 51, but is not limited thereto:

In Formulae 10A to 10E, * is a binding site.
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-continued -continued
43

48

[0100] A condensed cyclic compound represented by For-
mula 2 may be one of compounds represented by Compounds
61 to 69, but is not limited thereto:
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-continued

69

[0101] A condensed cyclic compound represented by For-
mula 1 and a condensed cyclic compound represented by
Formula 2 may be used as a material for an emission layer for
an OLED.

[0102] A condensed cyclic compound represented by For-
mula 1 and a condensed cyclic compound represented by
Formula 2 may provide blue light emission of high color
purity, high efficiency, and long lifetime.

[0103] Asusedherein, a C,-C,, alkyl group may be alinear
or branched C,-C,, alkyl group, including, for example, a
methyl group, an ethyl group, a propyl group, an isobutyl
group, a sec-butyl group, a pentyl group, an iso-amyl group,
or a hexyl group, but is not limited thereto.

[0104] As used herein, a C,-C,, alkoxy group is repre-
sented by —OA (where A is an unsubstituted C,-C,, alkyl
group as described above), and non-limiting examples of the
C,-C,, alkoxy group include a methoxy group, an ethoxy
group, and an isopropyloxy group.

[0105] As used herein, a C,-C,, alkenyl group refers to a
C,-C,q alkyl group having at least one carbon-carbon double
bond at one or more positions along a carbon chain of the
C,-C, alkyl group. For example, the C,-C,, alkenyl group
may include a terminal alkene and/or an internal alkene, and
non-limiting examples of the C,-C, , alkenyl group include an
ethenyl group, a propenyl group, and a butenyl group.
[0106] As used herein, a C,-C,, alkynyl group refers to a
C,-C,, alkyl group having at least one carbon-carbon triple
bond at one or more positions along a carbon chain of the
C,-C,, alkyl group. For example, the C,-C,, alkynyl group
may include a terminal alkyne and/or an internal alkyne, and
non-limiting examples of the C,-C,, alkynyl group include
an ethynyl group and a propynyl group.

[0107] As used herein, a C4-Cy, aryl group indicates a
monovalent C,-C, carbocyclic aromatic system containing
at least one aromatic ring, and a C4-Cg, arylene group indi-
cates a divalent C,-C,, carbocyclic aromatic system contain-
ing at least one aromatic ring. When the aryl group or the
arylene group includes at least two rings, the at least two rings
may be fused to each other or connected to each other via a
single bond.

[0108] Non-limiting examples of the C,-C,, aryl group
include a phenyl group, a C,-C,, alkylphenyl group (e.g., an
ethylphenyl group), a C,-C,, alkylbiphenyl group (e.g.. an
ethylbiphenyl group), a halophenyl group (e.g., 0-, m- or
p-fluorophenyl group, a dichiorophenyl group), a dicy-

14
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anophenyl group, a trifluoromethoxyphenyl group, an o-, m-,
or p-toryl group, an o-, m- or p-cumenyl group, a mesityl
group, a phenoxyphenyl group, a (a.,c-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 halonaphthyl group (e.g., a fluo-
ronaphthyl group), a C,-C,, alkylnaphthyl group (e.g., a
methylnaphthyl group), aC,-C, , alkoxynaphthyl group (e.g.,
amethoxynaphthyl group), an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthylenyl group, a phe-
nalenyl group, a fluorenyl group, an anthraquinolyl group, a
methylanthryl group, a phenanthryl group, a triphenylene
group, a pyreny! group, a chrycenyl 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 coronelyl group, a trinaphthylenyl group,
a heptaphenyl group, a heptacenyl group, a pyranthrenyl
group, and an ovalenyl group.

[0109] As used herein, a C,-C, heteroaryl group denotes a
monovalent carbocyclic aromatic system having at least one
aromatic ring and at least one of the heteroatoms selected
from the group consisting of N, O, P, and S, and a C,-Cy,
heteroarylene group denotes a divalent carbocyclic aromatic
system having at least one aromatic ring and at least one of the
heteroatoms selected from the group consisting of N, O, P,
and S. In this regard, when the heteroaryl group or the het-
eroarylene group includes at least two rings, they may be
fused to each other or connected to each other via a single
bond.

[0110] Non-limiting examples of the C,-Cg, heteroaryl
group include a pyrazolyl group, an imidazolyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a quinolinyl group, an
isoquinolinyl group, a benzoimidazolyl group, an imidazopy-
ridinyl group, and an imidazopyrimidinyl group.

[0111] The C4-C,, aryloxy group indicates —OA, (where
A, is a substituted or unsubstituted C,-C,, aryl group
described above), and the C4-C,, arylthio group indicates
—SA; (where A, is a substituted or unsubstituted C4-C,,, aryl
group described above).

[0112] The condensed cyclic compound represented by
Formula 1 and the condensed cyclic compound represented
by Formula 2 may be synthesized by using an organic syn-
thesis method. The synthesis method of the condensed cyclic
compounds may be understood by those of ordinary skill in
the art from the examples that will be described below.

[0113] The condensed cyclic compound represented by
Formula 1 and the condensed cyclic compound represented
by Formula 2 may be included in an organic layer between a
pair of electrodes of an OLED. For example, the condensed
cyclic compound represented by Formula 1 may serve as a
host of an emission layer, and the condensed cyclic com-
pound represented by Formula 2 may serve as a dopant of the
emission layer.

[0114] Therefore, according to an embodiment of the
present invention, an OLED includes a first electrode, a sec-
ond electrode disposed opposite to the first electrode, and an
organic layer disposed between the first electrode and the
second electrode, wherein the organic layer includes each of
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the condensed cyclic compound represented by Formula 1
and the condensed cyclic compound represented by Formula
2.

[0115] As used here. the term “organic layer” refers to a
layer containing an organic compound and consisting of at
least one layer. For example, the organic layer may include an
emission layer (EML), a hole transporting region, and an
electron transporting region.

[0116] The hole transporting region may include at least
one of a hole injection layer (HIL), a hole transport layer
(HTL), and an electron blocking layer (EBL).

[0117] The electron transporting region may include at
least one of an electron injection layer (EIL), an electron
transport layer (ETL), and a hole blocking layer (HBL).
[0118] The organic layer does not have to include solely an
organic compound. The organic layer may include an inor-
ganic compound or an inorganic material. In one embodi-
ment, the organic layer may include both an organic com-
pound and an inorganic compound or an inorganic material,
e.g., an organometallic complex, in one layer. In another
embodiment, the organic layer may includea layer containing
an organic compound and a layer solely containing an inor-
ganic compound or an inorganic material.

[0119] The electron transporting region may include an
electron transporting organic compound and a metal-contain-
ing material. The metal-containing material may include a
lithium (Li) complex.

[0120] The hole transporting region may further include a
charge-generating material. The charge-generating material
may be, for example, a p-dopant.

[0121] The drawing is a schematic sectional view of an
OLED 10 according to an embodiment of the present inven-
tion. Hereinafter, a structure of an OLED according to an
embodiment of the present invention and a method of manu-
facturing the same will now be described by referring to the
drawing.

[0122] The OLED 10 sequentially includes a substrate 11,
a first electrode 13, an organic layer 15, and a second elec-
trode 17.

[0123] The substrate 11 may be any substrate that is used in
existing OLEDs. In some embodiments, the substrate 11 may
be a glass substrate or a transparent plastic substrate with
strong mechanical strength, thermal stability, transparency,
surface smoothness, ease of handling, and water resistance.
[0124] The first electrode 13 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate 11. When the first electrode 13 is an anode, a material
having a high work function may be used as the first elec-
trode-forming material to facilitate hole injection. The first
electrode 13 may be a reflective electrode or a transmission
electrode. Transparent and conductive materials such as ITO,
170, SnO,, and ZnO may be used as materials for the first
electrode 13. In some embodiments, the first electrode 13
may be formed as a reflective electrode using magnesium
(Mg), silver (Ag), aluminum (Al), aluminum-lithium (Al—
L1), calcium (Ca), silver-indium tin oxide (Ag-1TO), magne-
sium-indium (Mg—In), magnesium-silver (Mg—Ag), or the
like. The first electrode 13 may be a reflective electrode. The
first electrode 13 may have a single-layer structure or a multi-
layered structure including at least two layers. For example,
the first electrode 13 may have a three-layered structure of
ITO/Ag/TTO, but is not limited thereto.

