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(57) ABSTRACT
A heterocyclic compound is represented by Formula 1.

Formula 1

e

An organic light emitting device includes a first electrode, a
second electrode and an organic layer between the first and
second electrodes. The organic layer includes the heterocy-
clic compound. An organic light-emitting display apparatus
includes the organic light-emitting device and a transistor
including a source, a drain, a gate and an active layer. The
source or the drain is electrically connected to the first elec-
trode of the organic light-emitting device.
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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0084583, filed on
Aug. 1, 2012 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a heterocyclic com-

pound and an organic light-emitting device including the
same. More particularly, the invention relates to a fused ring
compound, and to an organic light-emitting device that
includes the compound.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emitting devices having advantages such as wide viewing
angles, good contrast, quick response speeds, high bright-
ness, and good driving voltage characteristics. OLEDs can
also provide multicolored images. Due to these characteris-
tics, OLEDs have been receiving growing attention.

[0006] An existing organic light-emitting device has a
structure that includes an anode disposed on a substrate, on
which is sequentially stacked a hole transport layer (HTL), an
emission layer, an electron transport layer (ETL) and a cath-
ode. The HTL, the EML, and the ETL are normally 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
(carriers) recombine in the EML to generate excitons. When
the excitons drop from an excited state to a ground state, light
is emitted.

[0007] A major factor affecting luminescent efficiency of
organic light-emitting devices is the organic luminescent
material. Fluorescent materials have been widely used as
organic light-emitting materials, but may have limited emis-
sion efficiency due to having a mere 25% probability of being
in an excited singlet state. Meanwhile, phosphorescent mate-
rials have a 25% probability of being in an excited singlet
state and a 97% probability of being in an excited triplet state,
and thus may improve emission efficiency up to four times as
compared with fluorescent materials (based on theoretical
electroluminescence mechanisms), and may achieve a 100%
internal quantum efficiency. Thus, use of phosphorescent
materials is gradually increasing,

[0008] Anthracene derivatives are typical organic light-
emitting materials. However, an organic light-emitting device
using an anthracene derivative in which two or three oligo-
meric species of anthracene are linked by conjugation may
have a narrow energy gap, low blue-light color purity, and low
emission efficiency, and thus is not satisfactory.

[0009] 4.4'-Bis(carbazole-9-yl)biphenyl (CBP) have also
been used as a phosphorescent host material, but is not suit-
able for green-light emission due to its wide bandgap and
reduced emission efficiency. It is also not easy to control hole
or electron mobility and adjust the charge balance with this
material.
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[0010] These existing organic light-emitting materials do
not yield satisfactory emission characteristics, such as emis-
sion efficiency.

SUMMARY

[0011] Embodiments of the present invention provide a
heterocyclic compound with improved emission characteris-
tic as an organic light-emitting material.

[0012] Embodiments of the present invention also provide
an organic light-emitting device with improved emission effi-
ciency and lifetime characteristics that includes the heterocy-
clic compound.

[0013] Embodiments of the present invention also provide
a high-efficiency, long lifetime organic light-emitting display
apparatus including the organic light-emitting device.
[0014] According to an aspect of the present invention, a
heterocyclic compound is represented by Formula 1 below.

) Formula 1
! R, Ry ",
:‘ A X, A ‘:
A} U
) Q O ;
Rg RS
! B K Rs B,
\ ; J

In Formula 1, X, is an oxygen atom (—O—) or a sulfur atom
(—S—).

