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HETEROCYCLIC COMPOUND, ORGANIC
LIGHT-EMITTING DIODE COMPRISING
THE HETEROCYCLIC COMPOUND, AND

FLAT PANEL DISPLAY DEVICE
COMPRISING THE ORGANIC
LIGHT-EMITTING DIODE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0103057; filed on Oct. 10, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a heterocyclic com-
pound, an organic light-emitting diode including the hetero-
cyclic compound, and a flat panel display device including the
organic light-emitting diode.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), which are
self-emitting devices, have advantages such as a wide view-
ing angle, excellent contrast, quick response, high brightness,
excellent driving voltage characteristics, and can provide
multicolored images. Thus, OLEDs have drawing attention.
[0006] A general organic light-emitting diode has a struc-
ture including a substrate, and an anode, ahole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and a cathode which are sequentially stacked on the
substrate. In this regard, the HTL, the EML, and the ETL are
organic thin films formed of organic compounds. When a
voltage is applied between the anode and the cathode, holes
injected from the anode move to the EML via the HTL, and
electrons injected from the cathode move to the EML via the
ETL. The holes and electrons recombine in the EML to gen-
erate excitons. When the excitons drop from an excited state
to a ground state, light is emitted. In this regard, emission
occurring when singlet excitons drop from an excited state to
a ground state refers to “fluorescence”, and emission occur-
ring when triplet excitons drop from an excited state to a
ground state refers to “phosphorescence”. Since a probability
of excited singlet exciton is 25% in the fluorescence, the light
emitting efficiency is limited. However, 75% of excited triplet
excitons and 25% of excited singlet excitons can be used in
the phosphorescence, and thus internal quantum efficiency
increases up to 100%.

[0007] U.S. Pat. Nos. 6,596,415 and 6,465,115 disclose an
organic light-emitting diode using 4,4'-N,N-dicarbazole-bi-
phenyl (CBP) as a host of an emission layer. CBP is a widly
known host material of a phosphorescent emitting material,
and an organic light-emitting diode with high emission effi-
ciency of green and red colors and using phosphorescence is
well known in the art. The organic light-emitting diode
includes Ir(ppy)s, as a phosphorescent dye having a heavy
element such as Ir and Pt with high spin-orbital coupling at its
center, PtOEP, as a dopant, and CBP, as a host, so that light is
efficiently emitted in a triplet state (phosphorescence).
Recently, an iridium (IIT) complex has been known as a phos-
phorescent dopant material, and (acac)Ir(btp),, Ir(ppy); and
Firpic, and the like are well known in the art for RGB emis-
sion. In addition, an organic light-emitting diode including
CBP as a host material of a phosphorescence emitting mate-
rial, and BCP and Balq in a hole blocking layer is reported,
and a high performance organic light-emitting diode using a
BAlq derivative as a host is disclosed. However, the organic
light-emitting diode has a short lifespan of 150 hours or less.
This is because, CBP has a low glass transition temperature
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Tg of 110° C. or less, is easily crystallized, and has low
thermal stability. Thus, CBP deforms during a high-tempera-
ture deposition.

[0008] International Publication No. W0O2009/148015 dis-
closes an organic light-emitting diode including a polycyclic
compound as a host material. The polycyclic compound has a
n-conjugated heteroacene backbone crosslinked with carbon
atoms, nitrogen atoms, oxygen atom, or sulfur atoms, and is
prepared by a synthesis of a halogen compound. An organic
light-emitting diode including the polycyclic compound has
high light emittin efficiency and long lifespan. However,
these organic light-emitting diodes have sufficient electrical
stability, and thus cannot be commercialized.

SUMMARY

[0009] The present invention provides a heterocyclic com-
pound, an organic light-emitting diode including an organic
layer that includes the heterocyclic compound, and a flat
panel display device including the organic light-emitting
diode.

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

Q &

N—X

(J

(Yl>a

Formula 1

(Y2)o

[0011] wherein X is *—Ar, or

(Y3)e

)

*— Ar,—N

1)
ad
where * indicates a binding site;
[0012] whereinAr, is a substituted or unsubstituted C5-Cg,,

aryl group, a substituted or unsubstituted C;-C, aryloxy
group, a substituted or unsubstituted C5-Cy, arylthio group, a

Ya)a
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substituted or unsubstituted C,-Cg, heteroaryl group, or a
substituted or unsubstituted C,-Cg, polycyclic condensed
group; Ar, is a substituted or unsubstituted Cs-Cg, arylene
group, a substituted or unsubstituted C5-Cg, aryleneoxy
group, a substituted or unsubstituted Cs-Cg, arylenethio
group, a substituted or unsubstituted C,-Cg, heteroarylene
group, or a substituted or unsubstituted C,-Cg, polycyclic
condensed group; Y,,Y,, Y; and Y, are each independently
CRsR4, NR,, O, or S; a, b, c and d are each independently an
integer of 0 or 1, wherein a+b=1 and c+d=1; and R,, R,, R,
R., Rs, Rg and R, are each independently a hydrogen atom, a
deuterium, a tritium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a silyl group, a
substituted or unsubstituted C, -Cs, alkyl group, a substituted
orunsubstituted C,-Cs, alkenyl group, a substituted or unsub-
stituted C,-Cj, alkynyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C,-C,
cycloalkyl group, a substituted or unsubstituted C;-Cs,
cycloalkenyl group, a substituted or unsubstituted C5-Cy, aryl
group, a substituted or unsubstituted C,-C, aryloxy group, a
substituted or unsubstituted C5-Cg, arylthio group, a substi-
tuted or unsubstituted C,-Cg, heteroaryl group, a substituted
or unsubstituted C,-Cg4, polycyclic condensed group, or
N(Q))(Q,),and Q, and Q, are each independently a hydrogen
atom, a deuterium, a tritium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a silyl
group, a substituted or unsubstituted C,-Cs, alkyl group, a
substituted or unsubstituted C,-Cs, alkenyl group, a substi-
tuted or unsubstituted C,-Cs,, alkynyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
C;-Cs, cycloalkyl group, a substituted or unsubstituted
C,-Cs, cycloalkenyl group, a substituted or unsubstituted
C;-Cy, aryl group, a substituted or unsubstituted C5-C, ary-
loxy group, a substituted or unsubstituted C5-Cg, arylthio
group, a substituted or unsubstituted C,-Cg4, heteroaryl
group, and a substituted or unsubstituted C,-Cg, polycyclic
condensed group, wherein at least two of R}, R, R5, R, Rs,
Ry, and R, which are adjacent to each other bind to each other
to form a saturated or unsaturated ring.

[0013] According to another aspect of the present inven-
tion, there is provided an organic light-emitting diode includ-
ing a first electrode; a second electrode disposed opposite to
the first electrode; an organic layer interposed between the
first electrode and the second electrode, wherein the organic
layer includes a heterocyclic compound according to any one
of claims 1 to 13 as a single material or a mixture of different
materials.

[0014] According to another aspect of the present inven-
tion, there is provided a flat panel display device including a
transistor including a source, a drain, a gate, and an active
layer and the above organic light-emitting diode, wherein one
ofthe source and the drain is electrically connected to the first
electrode of the organic light-emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawing in which:

[0016] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0017] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawing.
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[0018] 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.

[0019] According to an embodiment of the present inven-
tion, there is provided a heterocyclic compound represented
by Formula 1 below.

5
S

Y Da

Formula 1

N—X

(Ya)s

[0020] InFormulal, X is *—Ar, or
(Y3)e
(Ya)a
*— Ar,—N,
O
[0021] wherein Ar, is a substituted or unsubstituted C5-Cg,

aryl group, a substituted or unsubstituted C5-Cy, aryloxy
group, a substituted or unsubstituted C5-Cg, arylthio group, a
substituted or unsubstituted C,-Cg,, heteroaryl group, or a
substituted or unsubstituted C,-Cg, polycyclic condensed
group;

[0022] Ar, is a substituted or unsubstituted C5-Cg, arylene
group, a substituted or unsubstituted Cs-Cg, aryleneoxy
group, a substituted or unsubstituted C,-Cg, arylenethio
group, a substituted or unsubstituted C,-Cg,, heteroarylene
group, and a substituted or unsubstituted bivalent C,-Cg,
polycyclic condensed group; and

[0023] * indicates a binding site.
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[0024] In Formulal,Y,,Y,, Y5 andY, are each indepen-
dently CRsRg, NR,, O, or S, and a, b, ¢ and d are each
independently an integer of 0 or 1, wherein a+b=1 and c+d=1.
Rs, Ry, and R, will be described in detail later. The expression
“a, b, ¢, and d are each independently an integer of O or 1,
wherein a+b=1 and c+d=1"" indicates that one of aand b is 1,
and the other is 0, and one of ¢ and d is 1, and the other is 0.
Forexample,ais1andbis0,oraisOandbis 1,and cis 1 and
dis0,orcisOanddis 1.

[0025] InFormulal, Ry, R,,R;,R,, Rs, Rgand R, are each
independently a hydrogen atom, a deuterium, a tritium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
a carboxyl group, a silyl group, a substituted or unsubstituted
C,-Cs, alkyl group, a substituted or unsubstituted C,-Cs,,
alkenyl group, a substituted or unsubstituted C,-Cs, alkynyl
group, a substituted or unsubstituted C,-Cy, alkoxy group, a
substituted or unsubstituted C;-Cs, cycloalkyl group, a sub-
stituted or unsubstituted C;-Cs, cycloalkenyl group, a substi-
tuted or unsubstituted C5-Cg,, aryl group, a substituted or
unsubstituted C5-Cg, aryloxy group, a substituted or unsub-
stituted C5-Cg, arylthio group, a substituted or unsubstituted
C,-C4o heteroaryl group, a substituted or unsubstituted
C,-Cy, polycyclic condensed group, or N(Q,)(Q,). In this
regard, Q, to Q, are each independently a hydrogen atom, a
deuterium, a tritium, a halogen atom, a hydroxyl group, a silyl
group, a cyano group, a nitro group, a carboxyl group, a
substituted or unsubstituted C,-Cs, alkyl group, a substituted
orunsubstituted C,-C,, alkenyl group, a substituted orunsub-
stituted C,-Cs,, alkynyl group, a substituted or unsubstituted
C,-Cs, alkoxy group, a substituted or unsubstituted C;-Cs,,
cycloalkyl group, a substituted or unsubstituted C;-Cs,
cycloalkenyl group, a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C,-C, aryloxy group, a
substituted or unsubstituted Cs-Cq, arylthio group, or a sub-
stituted or unsubstituted C,-Cy, heteroaryl group, or a sub-
stituted or unsubstituted C,-Cg, polycyclic condensed group.
At least two of R, R,, R;, R,, Rs, Rg and R, which are
adjacent to each other, may form a saturated or unsaturated
ring.

[0026] The heterocyclic compound represented by For-
mula 1 has high glass transition temperature Tg or high melt-
ing point since the heterocyclic backbone is introduced into
molecules thereof. Thus, an organic light-emitting diode
including the heterocyclic compound represented by Formula
1 is resistant against Joule’s heat generated in the organic
layer, Joule’s heat generated between the organic layers, or
Joule’s heat generated between the organic layer and a metal
electrode during the emission, and thermal resistant thereof
increases under high temperature. In addition, the heterocy-
clic compound represented by Formula 1 has a fluorene
group, resulting in having high glass transition temperature
Tg and not crystallized.

[0027] In an organic light-emitting diode, the heterocyclic
compound represented by Formula 1 has high electrical sta-
bility, high charge transporting capabilities, and excellent
emitting capabilities. Thus, the heterocyclic compound may
be efficiently used in fluorescent or phosphorescent devices
emitting all colors, for example, red, green, and white colors,
and may be used as an electron injecting material or an elec-
tron transporting material.

[0028] In the heterocyclic compound of Formula 1, X may
be Ar,, wherein Ar, may be a substituted or unsubstituted
phenyl group, a substituted or unsubstituted bipheny! group,
a substituted or unsubstituted pentalenyl, a substituted or
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unsubstituted indenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted azulenyl
group, a substituted or unsubstituted heptalenyl group, a sub-
stituted or unsubstituted indacenyl group, a substituted or
unsubstituted acenaphtyl group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted phenalenyl
group, a substituted or unsubstituted phenanthrenyl group, a
substituted or unsubstituted anthryl group, a substituted or
unsubstituted fluoranthenyl group, a substituted or unsubsti-
tuted triphenylenyl group, a substituted or unsubstituted pyre-
nyl group, a substituted or unsubstituted chrysenyl group, a
substituted or unsubstituted naphthacenyl group, a substi-
tuted or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted pen-
taphenyl group, a substituted or unsubstituted hexacenyl
group, a substituted or unsubstituted pyrrolyl group, a substi-
tuted or unsubstituted imidazolyl group, a substituted or
unsubstituted benzoimidazolyl group, a substituted or unsub-
stituted phenylbenzoimidazolyl group, a substituted or
unsubstituted pyrazolyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted phenylpyridi-
nyl group, a substituted or unsubstituted phenylimidazopy-
ridinyl group, a substituted or unsubstituted pyrazinyl group,
a substituted or unsubstituted pyrimidinyl group, a substi-
tuted or unsubstituted phenylimidazopyrimidinyl group, a
substituted or unsubstituted pyridazinyl group, a substituted
or unsubstituted indolyl group, a substituted or unsubstituted
isoindolyl group, a substituted or unsubstituted indazolyl
group, a substituted or unsubstituted purinyl group, a substi-
tuted or unsubstituted quinolinyl group, a substituted or
unsubstituted benzoquinolinyl group, a substituted or unsub-
stituted phthalazinyl group, a substituted or unsubstituted
naphthyridinyl group, a substituted or unsubstituted quinox-
alinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted cinnolinyl group, a sub-
stituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthrolinyl group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a substi-
tuted or unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsubsti-
tuted benzo[b]thiophenyl group, a substituted or unsubsti-
tuted dibenzothiophenyl, a substituted or unsubstituted thia-
zolyl group, a substituted or unsubstituted isothiazolyl group,
a substituted or unsubstituted benzothiazolyl group, a substi-
tuted or unsubstituted oxazolyl group, a substituted or unsub-
stituted isoxazolyl group, a substituted or unsubstituted ben-
zooxazolyl group, a substituted or unsubstituted triazolyl
group, a substituted or unsubstituted phenyltriazolyl group, a
substituted or unsubstituted tetrazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted phenyloxadiazolyl group, a substituted or unsubstituted
triazinyl group, a substituted or unsubstituted phenyltriazinyl
group, a substituted or unsubstituted diphenylethynyl group,
a substituted or unsubstituted phenylethynylfluorenyl group,
or a substituted or unsubstituted phenylethynylnaphthyl
group, but is not limited thereto.

[0029] In particular, Ar, may be a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
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unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted triphenyl-
renyl group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted imidazolyl group, a substituted
or unsubstituted benzoimidazolyl group, a substituted or
unsubstituted phenylbenzoimidazolyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
phenylpyridinyl group, a substituted or unsubstituted phe-
nylimidazopyridinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted phenylimi-
dazopyrimidinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a substi-
tuted or unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsubsti-
tuted benzo[b]thiophenyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted phenyltriazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted phenyloxadiazolyl group, a sub-
stituted or unsubstituted triazinyl group, a substituted or
unsubstituted phenyltriazinyl group, a diphenylethynyl
group, a phenylethynylfluorenyl group, or a phenylethynyl-
naphthyl group.

[0030] For example, Ar, may be one of the groups repre-
sented by Formulae 4A to 4X below:

Formula 4A
—d N\
_\(Zl)p
. Formula 4B
TN 7\
_\(Zl)p _\(Zz)q
. Formula 4C
\_
\ |/
\ |/
@y
Formula 4D
NN
" 1 | 1y

Formula 4E

S

. 11,2013

Formula 4F

Formula 4G

Formula 4H

Formula 41

Formula 47

Formula 4K

Formula 4L

Formula 4M

Formula 4N

Formula 40
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-continued
* N
N\
SRR

Formula 4P

/-

P

(Z2)q
Formula 4Q

Formula 4R

Formula 48

Formula 4T

N
/
N=/\(Zl)p
Formula 4U
NN
7
N
Formula 4V
N\
/
—7 ),
) Formula 4W
=
4 —_— /
\ 7>z, \ Z2)g
Formula 4X
S @

/
b(zl)p

[0031] where * indicates a biding site.