[0125] The organic layer 15 may be disposed on the first
electrode 13.
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[0126] The organic layer 15 may include a hole transport-
ing region, an EML, ot an electron transporting region.
[0127] The hole transporting region may include at least
one of a HIL, a HTL, or an EBL.

[0128] The electron transporting region may include at
least one of an EIL, an ETL, or a HBL.

[0129] The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, or Langmuir-
Blodgett (LB) deposition.

[0130] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
107® torr to about 10~ torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.

[0131] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound that
is used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2,000 rpm to about 5,000
rpm, and a temperature at which heat treatment is performed
to remove a solvent after coating may be in the range of about
80° C. to about 200° C. However, the coating conditions are
not limited thereto.

[0132] For example, any suitable hole injection material
may be used as a HIL, material. Non-limiting examples of the
hole injection materials include N, N'-diphenyl-N,N'-bis-[4-
(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine,  4,4',4"-tris(3-methvlphenylphenylamino)triph-
enylamine (m-MTDATA), 4,4',4"-tris(N,N-diphenylamino)
triphenylamine (TDATA), 4,4'4"-tris{N,-(2-naphthyl)-N-
phenylamino}-triphenylamine  (2T-NATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonicacid (PANT/CSA), and
polyaniline)/poly(4-styrenesulfonate (PANI/PSS), but are

not limited thereto.
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[0133] A thickness of the HIL may be in a range of about
100 A to about 10,000 A, and in some embodiments, may be
in a range of about 100 A to about 1,000 A. When the thick-
ness of the HIL is within this range, satisfactory hole injection
properties may be obtained without a substantial increase in
driving voltage.

[0134] Next, the HTL may be formed on the HIL by
vacuum deposition, spin coating, casting, or LB deposition.
When the HTL is formed by vacuum deposition or spin coat-
ing, the deposition and coating conditions vary depending on
aused compound. However, in general, the conditions may be
almost the same as the conditions for forming the HIL.

[0135] Any suitable hole transporting material may be used
as a HTL material. Non-limiting examples of the known hole
transporting material include carbazole derivatives, such as
N-phenylcarbazole, polyvinylcarbazole, or the like; tripheny-
lamine materials, such as N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine  (TPD); N,N'-di(1-
naphthyl)-N,N-diphenylbenzidine (NPB), N.N'-bis
(naphthalen-1-y1)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine
(a-NPD), and 4,4',4"-tris(N-carbazolyl)triphenylamine
(TCTA), but are not limited thereto.
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-continued

a-NPB

i)

LT NQ

[0136] Insome embodiments, a thickness of the HTL is in
arange of about 50 A to about 1,000 A, and in some embodi-
ments, in a range of about 100 A to about 800 A. When the
thickness of the HTL is within this range, satisfactory hole
transporting properties may be obtained without a substantial
increase in driving voltage.

[0137] In some embodiments, instead of the HIL and the
HTL, ahole injection and transport layer may be formed. The
hole injection and transport layer may include at least one of
the HIL materials and HTL materials described above. A
thickness of the hole injection and transport layer may beina
range of about 500 A to about 10,000 A, and in some embodi-
ments, may be in a range of about 100 A to about 1,000 A.
When the thickness of the hole injection and transport layer is
within this range, satisfactory hole injecting and transporting
properties may be obtained without a substantial increase in
driving voltage.

[0138] In some embodiments, at least one of the HIL, the
HTL, and the hole injection and transport layer may include at
least one of a compound represented by Formula 100 or a
compound represented by Formula 101:
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Formula 100
Arl(rl)a\ Ry
N
Ry
Rys
Ry
Ry
Rin
Riss
Rz
Ris
Formula 101
Rijg Rizo
/ \
/ . . A\
Rpp) Rin
[0139] InFormula 100, Ar,, and Ar,,, may be each inde-

pendently a substituted or unsubstituted C,-C,, arylene
group. In some embodiments, Ar,,, and Ar,,, may be each
independently one of

[0140] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, a substituted or unsubstituted acenaph-
thylene group, a fluorenylene group, a phenalenylene group,
a phenanthrenylene group, an anthrylene group, a fluoranthe-
nylene group, a triphenylenylene group, a pyrenylene group,
achrysenylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, or a pentacenylene group; or
[0141] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, a substituted or unsubstituted acenaph-
thylene group, a fluorenylene group, a phenalenylene group,
a phenanthrenylene group, an anthrylene group, a fluoranthe-
nylene group, a triphenylenylene group, a pyrenylene group,
achrysenylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, or a pentacenylene group, each
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 group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic acid
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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,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C5-C, , cycloalkenyl group, a C5-C, , het-
erocycloalkyl group, a C5-C,, heterocycloalkenyl group, a
Cs-C,p aryl group, a C,-C,, aryloxy group, a C4-C,, arylthio
group, or a C,-C,, heteroaryl group.

[0142] In Formula 100, a and b are each independently an
integer of 0 to 5, for example, 0, 1, or 2. For example, a may
be 1, and b may be 0, but a and b are not limited thereto.

[0143] InFormulae 100and 101,R,,, toR,,, 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, a hydrazine group, a hydra-
zone group, 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 C,-C,, alkyl group, a
substituted or unsubstituted C,-C,, 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-C,, cycloalkyl group, a substituted or unsubstituted
Cs-C, aryl group, a substituted or unsubstituted C,-C,,, ary-
loxy group, or a substituted or unsubstituted C,-C,,, arylthio

group.
[0144] Insomeembodiments,R,,, toR ozandR, ;o R,
may be each independently one of, but are not limited to,

[0145] ahydrogen atom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, acarboxyl 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 (e.g., a methyl group, an ethyl group, a
propyl group, a butyl group, a penty! group, a hexyl group), a
C,-C,, alkoxy group (e.g., amethoxy group, an ethoxy group,
a propoxy group, a butoxy group, a pentoxy group), a phenyl
group, a naphthyl group, an anthryl group, a fluorenyl group,
or a pyrenyl group; or

[0146] aC,-C,,alkyl group,aC,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, an anthryl group, a fluorenyl
group, or a pyreny! group, each 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 group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, or a
phosphoric acid group or a salt thereof.

[0147]

[0148] a phenyl group, a naphthyl group, an anthryl group,
a biphenyl group, a pyridyl group; or

[0149] a phenyl group, a naphthyl group, an anthryl group,
a biphenyl group, or a pyridyl group, each 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 group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-C,, alkyl group, or a substituted or
unsubstituted C, -C,, alkoxy group.

In Formula 100, R, 5, may be one of
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[0150] In some embodiments, the compound represented
by Formula 100 may be represented by Formula 100A, but is
not limited thereto:

Formula 100A
Ryos

\
N

&

_Ruoo-

Ris

Ri; .
[0151] In Formula 100A, descriptions of R, g, R 50, Ry 17,

and R, , are as defined above in connection with Formula
100.

[0152] In some embodiments, at least one of the HIL, the
HTL, and the hole injection and transport layer may include at
least one of compounds represented by Formulae 102 to 121
below, but is not limited thereto:

102

03

>

@Z:@ @Z:@
o4 7%@ 37%@
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-continued
121

[0153] At least one of the HIL, the HTL, and the hole
injection and transport layer may further include a charge-
generating material for improved layer conductivity, in addi-
tion to the hole injecting material, the hole transport material,
and/or the material having both hole injection and hole trans-
port capabilities as described above.