[0015] R, to Rq are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
Cyano group, anamino group, a nitro group, a carboxyl group,
a substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or unsub-
stituted C,-C,,, alkoxy group, a substituted or unsubstituted
C;-C4, cycloalkyl group, a substituted or unsubstituted
C;-C4 cycloalkenyl group, a substituted or unsubstituted
Cs-C4, aryl group, a substituted or unsubstituted C4-C,,, ary-
loxy group, a substituted or unsubstituted C,-C,, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, or a—N(Q, )(Q,) group. Q, and Q, are each indepen-
dently one of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, an amino group, a
nitro group, a carboxyl group, a substituted or unsubstituted
C,-C4 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,-C,, cycloalkyl group, a sub-
stituted or unsubstituted C5-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C;, aryl group, a substituted or
unsubstituted C¢-C;, aryloxy group, a substituted or unsub-
stituted C¢-C,, arylthio group, or a substituted or unsubsti-
tuted C,-C,, heteroaryl group. Adjacent R, to R, groups
optionally bind together to form a ring A, and/or a ring A,.
Similarly, adjacent R to R, groups optionally bind together
to formaring B, and/oraring B,. Thering A |, the ring A, the
ring B,, and the ring B, are each independently one of a
substituted or unsubstituted C,-C,, aromatic ring or a substi-
tuted or unsubstituted C,-C,, heteroaromatic ring.
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[0016] The heterocyclic compound may be a compound
represented by Formula 2a or 2b below

Formula 2a
o Xl /D
Rg Rs
Ry R¢
Formula 2b
R» R3
Xi

le

[0017] InFormulae2aand2b,X;,R, to Ry, thering A, and
the ring B, are as defined above with respect to Formula 1.
[0018] According to another aspect of the present inven-
tion, an organic light-emitting device includes a first elec-
trode, a second electrode facing the first electrode, and an
organic layer between the first electrode and the second elec-
trode. The organic layer includes the above-described hetero-
cyclic compound.

[0019] The organic layer may include at least one of a hole
injection layer, a hole transport layer, a functional layer hav-
ing both hole injection and hole transport capabilities, a buffer
layer, an emission layer, a hole blocking layer, an electron
transport layer, an electron injection layer, and/or a functional
layer having both electron injection and electron transport
capabilities.

[0020] The organic layer may include at least one of a hole
injection layer, a hole transport layer, and a functional layer
having both hole injection and hole transport capabilities, and
atleast one of the hole injection layer, the hole transport layer,
and the functional layer having both hole injection and hole
transport capabilities includes the heterocyclic compound.
[0021] At least one of the hole injection layer, the hole
transport layer, and the functional layer having both hole
injection and hole transport capabilities may further include a
charge-generating material, and the charge-generating mate-
rial is at least one of a quinone derivative, a metal oxide,
and/or a cyano group-containing compound.

[0022] The organic layer may include at least one of an
electron injection layer, an electron transport layer, and/or a
functional layer having both electron injection and electron
transport capabilities, and at least one of the electron injection
layer, the electron transport layer, and/or the functional layer
having both electron injection and electron transport capa-
bilities may include the heterocyclic compound.

[0023] The organic layer may include an emission layer,
and the emission layer may include the heterocyclic com-
pound.

[0024] The heterocyclic compound may be used as a fluo-
rescent or phosphorescent host.

[0025] The heterocyclic compound may be used as a fluo-
rescent dopant.
[0026] The organic layer may include at least one of an

emission layer, an electron injection layer, an electron trans-
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port layer, and/or a functional layer having both electron
injection and electron transport capabilities, wherein at least
one of the electron injection layer and at least one of the
electron transport layer, and/or the functional layer having
both electron injection and electron transport capabilities
may include the heterocyclic compound. The emission layer
may include an arylamine compound.

[0027] According to another aspect of the present inven-
tion, an organic light-emitting display apparatus includes the
above-described organic light-emitting device, and a transis-
tor. The transistor includes a source, a drain, a gate, and an
active layer. One of the source and the drain of the transistor
is electrically connected to the first electrode of the organic
light-emitting device.

BRIEF DESCRIPTION OF THE DRAWING

[0028] The above and other features and advantages of the
present invention will become more apparent by reference to
the following detailed description when considered with ref-
erence to the attached drawing in which:

[0029] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0030] 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 alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0031] According to an aspect of the present invention, a
fused ring compound is represented by Formula 1 below.