[0032] Here, Z,, Z, and Z; may be each independently a
hydrogen atom, a deuterium, a tritium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxylic
group, a silyl group, a substituted or unsubstituted C,-Cs,
alkyl group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs, alkynyl group, a
substituted or unsubstituted C,-C;, alkoxy group, a substi-
tuted or unsubstituted C5-Cs, cycloalkyl group, a substituted
or unsubstituted C;-Cs, cycloalkenyl group, a substituted or
unsubstituted C5-Cg, aryl group, a substituted or unsubsti-
tuted C5-Cg, aryloxy group, a substituted or unsubstituted
C5-Cyq arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted C,-Cg, poly-

\(Zz)q
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cyclic condensed group, N(Q,;)(Q;2), or Si(Q,3)(Q14)(Q15),
and p, q, and r may be each independently an integer from 1

t0 5. Q,, to Q, 5 may be each independently a hydrogen atom,
a deuterium, a tritium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a substituted or
unsubstituted C,-C, alkyl group, a substituted or unsubsti-
tuted C,-Cs, alkenyl group, a substituted or unsubstituted
C,-Cs, alkynyl group, a substituted or unsubstituted C,-Cs,
alkoxy group, a substituted or unsubstituted C;-Csq
cycloalkyl group, a substituted or unsubstituted C,-Cy,
cycloalkenyl group, a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C;-Cg, aryloxy group, a
substituted or unsubstituted C5-Cg,, arylthio group, a substi-
tuted or unsubstituted C,-Cg, heteroaryl group, or a substi-
tuted or unsubstituted C,-C, polycyclic condensed group.

[0033] In the heterocyclic compound represented by For-
mula 1, X may be

(Y3)L‘

[

*—Ar,—N

sy

wherein Ar, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted biphenylene group, a
substituted or unsubstituted pentalenylene group, a substi-
tuted or unsubstituted indenylene group, a substituted or
unsubstituted naphtylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted phenalenylene
group, a substituted or unsubstituted phenanthrenylene
group, a substituted or unsubstituted anthrylene group, a sub-
stituted or unsubstituted fluoranthenylene group, a substi-
tuted or unsubstituted triphenylenylene group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted car-
bazolylene group, and a substituted or unsubstituted diphe-
nylethynylene group, but is not limited thereto.

[0034] For example, Ar, may be one of the groups repre-
sented by Formulae 5A to 5E below:

_\(Zn)s

(Ya)a

Formula 5A
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-continued
Formula B
* / \ %
YL Y
N N—=7z)
Formula C
. N\”—/\\l@ms
RN | S R
\/\/\/
Formula D
<_/
_\(Zl Ds
Formula E

=X
// —_— /
v(zl s \ /\(le)z

[0035] where * indicates a biding site.

[0036] Here,Z,,,7Z,,and Z,; may be each independently a
hydrogen atom, a deuterium, a tritium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxylic
group, a silyl group, a substituted or unsubstituted C,-Cs,
alkyl group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs, alkynyl group, a
substituted or unsubstituted C,-Cs, alkoxy group, a substi-
tuted or unsubstituted C5-Cs, cycloalkyl group, a substituted
or unsubstituted C;-Cs,, cycloalkenyl group, a substituted or
unsubstituted C5-Cg, aryl group, a substituted or unsubsti-
tuted C5-Cg, aryloxy group, a substituted or unsubstituted
C;-Cq, arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted C,-Cg,, poly-
cyclic condensed group, N(Q,;)(Q; ), or 8i(Q;3)(Q14)(Q;15):
and p, q, and r may be each independently an integer from 1
t04.Q,, to Q, s may be each independently a hydrogen atom,
a deuterium, a tritium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a silyl group, a
substituted or unsubstituted C, -Cs, alkyl group, a substituted
orunsubstituted C,-Cs, alkenyl group, a substituted or unsub-
stituted C,-Cs,, alkynyl group, a substituted or unsubstituted
C,-Cs, alkoxy group, a substituted or unsubstituted C;-Cs,
cycloalkyl group, a substituted or unsubstituted C;-Cs,
cycloalkenyl group, a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C,-Cy, aryloxy group, a
substituted or unsubstituted C5-Cg, arylthio group, a substi-
tuted or unsubstituted C,-Cg, heteroaryl group, or a substi-
tuted or unsubstituted C,-C, polycyclic condensed group.
[0037] In the heterocyclic compound represented by For-
mula 1, R;, R,, R; and R, may be each independently a
hydrogen atom, a deuterium, a tritium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a silyl group, a substituted or unsubstituted C,-Cs,
alkyl group, and a substituted or unsubstituted C5-C, aryl
group, and Y,, Y,, Y; and Y, may be each independently
CRsRg, NR,, O, or S. In this regard, R, R and R, may be
each independently a hydrogen atom, a deuterium, a tritium,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, a carboxyl group, a silyl group, a substituted or unsub-
stituted C,-Cs, alkyl group, or a substituted or unsubstituted
C5-Cg, aryl group.
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[0038] In the heterocyclic compound represented by For-
mula 1, R;, R,, R; and R, may be each independently a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, or a substituted or unsubstituted butyl group, and
Y,.Y,,Y;andY, may be eachindependently CR;R4, NR,, O,
orS. Here, R5 and R ¢ may be each independently a substituted
or unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, or a
substituted or unsubstituted butyl group, and R, may be a
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted naphthyl
group, or a substituted or unsubstituted fluorenyl group.
[0039] The heterocyclic compound of Formula 1 may be
represented by Formula 6 below.

Formula 6

YDa

? (Y2)p

[0040] InFormula 6, Ar; may be a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted triphenyl-
renyl group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted imidazolyl group, a substituted
or unsubstituted benzoimidazolyl group, a substituted or
unsubstituted phenylbenzoimidazolyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
phenylpyridinyl group, a substituted or unsubstituted phe-
nylimidazopyridinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted phenylimi-
dazopyrimidinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a substi-
tuted or unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsubsti-
tuted benzo[b]thiophenyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted phenyltriazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted phenyloxadiazolyl group, a sub-
stituted or unsubstituted triazinyl group, a substituted or
unsubstituted phenyltriazinyl group, a diphenylethynyl
group, a phenylethynylfluorenyl group, or a phenylethynyl-
naphthyl group; R; and R, may be each independently a
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substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, or a substituted or unsubstituted butyl group; Y,
andY, may be each independently CRsR¢, NR, O, or S; and
a and b may be each independently an integer of 0 or 1,
wherein a+b=1. Here, R5 and R may be each independently
a substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, or a substituted or unsubstituted butyl group, and
R, may be a unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
naphthyl group, or a substituted or unsubstituted fluorenyl
group.

[0041] The heterocyclic compound of Formula 1 may be
represented by Formula 7 below.

Formula 7

[0042] In Formula 7, Ar, may be one of the groups repre-
sented by Formulae 4A to 4X:

Formula 4A
—d \
—\(Zl)p
. Formula 4B
_\(Zl)p —\(Zz)q
. Formula 4C
\_
\ | /
\ | /
Z1)p
Formula 4D
NN
* 1 | (Zl)p

S
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Formula 4E

Formula 4F

Formula 4G

Formula 4H

Formula 41

Formula 47

Formula 4K

Formula 4L

Formula 4M
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-continued

. Formula 4N
X \\/ ? _\\\(N Z2),

_\(Zl)p \N/
. Formula 40
\(// \ H/N_\‘\/\N‘(Zz)q

_\(Zl)p \N/

Formula 4P

(ZZ)q
Formula 4Q
T NN
I N
—\(zl)p N@
7 N2,
Formula 4R
*k N
4
\M \
=Nz, =,
Formula 48
\\_/ y
Formula 4T
N
/7 N\
/N
N=/\(Zl)p
Formula 4U
*\/_—N\/aop
\ 7
N
Formula 4V
T\,
/
=7,
Formula 4W
\ -
/ —_— /
&\_//\@p \ )
Formula 4X

D @,
/
\\—/’\<zl>,, 22
[0043] where * indicates a biding site.

[0044] Y, andY, may be each independently CR;R4, NR,
O, or S, and a and b may be each independently an integer of
0 or 1, wherein a+b=1.

[0045] In Formulae 4A to 4X, Z,, Z, and Z, may be each
independently a hydrogen atom, a deuterium, a tritium, a
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halogen atom, a hydroxyl group, a cyano group, a nitro group,
a carboxylic group, a silyl group, a substituted or unsubsti-
tuted C,-Cs, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted C,-Cs,
alkynyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C,-Cy, cycloalkyl
group, a substituted or unsubstituted C,-Cs, cycloalkenyl
group, a substituted or unsubstituted Cs-Cy, aryl group, a
substituted or unsubstituted Cs-C, aryloxy group, a substi-
tuted or unsubstituted C5-Cg, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted C,-Cg, polycyclic condensed group, N(Q,,)
(Qy2); or 8i(Q;5)(Q,4)(Qy5), and p, g, and r may be each
independently an integer from 1 to 5. Q,, to Q,5 are each
independently a hydrogen atom, a deuterium, a tritium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
a carboxyl group, a substituted or unsubstituted C,-Cs,, alkyl
group, a substituted or unsubstituted C,-C,, alkenyl group, a
substituted or unsubstituted C,-Cs, alkynyl group, a substi-
tuted or unsubstituted C,-Cs, alkoxy group, a substituted or
unsubstituted C;-Cs, cycloalkyl group, a substituted or
unsubstituted C;-Cs, cycloalkenyl group, a substituted or
unsubstituted C5-C, aryl group, a substituted or unsubsti-
tuted C5-Cy, aryloxy group, a substituted or unsubstituted
C,-Cy, arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, or a substituted or unsubstituted C,-Cy,,
polycyclic condensed group. Here, R and Ry may be each
independently a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, or a substituted or unsubstituted
butyl group, and R, may be a unsubstituted phenyl group, a
substituted or unsubstituted biphenyl group, a substituted or
unsubstituted naphthyl group, or a substituted or unsubsti-
tuted fluorenyl group.

[0046] The heterocyclic compound of Formula 1 may be
represented by Formula 8 below.

Formula &

(Y3)e

Y 1a

(Y2)p
R;

[0047] InFormula 8, Ar, may be a substituted or unsubsti-
tuted phenylene group, a substituted or unsubstituted biphe-
nylene group, a substituted or unsubstituted pentarenylene
group, a substituted or unsubstituted indenylene group, a
substituted or unsubstituted naphthylene group, a substituted
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or unsubstituted fluorenylene group, a substituted or unsub-
stituted spiro-fluorenyl group, a substituted or unsubstituted
phenalenyl group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted anthrylene group, a
substituted or unsubstituted fluorantenylene group, a substi-
tuted or unsubstituted triphenylenylene group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrycenylene group, a substituted or unsubstituted car-
bazolylene group, and a substituted or unsubstituted diphe-
nylethynylene group, R,, R,, Ry and R, may be each
independently a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, or a substituted or unsubstituted
butyl group, Y,, Y,, Y; and Y, may be each independently
CRsR4, NR,, O, or S, and a, b, ¢ and d may be each indepen-
dently an integer of O or 1, wherein a+b=1 and c+d=1.

[0048] Here, R and R may be each independently a sub-
stituted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, or a substituted or unsubstituted butyl group, and R,
may be a unsubstituted phenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted naph-
thyl group, or a substituted or unsubstituted fluorenyl group.

[0049] The heterocyclic compound of Formula 1 may be
represented by Formula 9 below.

Q.

Formula 9

Ya)a

N—An—N, Q
olRe

(
(Yl)a .
(Y2l Q

[0050] In Formula 9, Ar, may be one of the groups repre-
sented by Formulae 5A to 4X:

_\(le)s
_\(le)s _\(le)z

Formula 5A

Formula 5B
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-continued

N NA(Z“)S

NSNS~

Formula 5C

Formula 5D

o

_\(ZJ Ds
/ — /

bam \ Z12)

Formula 5E

A

[0051] Y,,Y,,Y;, andY, are each independently CRR,
NR,, O, or S, and a, b, ¢c and d are each independently an
integer of O or 1, wherein a+b=1 and c+d=1.

[0052] InFormulae 5Ato5E,Z,,,7Z,,and Z,; may be each
independently a hydrogen atom, a deuterium, a tritium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
a carboxylic group, a silyl group, a substituted or unsubsti-
tuted C,-Cs, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted C,-Cs,
alkynyl group, a substituted or unsubstituted C,-Cs, alkoxy
group, a substituted or unsubstituted C;-Cs, cycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalkenyl
group, a substituted or unsubstituted Cs-Cg, aryl group, a
substituted or unsubstituted C5-Cg, aryloxy group, a substi-
tuted or unsubstituted C,-C, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted C,-Cg, polycyclic condensed group, N(Q,,)
(Qy2), or Si(Q3)(Q4)(Qys), and p, q, and r may be each
independently an integer from 1 to 4. Q,, to Q,5 are each
independently a hydrogen atom, a deuterium, a tritium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
a carboxyl group, a silyl group, a substituted or unsubstituted
C,-Cs, alkyl group, a substituted or unsubstituted C,-Cs,
alkenyl group, a substituted or unsubstituted C,-Cs, alkynyl
group, a substituted or unsubstituted C,-Cs, alkoxy group, a
substituted or unsubstituted C5-Cs,, cycloalkyl group, a sub-
stituted or unsubstituted C,-Cs,, cycloalkenyl group, a substi-
tuted or unsubstituted C5-Cq, aryl group, a substituted or
unsubstituted C5-C, aryloxy group, a substituted or unsub-
stituted C5-C, arylthio group, a substituted or unsubstituted
C,-Cg4, heteroaryl group, or a substituted or unsubstituted
C,-C, polycyclic condensed group. Here, R and R may be
each independently a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
tuted or unsubstituted propy!l group, or a substituted or unsub-
stituted butyl group, and R, may be a unsubstituted phenyl
group, a substituted or unsubstituted biphenyl group, a sub-
stituted or unsubstituted naphthyl group, or a substituted or
unsubstituted fluorenyl group.

[0053] The heterocyclic compound represented by For-
mula 1 may be any one of Compounds 1 to 83 below, but is not
limited thereto.
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[0054] The term “substituted A” in the “a substituted or
unsubstituted A (A is any substituent)” used herein refers to A
in which at least one hydrogen atom is substituted with a
deuterium, a tritium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a silyl group, or
a salt derivative thereof; a sulfonic acid group or a salt deriva-
tive thereof, a phosphoric acid group or a salt derivative
thereof, a C,-Cy, alkyl group, a C,-Cs, alkenyl group, a
C,-Cs, alkynyl group, a C,;-Cs, alkoxy group, a C;-Cs,
cycloalkyl group, a C5-Cs, cycloalkenyl group, a C5-Cy, aryl
group, a C5-Cg, aryloxy group, a C5-Cg, arylthio group, a
C,-Cgp heteroaryl group, a C,-Cg, polycyclic condensed
group, N(Q0)(Q102): or 8i(Q;03)(Q104)(Qy05)- In this
regard, Q,,; to Qs may be each independently a hydrogen
atom, a deuterium, a tritium, a halogen atom, a hydroxyl
group, a Cyano group, an amino group, a nitro group, a car-

< O Q ol
N N N N
SV SYYY

O 0y o

9

boxyl group, a silyl group, a C,-Cs, alkyl group, a C,-Cs,
alkenyl group, a C,-Cs, alkynyl group, a C,-Cs, alkoxy
group, a C5-Cs, cycloalkyl group, a C;-Cs,, cycloalkenyl
group, a C5-Cy, aryl group, a C5-C, aryloxy group, a C5-Cq,
arylthio group, a C5-Cg, heteroaryl group, or a C,-Cg, poly-
cyclic condensed group.