[0154] The charge-generating material may be, for
example, a p-dopant. Non-limiting examples of the p-dopant
include quinone derivatives such as tetracyanoquino-
nedimethane (TCNQ), 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4TCNQ), or the like; metal
oxides such as tungsten oxide, molybdenum oxide, or the
like; and cyano-containing compounds such as Compound
200 below:

NC CN
NC CN
TCNQ
NC cN
F | F
F | F
NC cN

FATCNQ
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-continued

<200>

NC

\_

NC

[0155] When the hole injection layer, the hole transport
layer, or the hole injection and transport layer further includes
a charge generating material, the charge generating material
may be, but not limited to, homogeneously dispersed or inho-
mogeneously distributed in the layer.

[0156] Then, an EML may be formed on the HTL or the
hole injection and transport layer by vacuum deposition, spin
coating, casting, or Langmuir-Blodget (LB) deposition.
When the EML is formed using vacuum deposition or spin
coating, the conditions for deposition and coating may vary
according to the material that is used to form the EML, but the
deposition and coating conditions may be similar to those for
the formation of the HIL.

[0157] The compound represented by Formula 1 and the
compound represented by Formula 2 may be an EML mate-
rial for emitting blue light.

[0158] In order to emit blue light, the compound repre-
sented by Formula 1 may be a host of the EML, and the
compound represented by Formula 2 may be a dopant of the
EML.

[0159] Any suitable host may be used for emitting red light
and green light in the EML.

[0160] Non-limiting examples of the host include tris(8-
quinolinorate)aluminum (Alg,), 4,4'-N,N'-dicabazole-biphe-
nyl (CBP), poly(n-vinylcabazole (PVK), 9,10-di(naphtha-
lene-2-yl)anthracene ~ (ADN), TCTA,  1,3,5-tris(N-
phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,
10-di(naphth-2-yl) anthracene (TBADN), distyrylarylene
(DSA), E3, dmCBP, and Compounds 301 to 309 below:

) )y
50

23
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dmCBP
ADN

TBADN

TPBI
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307

308

309

[0161] In some embodiments, an anthracene-based com-
pound represented by Formula 400 below may be the host:

Formula 400

N (Arys5);
=Y

Aty (A1 12)n (Arg— A

(Ary16)

[0162] InFormula400,An,,, and Ar,, may be each inde-
pendently a substituted or unsubstituted Cs-Cgy, arylene

25
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group; Ar, | t0 Ar, , ;may be each independently a substituted
or unsubstituted C,-C, , alkyl group or a substituted or unsub-
stituted C4-Cgy, aryl group; and g, h, i, and j may be each
independently an integer from 0 to 4.

[0163] Insome embodiments, Ar,,, and Ar, , in Formula
400 may be each independently one of

[0164] a phenylene group, a naphthylene group, a phenan-
threnylene group, or a pyrenylene group; or

[0165] aphenylene group, a naphthylene group, a phenan-
threnylene group, a fluorenyl group, or a pyrenylene group,
each substituted with at least one of a pheny! group. a naph-
thyl group, or an anthryl group.

[0166] In Formula400, g, h,1, and j may be each indepen-
dently an integer of 0, 1, or 2.

[0167] In Formula 400, Ar, 5 to Ar,;; may be each inde-
pendently one of

[0168] aC,-C,,alkyl group substituted with at least one of
a phenyl group, a naphthyl group, or an anthryl group:;

[0169] a phenyl group, a naphthyl group, an anthryl group,
a pyrenyl group, a phenanthrenyl group, or a fluorenyl group;

[0170] a phenyl group, a naphthyl group, an anthryl group,
apyrenyl group, a phenanthrenyl group, or a fluorenyl group,
each 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 group, a
hydrazone group, 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,-Cg, alkyl group, a C,-Cq,, alkenyl group, a
C,-Cq,alkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, or a fluorenyl group; or

| O’QQ

[0171] but embodiments of the invention are not limited
thereto.
[0172] In some embodiments, the anthracene-based com-

pound of Formula 400 above may be one of the compounds
represented by the following formulae, but is not limited
thereto:
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[0173] In some embodiments, an anthracene-based com-
pound represented by
[0174] Formula 401 below may be the host:

Formula 401

[0175] Detailed descriptions of Ar,,, to Ar,,5 in Formula
401 may be as defined above in conjunction with Ar,,; of
Formula 400.

[0176] Ar,,.and An, ,,in Formula 401 may be each inde-
pendently a C,-C,, alkyl group (e.g., a methyl group, an ethyl

group, or a propyl group).
[0177] InFormula 401, k and 1 may be each independently
an integer from 0 to 4, for example, 0, 1, or 2.

[0178] Insome embodiments, the anthracene compound of
Formula401 above may be one of the compounds represented
by the following formulae, but is not limited thereto:

A

Q'Q 8 TS Q'Q

\

s

! —
OaWaw,

\
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-continued

[0179] The dopant for emitting red light and green light
may be any suitable dopant, for example, at least one of a
fluorescent dopant and a phosphorescent dopant may be used.
For example, the phosphorescent dopant may include, but is
not limited to, an organometallic complex including at least
one selected from the group consisting of iridium (Ir), plati-
num (Pt), osmium (Os), rhenium (Re), titanium (T1), zirco-
nium (Zr), hafnium (Hf), and a combination of at least two
thereof.

30
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[0180] Examples of the suitable red dopant include Pt(II)
octaethylporphine (PtOEP), P(II) octaethylporphine,
Ir(piq); tris(2-phenylisoquinoline)iridium, bis(2-(2'-ben-
zothienyl)-pyridinato-N,C3"iridium(acetylacetonate)
(Btp,Ir(acac)), 4-(dicyanomethylene)-2-methyl-6-[p-(dim-
ethylamino)styryl]-4H-pyran (DCM), and 4-(dicyanometh-
ylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyljulolidyl-9-enyl)-
4H-pyran (DCJTB), but are not limited thereto.

Btp2lr(acac)

Ir(piq)o(acac)
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-continued

DCITB

[0181] Examples of the suitable green dopant include tris
(2-phenylpyridine) iridium (Ir(ppy),), bis(2-phenylpyridine)
(acetylacetonato)iridium(IIT) ~ (Ir(ppy),(acac)),  tris(2-(4-
tolyl)phenylpiridine)iridium  (Ir(mppy);), and 10-(2-
benzothiazolyl)-1,1,7,7-tetramethyl-2,3,6,7-tetrahydro-1H,
5H,11H-[1]benzopyrano[6,7,8-ij]-quinolizin-11-one
(C545T), but are not limited thereto.

_ _ Ir(ppy)s
| X
A
b Ir
P
— =3
_ _ Ir(mppy)s
| AN
P
™ Ir
Ve
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Ir(ppy)a(acac) D4
D5
C545T
D6
[0182] Non-limiting examples of the dopant in the EML
may be Pt complexes represented by the following formulae: d of Y
D7
D8

D9
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[0183] Non-limiting examples of the dopant in the EML
may be Os complexes represented by the following formulae:

PPh,M |
/ > Me N\

Os(fppz),(PPhMe),

But,

PPhs
N
tBu
Os(bppz)(PPhz);
F;C
s
N \Il‘I PPh,Me |
N
\ N\ / X
Os
\N/ \
N
| y PPiMe | \N
N\<
CFs
Os(fptz),(PPh,Me),
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-continued

/
o Il\l PPiMe; |

N N
\ ‘ N
N\OS/
\N/ ‘ N
N
| 7 PPhMe, IL\\N

CsF,

G3F7

Os(hptz)>(PPhMes),

[0184] When the EML includes both a host and a dopant,
the amount of the dopant may be in a range of about 0.01 to
about 15 parts by weight based on 100 parts by weight of the
host. However, the amount of the dopant is not limited to this
range.