. Formula 1
: R, R,
A X, A
: Q O ;
Rg % Rs
\ By ; 7 RG‘ By ,"

[0032] InFormulal above, X, isan oxygen atom (—O—)
or a sulfur atom (—S—). The heterocyclic compound of
Formula 1 may have a backbone structure including diben-
zofuran or dibenzothiophene.

[0033] R, toR,ofFormula 1 are each independently one of
a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, an amino group, a nitro
group, a carboxyl group, a substituted or unsubstituted
C,-C5, 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;-C;, cycloalkyl group, a sub-
stituted or unsubstituted C;-C,,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C;, aryl group, a substituted or
unsubstituted C¢-C;, aryloxy group, a substituted or unsub-
stituted C4-C,,, arylthio group, a substituted or unsubstituted

C,-Cy, heteroaryl group, ora —N(Q, )}(Q,) group.
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[0034] The group represented by —N(Q,)Q,) is a
monovalent amine derivative group in which Q, and Q, are
each independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, an
amino group, a nitro group, a carboxyl group, a substituted or
unsubstituted C, -C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkenyl group, a substituted or unsubstituted
C,-C54, alkynyl group, a substituted or unsubstituted C,-Cs,
alkoxy group, a substituted or unsubstituted C,-C,,
cycloalkyl group, a substituted or unsubstituted C;-Cj,
cycloalkenyl group, a substituted or unsubstituted C-C,, aryl
group, a substituted or unsubstituted C4-C,,, aryloxy group, a
substituted or unsubstituted C-C,,, arylthio group, or a sub-
stituted or unsubstituted C,-C,, heteroaryl group.

[0035] Adjacent R, to Ry groups in Formula 1 may option-
ally bind together to form an aromatic or heteroaromatic ring.
These combinations may fall into either one of the following
two cases.

[0036] One of two cases is when adjacent R, to R, groups
optionally bind together to form a ring A, and/or a ring A,,
while R, to R; do not form any rings. That is, R; and R, may
bind together to form the ring A,, and R; and R, may bind
together to form the ring A,. As a result, the heterocyclic
compound of Formula 1 above may have two aromatic or
heteroaromatic rings. The ring A, and the ring A, may be
identical to or different from each other, and may be each
independently one of a substituted or unsubstituted C4-C,,
aromatic ring or a substituted or unsubstituted C,-C,, het-
eroaromatic ring.

[0037] The other case is when R, to R, do not form any
rings, while adjacent R to Rq groups bind together to form a
ring B, and/or a ring B,. For example, R, and Ry may bind
together to form the ring B,, and R and R may bind together
to form thering B,. As a result, the heterocyclic compound of
Formula 1 above may also have two aromatic or heteroaro-
matic rings. The ring B, and the ring B, may be identical to or
different from each other, and may be each independently one
of a substituted or unsubstituted C4-C,, aromatic ring or a
substituted or unsubstituted C,-C, heteroaromatic ring.

[0038] In some embodiments, the heterocyclic compound
of Formula 1 may be a compound represented by Formula 2a
or 2b below.

Formula 2a

Formula 2b

[0039] InFormula2aabove, X, is an oxygen atom (—O—)
orasulfur atom (—S—). Thering A, is one of a substituted or
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unsubstituted C4-C,, aromatic ring or a substituted or unsub-
stituted C,-C,,, heteroaromatic ring.

[0040] R, to R are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, anamino group, a nitro group, a carboxyl group,
a substituted or unsubstituted C,-C;, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C5, alkynyl group, a substituted or unsub-
stituted C,-C,,, alkoxy group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, a substituted or unsubstituted
C;-C4 cycloalkenyl group, a substituted or unsubstituted
C4-Cs, aryl group, a substituted or unsubstituted C4-C,,, ary-
loxy group, a substituted or unsubstituted C-C,, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl

group, or a —N(Q, )(Q,) group in which Q, and Q, are as
defined above with respect to Formula 1.

[0041] InFormula2babove,X, is an oxygenatom (—O—)
or asulfur atom (—S—). The ring B, is one of a substituted or
unsubstituted C,-C;, aromatic ring or a substituted or unsub-
stituted C,-C,, heteroaromatic ring.