[0055] For example, the term “substituted A” refers to A in
which at least one hydrogen atom is substituted with a deu-
terium, a tritium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a carboxyl group, a silyl group, a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a phenyl group, a biphenyl group, a pentarenyl group,
an indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a phenalenyl
group, a phenanthrenyl group, an anthryl group, a fluoranthe-
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nyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphtnacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pyrrolyl
group, a imidazolyl group, a benzoimidazolyl group, a phe-
nylbenzoimidazolyl group, a pyrazolyl group, a pyridinyl
group, a phenylpyridinyl group, a phenylimidazopyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a phenylimi-
dazopyrimidinyl group, a pyridazinyl group, an indolyl
group, an isoindolyl group, an indazolyl group, a purinyl
group, a quinolinyl group, a benzoquinolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthridinyl group, a acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a furanyl group, a ben-
zofuranyl group, a dibenzofuranyl group, a thiophenyl group,
a benzo[b]thiophenyl group, a dibenzothiophenyl, a thiazolyl
group, a isothiazolyl group, a benzothiazolyl group, a
oxazolyl group, a isoxazolyl group, a benzooxazolyl group, a
triazolyl group, a phenyltriazolyl group, a tetrazolyl group, a
oxadiazolyl group, a phenyloxadiazolyl group, a triazinyl
group, a phenyltriazinyl group, a diphenylethynyl group, a
phenylethynylfluorenyl group, a phenylethynylnaphthyl
group, N(Q,6,)(Q102): 0r 8i(Q;03)(Q104)(Q10s)-

[0056] The unsubstituted C,-Cs, alkyl group used herein
refers to a linear or branched saturated hydrocarbon group
lacking one hydrogen atom therefrom. Examples of the
unsubstituted. C,-Cs, alkyl group include methyl, ethyl, pro-
pyl, isobutyl, sec-butyl, pentyl, iso-amyl, and hexyl. The sub-
stituents of the substituted C,-C;, alkyl group are defined as
described above with reference to the “substituted A”.
[0057] The unsubstituted C,-Cs, alkenyl group used herein
refers to a hydrocarbon chain having at least one carbon-
carbon double bond within or at a terminal of the unsubsti-
tuted C,-Cs, alkyl group. Examples of the unsubstituted
C,-Cs, alkenyl group include ethenyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, octenyl, propadienyl, isoprenyl,
and allyl. The substituents of the substituted C,-Cs, alkenyl
group are defined as described above with reference to the
“substituted A”.

[0058] Theunsubstituted C,-Cs, alkynyl group used herein
refers to a hydrocarbon chain having at least one carbon-
carbon triple bond within or at a terminal of the unsubstituted
C,-Cs, alkyl group. Examples of the unsubstituted C,-Cs,
alkynyl group include acetylenyl. The substituents of the
substituted C,-Cs, alkynyl group are defined as described
above with reference to the “substituted A”.

[0059] The unsubstituted C,-Cs, alkoxy group used herein
may be represented by —OY, wherein Y is a unsubstituted
C,-Cs, alkyl group as described above, and may be methoxy,
ethoxy, isopropyloxy, butoxy, or pentoxy. The substituents of
the substituted C,-Cs,, alkoxy group are defined as described
above with reference to the “substituted A”.

[0060] The unsubstituted C5-Cs, cycloalkyl group used
hereinrefers to a cyclic saturated hydrocarbon chain, and may
be cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or
cyclooctyl. The substituents of the substituted C;-Cs,
cycloalkyl group are defined as described above with refer-
ence to the “substituted A”.

[0061] The unsubstituted C,-Cs, cycloalkenyl group refers
to a cyclic unsaturated hydrocarbon chain that has at least one
carbon-carbon double bond and is not an aromatic ring.
Examples of the unsubstituted C;-C, cycloalkenyl group
include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclo-
hexenyl, cycloheptenyl, 1,3-cyclohexadienyl, 1,4-cyclohexa-
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dienyl, 2,4-cycloheptadienyl, and 1,5-cyclooctadienyl. The
substituents of the substituted C;-Cs, cycloalkenyl group are
defined as described above with reference to the “substituted
A”.

[0062] The unsubstituted C5-Cg, aryl group used herein
refers to a monocyclic or polycyclic monovalent group
including a C5-Cg, carbocyclic aromatic system. If the unsub-
stituted C5-Cg, aryl group is a polycyclic group, at least two
rings thereof may be fused to each other. Examples of the
unsubstituted C5-Cg, aryl group include a phenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphtyl group, a fluorenyl group, a spiro-fluorenyl group,
a phenalenyl group, a phenanthrenyl group, an anthryl group,
afluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, and a hexacenyl group.
The substituents of the substituted C5-C;,, aryl group are
defined as described above with reference to the “substituted
A”.

[0063] The unsubstituted C5-Cgy, aryloxy group refers to a
monovalent group in which carbon atoms of the C5-Cg, aryl
group are connected to each other by an oxygen linking group
(—O—). The substituents of the substituted C;-Cg, aryloxy
group are defined as described above with reference to the
“substituted A”.

[0064] The unsubstituted Cs-Cg, arylthio group refers to a
monovalent group in which carbon atoms of the C5-Cy, aryl
group are connected to each other by a sulfur linking group
(—S—). Examples of the unsubstituted C5-Cg, arylthio
group include a phenylthio group, a naphthylthio group, an
indanylthio group, and an indenylthio group. The substituents
of the substituted Cs-Cg, arylthio group are defined as
described above with reference to the “substituted A”.

[0065] The unsubstituted C,-Cg4, heteroaryl group used
herein refers to a monocyclic or polycyclic monavalent group
including at least one ring having at least one hetero atom
selected from the group consisting of N, O, P, and S. If the
unsubstituted C,-C, heteroaryl group is a polycyclic group,
at least two rings thereof may be fused to each other.
Examples of the unsubstituted C,-Cg, heteroaryl group
include a pyrrolyl group, an imidazolyl group, a pyrazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a naph-
thyridinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a phena-
zinyl group, a benzooxazolyl group, a benzoimidazolyl
group, a furanyl group, a benzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a thiazolyl group, an isothia-
zolyl group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an oxa-
diazolyl group, a triazinyl group, and a benzooxazolyl group.
The substituents of the substituted C,-Cg, heteroaryl group
are defined as described above with reference to the “substi-
tuted A”.

[0066] The unsubstituted C,-Cy, polycyclic condensed
group refers to a polycyclic monavalent group including at
least two fused rings. The substituents of the substituted
C,-Cy, polycyclic condensed group are defined as described
above with reference to the “substituted A”.
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[0067] The unsubstituted C,-Cs, alkylene group used
herein refers to a linear or branched divalent hydrocarbon
group lacking two hydrogen atoms therefrom. Examples of
the unsubstituted alkylene group may be understood with
reference to the unsubstituted C,-C, alkyl group. The sub-
stituents of the substituted C, -C, alkylene group are defined
as described above with reference to the “substituted A”.
[0068] Theunsubstituted C5-Cy, arylene group used herein
refers to a monocyclic or polycyclic divalent group including
a C4-Cgy, carbocyclic aromatic system. Examples of the
unsubstituted C5-Cg, arylene group may be understood with
reference to the unsubstituted Cs-Cgy,, aryl group. The sub-
stituents of the substituted C5-Cg, arylene group are defined
as described above with reference to the “substituted A”.
[0069] The unsubstituted C5-C, aryleneoxy group refers
to a divalent group in which carbon atoms of the C;-Cy
arylene group are connected to each other by an oxygen
linking group (—O-—). The substituents of the substituted
C5-Cg, aryleneoxy group are defined as described above with
reference to the “substituted A”.

[0070] The unsubstituted C5-Cg, arylenethio group refers
to a divalent group in which carbon atoms of the C5-Cg,
arylene group are connected to each other by a sulfur linking
group (—S—). The substituents of the substituted C5-Cg,
arylenethio group are defined as described above with refer-
ence to the “substituted A”.

[0071] The unsubstituted C,-Cg, heteroarylene group used
herein refers to a monocyclic or polycyclic divalent group
including at least one ring having at least one hetero atom
selected from the group consisting of N, O, P, and S.
Examples of the unsubstituted C,-Cg, heteroarylene group
may be understood with reference to the unsubstituted C,-Cg,,
heteroaryl group. The substituents of the substituted C,-Cg,
heteroarylene group are defined as described above with ref-
erence to the “substituted A”.

[0072] The unsubstituted divalent C,-Cg, polycyclic con-
densed group refers to a polycyclic divalent group having 2 to
60 carbon atoms and including at least two fused rings. The
substituents of the substituted C,-Cg, polycyclic condensed
group are defined as described above with reference to the
“substituted A”.

[0073] The heterocyclic compound represented by For-
mula 1 may be synthesized using known organic synthesis
methods. The method of synthesizing the heterocyclic com-
pound will be obvious to one or ordinary skill in the art with
reference examples that will be described later.

[0074] The heterocyclic compound represented by For-
mula 1 may be used in an organic layer interposed between a
pair of electrodes of an organic light-emitting diode.

[0075] The heterocyclic compound of Formula 1 has excel-
lent light-emitting characteristics and excellent electron
transporting characteristics, and thus may be used as electron
injecting materials or electron transporting materials suitable
for all-color fluorescent and phosphorescent devices, such as
red, green, blue, and white fluorescent and phosphorescent
devices. In particular, the heterocyclic compound is effi-
ciently used as light-emitting materials of green, blue, and
white fluorescent devices. By using the heterocyclic com-
pound represented by Formula 1, organic light-emitting
devices having high efficiency, low driving voltage, high
brightness, and long lifespan may be prepared.

[0076] An organic light-emitting diode according to an
embodiment of the present invention includes: a first elec-
trode; a second electrode disposed opposite to the first elec-
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trode; and an organic layer interposed between the first elec-
trode and the second electrode, wherein the organic layer
includes a heterocyclic compound represented by Formula 1
as a single material or a combination of different materials.
[0077] The term “organic layer” used herein refers to a
single layer or a multi layers interposed between the first
electrode and the second electrode.

[0078] The organic layer may include at least one layer
selected from the group consisting of'a (HIL), a hole transport
layer (HTL), a functional layer having both hole injecting and
hole transporting capabilities, an electron blocking layer
(EBL), an emission layer (EML), a hole blocking layer
(HBL), an electron transport layer (ETL), an electron injec-
tion layer (EIL) and a functional layer having both electron
transporting and electron injecting capabilities. At lease one
of the HIL, the HTL, the functional layer having both hole
injecting and hole transporting capabilities, the EBL, the
EML, the HBL, the ETL, the EIL, and the functional layer
having both electron transporting and electron injecting capa-
bilities may include the heterocyclic compound represented
by Formula 1.

[0079] The heterocyclic compound represented by For-
mula 1 may be used in the organic layer as a single material or
a combination of different materials. For example, Com-
pound 3 may only be contained in the organic layer as a single
material, or a combination of Compounds 3 and 52 may be
contained in the organic layer. If the organic layer includes
both of Compounds 3 and 52, Compounds 3 and 52 may be
contained in the same layer, e.g., the EML. Alternatively,
Compounds 3 and 52 may be contained in different layers,
e.g., Compound 3 may be contained in the EML and Com-
pound 52 may be contained in an ETL.

[0080] Theorganiclayer may include the HIL, the HTL, the
EML, the ETL, and the EIL, and the heterocyclic compound
represented by Formula 1 may be contained in the EML.

[0081] The organic layer may include the EML, wherein
the EML includes the heterocyclic compound represented by
Formula 1.

[0082] The organic layer may include the EML, wherein
the EML includes a fluorescent or phosphorescent host and
the fluorescent or phosphorescent host includes the heterocy-
clic compound represented by Formula 1. The phosphores-
cent dopant may be an organic metal complex including Ir, Pt,
Os, Re, Ti, Zr, Hf, or any combination of at least two thereof,
but is not limited thereto.

[0083] The organic layer may include the EML, wherein
the EML includes a fluorescent dopant, and the fluorescent
dopant includes the heterocyclic compound represented by
Formula 1.

[0084] The organic layer may include at least one of the
ETL, the EIL and the functional layer having both electron
transporting and electron injecting capabilities, and at least
one of the ETL, the EIL and the functional layer having both
electron transporting and electron injecting capabilities may
include the heterocyclic compound represented by Formula
1.

[0085] The organic layer may include at least one of the
ETL, the EIL and the functional layer having both electron
transporting and electron injecting capabilities, and at least
one of the ETL, the EIL and the functional layer having both
electron transporting and electron injecting capabilities may
include the heterocyclic compound represented by Formula 1
and a metal-containing material.
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[0086] The organic layer may include at least one of the
ETL, the EIL, the functional layer having both electron trans-
porting and electron injecting capabilities, and an EML hav-
ing at least one of a red EML, a green EML, a blue EML, and
a white EML; wherein at least one of the ETL, the EIL and the
functional layer having both electron transporting and elec-
tron injecting capabilities includes the heterocyclic com-
pound represented by Formula 1, and the EML includes a
phosphorescent compound.

[0087] The organic light-emitting diode may have the fol-
lowing structures between the EML and the second electrode,
but is not limited thereto.

[0088] 1) EML(heterocyclic compound represented by
Formula 1)/ETL/EIL/second electrode;

[0089] 2) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL/EIL/
second electrode;

[0090] 3) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL/EIL/second elec-
trode;

[0091] 4) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL/EIL/second
electrode;

[0092] 5) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL/EIL/second elec-
trode;

[0093] 6) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL/EIL/second
electrode;

[0094] In the organic light-emitting diodes having the
structures 1) to 6), the EML may include the heterocyclic
compound represented by Formula 1 as a single material or
may further include another emitting material.

[0095] In the organic light-emitting diodes having the
structures 4) to 6), the EML may further include at least one
of'an anthracene-based compound, a styryl-based compound,
and an arylamino-based compound in addition to the hetero-
cyclic compound represented by Formula 1 (as a single mate-
rial or as a mixture further including another light-emitting
material). For example, the EML may further include any
combination of Compound 3, the anthracene-based com-
pound (e.g., 9,10-di(naphthalene-2-yl)anthracene (and)) and
the styryl-based compound (e.g., distyrylarylene (DSA)).
[0096] In the organic light-emitting diodes having the
structures 1) to 6), the EML may include at least one of a red
EML, a green EML, a blue EML, and a white EML.

[0097] The organic light-emitting diode may have the fol-
lowing structures between the EML and the second electrode,
but is not limited thereto.

[0098] 7) EML/ETL(heterocyclic compound represented
by Formula 1)/EIL/second electrode;

[0099] 8) EML/ETL/EIL(heterocyclic compound repre-
sented by Formula 1)/second electrode;

[0100] 9) EML/ETL(heterocyclic compound represented
by Formula 1)/EIL(heterocyclic compound represented by
Formula 1)/second electrode;

[0101] 10) EML/functional layer having both electron
transporting and electron injecting capabilities(heterocyclic
compound represented by Formula 1)/second electrode;
[0102] 11) EML/ETL(heterocyclic compound represented
by Formula 1+metal-containing material )/EIL/second elec-
trode;
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[0103] 12) EML/ETL(heterocyclic compound represented
by Formula 1)/EIL(metal-containing material)/second elec-
trode;

[0104] 13) EML/ETL(metal-containing material )/EIL (het-
erocyclic compound represented by Formula 1)/second elec-
trode;

[0105] 14) EML/ETL/EIL(heterocyclic compound repre-
sented by Formula metal-containing material)/second elec-
trode;

[0106] 15) EML/functional layer having both electron
transporting and electron injecting capabilities(heterocyclic
compound represented by Formula 1+metal-containing
material )/second electrode;

[0107] In the organic light-emitting diodes having the
structures 7) to 15), at least one of the ETL, the EIL and the
functional layer having both electron transporting and elec-
tron injecting capabilities may include the heterocyclic com-
pound represented by Formula 1 as a single material or may
further include another emitting material.

[0108] In the organic light-emitting diodes having the
structures 11) to 15), at least one of the ETL, the EIL and the
functional layer having both electron transporting and elec-
tron injecting capabilities may include the heterocyclic com-
pound represented by Formula 1 as a single material or may
further include another emitting material. The metal-contain-
ing material may include a Li complex. Examples of the Li
complex include lithium quinolate (LiQ) or Compound 101
below, but are not limited thereto.

Compound 101

[0109] Inthe organic light-emitting diode having the struc-
tures 7) to 15), the EML may include at least one of a red
EML, a green EML, a blue EML, and a white EML.

[0110] The organic light-emitting diode may have the fol-
lowing structures between the EML and the second electrode,
but is not limited thereto.