[0185] A thickness of the EML may be in a range of about
100 A to about 1,000 A, and in some embodiments, may be in
a range of about 200 A to about 600 A. When a thickness of
the EML is within this range, satisfactory light-emitting prop-
erties may be obtained without a substantial increase in driv-
ing voltage.

[0186] To prevent diffusion of triplet excitons or holes into
the ETL, a HBL may be formed between the HTL and the
EML by using vacuum deposition, spin coating, casting, or
Langmuir-Blodgett (LB) deposition. When the HBL 1is
formed using vacuum deposition or spin coating, the condi-
tions for deposition and coating may vary according to the
material that is used to form the HBL, but the conditions for
deposition and coating may be similar to those for the forma-
tion of the HIL. Any suitable hole-blocking material may be
used. Non-limiting examples of the hole-blocking material
are oxadiazole derivatives, triazole derivatives, and phenan-
throline derivatives. For example, BCP may be used as a
material for forming the HBL.

[0187] A thickness of the HBL may be in a range of about
50 A to about 1,000 A, and in some embodiments, in a range
of about 100 A to about 300 A. When the thickness of the
HBL is within this range, satisfactory hole blocking proper-
ties may be obtained without a substantial increase in driving
voltage.

[0188] Then, an ETL may be formed on the HBL. or EML
by vacuum deposition, spin coating, casting, or thelike. When
the ETL is formed using vacuum deposition or spin coating,
the deposition and coating conditions may vary according to
the material that is used to form the ETL, but the deposition
and coating conditions may be similar to those for the forma-
tion of the HIL. As a material for forming the ETL, the
condensed cyclic compound of Formula 1 or any suitable
material that may stably transport electrons injected from an
electron injecting electrode (cathode) may be used.

[0189] Examples ofthe ETL materials are quinoline deriva-
tives, such as tris(8-quinolinolate)aluminum (Algs), 2,9-dim-
ethyl-4,7-diphenyl-1,10-phenanthroline (BCP), 4,7-diphe-
nyl-1,10-phenanthroline, 4,7-diphenyl-1,10-phenanthroline)
(Bphen) 3-(4-biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,
4-triazole (TAZ), 4-(Naphthalen-1-y1)-3,5-diphenyl-4H-1,2,
4-triazole (NTAZ), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-
1,3,4-oxadiazole (tBu-PBD), BAlq (see the following
formula), beryllium bis(benzoquinolin-10-olate (Bebq,),
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9,10-di(naphthalene-2-yl)anthrascene (ADN), Compound -continued
501, or Compound 502, but are not limited thereto. N—N

Alg3

BCP

501

‘ -

TAZ
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AN

[0190] A thickness of the ETL may be in a range of about
100 A to about 1,000 A, and in some embodiments, may be in
arange of about 150 A to about 500 A. When the thickness of
the ETL is within this range, satisfactory electron transport-
ing properties may be obtained without a substantial increase
in driving voltage.

[0191] Insome embodiments the ETL may include an elec-
tron-transporting organic compound and a metal-containing
material. The metal-containing material may include a
lithium (Li) complex. Non-limiting examples of the Li com-
plex are lithium quinolate (LiQ) and Compound 503 below:

Compound 503

LiQ

503

O
!
1
S Ny
[0192] Then, an EIL, which facilitates injection of elec-

trons from the cathode, may be formed on the ETL. Any
suitable electron-injecting material may be used to form the
EIL.

[0193] Non-limiting examples of materials for forming the
EIL are LiF, NaCl, CsF, Li,0, and BaQ, which are known in
the art. The deposition and coating conditions for forming the
EIL may be similar to those for the formation of the HIL,

39

Mar. 5, 2015

though the deposition and coating conditions may vary
according to the material that is used to form the EIL.

[0194] A thickness of the EIL may be in a range of about 1
A to about 100 A, and in some embodiments, may be in a
range of about 3 A to about 90 A. When the thickness of the
EIL is within this range, satisfactory electron injection prop-
erties may be obtained without a substantial increase in driv-
ing voltage.

[0195] The second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode that is an
electron injection electrode. A material for forming the sec-
ond electrode 17 may be a metal, an alloy, an electro-conduc-
tive compound, which all have a low work function, or a
mixture thereof, In some embodiments, the second electrode
17 may be formed of lithium (Li), magnesium (Mg), alumi-
num (Al), aluminum-lithium (Al—Li), calcium (Ca), mag-
nesium-indium (Mg—In), or magnesium-silver (Mg—Ag),
and may be formed as a thin film type transmission electrode.
In some embodiments, to manufacture a top-emission light-
emitting diode, the transmission electrode may be formed of
indium tin oxide (ITO) or indium zinc oxide (IZ0O).

[0196] Hereinafter, the present invention will be described
in detail with reference to the following synthesis examples
and other examples. However, these examples are for illus-
trative purposes only and are not intended to limit the scope of
the present invention.

Synthesis Example 1

Synthesis of Compound 1

[0197]

H:CQ, HOY O
0 Pd(PPh3)4
N5.2C03,
S EtOH
Br I - _—
H;CO
e}
Br NaOH
Ethanol

S
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Blss
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—_—
Pd(PPhs),
Na2C03,
EtOH

Synthesis of Intermediate 1-1

[0198] 3 g (1 eq, 8.80 mmol) of methyl 5-bromo-2-iodo-
benzoate, 2.21 g (1.1 eq, 9.68 mmol) of dibenzo[b,d]
thiophen-4-y! boronic acid, and 410 mg (0.04 eq, 0.35 mmol)
of tetrakis(triphenylphosphine)palladium(0) (Pd(PPh;),)
were put into a reaction chamber, vacuum-dried, and the
chamber was filled with nitrogen gas. 70 ml of toluene was
added into the reaction chamber to dissolve the compounds,
and then 30 ml of ethanol and 13 ml (3 eq, 26.4 mmol) of
2.0M Na,CO; aqueous solution were added thereto, and
stirred while refluxing at a temperature of 120° C. for 3 hours.
After the reaction was completed, the resultant was washed
with distilled water, and an organic layer was extracted using
ethyl acetate. The extracted organic layer was dried using
magnesium sulfate and filtered. and then the solvent was
evaporated. Then, the residue was separated and purified
through column chromatography to obtain 3.5 g (yield: 75%)
of Intermediate 1-1, methyl 5-bromo-2-(dibenzo[b,d]
thiophen-4-yl)benzoate.

[0199] 'H-NMR: 8.18 (m, 3H), 7.76 (t, 2H), 7.53 (t, 1H),
7.45 (m, 2H), 7.38 (d, 1H), 7.27 (d, 1H), 3.55 (s, 3H)

[0200] APCI-MS (m/z): 397[M*]



US 2015/0060785 A1l

Synthesis of Intermediate 1-2

[0201] 3.5 g(1 eq, 8.81 mmol) of Intermediate 1-1 was put
into a reaction chamber, and then 50 ml of ethylalcohol and
1.06 g (3 eq, 26.43 mmol) of NaOH were added thereto. The
mixture was stirred while refluxing at a temperature of 90° C.
for 3 hours. Then, concentrated HCl was slowly and drop-
wisely added to the mixture. After the reaction was com-
pleted, the resultant was extracted using ethylether and dried
to obtain 3 g (yield: 89%) of Intermediate 1-2, 5-bromo-2-
(dibenzo[b,d]thiophen-4-y1)benzoic acid.