[0042] R, to R, are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, anamino group, a nitro group, a carboxyl group,
a substituted or unsubstituted C,-C, alkyl group, a substi-
tuted or unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-Cs, alkynyl group, a substituted or unsub-
stituted C,-C,,, alkoxy group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, a substituted or unsubstituted
C;-C4 cycloalkenyl group, a substituted or unsubstituted
C¢-Cyp aryl group, a substituted or unsubstituted C,-C,,, ary-
loxy group, a substituted or unsubstituted C4-C,, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl

group, or a —N(Q,)(Q,) group.

[0043] The heterocyclic compound of Formula 2a has a
left-right symmetric backbone structure in which the ring A
is fused to dibenzofuran or dibenzothiophene. The heterocy-
clic compound of Formula 2b also has a left-right symmetric
backbone structure in which the ring B, is fused to dibenzo-
furan or dibenzothiophene.

[0044] For example, the heterocyclic compound of For-
mula 2a may have a left-right symmetric structure as a whole
because R, to Ry are symmetrical to one another. The hetero-
cyclic compound of Formula 2b may have a left-right sym-
metric structure as a whole because R, to R, are symmetrical
to one another.

[0045] In Formula 2a of the heterocyclic compound, the
ring A, may be one of a substituted or unsubstituted benzene
ring, a substituted or unsubstituted anthracene ring, a substi-
tuted or unsubstituted phenanthrene ring, a substituted or
unsubstituted fluorene ring, a substituted or unsubstituted
pyridine ring, a substituted or unsubstituted carbazole ring, a
substituted or unsubstituted thiophene ring, a substituted or
unsubstituted dibenzothiophene ring, or a substituted or
unsubstituted dibenzofuran ring. In Formula 2b of the hetero-
cyclic compound, the ring B, may also be selected from the
groups listed above in connection with the ring A .

[0046] In some embodiments, in the heterocyclic com-
pound Formula 2a or 2b, thering A, and the ring B, may each
independently be one of the groups represented by one of
Formulae 3a to 3f below.
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Formula 3a
(‘Zl)p
/\,
_/
Formula 3b
©y)y
/A
N *
./
Formula 3¢
s. (Z1)p
\*
\ /
Formula 3d
Formula 3e
}Zl)p
o— T\
@, \ /
Y
=
Formula 3f

[0047] InFormulae 3ato 3f, Z, to Z, may be each indepen-
dently one of a hydrogen atom, a deuterium atom, a halogen
atom, a cyano group, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
tuted or unsubstituted propyl group, a substituted or unsub-
stituted butyl group, a substituted or unsubstituted phenyl
group, or a substituted or unsubstituted biphenyl group. Each
of p and q may be independently an integer from 2 to 4. In
some embodiments, Z, to Z, may be each independently a
hydrogen atom or a phenyl group.

[0048] * indicates a binding site of the ring A, or ring B,
with the rest of the heterocyclic compound, i.e., a moiety
excluding thering A, orring B, . That is, the ring A | orring B,
is fused at the sites with two *s.

[0049] In some other embodiments, in the heterocyclic
compound Formula 2a or 2b, thering A, and the ring B, may
each independently be one of the groups represented by one
of Formulae 4a to 41 below.
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Formula 4a
/N
_/
Formula 4b
N ®
-/
Formula 4¢
S \,
\ /
*
Formula 4d
Formula 4e
Formula 4f

[0050] AsinFormulae 3a-3f, in Formulae 4a-4f, * indicates
a binding site of the ring A, or ring B, with the rest of the
heterocyclic compound, i.e.,amoiety excluding thering A, or
ring B,.