[0111] 16) EML(heterocyclic compound represented by
Formula 1)/ETL(heterocyclic compound represented by For-
mula 1)/EIL/second electrode;

[0112] 17) EML(heterocyclic compound represented by
Formula 1)/ETL/EIL(heterocyclic compound represented by
Formula 1)/second electrode;

[0113] 18) EML(heterocyclic compound represented by
Formula 1)/ETL(heterocyclic compound represented by For-
mula 1)/EIL(heterocyclic compound represented by Formula
1)/second electrode;

[0114] 19) EML(heterocyclic compound represented by
Formula 1)/functional layer having both electron transporting
and electron injecting capabilities(heterocyclic compound
represented by Formula 1)/second electrode;
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[0115] 20) EML(heterocyclic compound represented by
Formula 1)/ETL(heterocyclic compound represented by For-
mula 1+metal-containing material)/EIL/second electrode;
[0116] 21) EML(heterocyclic compound represented by
Formula 1)/ETL(heterocyclic compound represented by For-
mula 1)/EIL(metal-containing material)/second electrode;
[0117] 22) EML(heterocyclic compound represented by
Formula 1)/ETL(metal-containing material)/EIL(heterocy-
clic compound represented by Formula 1)/second electrode;
[0118] 23) EML(heterocyclic compound represented by
Formula 1)/ETL/EIL(heterocyclic compound represented by
Formula 1+metal-containing material)/second electrode;
[0119] 24) EML(heterocyclic compound represented by
Formula 1)/functional layer having both electron transporting
and electron injecting capabilities(heterocyclic compound
represented by Formula 1+metal-containing material)/sec-
ond electrode;

[0120] 25) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL(het-
erocyclic compound represented by Formula 1)/EIL/second
electrode;

[0121] 26) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL/EIL
(heterocyclic compound represented by Formula 1)/second
electrode;

[0122] 27) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL(het-
erocyclic compound represented by Formula 1)/EIL (hetero-
cyclic compound represented by Formula 1)/second elec-
trode;

[0123] 28) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/functional
layer having both electron transporting and electron injecting
capabilities(heterocyclic compound represented by Formula
1)/second electrode;

[0124] 29) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL(het-
erocyclic compound represented by Formula 1+metal-con-
taining material)/EIL/second electrode;

[0125] 30) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL(het-
erocyclic compound represented by Formula 1)/EIL(metal-
containing material)/second electrode;

[0126] 31) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL
(metal-containing material)/EIL(heterocyclic compound
represented by Formula 1)/second electrode;

[0127] 32) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/ETL/EIL
(heterocyclic compound represented by Formula 1+metal-
containing material)/second electrode;

[0128] 33) EML(heterocyclic compound represented by
Formula 1 as a fluorescent or phosphorescent host)/functional
layer having both electron transporting and electron injecting
capabilities(heterocyclic compound represented by Formula
1+metal-containing material)/second electrode;

[0129] 34) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL(heterocyclic com-
pound represented by Formula 1)/EIL/second electrode;
[0130] 35) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL/EIL(heterocyclic
compound represented by Formula 1)/second electrode;
[0131] 36) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL(heterocyclic com-
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pound represented by Formula 1)/EIL(heterocyclic com-
pound represented by Formula 1)/second electrode;

[0132] 37) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/functional layer having
both electron transporting and electron injecting capabilities
(heterocyclic compound represented by Formula 1)/second
electrode;

[0133] 38) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL(heterocyclic com-
pound represented by Formula 1+metal-containing material)/
EIL/second electrode;

[0134] 39) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL(heterocyclic com-
pound represented by Formula 1)/EIL(metal-containing
material )/second electrode;

[0135] 40) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL(metal-containing
material )EIL(heterocyclic compound represented by For-
mula 1)/second electrode;

[0136] 41) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/ETL/EIL(heterocyclic
compound represented by Formula 1+metal-containing
material)/second electrode;

[0137] 42) EML(heterocyclic compound represented by
Formula 1 as a fluorescent dopant)/functional layer having
both electron transporting and electron injecting capabilities
(heterocyclic compound represented by Formula 1+metal-
containing material)/second electrode;

[0138] 43) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL/second electrode;
[0139] 44) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL/EIL(hetero-
cyclic compound represented by Formula 1)/second elec-
trode;

[0140] 45) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL(heterocyclic com-
pound represented by Formula 1)/second electrode;

[0141] 46) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/functional layer
having both electron transporting and electron injecting capa-
bilities(heterocyclic compound represented by Formula
1)/second electrode;

[0142] 47) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL(heterocyclic
compound represented by Formula 1+metal-containing
material )YEIL/second electrode;

[0143] 48) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL (metal-containing
material)/second electrode;

[0144] 49) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL(metal-con-
taining material )/EIL(heterocyclic compound represented by
Formula 1)/second electrode;

[0145] 50) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/ETL/EIL(hetero-
cyclic compound represented by Formula 1+metal-contain-
ing material)/second electrode;

[0146] 51) EML(heterocyclic compound represented by
Formula 1+anthracene-based compound)/functional layer
having both electron transporting and electron injecting capa-
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bilities(heterocyclic compound represented by Formula
1+metal-containing material)/second electrode;

[0147] 52) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL(heterocyclic com-
pound represented by Formula 1)/EIL/second electrode;

[0148] 53) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL/EIL(heterocyclic
compound represented by Formula 1)/second electrode;

[0149] 54) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL(heterocyclic com-
pound represented by Formula 1)/ElL(heterocyclic com-
pound represented by Formula 1)/second electrode;

[0150] 55) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/functional layer having
both electron transporting and electron injecting capabilities
(heterocyclic compound represented by Formula 1)/second
electrode;

[0151] 56) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL(heterocyclic com-
pound represented by Formula 1+metal-containing material)/
EIL/second electrode;

[0152] 57) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL(heterocyclic com-
pound represented by Formula 1)/EIL(metal-containing
material)/second electrode;

[0153] 58) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL (metal-containing
material )YEIL (heterocyclic compound represented by For-
mula 1)/second electrode;

[0154] 59) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/ETL/EIL(heterocyclic
compound represented by Formula 1+metal-containing
material)/second electrode;

[0155] 60) EML(heterocyclic compound represented by
Formula 1+styryl-based compound)/functional layer having
both electron transporting and electron injecting capabilities
(heterocyclic compound represented by Formula 1+metal-
containing material)/second electrode;

[0156] 61) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL/second electrode;

[0157] 62) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL/EIL (heterocy-
clic compound represented by Formula 1)/second electrode;

[0158] 63) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL(heterocyclic com-
pound represented by Formula 1)/second electrode;

[0159] 64) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/functional layer
having both electron transporting and electron injecting capa-
bilities(heterocyclic compound represented by Formula
1)/second electrode;

[0160] 65) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL(heterocyclic
compound represented by Formula 1+metal-containing
material )EIL/second electrode;

[0161] 66) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL(heterocyclic
compound represented by Formula 1)/EIL(metal-containing
material)/second electrode;
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[0162] 67) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL(metal-con-
taining material )/EIL(heterocyclic compound represented by
Formula 1)/second electrode;

[0163] 68) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/ETL/EIL (heterocy-
clic compound represented by Formula 1+metal-containing
material )/second electrode;

[0164] 69) EML(heterocyclic compound represented by
Formula 1+arylamino-based compound)/functional layer
having both electron transporting and electron injecting capa-
bilities(heterocyclic compound represented by Formula
1+metal-containing material)/second electrode;

[0165] In the organic light-emitting diodes having the
structures of 16) to 69), the EML may include the heterocy-
clic compound represented by Formula 1 as a single material
or may further include another emitting material. At least one
of the ETL, the EIL, and the functional layer having both
electron transporting and electron injecting capabilities may
include the heterocyclic compound represented by Formula 1
as a single material or may further include another emitting
material.

[0166] Intheorganic layer, at least one layer of the HIL, the
HTL, the functional layer having both hole injecting and hole
transporting capabilities, the EBL, the EML, the HIBL, the
ETL, the EIL, and the functional layer having both electron
transporting and electron injecting capabilities may be
formed using deposition or a wet process.

[0167] The “wet process” is a process by which a solution
containing a material and a solvent is provided to a substrate,
and at least one portion of the solvent is removed by drying
and/or heat-treatment to form a layer including the material
on the substrate.

[0168] For example, the organic layer may be formed by
using a known deposition method. Alternatively, a mixture
including the heterocyclic compound and a solvent is pro-
vided to a region where the first layer will be formed (e.g., on
the HTL) by spin coating, spraying, inkjet printing, dipping,
casting, gravure coating, bar coating, roll coating, wire-bar
coating, screen coating, flexo coating, offset coating, laser
induced thermal imaging, or the like, and the mixture is dried
and/or heat-treated to remove at least one portion of the
solvent to form the organic layer.

[0169] Meanwhile, the laser induced thermal imaging
including forming the organic layer using a wet process as
described above on a base film and transferring the organic
layer to a region where the organic layer will be formed (e.g.,
on the HTL) using a laser beam may also be used.

[0170] The organic layer may include optionally at least
one of the HIL,, the HTL, and the functional layer having both
hole injecting and hole transporting capabilities, and at least
one of the HIL, the HTL, and the functional layer having both
hole injecting and hole transporting capabilities may further
include a charge-generating material. The charge-generating
material improves conductivity of the layers. The charge-
generating material may be a p-dopant. Examples of the
p-dopant include a quinine derivative such as tetracyano-
quinonedimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracy-
ano-1,4-benzoquinonedimethane (F4TCNQ); a metal oxide
such as tungsten oxide and molybdenum oxide; and a cyano
group-containing compound such as Compound 201 below,
but are not limited thereto.
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[0171] If the HIL, the HTL, or the functional layer having
both hole injecting and hole transporting capabilities further
includes the charge-generating material, the charge-generat-
ing material may be homogeneously or non-homogeneously
dispersed between the layers, or a variety of modifications
may be possible.

[0172] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode 10 according to an embodiment
of the present invention. Hereinafter, the organic light-emit-
ting diode 10 and a method of fabricating the organic light-
emitting diode 10 will be described with reference to FIG. 1.
[0173] The organic light-emitting diode 10 according to the
current embodiment includes a substrate 11, a first electrode
12, a HIL 13, a HTL 14, an EML 15, an ETL 16, an EIL 17,
and a second electrode 18 which are sequentially stacked.
[0174] The substrate 11, which may be any substrate that is
commonly used in organic light-emitting diodes, may be a
glass substrate or a transparent plastic substrate with excel-
lent mechanical strength, thermal stability, transparency, sur-
face smoothness, ease of handling, and waterproofness.
[0175] The first electrode 12 may be formed on the sub-
strate 11 by depositing or sputtering a material that is used to
form the first electrode 12. When the first electrode 12 con-
stitutes an anode, the material used to form the first electrode
12 may be a high work-function material so as to facilitate
hole injection. The first electrode 12 may be a reflective
electrode or a transmissive electrode. Transparent and con-
ductive materials such as indium tin oxide (ITO), indium zinc
oxide (IZO), tin oxide (SnQO,), and zinc oxide (ZnO) may be
used to form the first electrode 12. The first electrode 12 may
be formed as a reflective electrode using magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mgln), magnesium-silver (Mg—Ag),
or the like. The first electrode 12 may include two different
materials. For example, the first electrode 12 may have a
double layered structure with two different materials.

[0176] The HIL 13 is disposed on the first electrode 12.
[0177] The HIL 13 may be formed on the first electrode 12
by vacuum deposition, a wet process, laser induced thermal
imaging, or the like.

[0178] When the HIL 13 is formed using vacuum deposi-
tion, the deposition conditions may vary according to a com-
pound that is used to form the HIL 13, and the structure and
thermal characteristics of the HIL 13 to be formed. For
example, the deposition conditions may include a deposition
temperature of 100 to 500° C., a vacuum pressure of 10~% to
1073 torr, and a deposition rate of 0.01 to 100 A/sec, but are
not limited thereto.
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[0179] When the HIL 13 is formed using spin coating,
coating conditions may vary according to a compound that is
used to form the HIL 13, and the structure and thermal prop-
erties of the HIL 13 to be formed. For example, the coating
conditions may include a coating speed of about 2,000 rpm to
about 5,000 rpm, and a thermal treatment temperature of
about 80° C. to about 200° C., wherein the thermal treatment
is for removing a solvent after coating. However, the coating
conditions are not limited thereto.

[0180] Alternatively, well known hole injecting materials
may also be used. Examples of such hole injecting materials
include, but are not limited to, a phthalocyanine compound
such as copper phthalocyanine, m-MTDATA (refer to the
following formula), TDATA (refer to the following formula),
2-TNATA (refer to the following formula), polyaniline/dode-
cylbenzenesulfonic acid (Pan i/DBSA), poly(3,4-ethylene-
dioxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonicacid (Pani/CSA), and (polya-
niline)/poly(4-styrenesulfonate) (PANI/PSS).
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-continued
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[0181] The thickness of the HIL 13 may be about 100 to
about 10,000 A, and for example, about 100 to about 1,000 A.
When the thickness of the HIL 13 is within this range, the HIL,
13 may have excellent hole injecting ability without a sub-
stantial increase in driving voltage

[0182] Then, a HTL 14 may be formed on the HIL 13 by
vacuum deposition, a wet process, laser induced thermal
imaging, or the like. When the HTL 14 is formed by vacuum
deposition or spin coating, the conditions for deposition and
coating may be similar to those for the formation of the HIL
13, although the conditions for the deposition and coating
may vary according to the material that is used to form the
HTL 14.

[0183] Alternatively, the HTL 14 may be formed of known
hole transporting materials, for example, TPD (refer to the
following formula), and NPB (refer to the following for-
mula).

TPD
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[0184] The thickness of the ETL 14 may be in the range of
about 50 to about 1,000 A, for example, about 100 to about
800 A. When the thickness of the HTL 14 is within this range,
the HTL 14 may have excellent hole transporting ability
without a substantial increase in driving voltage.

[0185] Then, an EML 15 may be formed on the HTL 14 by
vacuum deposition, a wet process, laser induced thermal
imaging, or the like. When the EML 15 is formed using
vacuum deposition or spin coating, the deposition and coating
conditions may be similar to those for formation of the HIL.
13, although the deposition and coating conditions may vary
according to a compound that is used to form the EML 15.

[0186] The EML 15 may include the heterocyclic com-
pound represented by Formula 1 as described above. The
EML 15 may further include a known phosphorescent host,
fluorescent host, phosphorescent dopant, or fluorescent
dopant in addition to the heterocyclic compound represented
by Formula 1. The heterocyclic compound represented by
Formula 1 may function as the phosphorescent host, the fluo-
rescent host, or the fluorescent dopant.

[0187] Forexample, examples of known hosts include 4,4'-
N,N'-dicarbazole-biphenyl (CBP), 9,10-di-(naphthalene-2-
ylanthracene (AND, refer to the following formula), TPBI
(refer to the following formula), TBADN (refer to the follow-
ing formula), and E3 (refer to the following formula), but are

not limited thereto.

ADN

TPBI
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-continued

TBADN

OO0

E3

[0188] Meanwhile, examples of known red dopants include
PtOEP (refer to the following formula), Ir(piq), (refer to the
following formula), and Btp,Ir(acac) (refer to the following
formula), but are not limited thereto.

PtOEP
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-continued

Btp,Ir(acac)

[0189] Also, examples of known green dopants include
Ir(ppy); (ppy=phenylpyridine, refer to the following for-
mula), Ir(ppy),(acac) (refer to the following formula), and
Ir(mpyp); (refer to the following formula), but are not limited
thereto.

Ir(ppy)s

- -, L =3

Ir(ppy)a(acac) Ir(mpyp)s

[0190] Examples of known blue dopants include F,Irpic
(refer to the following formula), (F,ppy),Ir(tmd) (refer to the
following formula), Ir(dfppz), (refer to the following for-
mula), DPVBI (refer to the following formula), 4,4'-bis(4-
diphenylaminostyryl)biphenyl (DPAVB;, refer to the follow-
ing formula), and 2,5,8,11-tetra-t-butyl pherylene (TBPe,
refer to the following formula), but are not limited thereto.
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[0191] Ifthe EML 15 includes the host and the dopant, the
amount of the dopant may be in the range of about 0.01 to
about 15 parts by weight based on 100 parts by weight of the
host, but is not limited thereto.

[0192] The thickness of the EML 15 may be in the range of
about 100 A to about 1,000 A, for example, about 200 A to
about 600 A. When the thickness of the EML 15 is within this
range, the EML 15 may have excellent light emitting ability
without a substantial increase in driving voltage.

[0193] When a phosphorescent dopant is also used to form
the EML 15, a HBL (not shown in FIG. 1) may be formed
between the HTL 14 and the EML 15 by using vacuum
deposition, a wet process, a laser induced thermal imaging, or
the like, in order to prevent diffusion of triplet excitons or
holes into an ETL 16. When the HBL is formed using vacuum
deposition or spin coating, the conditions for deposition and
coating may be similar to those for the formation of the HIL
13, although the conditions for deposition and coating may
vary according to the material that is used to form the HBL.
Any known hole blocking material that is commonly used in
the art may be used. Examples of hole blocking materials
include an oxadiazole derivative, a triazole derivative, and a
phenanthroline derivative.