[0202] 'H-NMR: 8.17 (m, 3H), 7.76 (d, 2H), 7.47 (m, 3H),
7.36 (d, 1H), 7.22 (d, 1H)

[0203] APCI-MS (m/z): 383[M*]

Synthesis of Intermediate 1-3

[0204] 3 g (1 eq, 7.82 mmol) of Intermediate 1-2 was put
into a reaction chamber, and 100 ml of methanesulfonic acid
(CH;SO,H) was added thereto, and the mixture was stirred at
a temperature of 30° C. for 6 hours. After the reaction was
completed, the reaction solution was poured into a beaker
having ice therein, and filtered the mixture to obtain a solid
product. The solid product was washed with a sodium bicar-
bonate solution (NaHCOs;) and stirred, and then filtered to
obtain 2.6 g (yield: 90%) of Intermediate 1-3,9-bromo-7H-
benzo[b]fluoreno[3,4-d|thiophen-7-one.

[0205] ‘H-NMR: 8.20 (d, 1H), 8.16 (d, 1H), 7.94 (d, 1H),
7.80 (s, 1H), 7.79 (d, 1H), 7.70 (d, 1H), 7.58 (m, 3H)

[0206] APCI-MS (m/z): 365[M*]

Synthesis of Intermediate 1-4

[0207] 1.74 g (1.05 eq, 7.47 mmol) of 2-bromophenyl was
put into a reaction chamber, and 150 ml of THF was added
thereto to dissolve 2-bromophenyl. 4.67 ml (1.05 eq, 7.47
mmol) of 1.6 M n-BuLi was slowly and dropwisely added to
the mixture at a temperature of -78° C. After 30 minutes of
stirring, 2.6 g (1 eq, 7.11 mmol) was added to Intermediate
1-3. The mixture was stirred for 5 hours at room temperature.
After the reaction was completed, the resultant was washed
with distilled water, and an organic layer was extracted using
ethyl acetate, dried, and dissolved by using methylmagne-
sium chloride (MC). Then, sulfuric acid (H,SO,) was slowly
and dropwisely added thereto. The reaction solution was
extracted with dichloromethane, and then the extract was
separated and purified through column chromatography to
obtain 2.1 g (yield: 60%) of Intermediate 1-4, 9-bromospiro
[benzo[b]fluoreno|3.4-d]thiophene-7,9'-fluorene.

[0208] 'H-NMR: 8.16 (d, 1H), 7.90 (m, 5H), 7.64 (d, 1H),
7.51 (m, 2H), 7.42 (1, 2H), 7.12 (t, 2H), 6.94 (s, 1H), 6.84 (d,
1H), 6.78 (d, 2H)

[0209] APCI-MS (m/z): 501[M*]

Synthesis of Compound 1

[0210] 2.1 g (1 eq, 4.19 mmol) of Intermediate 1-4,1.59 g
(1.03 eq, 4.34 mmol) of 9-phenylanthracen-10-ylboronic
acid, and 200 mg (0.04 eq, 0.17 mmol) Pd(PPh,), were put
into a reaction chamber, vacuum-dried, and the chamber was
filled with nitrogen gas. 60 ml of toluene was added into the
reaction chamber to dissolve the compounds, and then 30 ml
of ethanol and 6.4 ml (3 eq, 12.57 mmol) of 2.0M Na,CO,
aqueous solution were added thereto, and stirred while reflux-
ing at a temperature of 120t for 3 hours. After the reaction was
completed, the resultant was washed with distilled water, and
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an organic layer was extracted using ethyl acetate. The
extracted organic layer was dried using magnesium sulfate
and filtered using celite, and then the resultant was separated
and purified through column chromatography to obtain 1.72 g
(vield: 61%) of Compound 1, 9-(10-phenylanthracen-9-
yOspiro[benzo[d]fluoreno[4,3-b]thiophene-7,9-fluorene].
[0211] 'H-NMR: 8.31 (d, 1H), 8.20 (d, 1H), 8.05 (m, 2H),
7.77 (d, 2H), 7.65 (t,4H), 7.60 (m, 3H), 7.53 (m, 3H), 7.46 (t,
2H), 7.33 (t, 4H), 7.27 (d, 2H), 7.15 (t, 2H), 6.95 (m, 4H)
[0212] APCI-MS (m/z): 675[M*]

Synthesis Example 2

Synthesis of Compound 10
[0213]

H;CO
0
O O

I

NaOH  CH3SO3H
Ethanol MC

O,
-1
Q +
0,
1I-1
B(OH),
Pd(PPhs)y
Na,COs, EtOH
_—
Toluene
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-continued

O
OG-,

Synthesis of Intermediate 11-1

[0214] 6 g (1 eq, 15.1 mmol) of Intermediate 1-1 was put
into a reaction chamber, vacuum-dried, and the chamber was
filled with nitrogen gas. 120 ml of THF was added to the
reaction chamber, and 12.5 ml (2.5 eq, 37.7 mmol) of 3.0 M
methylmagnesium chloride (MC) was slowly and dropwisely
added thereto. The reaction solution was extracted with ethyl
acetate, and then the resultant was added into the reaction
chamber, dissolved with MC, and MeSO,H was slowly and
dropwisely added thereto. After the reaction was completed,
the resultant was extracted with dichloromethane, and sepa-
rated and purified through column chromatography to obtain
4 g (yield: 70%) of Intermediate 11-1,9-bromo-7,7-dimethyl-
7H-benzo[b]fluoreno[3,4-d]thiophene.

[0215] 'H-NMR: 8.22 (d, 1H), 8.19 (d, 1H), 7.96 (d, 1H),
7.82 (d, 1H), 7.64 (t, 2H), 7.56 (d, 1H), 7.51 (m, 2H), 1.57 s,
6H)

[0216] APCI-MS (m/z): 379[M*]

Synthesis of Compound 10

[0217] 4 g (1 eq, 10.5 mmol) of Intermediate 11-1,3.23 g
(1.03 eq, 10.86 mmol) of 9-phenylanthracene-10-y1 boronic
acid, and 485 mg (0.04 eq, 0.42 mmol) of Pd(PPh,), were put
into a reaction chamber, vacuum-dried, and the chamber was
filled with nitrogen gas. 80 ml of toluene was added to the
reaction chamber to dissolve the compounds, and then 40 ml
of ethanol and 16 ml (3 eq, 31.5 mmol) of 2.0M Na,CO,
aqueous solution were added thereto, and stirred while reflux-
ing at a temperature of 120° C. for 3 hours. After the reaction
was completed, the resultant was washed with distilled water,
and an organic layer was extracted using ethyl acetate. The
extracted organic layer was dried using magnesium sulfate
and filtered using celite, and then separated and purified
through column chromatography to obtain 4 g (yield: 70%) of
Compound 10, 7,7-dimethyl-9-(10-phenylanthracen-9-yl)-
7H-benzo[d|fluoreno[4,3-b]thiophene.

[0218] 'H-NMR: 8.28 (d, 1H), 8.22 (t, 2H), 8.01 (d, 1H),
7.82 (d, 2H), 7.74 (t, 2H), 7.60 (m, 10H), 7.36 (m, 4H), 1.64
(s, 6H)

[0219] APCI-MS (m/z): 553[M*]
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Synthesis Example 3

Synthesis of Compound 22

[0220]

’ Q.Q +

Na,CO;,, BtOH
—_—

Toluene

G5O,

Synthesis of Compound 22

[0221] 4g(1eq,10.5 mmol)ofIntermediate 11-1,3.85 g of
10-(naphthalen-1-yl)anthracen-9-ylboronic acid, and 485 mg
(0.04 eq, 0.42 mmol) of Pd(PPh,), were put into a reaction
chamber, vacuum-dried, and the chamber was filled with
nitrogen gas. 80 ml of toluene was added to the reaction
chamber to dissolve the compounds, and then 40 ml of etha-
nol and 16 ml (3 eq, 31.6 mmol) of 2.0M Na,CO, aqueous
solution were added thereto, and stirred while refluxing at a
temperature of 120° C. for 3 hours. After the reaction was
completed, the resultant was washed with distilled water, and
an organic layer was extracted using ethyl acetate. The
extracted organic layer was dried using magnesium sulfate
and filtered using celite, and then separated and purified
through column chromatography to obtain 4.4 g (yield: 70%)
of Compound 22, 7,7-dimethyl-9-(10-(naphthalen-1-y1)an-
thracen-9-y1)-7H-benzo[d]fluoreno[4,3-b]thiophene.