[0194] The thickness of the HBL may be in a range of about
50 to about 1,000 A, for example, about 100 to about 300 A.
When the thickness of the HBL is within this range, the HBL.
may have excellent hole blocking ability without a substantial
increase in driving voltage.

[0195] Then, an ETL 16 is formed on the EML 15 (or HBL)
using various methods, for example, by vacuum deposition, a
wet process, laser induced thermal imaging, or the like. The
ETL 16 may include the heterocyclic compound represented
by Formula 1 as described above. The ETL 16 may be formed
of a known electron-transporting material. Examples of the
electron-transporting material include, but are not limited to,
quinoline derivatives, such as tris(8-quinolinolate)aluminum
(Alq,), TAZ (refer to the following formula), Balq (refer to
the following formula), and beryllium bis(benzoquinolin-10-
olate) (Balg,).
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[0196] The ETL 160 may include an electron-transporting
organic compound and a metal-containing material.
Examples of the electron-transporting organic compound
include anthracene-based compounds such as 9,10-di(naph-
thalene-2-yl)anthracene (ADN), and Compounds 301 and
302 below, but are not limited thereto.

Compound 301

Compound 302

[0197] The metal-containing material may include a Li
complex. Examples of the i complex include lithium quino-
late (LiQ) or Compound 101 below, but are not limited
thereto.
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Compound 101

[0198] The thickness of the ETL 16 may be in the range of
about 100 A to about 1,000 A, for example, about 150 A to
about 500 A. When the thickness of the ETL 16 is within this
range, the ETL 16 may have excellent electron transporting
ability without a substantial increase in driving voltage. When
the ETL 16 is formed using vacuum deposition or spin coat-
ing, the deposition and coating conditions may be similar to
those for formation of the HIL 13, although the deposition
and coating conditions may vary according to a compound
that is used to form the ETL 16.

[0199] Inaddition, an EIL 17, which facilitates injection of
electrons from the cathode, may be formed on the ETL 16.
Examples of materials for forming the EIL 17 include the
heterocyclic compound of Formula 1, LiF, NaCl, CsF, Li,O,
and BaO, which are known in the art. The conditions for
deposition of the EIL 17 are similar to those for formation of
the HIL 13, although the deposition conditions may vary
according to a material that is used to form the EIL 17.
[0200] The thickness of the EIL 17 may be in the range of
about 1 to about 100 A, for example, in the range of about 3
to about 90 A. When the thickness of the EIL 17 is within the
range described above, the EIL 160 may have satisfactory
electron injecting properties without an increase in driving
voltage.

[0201] The second electrode 18 is disposed on the EIL 17.
The second electrode 18 may be a cathode, which is an
electron injecting electrode. A metal for forming the second
electrode 19 may be a metal, an alloy, an electrically conduc-
tive compound, which have a low-work function, or a mixture
thereof. In this regard, the second electrode 17 may be a
transmissive electrode formed of lithium (Li), magnesium
(Mg), aluminum (Al), aluminum (Al)-lithium (Li), calcium
(Ca), magnesium (Mg)-indium (In), magnesium (Mg)-silver
(Ag), or the like. Meanwhile, in order to manufacture a top-
emission type organic light-emitting diode, a transmissive
electrode formed of ITO or IZO may be used.

[0202] The organic light-emitting diode may be used in a
flat panel display device including a transistor. There is pro-
vided a flat panel display device including a transistor that
includes a source, a drain, a gate, and an active layer and an
organic light-emitting diode including an organic layer hav-
ing the heterocyclic compound of Formula 1, wherein one of
the source and the drain is electrically connected to the first
electrode of the organic light-emitting diode.

[0203] The active layer of the transistor may be an amor-
phous silicon layer, a crystalline silicon layer, an organic
semiconductor layer, an oxide semiconductor layer, or the
like.

[0204] Hereinafter, one or more embodiments will be
described in detail with reference to the following examples.
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These examples are not intended to limit the purpose and
scope of the one or more embodiments of the present inven-
tion.

[0205] An exemplary method of synthesizing a heterocy-
clic compound of Formula 1 wherein X is *—Ar, is as fol-
lows:

Rz

N—H

{ )

Pd(OAc),
——

(YD)a'

? (Y2)o

R,
C :
/
N—H  Ar;—R" where R is halogen
O Cul, 18-C-6, K,CO;5

(YD

? (Y2)p

CC

(Y1)a
(Y2)s
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[0206] An exemplary method of synthesizing a heterocylic

compound of Formula 1 wherein X is

(Y3)c

(]

9
Sy

(Ya)a

*

Ar,—N
R;

is as follows:

N—H  Pd(OAc)
—_—

(YDa ;
? (Y2)s

RO— Ar,—R? where R is halogen

Cul, 18-C-6, K»CO;3

(Y1)a

[0207]

X
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-continued

(YD

Synthesis Example 1

Synthesis of Compound 3

Compound 3 was synthesized through Reaction

Scheme 1 below:

Reaction Scheme 1

ool

Pd,(dba);, PtBus;, NaOtBu

Br
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-continued

Pd(OAc),
—_—

I-1
Br i W,

13
Cul, 18-C-6, K»CO3

Synthesis of Intermediate I-1

[0208] 6.27 g (30 mmol) of 2-amino-9,9'-dimethylfluo-
rene, 5.46 g (20.0 mmol) of 2-bromo-9,9'-dimethylfluorene,
366 mg (0.4 mmol) of Pd,(bda); where dba is dibenzylide-
neacetone, 80 mg (0.4 mmol) of PtBu;, and 2.88 g (30 mmol)
of NaOtBu were dissolved in 60 mL of toluene, and the
mixture was refluxed at 85° C. for 3 hours. The mixture was
cooled to room temperature and subjected to extraction three
times with 50 mL of water and 50 mL of diethyl ether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
6.50 g of Intermediate I-1 (Yield: 81%) The produced com-
pound was identified using "H NMR and MS/FAB. C,,H,,N:
calc. 401.21, found 402.23

36
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[0209] 'H NMR (400 MHz, CDCl,). 87.78 (dd, 2H), 7.56
(d, 2H), 7.36-7.30 (m, 2H), 7.14-7.09 (m, 2H), 7.02 (d, 2H),
6.94 (d, 2H), 5.85 (s, 1H), 1.65 (s, 12H)

Synthesis of Intermediate 1-2

[0210] 4.01 g (10.0 mmol) of Intermediate I-1, 1.12 g (0.5
mmol) of palladium (IT) acetate (Pd(OAc),), and 1.38 g (10.0
mmol) of K,CO; were dissolved in 20 mL of acetic acid, and
the mixture was refluxed at 110° C. for 24 hours. The mixture
was cooled to room temperature and subjected to extraction
three times with 40 mL of water and 50 mL of diethyl ether.
An organic layer was collected and dried using magnesium
sulfate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain 68
g of Intermediate I-2 (Yield: 67%) The produced compound
was identified using 'H NMR and MS/FAB. C,,H,;sN:calc.
399.20, found 400.19

[0211] 'HNMR (400 MHz, CDCl,) 4 8.58 (d, 2H), 8.12 (s,
1H), 7.96 (dd, 2H), 7.42 (s, 2H), 7.34-7.21 (m, 6H), 1.68 (s,
12H)

Synthesis of Compound 3

[0212] 2 g (5.0 mmol) of Intermediate 1-2, 1.83 g (5.5
mmol) of Intermediate I-3 synthesized from 2,6-dibro-
monaphthalene, 95.0 mg (0.5 mmol) of Cul, 66.1 mg (0.25
mmol) of 18-Crown-6, and 2.07 g (15.0 mmol) of K,CO,
were dissolved in 20 mL of 1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone (DMPU), and the mixture was refluxed
at 170° C. for 12 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 30
mL of water and 40 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 2.54 g of Compound 3
(Yield: 78%). The produced compound was identified using
'H NMR and MS/FAB. C,,H,,N:calc. 651.29, found 652.31
[0213] 'HNMR (400 MHz, CDCl,) d 8.41 (s, 2H), 8.21 (s,
1H), 8.18 (s, 1H), 7.98-7.84 (9H), 7.72 (d, 1H), 7.65-7.57 (m,
2H), 7.53-7.49 (m, 3H), 7.34-7.20 (m, 6H), 1.69 (s, 12H).

Synthesis Example 2
Synthesis of Compound 20

[0214]

Reaction Scheme 2

Cul, 18-C-6, K,CO;
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-continued Synthesis Example 3

i [0217]

Synthesis of Compound 52

Reaction Scheme 3

N
i
NH
20
O Cul, 18-C-6, K2CO3

[0215] 3.02 gof Compound 20 was synthesized with a yield L2
of 75% in the same manner as in Synthesis Example 1 by a
reaction between Intermediate I-2 and

: &
N O 52

[0218] 3.08 g of Compound 52 was synthesized with a yield
of 65% in the same manner as in Synthesis Example 1 by a
reaction between 2 equivalents of Intermediate 1-2 and 1

synthesized from carbazole. The produced compound was equivalent of 4,4'-dibromobiphenyl. The produced com-

identified using 'H NMR and MS/FAB. C4,H,;N;:calc. 805. pound was identified using 'H NMR and MS/FAB.

35, found 806.34 C72H56N2:calc. 948.44, found 949.45

[0216] 'HNMR (400 MHz, CDCL,) 88.46 (s, 2H),8.11 (d,  [0219] 'H NMR (400 MHz, CDCL,) & 8.37 (s, 4H), 7.89
4H),7.92 (dd, 2H), 7.58 (s, 2H), 7.39-7.34 (m, 8H), 7.33-7.21  (dd, 4H), 7.56-7.52 (m, 8H), 7.48-7.44 (m, 4H), 7.32-7.20 (m,
(m, 13H), 1.68 (s, 12H) 12H), 1.69 (s, 24H)
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Synthesis Example 4

Synthesis of Compound 60

[0220]

Reaction Scheme 4

1
OQQ Pd(dba)s, PtBus, NaOtBu

NH,

1-6

Q Pd(OAc),
—_—

Cul, 18-C-6, K,CO;3
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-continued

G
P

3
e

60

Synthesis of Intermediate 1-4

[0221] 48 gofintermediate I-4 was synthesized with ayield
0f'83% in the same manner as in the synthesis of Intermediate
1-1, using 2-amino-9,9-dimethyl fluorene and 3-iodo-9-phe-
nylcarbazole instead of 2-bromo-9,9'-dimethylfluorene. The
produced compound was identified using MS/FAB.
C,;3H, 6N, cale. 450.21, found 451.22

Synthesis of Intermediate 1-5

[0222] 2.51 g of Intermediate 1-5 was synthesized with a
yield of 56% in the same manner as the synthesis of Interme-
diate I-2, using Intermediate I-4 instead of Intermediate I-1.
The produced compound was identified using *"H NMR and
MS/FAB. C;5H,,N,:calc. 448.19, found 449.22

[0223] 'HNMR (400 MHz, CDC,) 8 8.24 (s, 1H), 8.16 (s,
1H),8.15 (s, 1H), 8.13-8.10 (m, 2H), 7.95 (dd, 1H), 7.54-7.51
(m, 5H), 7.47 (s, 1H), 7.41-7.38 (2H), 7.32-7.20 (m, 4H), 1.66
(s, 6H)

Synthesis of Compound 60

[0224] 2.72 g of Compound 60 was synthesized with a yield
of 72% in the same manner as in the synthesis of Compound
3, using Intermediate 1-5 and Intermediate 1-6 that was syn-
thesized from 2-chloro-4,6-diphenyltriazine, instead of using
Intermediate I-2 and Intermediate I-3. The produced com-
pound was identified using 'H NMR and MS/FAB.
Cs,H; Ns:cale. 755.30, found 756.32

[0225] 'HNMR (400 MHz, CDCl,) 88.79 (d, 4H), 8.64 (d,
2H), 8.42 (s, 1H), 8.27 (s, 1H), 8.17 (d, 1H), 8.05 5, 1), 7.88
(dd, 1H), 7.64-7.59 (m, 5H), 7.52-7.49 (m, 5SH), 7.42-7.37 (m,
4H), 7.35-7.23 (m, 6H), 1.67 (s, 6H)
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Synthesis Example 5

Synthesis of Compound 68

[0226]

Reaction Scheme 5

Oy

2 Pd,(dba)s, PtBus, NaOtBu

X

Pd(OAc),

Ss o

6}
1-7

L -
c1—<\ N

NH
O Cul, 18-C-6, K,CO3

O

9
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-continued

O

O,

() e
O \
9

[0227] Synthesis of Intermediate 1-7

[0228] 6.53 g of Intermediate 1-7 was synthesized with a
yield of 87% in the same manner as in the synthesis of Inter-
mediate I-1, using 2-amino-9,9-dimethyl fluorene and 2-bro-
modibenzofuran instead of 2-bromo-9,9'-dimethylfluorene.
The produced compound was identified using MS/FAB.
C,,H,,NO:calc. 375.16, found 376.16

Synthesis of Intermediate 1-8

[0229] 2.28 g of Intermediate I-8 was synthesized with a
yield of 61% in the same manner as in the synthesis of Inter-
mediate I-2, using Intermediate 1-7 instead of Intermediate
I-1. The produced compound was identified using "H NMR
and MS/FAB. C,,;H,,NO:calc. 373.15, found 374.16

[0230] 'HNMR (400 MHz, CDCl,) 8 8.58 (s, 1H), 8.14 (s,
1H), 8.10 (s, 1H), 7.96 (dd, 1H), 7.91 (s, 1H), 7.89 (dd, 1H),
7.76 (dd, 1H), 7.56 (t, 1H), 7.37 (t, 2H), 7.33-7.20 (m, 3H),
1.65 (s, 61-1)

Synthesis of Compound 68

[0231] 1.57 gof Compound 68 was synthesized with a yield
0f'52% in the same manner as in the synthesis of Compound
3, using Intermediate 1-8 and 2-chloro-4,6-diphenyltriazine
instead of using Intermediate I-2 and Intermediate 1-3. The
produced compound was identified using 'H NMR and
MS/FAB. C,,H,¢N,O:calc. 604.23, found 605.25

[0232] 'HNMR (400 MHz, CDCL,) 8 8.76 (d, 4H), 8.44 (s,
1H), 8.37 (s, 1H), 8.34 (s, 1H), 7.89 (dd, 2H), 7.83 (dd, 1H),
7.76 (s, 1H), 7.69-7.64 (m, 4H), 7.56 (t, 1H), 7.47-7.38 (m,
3H) 7.32-7.21 (m, 3H), 1.67 (s, 6H)
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Synthesis Example 6 Synthesis of Intermediate 1-9

[0234] 6.49 g of Intermediate [-9 was synthesized with a
yield of 83% in the same manner as in the synthesis of Inter-
[0233] mediate I-1. using 2-amino-9,9-dimethyl fluorene and 3-bro-

Synthesis of Compound 72

Reaction Scheme 6

Pd,(dba)s, PtBus, NaOtBu

Pd(OAc),
—_—

Cul, 18-C-6, K,CO;3

72
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modibenzothiophene instead of 2-bromo-9,9'-dimethylfluo-
rene. The produced compound was identified using MS/FAB.
C,,H,,NS:calc. 391.14, found 392.14

Synthesis of Intermediate I-10

[0235] 2.57 g of Intermediate I-10 was synthesized with a
yield of 66% in the same manner as the synthesis of Interme-
diate I-2, using Intermediate I-9 instead of Intermediate I-1.
The produced compound was identified using "H NMR and
MS/FAB. C,,H, NS:calc. 389.12, found 390.13

[0236] 'HNMR (400 MHz, CDCI,) 8 9.04 (s, 1H), 8.21 (s,
1H), 8.15 (s, 1H), 8.10 (d, 1H), 7.95 (dd, 1H) 7.88 (s, 1H),
7.76 (dd, 1H), 7.61-7.51 (m, 2H), 7.37 (s, 1H), 7.36-7.24 (m,
3H), 1.64 (s, 6H)

Synthesis of Compound 72

[0237] 2.09 gof Compound 72 was synthesized with a yield
of 54% in the same manner as in the synthesis of Compound
3 using Intermediate 1-10 and Intermediate I-11 instead of
using Intermediate 1-2 and Intermediate I-3. The produced
compound was identified using 'H NMR and MS/FAB.
Cs,H36N,S:calc. 772.27, found 773.36

[0238] 'HNMR (400 MHz, CDCL,) 8 9.15 (s, 1H), 8.57 (s,
1H), 8.45 (d, 4H), 8.38 (s, 1H), 8.12 (dd, 1H), 8.01-7.97 (m,
4H), 7.92 (d, 1H), 7.77-7.74 (m, 2H), 7.62-7.49 (m, 10H),
7.42-7.38 (m, 2H), 7.33-7.21 (m, 3H), 1.64 (s, 6H)

Synthesis Example 7

Synthesis of Compound 1

[0239] Compound 1 was synthesized in the same manner as
in Synthesis Example 1, except that Intermediate 1-12 was
used instead of Intermediate 1-3. The produced compound
was identified using '"H NMR and MS/FAB. C,,H,,N:calc.
551.26, found 552.27

[0240] 'H NMR (400 MHz, CDCl,)  8.37 (s, 2H), 7.93
(dd, 2H), 7.66-7.60 (m, 2H), 7.55 (s, 2H), 7.52-7.38 (m, 7H),
7.34-7.22 (m, 6H), 1.67 (s, 12H)

)

Synthesis Example 8

Synthesis of Compound 8

[0241] Compound 8 was synthesized in the same manner as
in Synthesis Example 1, except that Intermediate I-13 was
used instead of Intermediate 1-3. The produced compound
was identified using '"H NMR and MS/FAB. C,,H, N:calc.
701.31, found 702.32

[0242] H NMR (400 MHz, CDCl,) d 8.43 (s, 2H), 8.16
(dd, 2H),7.92 (dd, 2H), 7.84 (d, 1H), 7.72-7.69 (m, 2H), 7.64
(dd, 1H), 7.60-7.50 (m, 4H), 7.46-7.44 (m, 1H), 7.41 (s, 2H),
7.38-7.19 (m, 9H), 6.98 (dt (1H), 1.68 (s, 12H)
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I-13

BI O O

Synthesis Example 9

Synthesis of Compound 13

[0243] Compound 13 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate I-14 was
used instead of Intermediate I-3. The produced compound
was identified using 'H NMR and MS/FAB. C44Hs;N:calc.
859.42, found 860.40

[0244] 'H NMR (400 MHz, CDCl,) § 8.45 (s, 2H), 7.94
(dd, 2H), 7.80 (dd, 2H), 7.74-7.72 (m, 3H), 7.57-7.50 (m,
6H), 7.35-7.20 (m, 10H), 7.15-7.09 (m, 4H), 1.67 (s, 12H),
1.59 (s, 12H)

I-14

e
Os
)

Synthesis Example 10

Synthesis of Compound 15

[0245] Compound 15 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate I-15 was
used instead of Intermediate I-3. The produced compound
was identified using 'H NMR and MS/FAB. C,,H,, N:calc.
667.32, found 668.33

[0246] 'H NMR (400 MHz, CDCL,) & 837 (s, 2H), 7.93
(dd, 2H), 7.81 (dd, 1H), 7.72 (d, 1H), 7.56 (dd, 1H), 7.55 (s,
2H), 7.47-7.42 (m, 4H), 7.35-7.19 (m, 8H), 7.14-7.09 (m,
2H), 1.68 (s, 12H), 1.58 (s, 6H)
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Synthesis Example 11

Synthesis of Compound 18

[0247] Compound 18 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate I-16 was
used instead of Intermediate 1-3. The produced compound
was identified using "H NMR and MS/FAB. C,H,N,:calc.
640.29, found 641.30

[0248] 'H NMR (400 MHz, CDCl,) & 8.35 (s, 2H), 8.12
(dd, 2H), 7.93 (dd, 2H), 7.64-7.60 (m, 2H), 7.57 (s, 2H),
7.36-7.21 (m, 14H), 1.67 (s, 12H)

I-16

Synthesis Example 12

Synthesis of Compound 19

[0249] Compound 19 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-17 was
used instead of Intermediate 1-3. The produced compound
was identified using '"H NMR and MS/FAB. C,H,,N,:calc.
716.32, found 717.33

[0250] 'H NMR (400 MHz, CDCl,) § 8.35 (s, 2H), 8.13
(dd, 2H), 7.92 (dd, 2H), 7.56-7.51 (m, 6H), 7.48-7.38 (m,
4H), 7.35-7.19 (m, 12H), 1.67 (s, 12H)

pvarae

Synthesis Example 13

Synthesis of Compound 25

[0251] Compound 25 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-18 was

42
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used instead of Intermediate I-3. The produced compound
was identified using 'H NMR and MS/FAB. C,,H,NS:calc.
657.25, found 658.27

[0252] 'H NMR (400 MHz, CDCl,) § 8.36 (s, 2H), 8.14
(dd, 1H), 8.10 (dd, 1H), 8.05 (s, 1H), 7.93 (dd, 2H), 7.84 (dd,
1H), 7.80 (d, 1H), 7.53 (s, 2H), 7.50-7.42 (m, 5H), 7.38 (dt,
1H), 7.33-7.18 (m, 6H), 1.66 (s, 12H)

S !
Br O O

Synthesis Example 14

Synthesis of Compound 28

[0253] Compound 28 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate I-19 was
used instead of Intermediate I-3. The produced compound
was identified using "H NMR and MS/FAB. C5.H, N, :calc.
768.35, found 769.35

[0254] 'H NMR (400 MHz, CDCL,) & 8.37 (s, 2H), 7.93
(dd, 2H), 7.78 (dd, 1H), 7.66 (d, 1H), 7.57-7.37 (m, 12H),
7.34-7.22 (m, 6H), 7.13-7.04 (m, 3H), 6.97-6.93 (m, 2H),
6.86 (dt, 1H), 6.74-6.72 (m, 2H), 1.66 (s, 12H)

I-19

BrN

Synthesis Example 15

Synthesis of Compound 30

[0255] Compound 30 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-20 was
used instead of Intermediate I-3. The produced compound
was identified using "H NMR and MS/FAB. C4,H,N,:calc.
808.38, found 809.36

[0256] 'H NMR (400 MHz, CDCL,) 88.41 (s, 2H), 8.13 (d,
1H), 7.92 (dd, 2H), 7.87 (d, 1H), 7.68 (d, 1H), 7.54 (s, 2H),
7.49-7.39 (m, 4H), 7.32-7.19 (m, 8H), 7.11-7.06 (m, 2H),
6.98 (s, 1H), 6.92 (d, 1H), 6.85-6.78 (m, 2H), 6.73 (d, 1H),
6.62-6.60 (m, 2H), 1.67 (s, 12H), 1.58 (s, 6H)
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Synthesis Example 16

Synthesis of Compound 32

[0257] Compound 32 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-21 was
used instead of Intermediate 1-3. The produced compound
was identified using 'H NMR and MS/FAB. C,,H,,N,O:
calc. 732.31, found 733.33

[0258] 'HNMR (400 MHz, CDCl,) 8 8.41 (s, 2H), 7.97 (s,
1H),7.92 (dd, 2H), 7.55-7.53 (m, SH), 7.44 (dd, 1H), 7.33 (dt,
2H), 7.25-7.20 (m, 4H), 7.09-7.04 (m, 4H), 6.97 (dd, 1H),
6.86 (dt, 2H), 6.74-6.72 (m, 4H), 1.68 (s, 12H)

Br O O

Synthesis Example 17

Synthesis of Compound 35

[0259] Compound 35 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-22 was
used instead of Intermediate I-3. The produced compound
was identified using "H NMR and MS/FAB. C4,H,,NSi:calc.
809.35, found 810.36

[0260] H NMR (400 MHz, CDCl,) & 837 (s, 2H), 7.92
(dd, 2H), 7.60-7.57 (m, 6H), 7.55 (s, 2H), 7.49-7.42 (m, 8H),
7.34-7.19 (m, 15H), 1.67 (s, 12H)

1-22
Il’h
Ph
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Synthesis Example 18

Synthesis of Compound 39

[0261] Compound 39 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-23 was
used instead of Intermediate I-3. The produced compound
was identified using "H NMR and MS/FAB. C5,H, N, :calc.
706.31, found 707.34

[0262] 'HNMR (400 MHz, CDCL,) 8 9.07 (s, 2H), 8.66-8.
64 (m, 2H), 8.38 (s, 2H), 8.23-8.20 (m, 2H), 7.92 (dd, 2H),
7.65-7.61 (m, 4H), 7.56 (s, 2H), 7.49-7.45 (m, 2H), 7.42-7.38
(m, 2H), 7.32-7.28 (m, 2H), 7.25-7.19 (m, 4H), 1.68 (s, 12H)

Synthesis Example 19

Synthesis of Compound 41

[0263] Compound 41 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-24 was
used instead of Intermediate I-3. The produced compound
was identified using "H NMR and MS/FAB. C,,H,,N,:calc.
667.30, found 668.30

[0264] 'H NMR (400 MHz, CDCl,) 8 8.37 (s, 2H), 7.94-7.
90 (m, 4H), 7.79 (dd, 1H), 7.66 (dd, 1H), 7.58-7.54 (m, 4H),
7.44-735 (m, SH), 7.32-7.19 (m, 8H), 1.68 (s, 12H)

N.
N

1-24

Synthesis Example 20

Synthesis of Compound 45

[0265] Compound 45 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate I-25 was
used instead of Intermediate 1-3. The produced compound
was identified using 'H NMR and MS/FAB. C,,H;,N ,:calc.
592.26, found 593.27
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[0266] 'HNMR (400 MHz, CDCL,) 8 8.49 (d, 1H), 8.42 (d,
1H), 8.37 (s, 2H), 7.95 (s, 1H), 7.91 (dd, 2H), 7.71-7.67 (m,
2H), 7.57-7.53 (m, 4H), 7.32-7.19 (m, 6H), 6.82 (dd, 1H),
1.67 (s, 12H)

Synthesis Example 21

Synthesis of Compound 48

[0267] Compound 48 was synthesized in the same manner
as in Synthesis Example 1, except that Intermediate 1-26 was
used instead of Intermediate 1-3. The produced compound
was identified using ‘H NMR and MS/FAB. C4sHs,N,:calc.
858.40, found 859.42

[0268] 'H NMR (400 MHz, CDCl,) & 837 (s, 2H), 7.92
(dd, 2H), 7.78 (dd, 1H), 7.56-7.45 (m, 7H), 7.41-7.19 (m,
9H), 7.14-7.04 (m, 6H), 6.89-6.83 (m, 2H), 6.78 (d, 1H),
6.72-6.69 (m, 2H), 1.68 (s, 12H) 1.61 (s, 6H)

1-26

Synthesis Example 22

Synthesis of Compound 51

[0269]

Br —— Br
NH

Cul, 18-C-6, K,CO;3
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-continued

L

NN

Q’

[0270] Compound 51 was synthesized in the same manner
as in Synthesis Example 3, except that 1,2-bis(4-bromophe-
nyl)ethyne was used instead of 4,4'-dibromobiphenyl. The
produced compound was identified using 'H NMR and
MS/FAB. C,,Hs¢N,: calc. 972.44, found 973.43

[0271] 'H NMR (400 MHz, CDCI,) § 8.38 (s, 4H), 7.92
(dd, 4H), 7.55 (s, 4H), 7.49-7.45 (m, 4H), 7.41-7.38 (m, 4H),
7.32-7.19 (m, 12H), 1.68 (s, 24H)

51

Synthesis Example 23

Synthesis of Compound 55
[0272]

s
QS0

D Cul, 18-C-6, K,CO;3

I-2

55

[0273] Compound 55 was synthesized in the same manner
as in Synthesis Example 3, except that 2.7-dibromo-9,9'-
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dimethylfluorene was used instead of 4,4'-dibromobiphenyl.
The produced compound was identified using 'H NMR and
MS/FAB. C,sHg N, :calc. 988.48, found 989.46

[0274] 'H NMR (400 MHz, CDCl,) & 8.41 (s, 4H), 7.92
(dd, 4H), 7.58 (d, 2H), 7.54 (s, 4H), 7.32-7.19 (m, 14H), 7.00
(dd, 2H), 1.68 (s, 24H), 1.60 (s, 6H)

Synthesis Example 24

Synthesis of Compound 56

[0275] Compound 56 was synthesized in the same manner
as in Synthesis Example 4, except that 2-amino-9,9'-diphe-
nylfluorene was used instead of 2-amino-9,9'-dimethylfluo-
rene and Intermediates 1-27 and 1-28 were respectively used
instead of Intermediates I-5 and 1-6. The produced compound
was identified using 'H NMR and MS/FAB. C o H;N,:calc.
774.30, found 775.31

[0276] 'HNMR (400 MHz, CDCl,) 8 8.17-8.15 (m, 3H),
8.07-8.05 (m, 2H), 8.00 (dd, 1H), 7.90-7.84 (m, 3H), 7.76-7.
74 (m, 1H), 7.62-7.57 (m, 1H), 7.54-7.48 (m, 8H), 7.44-7.38
(m, SH), 7.27-7.17 (m, 7H), 7.14-7.06 (m, 6H), 6.91-6.89 (m,

A
v,
Q-
[
O .
~

Synthesis Example 25

Synthesis of Compound 62

[0277] Compound 62 was synthesized in the same manner
as in Synthesis Example 4, except that Intermediate 1-29 was
used instead of Intermediate 1-6. The produced compound
was identified using '"H NMR and MS/FAB. C5,H,,N,:calc.
674.27, found 675.28

[0278] 'H NMR (400 MHz, CDCL,) 8 8.42 (s, 1H), 8.27 (s,
1H), 8.16 (dd, 1H), 8.06-8.04 (m, 2H), 8.00 (dd, 1H), 7.92-
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7.87 (m, 2H), 7.80 (dd, 1H), 7.74-7.65 (m, 2H), 7.60 (s, 1H),
7.56-7.45 (m, 8H), 7.42-7.36 (m, 4H), 7.32-7.19 (m, 4H),
1.67 (s, 6H)

1-29

el Ve N

Synthesis Example 26

Synthesis of Compound 65

[0279]
. )
O
O Cul, 18-C-6, K,CO3

O

[0280] Compound 65 was synthesized in the same manner
as in Synthesis Example 5, except that 1-bromo-3,5-diphe-
nylbenzene was used instead of 2-chloro-4,6-diphenyltriaz-
ine. The produced compound was identified using 'H NMR
and MS/FAB. C,sH;,NO:calc. 601.24, found 602.24
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[0281] 'HNMR (400 MHz, CDCl,) 8 8.38 (s, 1H), 8.26 (s,

1H), 8.16 (s, 1H), 7.92-7.90 (m, 2H), 7.82 (dd, 1H), 7.80-7.77

(m, 4H), 7.57-7.40 (m, 12H), 7.32-7.19 (m, 3H), 1.66 (s, 6H)
Synthesis Example 27

Synthesis of Compound 67
[0282]

O

(J

)
.