[0222] ‘H-NMR: 8.25 (m, 3H), 8.08 (m, 3H), 7.95 (d, 1H),
7.88 (d, 2H), 7.76 (t, 3H), 7.67 (t, 2H), 7.60 (t, 2H), 7.50 (m,
6H1), 7.36 (m 2H), 1.70 (s, 61)

[0223] APCI-MS (m/z): 603[M*]
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Synthesis Example 4

Synthesis of Compound 30

[0224]

' Q.Q +
e

II-1

B(OH),
7 AN
| Pd(PPhs),
AN e Na,COs3, BIOH
_—
Toluene

7 ‘

X

7 ‘

N

T
QQ

30

Synthesis of Compound 30

[0225] 4 g (1 eq, 10.5 mmol) of Intermediate 11-1,4.12 g
(1.05 eq, 11.07 mmol) of 10-(biphenyl-4-yl)anthracen-9-yl-
boronic acid, and 485 mg (0.04 eq, 0.42 mmol) of Pd(PPh,),
were put into a reaction chamber, vacuum-dried, and the
chamber was filled with nitrogen gas. 80 ml of toluene was
added to the reaction chamber to dissolve the compounds, and
then 40 ml of ethanol and 16 m1 (3 eq, 31.6 mmol) of 2.0 M
Na,CO; aqueous solution were added thereto, and stirred
while refluxing at a temperature of 120° C. for 3 hours. After
the reaction was completed, the resultant was washed with
distilled water, and an organic layer was extracted using ethyl
acetate. The extracted organic layer was dried using magne-
sium sulfate and filtered using celite, and then separated and
purified through column chromatography to obtain 4.32 g
(vield: 65%) of Compound 30, 9-(10-(biphenyl-4-yl)anthra-
cen-9-yl)-7,7-dimethyl-7H-benzo[d]fluoreno[4,3-b]
thiophene.
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[0226] 'H-NMR: 8.25 (m, 3H),8.01 (d, 1H1), 7.847 (m, SH),
7.60 (m, OH), 7.40 (m, 4H), 1.61 (s, SH), 1.53 (s, 1H)
[0227] APCI-MS (m/z): 629[M*]

Example 1

[0228] A 15Q/cm? (1200 A)ITO glass substrate (available
from Corning Co.) was cut into a size of 50 mmx50 mm x 0.7
mm, ultrasonically washed with isopropyl alcohol for 5 min-
utes and then with pure water for 5 minutes, and washed again
with UV ozone for 30 minutes. 2-TNATA was vacuum-de-
posited on the ITO glass substrate to form an HIL having a
thickness of 600 A, and then 4,4'-bis[N-(1 -naphthyl)-N-phe-
nylamino [biphenyl (NPB) was vacuum-deposited on the HIL
to form a HTL having a thickness 0300 A. Compound 1 was
used as ablue fluorescent host, and Compound 62 was used as
a blue fluorescent dopant to be co-deposted on the HTL at a
weight ratio of 95:5. Compound 501 was vacuum-deposited
on the EML to form an ETL having a thickness of 300 A. LiF
was vacuum-deposited on the ETL to form an EIL having a
thickness of 10 A. Then, Al was vacuum-deposited on the EIL
to form a cathode having a thickness of 3,000 A, thereby
completing the manufacture of an organic light-emitting
device.

Example 2

[0229] An OLED was manufactured in the same manner as
in Example 1, except that Compound 10, instead of Com-
pound 1, was used as a host of the EML.

Example 3

[0230] An OLED was manufactured in the same manner as
in Example 1, except that Compound 22, instead of Com-
pound 1, was used as a host of the EML.

Example 4

[0231] An OLED was manufactured in the same manner as
in Example 1, except that Compound 30, instead of Com-
pound 1, was used as a host of the EML.

Comparative Example 1

[0232] An OLED was manufactured in the same manner as
in Example 1, except that Compound A-1, instead of Com-
pound 1, was used as a host of the EML.

<A-1>

Comparative Example 2

[0233] An OLED was manufactured in the same manner as
in Example 1, except that Compound A-2, instead of Com-
pound 62, was used as a dopant of the EML.
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What is claimed is:
<A-2> 1. An organic light-emitting diode comprising:
a first electrode;

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

Q O wherein the organic layer comprises a compound repre-
N

sented by Formula 1 and a compound represented by
Formula 2:

QQ Q Formula 1

Evaluation Example

[0234] Driving voltages, luminancees, and efficiencies of
the OLEDs of Examples 1 to 4 and Comparative Examples 1
and 2 were measured using a PR650 Spectroscan Source
Measurement Unit (available from Photo Research, Inc.).
The results are shown in Table 1 below.

Formula 2
Ris Ri7
TABLE 1 \
/N A N\
Driving voltage Luminance Efficiency
OLED V] [cdm?] [cd/A] Ris Ris
Example 1 3.8 413 4.13
Example 2 3.6 394 3.94 wherein Ar, is selected from
Example 3 33 423 4.23 a C4-Cy, aryl group or a C,-Cy,, heteroaryl group; or
Example 4 37 38 381 Cs-Cqp aryl group or a C,-Cg, heteroaryl group, each
Comparative 44 328 3.28 a L6go Aryl group 1760 aryl group,
Example 1 substituted with at least one of a deuterium atom, a
Comparative 43 346 3.46 halogen atom, a hydroxyl group, a cyano group, a nitro
Example 2 group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt
. thereof, a sulfonic acid group or a salt thereof, a phos-
[0235] ‘Ref‘emng to Table 1, the OLEDS of Examples 1 to 4 phoric acid group ora salt thereof, a C, -C.,, alkyl group,
all of which included comppunds having a structure of For- a C,-Cyy alkenyl group, a C,-C,, alkynyl group, a
mula | and compounds having a structure of C,-Cs, alkoxy group, a Cs-C,, cycloalkyl group, a
[0236] Formula 2 as a blue light-emitting matieral of the C5-Cyo heterocycloalkyl group, a C,-Cy, cycloalkenyl
OLED were found to have better performance in terms of group, aC;-C, g heterocycloalkenyl group, a Co-Cyy aryl
lower driving voltage, and higher luminance and efficiency, group, a C,-Cyy heteroqryl group, a Cg-Cyy aryloxy
as compared with the OLEDs of Comparative Examples 1 group, ora Cs-Cyo arylthio group;
and 2 including a conventional host and/or a conventional L is selected from
blue dopant. aC;-Cg, arylene group or a C,-C, heteroarylene group; or

a C4-Cq, arylene group or a C,-Cy, heteroarylene group,
each substituted with at least one selected from a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a

[0237] As described above, according to one or more of the
above embodiments of the present invention, an OLED
including the condensed cyclic compound may provide
excellent performance of emitting blue light with high color
purity and high efficiency, and long lifetime.