Cul, 18-C-6, K,CO;

O

Hook
O

67

[0283] Compound 67 was synthesized in the same manner
as in Synthesis Example 5, except that 9-(4'-bromobiphenyl-
4-yl)carbazole was used instead of 2-chloro-4,6-diphenyltri-
azine. The produced compound was identified using 'H NMR
and MS/FAB. C5,H;,N,O:calc. 690.27, found 691.29
[0284] 'HNMR (400 MHz, CDCl,) 3 8.30 (s, 1H), 8.19 (s,
1H), 8.14-8.10 (m, 3H), 7.92-7.90 (m, 2H), 7.84-7.82 (m,
1H), 7.58-7.38 (m, 11H), 7.35-7.19 (m, 9H), 1.67 (s, 6H)

Synthesis Example 28

Synthesis of Compound 78

[0285] Compound 78 was synthesized in the same manner
as in Synthesis Example 3, except that, instead of 2 equiva-
lents of Intermediate I-2, 1 equivalent of Intermediate I-2 was
first used, and then 1 equivalent of Intermediate 1I-10 was
used. The produced compound was identified using 'H NMR
and MS/FAB. CgH,oN,S:calc. 938.37, found 939.39
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[0286] 'HNMR (400 MHz, CDCl,) 8 8.93 (s, 1H), 8.36 (s,
2H), 8.30 (s, 1H), 8.10 (dd, 1H), 7.92-7.90 (m, 3H), 7.81 (s,
1H), 7.76-7.74 (m, 1H), 7.61-7.42 (m, 13H), 7.32-7.19 (m,
9H), 1.68 (s, 12H), 1.67 (s, 6H)

Synthesis Example 29

Synthesis of Compound 80

[0287] Compound 80 was synthesized in the same manner
as in Synthesis Example 28, except that Intermediates I-5 and
1-8 were used instead of Intermediates I-2 and I-10. The
produced compound was identified using 'H NMR and
MS/FAB. C;,H,,N;O:calc. 971.39, found 972.40

[0288] 1HNMR (400 MHz, CDCl;) 6 8.42 (s, 1H), 8.30 (s,
1H), 8.27 (s, 1H), 8.19-8.14 (3H), 8.05 (s, 1H), 7.92-7.90 (m,
3H), 7.84-7.82 (m, 1H), 7.60-7.38 (m, 19H), 7.32-7.19 (m,
7H), 1.67 (s, 6H), 1.66 (s, 6H)

Synthesis Example 30

Synthesis of Compound 81

[0289] Compound 81 was synthesized in the same manner
as in Synthesis Example 28, except that Intermediate I-8 was
used instead of Intermediate I-2. The produced compound
was identified using '"H NMR and MS/FAB. C4H,,N,OS:
calc. 912.32, found 913.33

[0290] 'HNMR (400 MHz, CDCl,) 4 8.93 (s, 1H), 8.31-8.
30(m, 2H),8.19 (s, 1H), 8.14 (s, 1H), 8.10 (dd, 1H), 7.92-7.90
(m, 3H), 7.84-7.74 (m, 3H), 7.61-7.43 (m, 14H), 7.32-7.19
(m, 6H), 1.68 (s, 6H), 1.67 (s, 6H)

Synthesis Example 31

Synthesis of Compound 83

[0291] Compound 83 was synthesized in the same manner
as in Synthesis Example 28, except that Intermediate I-8 was
used instead of Intermediate 1-10. The produced compound
was identified using 'H NMR and MS/FAB. C,H;,N,O:
calc. 922.39, found 923.40

[0292] 'HNMR (400 MHz, CDCl;) § 8.37 (s, 2H), 8.30 (s,
1H), 8.19 (s, 1H), 8.14 (s, 1H), 7.92-7.90 (m, 4H), 7.84-7.82
(m, 1H), 7.57-7.50 (m, 8H), 7.48-7.43 (m, 5H), 7.32-7.19
(9H), 1.69 (s, 12H), 1.68 (s, 6H)

Example 1

[0293] To manufacture an anode, a Corning 15 Q/cm?
(1200 A) ITO glass substrate was cut to a size of 50 mmx50
mmx0.7 mm and sonicated in isopropyl alcohol and pure
water each for 5 minutes, and then cleaned by irradiation of
UV rays for 30 minutes and exposure to ozone. The resulting
ITO glass substrate was loaded into a vacuum deposition
apparatus. 2-TNATA was vacuum deposited on the ITO glass
substrate to form an HIL having a thickness of 600 A, and
then 4.4'-bis[N-(1-naphthyl)-N-phenylamino]bipheny]
(NPB) was vacuum deposited on the HIL to form a HTL
having a thickness of 300 A.

[0294] Compound 3 as a green fluorescent host and
Ir(ppy); as a phosphorescent dopant were simultaneously
deposited on the HTL in a weight ratio of 93:7 to form an
EML with a thickness of 300 A.

[0295] Then, Alg3 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 with a thickness of 10 A



US 2013/0087768 Al

and Al was vacuum deposited on the EIL to form a cathode
with a thickness of 3,000 A, thereby completing the manu-
facture of an organic light-emitting diode.

o Y

SOVSASYS
.

2-TNATA

NPB

Example 2

[0296] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
20 was used instead of Compound 3 when the EML was
formed.
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Example 3

[0297] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
52 was used instead of Compound 3 as the dopant when the
EML was formed.

Example 4

[0298] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
60 was used instead of Compound 3 when the EML was
formed.

Example 5

[0299] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
68 was used instead of Compound 3 when the EML was
formed.

Example 6

[0300] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that Compound
72 was used instead of Compound 3 when the EML was
formed.

Comparative Example 1

[0301] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that CBP and
Ir(ppy);, as a green phosphorescent dopant, were simulta-
neously deposited at a weight ratio of 93:7 instead of Com-
pound 3 used as a phosphorescent host.

CBP

Evaluation Example

[0302] Current density, driving voltage, brightness, and
light emission efficiency of the organic light emitting devices
according to Examples 1 to 6 and Comparative Example 1
were evaluated using a PR650 Spectroscan Source Measure-
ment Unit. (PhotoReaserch), and the results are shown in
Table 1.
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TABLE 1
Light

Driving  Current emission Color

Emitting voltage  density Brightness efficiency (Color
material V) (mA/em?)  (cd/m?) (cd/A) coordinates)

Example 1 Compound 3 6 17.63 3,737 21.2 green
(0.30, 0.60)

Example2  Compound 20 6 15.22 2,480 16.3 green
(0.31,0.60)

Example 3 Compound 52 6 13.25 2,610 19.7 green
(0.30,0.61)

Example4  Compound 60 6 19.87 4,669 23.5 green
(0.30, 0.60)

Example 5 Compound 68 6 21.56 4,894 22.7 green
(0.30, 0.60)

Example 6  Compound 72 6 20.12 4,748 23.6 green
(0.30, 0.60)

Comparative CBP 6 11.17 1,268 11.35 green
Example 1 (0.30, 0.60)

[0303] Referring to Table 1, the organic light-emitting
diodes including the heterocyclic compound represented by
Formula 1 as a host material of a green phosphorescent EML
(Examples 1 to 6) had excellent 1-V-L characteristics with
higher current density, brightness, and efficiency, compared
with the organic light-demitting diode including the known
material CBP (Comparative Example 1).

[0304] In particular, the organic light-emitting diodes, pre-
pared according to Examples 1 to 6 had current density
improved by about 20 to 90%, brightness improved by about
twice to four times, and efficiency of about 40 to 100%,
compared to the organic light-emitting diode prepared
according to Comparative Example 1.

[0305] Accordingly, the organic light-emitting diode
including the heterocyclic compound represented by Formula
1 had high current density and excellent emission efficiency,
resulting in having excellent electrical stability, high charge-
transporting capability, and excellent emission capability.

[0306] As described above, according to the one or more of
the above embodiments of the present invention, the hetero-
cyclic compound represented by Formula 1 has high glass
transition temperature Tg and prevents crystallization. Thus,
an organic light-emitting diode including the heterocyclic
compound has high electrical stability, high charge-transport-
ing capability, and excellent light-emitting capability, and
thereby having high current density and high light emitting
efficiency.

[0307] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:
1. A heterocyclic compound represented by Formula 1

below:

oS
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Ry

N—X

»

Y1a

(Ya)p

wherein X is *—Ar, or

*— Ar,—N

R3

Ry

(Y3 )c
Ya)a

o
s

[Formula 1]
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wherein Ar, is a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C5-Cg, aryloxy
group, a substituted or unsubstituted Cs-Cq,, arylthio
group, a substituted or unsubstituted C,-C, heteroaryl
group, or a substituted or unsubstituted C,-Cg, polycy-
clic condensed group;

Ar, is a substituted or unsubstituted C5-Cg, arylene group,
a substituted or unsubstituted C5-Cg,, aryleneoxy group,
a substituted or unsubstituted C,-C, arylenethio group,
a substituted or unsubstituted C,-Cg4, heteroarylene
group, or a substituted or unsubstituted C,-C, polycy-
clic condensed group;

* indicates a binding site;

Y,,Y,, Y, andY, are each independently CR,R¢, NR,, O,
orS;

a, b, ¢ and d are each independently an integer of O or 1,
wherein a+b=1 and c+d=1; and

Ry, Ry, Ry, Ry, Rs, Ry and R, are each independently a
hydrogen atom, a deuterium, a tritium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, a car-
boxyl group, a silyl group, a substituted or unsubstituted

C,-C,, alkyl group, a substituted or unsubstituted
C -Cs, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted
C C alkoxy group, a substituted or unsubstituted

C, C50 cycloalkyl group, a substituted or unsubstituted
C4-Cs, cycloalkenyl group, a substituted or unsubsti-
tuted Cs-Cyqp aryl group, a substituted or unsubstituted
Cs-Cy, aryloxy group, a substituted or unsubstituted
Cs-Cg, arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted
C,-Cg, polycyclic condensed group, or N(Q,)(Q,), and
Q, and Q, are each independently a hydrogen atom, a
deuterium, a tritium, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, a carboxyl group, a silyl
group, a substituted or unsubstituted C, -C,, alkyl group,
a substituted or unsubstituted C,-Cs,, alkenyl group, a
substituted or unsubstituted C,-Cy, alkynyl group, a
substituted or unsubstituted C, -C, alkoxy group, a sub-
stituted or unsubstituted C5-C, cycloalkyl group, a sub-
stituted or unsubstituted C;-C, cycloalkenyl group, a
substituted or unsubstituted C5-Cg, aryl group, a substi-
tuted or unsubstituted C5-Cy, aryloxy group, a substi-
tuted or unsubstituted Cs-Cg, arylthio group, a substi-
tuted or unsubstituted C,-Cg, heteroaryl group, and a
substituted or unsubstituted C,-Cg, polycyclic con-
densed group, wherein at least two of R, R,, R5, R, Ry,
R, and R, which are adjacent to each other bind to each
other to form a saturated or unsaturated ring.

2. The heterocyclic compound of claim 1, wherein X is
*—Ar,.

3. The heterocyclic compound of claim 2, wherein Ar, is a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
pentalenyl, a substituted or unsubstituted indenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indacenyl
group, a substituted or unsubstituted acenaphtyl group, a
substituted or unsubstituted fluorenyl group, a substituted or
unsubstituted spiro-fluorenyl group, a substituted or unsub-
stituted phenalenyl group, a substituted or unsubstituted
phenanthrenyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluoranthenyl group, a
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substituted or unsubstituted triphenylenyl group, a substi-
tuted or unsubstituted pyrenyl group, a substituted or unsub-
stituted chrysenyl group, a substituted or unsubstituted naph-
thacenyl group, a substituted or unsubstituted picenyl group,
a substituted or unsubstituted perylenyl group, a substituted
or unsubstituted pentaphenyl group, a substituted or unsub-
stituted hexacenyl group, a substituted or unsubstituted pyr-
rolyl group, a substituted or unsubstituted imidazolyl group,
a substituted or unsubstituted benzoimidazolyl group, a sub-
stituted or unsubstituted phenylbenzoimidazolyl group, a
substituted or unsubstituted pyrazolyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
phenylpyridinyl group, a substituted or unsubstituted phe-
nylimidazopyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted phenylimidazopyrimidi-
nyl group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted indolyl group, a substituted or
unsubstituted isoindolyl group, a substituted or unsubstituted
indazolyl group, a substituted or unsubstituted purinyl group,
a substituted or unsubstituted quinolinyl group, a substituted
or unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or unsubsti-
tuted naphthyridinyl group, a substituted or unsubstituted
quinoxalinyl group, a substituted or unsubstituted quinazoli-
nyl group, a substituted or unsubstituted cinnolinyl group, a
substituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthrolinyl group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a substi-
tuted or unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsubsti-
tuted benzo[b]thiophenyl group, a substituted or unsubsti-
tuted dibenzothiophenyl, a substituted or unsubstituted thia-
zolyl group, a substituted or unsubstituted isothiazolyl group,
a substituted or unsubstituted benzothiazolyl group, a substi-
tuted or unsubstituted oxazolyl group, a substituted or unsub-
stituted isoxazolyl group, a substituted or unsubstituted ben-
zooxazolyl group, a substituted or unsubstituted triazolyl
group, a substituted or unsubstituted phenyltriazolyl group, a
substituted or unsubstituted tetrazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted phenyloxadiazolyl group, a substituted or unsubstituted
triazinyl group, a substituted or unsubstituted phenyltriazinyl
group, a substituted or unsubstituted diphenylethynyl group,
a substituted or unsubstituted phenylethynylfluorenyl group,
or a substituted or unsubstituted phenylethynylnaphthyl
group.

4. The heterocyclic compound of claim 1, wherein Ar, is a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted phenanthrenyl group, a
substituted or unsubstituted anthryl group, a substituted or
unsubstituted triphenylrenyl group, a substituted or unsubsti-
tuted pyrenyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted phenylbenzoimidazolyl group,
asubstituted or unsubstituted pyridinyl group, a substituted or
unsubstituted phenylpyridinyl group, a substituted or unsub-
stituted phenylimidazopyridinyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
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phenylimidazopyrimidinyl group, a substituted or unsubsti-
tuted carbazolyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzo[b]thiophenyl group, a substituted or
unsubstituted dibenzothiophenyl group, a substituted or
unsubstituted triazolyl group, a substituted or unsubstituted
phenyltriazolyl group, a substituted or unsubstituted oxadia-
zolyl group, a substituted or unsubstituted phenyloxadiazolyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted phenyltriazinyl group, a diphenyl-
ethynyl group, a phenylethynylfluorenyl group, or a phenyl-
ethynylnaphthyl group.

5. The heterocyclic compound of claim 2, wherein Ar, is
one of the groups represented by Formulae 4A to 4X below:

Formula 4A
—d N\
—\(Zl)p
. Formula 4B
T NN
—\(Zl)p —/ “(Z2)q
. Formula 4C
\_
\ | /
\ |/
Zp
Formula 4D
Z NN
* 1 | (Zl)p
o Xy F
Formula 4E

Formula 4F

*

Apr

-continued
73 74
. I N
y \ —— @),
\_/—\<zl>p
|
X
y \ I /—(Zz>q
\—/—\<Zl>p
I N
y \ / /_(Zz)q
\—/—\<Zl>p
SN\
}f \ | —— 2,
\_/—\<zl>,,
* N
N\ _v7 \
—\<zl>,, N=/\(Zz)q
KN/ N\
YN <

@0y _\(Zz)q

. 11,2013

Formula 4G

Formula 4H

Formula 41

Formula 47

Formula 4K

Formula 4L

Formula 4M

Formula 4N

Formula 40

Formula 4P

Formula 4Q
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-continued
N Formula 4R
~4
\m \
TNz, =,

Formula 48

* /=/_>ﬁ
N Formula 4T

‘</ N
/
=2,

Formula 4U

*\/——N\/aop

\ 7
N
Formula 4V
N\
/

=72,

Formula 4W
\_ -
/ —_ /
\\_//\<Zl>p \ 7>z,
Formula 4X
N T2

NP4

wherein Z,, 7, and Z are each independently a hydrogen
atom, a deuterium, a tritium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a
silyl group, a substituted or unsubstituted C,-Cs, alkyl
group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C,-Cs, cycloalkyl
group, a substituted or unsubstituted C;-Cs,, cycloalk-
enyl group, a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C5-Cg, aryloxy
group, a substituted or unsubstituted Cs-Cq,, arylthio
group, a substituted or unsubstituted C,-Cg, heteroaryl
group, a substituted or unsubstituted C,-C, polycyclic
condensed group, N(Q,;)(Q;5), or 8i(Q,3)(Q,)(Q;5),
and Q,, to Q, 5 are each independently a hydrogen atom,
a deuterium, a tritium, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, a carboxyl group, a
silyl group, a substituted or unsubstituted C,-Cs, alkyl
group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs, alkynyl
group, a substituted or unsubstituted C,-Cs, alkoxy
group, a substituted or unsubstituted C,-Cs,, cycloalkyl
group, a substituted or unsubstituted C;-Cs, cycloalk-
enyl group, a substituted or unsubstituted C5-Cg, aryl
group, a substituted or unsubstituted C5-Cg, aryloxy
group, a substituted or unsubstituted Cs-Cq4, arylthio

Z1)p (Z2)q
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group, a substituted or unsubstituted C,-Cg, heteroaryl
group, or a substituted or unsubstituted C,-C, polycy-
clic condensed group;

* indicates a binding site; and
P, q and r are each independently an integer from 1 to 5.

6. The heterocyclic compound of claim 1, wherein X is

(Y3)e

(Ya)a
*—Ar,—N
R3 ’
=)

7. The heterocyclic compound of claim 6, wherein Ar, is a
substituted or unsubstituted phenylene group, a substituted or
unsubstituted biphenylene group, a substituted or unsubsti-
tuted pentalenylene group, a substituted or unsubstituted
indenylene group, a substituted or unsubstituted naphtylene
group, a substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenylene group, a substituted or
unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsubstituted
fluoranthenylene group, a substituted or unsubstituted triph-
enylenylene group, a substituted or unsubstituted pyrenylene
group, a substituted or unsubstituted chrysenylene group, a
substituted or unsubstituted carbazolylene group, or a substi-
tuted or unsubstituted diphenylethynylene group.