[0238] It should be understood that the exemplary embodi- phosphoric acid group or a salt thereof. a C;-C,, alkyl
ments described therein should be considered in a descriptive group, a C,-Cy, alkenyl group, a C,-C,, alkynyl group,
sense only and not for purposes of limitation. Descriptions of a C,-C,, alkoxy group, a C5-C,, cycloalkyl group, a
features or aspects within each embodiment should typically C5-Cyy heterocycloalkyl group, a C5-C,, cycloalkenyl
be considered as available for other similar features or aspects group, aC4-C, ; heterocycloalkenyl group, a C-Cy, aryl
in other embodiments. While one or more embodiments of group, a C,-Cy, heteroaryl group, a Cq-C,, aryloxy
the present invention have been described with reference to group, or a C-Cyy arylthio group;

the figures, it will be understood by those of ordinary skill in Xis —CR,)R;5), —NR,,), —S— or —O0—;

the art that various changes in form and details may be made R, to R, ; are each independently selected from

therein without departing from the spirit and scope of the a hydrogen atom, a deuterium atom, a halogen atom, a
present invention as defined by the following claims and hydroxyl group, a cyano group, a nitro group, an amino

equivalents thereof. group, an amidino group, a hydrazine group, a hydra-
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zone group, 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, aC,-C,, alkynyl group, a C,-C,, alkoxy group, a
C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C |, cycloalkenyl group, a C;-C |, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,, aryloxy group, or a Cg-C,q
arylthio group;
a C,-C,q alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, or a C,-C,, alkoxy group, each substi-
tuted 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 group, a
hydrazone group, 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,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, a C;-C, cycloalkenyl
group, a C;-C, , heterocycloalkenyl group, a C4-C,, aryl
group, a C,-C,, heteroaryl group, a C4-C,y aryloxy
group, or a C4-C 4, arylthio group; or
C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C,-C |, cycloalkenyl group, a C5-C |, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C,-C,q het-
eroaryl group, a C,-C,, aryloxy group, or a C,-C,,
arylthio group, each 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 group, a hydrazone group, 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,q alkyl group, a C,-C,, alkenyl group, a C,-Cs,,
alkynyl group, a C,-C,, alkoxy group, a C,;-C,
cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-C,q aryl group, a C,-C,, heteroaryl
group, a C,-C,, aryloxy group, or a C4-C,, arylthio
group;
R, is selected from
a hydrogen atom, a deuterium atom, a halogen atom, a
C,-C,oalkyl group,a C5-C, , cycloalkyl group,a C5-C
heterocycloalkyl group, a C4-C ,p aryl group, ora C,-C,,
heteroaryl group; or
aC,-C,, alkyl group, a C,-C, , cycloalkyl group, a C5-C |,
heterocycloalkyl group, aC4-C ,p aryl group, ora C,-C,g
heteroaryl group, each 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, ahydrazine group, a hydrazone group, 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,-C,,
alkynyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C5-C,, heterocycloalk-
enyl group, a C4-C,,, aryl group, a C,-C,, heteroaryl
group, a C-C,, aryloxy group, or a C4-C,, arylthio
group;
R,sto R, 4 are each independently selected from
a C,-C,, aryl group; or
a Cy-C,, aryl group substituted with at least one of a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxyl group
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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,-C,,, alkynyl group,
a C,-C,, alkoxy group, a C;-C,, cycloalkyl group, a
C;-C,, heterocycloalkyl group, a C,-C, , cycloalkenyl
group, aC;-C, ; heterocycloalkenyl group, a C4-C, aryl
group, a C,-C,, heteroaryl group, a C4-C,, aryloxy
group, or a C4-C,, arylthio group; and

A is selected from

phenalene, anthracene, pyrene, benzopyrene, chrysene, or

phenanthroline: or

phenalene, anthracene, pyrene, benzopyrene, chrysene, or

phenanthroline, each 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, ahydrazine group, a hydrazone group, 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,-C,,
alkynyl group, a C,-C,, alkoxy group, a C;-Cj,
cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C,;-C,q cycloalkenyl group, a C5-C,, heterocycloalk-
enyl group, a C¢-C,q aryl group, a C,-C,, heteroaryl
group, a C,-C,, aryloxy group, or a C4-C,, arylthio
group.

2. The OLED of claim 1, wherein Ar, is selected from a
phenyl group, a pentalenyl group, an indeny! group, a naph-
thyl group, an azulenyl group, an indacenyl group, an
acenaphthyl group, a biphenyl group, a heptalenyl group, a
phenaleny! group, a fluorenyl group, a phenanthrenyl group,
an anthryl group, a fluoranthenyl group, a pyrenyl group, a
benzofluorenyl group, a naphthacenyl group, a chrysenyl
group, a triphenylenyl group, a terphenyl group, a perylenyl
group, a picenyl group, a hexacenyl group, a spiro-fluorenyl
group, a pyrrolyl group, a furyl group, a pyrazolyl group, an
imidazolyl group, an oxazolyl group, an isoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
pyridyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a pyranyl group, a
thiophenyl group, a thiazolyl group, an isothiazolyl group, a
thiopyran group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, or a benzocarbazolyl group; or

a phenyl group, a pentalenyl group, an indenyl group, a

naphthyl group, an azulenyl group, an indacenyl group,
an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, a fluoranthenyl group, a
pyrenyl group, a benzofluorenyl group, a naphthacenyl
group, a chrysenyl group, a triphenylenyl group, a ter-
phenyl group, a perylenyl group, a picenyl group, a
hexacenyl group, a spiro-fluorenyl group, a pyrrolyl
group, a furyl group, a pyrazolyl group, an imidazolyl
group, an oxazolyl group, an isoxazolyl group, a triaz-
olyl group, a tetrazolyl group, an oxadiazolyl group, a
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pyridyl group, a pyrimidinyl group, a pyrazinyl group, a 4. The OLED of claim 1, wherein An is represented one of
pyridazinyl group, a triazinyl group, a pyranyl group, a Formulae 4A to 4F:

thiophenyl group, a thiazolyl group, an isothiazolyl
group, a thiopyran group, an indolyl group, an isoindolyl
group, an indolizinyl group, a benzofuryl group, an
isobenzofuryl group, an indazolyl group, a benzimida-
zolyl group, a benzoxazolyl group, a benzisoxazolyl
group, an imidazopyridyl group, a purinyl group, a
quinolyl group, an isoquinolyl group, a phthalazinyl
group, a quinazolinyl group, a quinoxalinyl group, a
naphthyridinyl group, a cinnolinyl group, a ben-
zothiophenyl group, a benzothiazolyl group, a carba-
zolyl group, a benzocarbazolyl group, a pyridoindolyl
group, a dibenzofuryl group, a phenanthridinyl group, a
benzoquinolyl group, a phenazinyl group, a diben-
zosilolyl group, a dibenzothiophenyl group, and a ben-
zocarbazolyl group, each 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 group, a hydrazone group, 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,-C,,
alkynyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C5-C,, heterocycloalk-
enyl group, a C4-C,, aryl group, a C,-C,, heteroaryl
group, a C,-C,, aryloxy group, or a C4-C,, arylthio
group.

3. The OLED of claim 1, wherein Ar, is represented by one

of Formulae 3A and 3B:

Formula 3A

Formula 3B

£

Z
<

(Zm,,@
!

wherein each 7, is independently 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 group, a hydrazone group, 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,, alkoxy group, a C4-C,,
aryl group, a C,-C,, heteroaryl group; or

a C,-C,, aryl group or a C,-C,, heteroaryl group, each
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
group, a hydrazone group, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, aryl group, ora C,-C,,
heteroaryl group;

p is an integer from 0 to 7; and

* is a binding site.

Formula 4A
: *

Formula 4B

Formula 4C
: *

Formula 4D
l |

Formula 4E

. |
Formula 4F

:

wherein * is a binding site.
5. The OLED of claim 1, wherein L is one selected from
aphenylene group, aphenalenylene group, a pentalenylene

group, an indenylene group, a naphthylene group, an
azulenylene group, an indacenylene group, an acenaph-
thylene group, a biphenylene group, a heptalenylene
group, a phenalenylene group, a fluorenylene group, a
phenanthrenylene group, an anthrylene group, a fluoran-
thenylene group, a pyrenylene group, a benzofluore-
nylene group, a naphthacenylene group, a chrysenylene
group, or a triphenylenyl group; or

aphenylene group, aphenalenylene group, a pentalenylene

group, an indenylene group, a naphthylene group, an
azulenylene group, an indacenylene group, an acenaph-
thylene group, a biphenylene group, a heptalenylene
group, a phenalenylene group, a fluorenylene group, a
phenanthrenylene group, an anthrylene group, a fluoran-
thenylene group, a pyrenylene group, a benzofluore-
nylene group, a naphthacenylene group, a chrysenylene
group, or a triphenylenyl group, each 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 group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group ora
salt thereof, a C,-C,, alkyl group, a C,-C,, alkenyl
group, a C,-C,, alkynyl group, a C,-C,,, alkoxy group, a
C;-C,o cycloalkyl group, a C;-C,, heterocycloalkyl
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group, a C;-C |, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C,-C,q het-
eroaryl group, a C¢-C,, aryloxy group, or a C4-C,,
arylthio group.

6. The OLED of claim 1, wherein L is represented by one

of Formulae 5A to 5C:

Formula SA

Formula 5B

*®

- tZwkr

Formula 5C

wherein each 7, and each Z,, is independently 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 group, a hydrazone group, 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,, alkoxy group, a C4-C,,
aryl group, or a C,-C,, heteroaryl group; or

a C4-C,, aryl group or a C,-C,, heteroaryl group, each
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
group, a hydrazone group, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -C,, alkyl group,
aC,-C,, alkoxy group, a C-C,, aryl group, ora C,-C,,
heteroaryl group;

q is an integer from 0 to 8;

ris an integer from 0 to 5; and

* is a binding site.

7. The OLED of claim 1, wherein L is represented by one

of Formulae 6A to 6C:

Formula 6A

* O *
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Formula 6B
* QO
Formula 6C

wherein * is a binding site.
8. The OLED of claim 1, wherein R, to R,; are each

independently one 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, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group ora
salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl
group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, a phenyl group,
a pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, an indacenyl group, an acenaphthyl
group, a biphenyl group, a heptalenyl group, a phenale-
nyl group, a fluorenyl group, a phenanthrenyl group, an
anthryl group, a fluoranthenyl group, a pyrenyl group, a
benzofluorenyl group, a naphthacenyl group, a chryse-
nyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a
spirofluorenyl group, a pyrrolyl group, a furyl group, a
pyrazolyl group, an imidazolyl group, an oxazolyl
group, an isoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a pyranyl group, a thiophenyl group, a
thiazolyl group, an isothiazolyl group, a thiopyran
group, an indolyl group, an isoindolyl group, an indoliz-
inyl group. a benzofuryl group, an isobenzofuryl group,
an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a
quinoxalinyl group, a naphthyridinyl group, a cinnolinyl
group, a benzothiophenyl group, a benzothiazolyl
group, a carbazolyl group, a benzocarbazolyl group, a
pyridoindolyl group, a dibenzofuryl group, a phenan-
thridinyl group, a benzoquinolyl group, a phenazinyl
group, a dibenzosilolyl group, a dibenzothiophenyl
group, or a benzocarbazolyl group;

a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
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octyl group, a nony! group, a decyl group, a methoxy
group, an ethoxy group, a propoxy group, a butoxy
group, or a pentoxy group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, or an amino group;
or

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, an indacenyl group,
an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, a fluoranthenyl group, a
pyrenyl group, a benzofluorenyl group, a naphthacenyl
group, a chrysenyl group, a triphenylenyl group, a tet-
phenyl group, a perylenyl group, a picenyl group, a
hexacenyl group, a spiro-fluorenyl group, a pyrrolyl
group, a furyl group, a pyrazolyl group, an imidazolyl
group, an oxazolyl group, an isoxazolyl group, a triaz-
olyl group, a tetrazolyl group, an oxadiazolyl group, a
pyridyl group, a pyrimidinyl group. a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a pyranyl group, a
thiophenyl group, a thiazolyl group, an isothiazolyl
group, a thiopyran group, an indolyl group, anisoindolyl
group, an indolizinyl group, a benzofuryl group, an
isobenzofuryl group, an indazolyl group, a benzimida-
zolyl group, a benzoxazolyl group, a benzisoxazolyl
group, an imidazopyridyl group, a purinyl group, a
quinolyl group, an isoquinolyl group, a phthalazinyl
group, a quinazolinyl group, a quinoxalinyl group, a
naphthyridinyl group, a cinnolinyl group, a ben-
zothiophenyl group, a benzothiazolyl group, a carba-
zolyl group, a benzocarbazolyl group, a pyridoindolyl
group, a dibenzofuryl group, a phenanthridinyl group, a
benzoquinolyl group, a phenazinyl group, a diben-
zosilolyl group, a dibenzothiophenyl group, or a benzo-
carbazolyl group, each 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 group, a hydrazone group, 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,-C,,
alkynyl group, a C,-C,, alkoxy group, a C,;-C,
cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C;-C, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-C,, aryl group, a C,-C,, heteroaryl
group, a C4-C,q aryloxy group, or a C4-C,q, arylthio
group.

9. The OLED of claim 1, wherein R, to R ; are each

independently represented by one of Formulae 7A to 7C:

Formula 7A

N2

()—'\ \
315|/

*
*

Formula 7B

#

|\/©—('231)5
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-continued
Formula 7C

/_('231)5

’[@\

wherein each Z,, and each Z,, is independently one 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, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group ora
salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a C.-C,, aryl group, a C,-C,, heteroaryl group;

a C,-C,, alkyl group or a C,-C,, alkoxy group, each sub-
stituted with at least one of a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, or
a phosphoric acid group or a salt thereof; or

a C4-Cyp aryl group or a C,-C,, heteroaryl group, each
substituted with at least one of a hydrogen atom, a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, 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,, alkoxy group, a C,-C,, aryl group, ora
C,-C,g heteroaryl group;

sis 4 or5; and

* is a binding site.

10. The OLED of claim 1, wherein R, to R 5 are each

independently represented by one of Formulae 8A to 8E:

Formula 8A
*
*
Formula 8B
| :
Formula 8C
D
* D
D D
Formula 8D

*

= \ /,> )
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-continued -continued

. Formula 8E Formula 10C

X
N

wherein * is a binding site. *

11. The OLED of claim 1, wherein A is represented by one
of Formulae 9A to 9C: Formula 10E

Formula 9A
O F
QQ‘ wherein * is a binding site.

14. The OLED of claim 1, wherein the compound repre-
Formula 9B sented by Formula 1 is one of Compounds 1 to 51:

Formula 10D

Formula 9C

wherein * is a binding site.

12. The OLED of claim 1, wherein R,5 to R, are each
independently selected from

a phenyl group; or

a phenyl group substituted with at least one of a deuterium
atom, a halogen atom, a C, -C,, alkyl group, ora C4-C,,

aryl group.

13. The OLED of claim 1, wherein R,5 to R, are each
independently represented by one of Formulae 10A to 10E:

Formula 10A

Formula 10B
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15. The OLED of claim 1, wherein the compound repre- _continued
sented by Formula 2 is one of Compounds 61 to 69: 6
o 9
o3 OO
OQQ T

N

'8 66
QF
Qe
Bresc s
0 Q @

gQ Q Q

Gt
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-continued 16. An OLED of claim 1, wherein the organic layer com-
69 prises:
an emission layer comprising a compound represented by

Formula 1 and a compound represented by Formula 2;

a hole transporting region between the first electrode and
the emission layer; and

an electron transporting region between the emission layer
and the second electrode.

17. The OLED of claim 15, wherein the electron transport-
ing region comprises at least one of a hole blocking layer, an
electron transport layer, or an electron injection layer.

18. The OLED of claim 15, wherein the hole transporting
region comprises at least one of an electron blocking layer, a

Q hole transport layer, or a hole injection layer.
19. The OLED of ¢laim 15, wherein the first electrode is an

anode, and the second electrode is a cathode.

L S S T
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