8. The heterocyclic compound of claim 6, wherein Ar, is
one of the groups represented by Formulae 5A to SE below:

. Formula SA
==/ ~(Z1)s
. . Formula 5B
[N
==/ ~(Z11)s —\(le)z
Formula 5C

N /\/\/\—\(le)s

\/IW '
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-continued

Formula 5D

Formula SE

X X

— P
&\——//\(le)s \ /\(le)z

wherein Z,,, Z,,, and Z, ; are each independently a hydro-
gen atom, a deuterium, a tritium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a silyl group, a substituted or unsubstituted
C,-Cs, alkyl group, a substituted or unsubstituted

,-Cso alkenyl group, a substituted or unsubstituted

C alkynyl group, a substituted or unsubstituted

1-Cso alkoxy group, a substituted or unsubstituted

CSO cycloalkyl group, a substituted or unsubstituted

5-Cso cycloalkenyl group, a substituted or unsubsti-
tuted C;-Cy, aryl group, a substituted or unsubstituted
Cs5-Cg, aryloxy group, a substituted or unsubstituted
C5-Cq, arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted
C,-Cg, polycyclic condensed group, N(Q,;)(Q;»), or
Si(Q13)(Q14)(Qy5), and Qy, to Q5 are each indepen-
dently a hydrogen atom, a deuterium, a tritium, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro
group, a carboxyl group, a silyl group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-Cs, alkenyl group, a substituted or
unsubstituted C,-Cs, alkynyl group, a substituted or
unsubstituted C,-Cs, alkoxy group, a substituted or
unsubstituted C;-Cs, cycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted
or unsubstituted C5-Cg, aryl group, a substituted or
unsubstituted Cs-Cg, aryloxy group, a substituted or
unsubstituted C5-Cg, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, or a substituted
or unsubstituted C,-C, polycyclic condensed group;

* indicates a binding site; and

s and t are each independently an integer from 1 to 4.

OOOOO

9. The heterocyclic compound of claim 1, wherein R, R,,
R;, and R, are each independently a hydrogen atom, a deu-
terium, a tritium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a carboxyl group, a silyl group, a sub-
stituted or unsubstituted C,-Cs, alkyl group, or a substituted
or unsubstituted C5-Cg, aryl group; and

Y,,Y,,Y;and Y, are each independently CR,R,, NR,, O,

and S; and Rs, Rg, and R, are each independently a
hydrogen atom, a deuterium, a tritium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, a car-
boxyl group, a silyl group, a substituted or unsubstituted
C,-Cs, alkyl group, or a substituted or unsubstituted
C5-Cq, aryl group.

10. The heterocyclic compound of claim 1, whereinR, R,
R;, and R, are each independently a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, or a sub-
stituted or unsubstituted butyl group; and
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Y,,Y,, Y5, and Y, are each independently CR;R4, NR,, O,
or S; and R and R are each independently a substituted
or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted pro-
pyl group, or a substituted or unsubstituted butyl group,
and R, may be a unsubstituted phenyl group, a substi-
tuted or unsubstituted biphenyl group, a substituted or
unsubstituted naphthyl group, or a substituted or unsub-
stituted fluorenyl group.

11. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is represented by Formula 6 below:

[Formula 6]

wherein Ar, is a substituted or unsubstituted phenyl group,
a substituted or unsubstituted biphenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted triph-
enylrenyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted imidazolyl group, a
substituted or unsubstituted benzoimidazolyl group, a
substituted or unsubstituted phenylbenzoimidazolyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted phenylpyridinyl group, a
substituted or unsubstituted phenylimidazopyridinyl
group, a substituted or unsubstituted pyrimidinyl group,
a substituted or unsubstituted phenylimidazopyrimidi-
nyl group, a substituted or unsubstituted carbazolyl
group, a substituted or unsubstituted furanyl group, a
substituted or unsubstituted benzofuranyl group, a sub-
stituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzo[b]thiophenyl group, a substituted
or unsubstituted dibenzothiophenyl group, a substituted
or unsubstituted triazolyl group, a substituted or unsub-
stituted phenyltriazolyl group, a substituted or unsubsti-
tuted oxadiazolyl group, a substituted or unsubstituted
phenyloxadiazolyl group, a substituted or unsubstituted
triazinyl group, a substituted or unsubstituted phenyltri-
azinyl group, a diphenylethynyl group, a phenylethy-
nylfluorenyl group, or a phenylethynylnaphthyl group;

R, and R, are each independently a substituted or unsub-
stituted methyl group, a substituted or unsubstituted
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ethyl group, a substituted or unsubstituted propyl group, -continued
or a substituted or unsubstituted butyl group;

Y, and Y, are each independently CRsR 4, NR,, O, or S; R,
and R, are each independently a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, or a
substituted or unsubstituted butyl group, R, is a unsub-
stituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted naphthyl
group, or a substituted or unsubstituted fluorenyl group;
and

aand b are each independently an integer of 0 or 1, wherein
a+b=1.

12. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is represented by Formula 7 below:

[Formula 7]

z
C@ g,
[ A
—— Z2)g
¢ =
—Ar &z/\(zl)p
Z3
\
(Yl)a « [ \

N
(Y2)p N4 )
</ \\ = ?
—/ ~(Zy),

S
. N
Ar, is one of the groups represented by Formulae 4A to 4X }l \ l ——(Z2),
below: < ~L =
—/ 1)y
Formula 4A 0.
— SN\ | i @)
SO 7 a
=/ ~(Z1)p ~L
Formula 4B — (Zy),

TN\ . N
&:/\(zl)p _\(Zz)q >//_\_</ _\N
Formula 4C &=/\(Zl)p N=/\(Z2)q

Formula 4D *v//_\fN
. / I/i—\(z l)p &z/\HN v < \

. 11,2013

Formula 4E

Formula 4F

Formula 4G

Formula 4H

Formula 41

Formula 47

Formula 4K

Formula 4L

Formula 4M
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-continued
Formula 4N
\<// \ / _}\ (ZZ)q
(Z Up N
Formula 40
TN\ e
N
\(Z ?N/
Formula 4P
* N
Y0
I
\(zb N \
\— @2)q
Formula 4Q
PR
L ])p \\
N\/ @,
Formula 4R
&:QQSN _/ (Z2),
Formula 48
Formula 4T
_</
N—/ @1y
Formula 4U
/ (Zl)P
Q /)
N Formula 4V
N
/
e,
) Formula 4W
\ _
/ E— /
w@m \ 72,
Formula 4X

/
\\_//\al);, 7>,

wherein Z,, Z,, and Z; are each independently a hydrogen
atom, a deuterium, a tritium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a
silyl group, a substituted or unsubstituted C,-Cs, alkyl
group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs, alkynyl

54
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group, a substituted or unsubstituted C,-Cs, alkoxy
group, a substituted or unsubstituted C;-Cs, cycloalkyl
group, a substituted or unsubstituted C;-Cs, cycloalk-
enyl group, a substituted or unsubstituted C;-Cg, aryl
group, a substituted or unsubstituted Cs-Cg4, aryloxy
group, a substituted or unsubstituted C5-Cg, arylthio
group, a substituted or unsubstituted C,-Cg, heteroaryl
group, a substituted or unsubstituted C,-Cg, polycyclic
condensed group, N(Q,,)X(Q,), or $i(Q,)(Q,)(Q,5).
and Q,, to Q, 5 are each independently a hydrogen atom,
a deuterium, a tritium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a
silyl group, a substituted or unsubstituted C,-Cs, alkyl
group, a substituted or unsubstituted C,-Cs, alkenyl
group, a substituted or unsubstituted C,-Cs,, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C;-Cs, cycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted Cs5-Cg,, aryl
group, a substituted or unsubstituted C5-Cg, aryloxy
group, a substituted or unsubstituted C5-Cgy, arylthio
group, a substituted or unsubstituted C,-Cg, heteroaryl
group, or a substituted or unsubstituted C,-C, polycy-
clic condensed group, and p, q, and r are each indepen-
dently an integer from 1 to 5;

* indicates a binding site;
Y, andY, are each independently CRsR4, NR,, O, or S; R

and R are each independently a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, or a
substituted or unsubstituted butyl group, R, is a unsub-
stituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted naphthyl
group, or a substituted or unsubstituted fluorenyl group;
and

aand b are each independently an integer of O or 1, wherein

a+b=1.

13. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is represented by Formula 8 below:

[Formula 8]

(Yl)a

f (Y2)p

wherein Ar, is a substituted or unsubstituted phenylene

group, a substituted or unsubstituted biphenylene group,
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a substituted or unsubstituted pentalenyl group, a sub- -continued
stituted or unsubstituted indenylene group, a substituted Formula 5B
or unsubstituted naphthylene group, a substituted or *\/ \ / \/*
unsubstituted fluorenylene group, a substituted or ¢ \>
unsubstituted spiro-fluorenyl group, a substituted or _\(Z“)S _\(le)t
unsubstituted phenalenyl group, a substituted or unsub- Formula 5C
stituted phenanthrenyl group, a substituted or unsubsti- /\/\/\
tuted anthrylene group, a substituted or unsubstituted . | “ws

fluoranthenylene group, a substituted or unsubstituted \/‘\%*

triphenylenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryce-
nylene group, or a substituted or unsubstituted carba-
zolylene group, or a substituted or unsubstituted diphe-
nylethynylene group;

Formula 5D

Z
Bz

R, R, R; and R, are each independently a substituted or
unsubstituted methyl group, a substituted or unsubsti-
tuted ethyl group, a substituted or unsubstituted propyl

group, or a substituted or unsubstituted butyl group; *\— — /* Formula 3%
Y., Y,, Y5, andY , are each independently CRsR¢, NR,, O, { H/

or S; R, and Ry are each independently a substituted or \ /\(Z s \ /\(le)t

unsubstituted methyl group, a substituted or unsubsti-

tuted ethyl group, a substituted or unsubstituted propyl wherein Z,,, Z,,, and Z, , are each independently a hydro-
group, or a substituted or unsubstituted butyl group, R, gen atom, a deuterium, a tritium, a halogen atom, a
is a unsubstituted phenyl group, a substituted or unsub- hydroxyl group, a cyano group, a nitro group, a carboxyl
stituted biphenyl group, a substituted or unsubstituted group, a silyl group, a substituted or unsubstituted
naphthyl group, or a substituted or unsubstituted fluore- C,-C5, alkyl group, a substituted or unsubstituted

alkenyl group, a substituted or unsubstituted

nyl group; and >-Cso

,-Cso alkynyl group, a substituted or unsubstituted
-C

1 50

000

a, b, ¢, and d are each independently an integer of O or 1,

wherein a+b=1 and c+d=1. alkoxy group, a substituted or unsubstituted

C;-Cs, cycloalkyl group, a substituted or unsubstituted
C;5-Cs, cycloalkenyl group, a substituted or unsubsti-
tuted C5-Cy, aryl group, a substituted or unsubstituted
Cs-Cqp aryloxy group, a substituted or unsubstituted
Cs-Cqp arylthio group, a substituted or unsubstituted
C,-Cq, heteroaryl group, a substituted or unsubstituted
C,-Cq4p polycyclic condensed group, N(Q,,)(Q,,), or

Si(Q,5)(Q14)(Q;5), and Q,, to Q,5 are each indepen-
dently a hydrogen atom, a deuterium, a tritium, a halo-

14. The heterocyclic compound of claim 1, wherein the

[Formula 9]

(Y3)e gen atom, a hydroxyl group, a cyano group, a nitro
Yaa group, a carboxyl group, a silyl group, a substituted or
unsubstituted C,-Cs, alkyl group, a substituted or

Q unsubstituted C,-Cs, alkenyl group, a substituted or
unsubstituted C,-Cs, alkynyl group, a substituted or

N— Ary—N unsubstituted C,-Cs, alkoxy group, a substituted or
unsubstituted C;-Cs, cycloalkyl group, a substituted or

unsubstituted C,-C, cycloalkenyl group, a substituted

or unsubstituted Cs-Cgq, aryl group, a substituted or

O unsubstituted C5-Cgy, aryloxy group, a substituted or
(Y1a ’ unsubstituted C5-Cg, arylthio group, a substituted or
(Y2)s unsubstituted C,-C, heteroaryl group, or a substituted
or unsubstituted C,-C, polycyclic condensed group,
and s and t are each independently an integer from 1 to 4;
* indicates a binding site;
Y,,Y,,Y;, and Y, are each independently CR;R¢, NR,, O,
or S; R5 and R are each independently a substituted or
Ar, is one of the groups represented by Formulae SA to SE unsubstituted methyl group, a substituted or unsubsti-
below: tuted ethyl group, a substituted or unsubstituted propyl
group, or a substituted or unsubstituted butyl group, R,
is a unsubstituted phenyl group, a substituted or unsub-

. Formula SA stituted biphenyl group, a substituted or unsubstituted
/ \( naphthyl group, or a substituted or unsubstituted fluore-

* \> nyl group; and
—/ (21 a, b, ¢, and d are each independently an integer of 0 or 1,

wherein a+b=1 and c+d=1.
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15. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is one of Compounds 1 to 83 below:

O e
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-continued
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16. An organic light-emitting diode comprising:

a first electrode;

a second electrode disposed opposite to the first electrode;
and

an organic layer interposed between the first electrode and
the second electrode, the organic layer comprising a
heterocyclic compound according to claim 1 as a single
material or a mixture of different materials.

17. The organic light-emitting diode of claim 16, wherein
the organic layer comprises at least one layer selected from
the group consisting of a hole injection layer, a hole transport
layer, a functional layer having both hole injecting and hole
transporting capabilities, an electron blocking layer, an emis-
sion layer, a hole blocking layer, an electron transport layer,
an electron injection layer, and a functional layer having both
electron transporting and electron injecting capabilities.

18. The organic light-emitting diode of claim 16, wherein
the organic layer comprises an emission layer comprising the
heterocyclic compound.

19. The organic light-emitting diode of claim 16, wherein
the organic layer comprises an emission layer comprising a
fluorescent or phosphorescent host, wherein the fluorescent
or phosphorescent host comprises the heterocyclic com-
pound.

20. The organic light-emitting diode of claim 16, wherein
the organic layer comprises an emission layer comprising a
fluorescent dopant, wherein the fluorescent dopant comprises
the heterocyclic compound.

21. The organic light-emitting diode of claim 16, wherein
the organic layer comprises at least one of an electron trans-
port layer, an electron injection layer, and a functional layer
having both electron transporting and electron injecting capa-
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bilities, and at least one of the electron transport layer, the
electron injection layer, and the functional layer having both
electron transporting and electron injecting capabilities com-
prises the heterocyclic compound.

22. The organic light-emitting diode of claim 16, wherein
the organic layer comprises at least one of an electron trans-
port layer, an electron injection layer, and a functional layer
having both electron transporting and electron injecting capa-
bilities, and at least one of the electron transport layer, the
electron injection layer, and the functional layer having both
electron transporting and electron injecting capabilities com-
prises the heterocyclic compound and a metal-containing
material.

23. The organic light-emitting diode of claim 16, wherein
the organic layer comprises:

at least one of an electron transport layer, an electron injec-

tion layer, and a functional layer having both electron
transporting and electron injecting capabilities, wherein
said at least one comprises the heterocyclic compound;
and

at least one emission layer of a red emission layer, a green

emission layer, a blue emission layer and a white emis-
sion layer, wherein the at least one emission layer com-
prises a phosphorescent compound.

Apr. 11, 2013

24. The organic light-emitting diode of claim 16, wherein
the organic layer comprises at least one of the hole injection
layer, a hole transport layer, a functional layer having both
hole injecting and hole transporting capabilities, an electron
blocking layer, an emission layer, a hole blocking layer, an
electron transport layer, an electron injection layer, and a
functional layer having both electron transporting and elec-
tron injecting capabilities, and at least one of the hole injec-
tion layer, the hole transport layer, and the functional layer
having both hole injecting and hole transporting capabilities,
the electron blocking layer, the emission layer, the hole block-
ing layer, the electron transport layer, the electron injection
layer, and the functional layer having both electron transport-
ing and electron injecting capabilities is formed by a wet
process.

25. A flat panel display device comprising:

a transistor comprising a source, a drain, a gate, and an
active layer and an organic light-emitting diode accord-
ing to claim 16, wherein one of the source and the drain
is electrically connected to the first electrode of the
organic light-emitting diode.
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