[0051] In Formula 2a or 2b of the heterocyclic compound,
R, to Ry may be each independently one of a hydrogen atom,
a deuterium atom, a halogen atom, a cyano group, a substi-
tuted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, a substi-
tuted or unsubstituted phenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted naph-
thyl group, a substituted or unsubstituted anthryl group, a
substituted or unsubstituted phenanthrenyl 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 fluorenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted bipyridinyl group, a substituted or
unsubstituted pyrazinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted pyridazinyl
group, a substituted or unsubstituted carbazolyl group, a sub-
stituted or unsubstituted benzothiophenyl group, a substi-
tuted or unsubstituted dibenzothiophenyl group, a substituted
or unsubstituted dibenzofuranyl group, or a group repre-

sented by -ph-N(Q)(Q,).
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[0052] The group represented by -ph-N(Q,)(Q,) may be a
monovalent group of -(phenylene)-(amine derivative), where
Q, and Q, may be each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, an amino group, a nitro group, a carboxyl group,
a substituted or unsubstituted C,-C, alkyl group, a substi-
tuted or unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-C;qalkynyl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsubstituted
C;-C5, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
Cs-C5, aryl group, a substituted or unsubstituted C¢-C,,, ary-
loxy group, a substituted or unsubstituted C,-C,, arylthio
group, or a substituted or unsubstituted C,-C,, heteroaryl
group.

[0053] InFormula2aofthe heterocyclic compound, R and
Ry may be each independently one of a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted pyridinyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
benzothiophenyl group, a substituted or unsubstituted diben-
zothiophenyl group, a substituted or unsubstituted dibenzo-
furanyl group, or a group represented by -ph-N(ph)(ph). R,
and R, may be each independently a hydrogen atom or a
deuterium atom.

[0054] InFormula2bofthe heterocyclic compound, R, and
R, may be each independently one of a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted pyridinyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
benzothiophenyl group, a substituted or unsubstituted diben-
zothiophenyl group, a substituted or unsubstituted dibenzo-
furanyl group, or a group represented by -ph-N(ph)(ph). R,
and R, may be each independently a hydrogen atom or a
deuterium atom.

[0055] In some embodiments, in Formula 2a or 2b of the
heterocyclic compound, R,, R,, R and R, may be each inde-
pendently a hydrogen atom or a deuterium atom; and R, R,
R and Ry may be each independently one of the groups
represented by one of Formulae 5a to 5g below.

Formula 5a
(|le)r
/N .
— Formula 5b
(|211)v
8
=/
Formula 5S¢
Z12
A
7\
N

(Z1)r
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-continued
Formula 5d
s /
Formula Se
(Z13); (lek\ ;
@\ L\/J
NN
(Z12)s
7 |
x
Formula 5f
YA
L(le)r
Vi
/(le)s
Formula 5g

@,

[0056] InFormulae5atoSgabove,Z,, andZ,; may be each
independently one of a hydrogen atom, a deuterium atom, a
halogen atom, a cyano group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted
methoxy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted propoxy group, a substituted or
unsubstituted butoxy group, a substituted or unsubstituted
phenyl group, or a substituted or unsubstituted biphenyl
group. Each of 1, s and t may beindependently an integer from
1 to 5. In some embodiments, 7, , to 7,5 may be each inde-
pendently a methoxy group or a phenyl group.

[0057] *indicates a binding site of R,, R, R5 or Rg with the
rest of the heterocyclic compound, i.e., a moiety excluding
R;,R,, RsorR,.

[0058] In some embodiments, in Formula 2a or 2b of the
heterocyclic compound, R,, R, R and R, may be each inde-
pendently a hydrogen atom or a deuterium atom; and R, R,
R, and Ry may be each independently one of the groups
represented by one of Formulae 6a to 6g below.
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Formula 6a 1

Formula 6b

Formula 6¢

N=—
. i\ * MeO OMe )

Formula 6d
L3
N{
Formula 6e
£
Formula 6f

- O 50

cates a binding site of R, R, R5 or R, with the rest of the
heterocyclic compound, i.e.,a moiety excluding R, R,, R or
R,.

[0059] As in Formulae 5a-5g, in Formulae 6a-6g, * indi- Q\ O O /@
N N

[0060] The heterocyclic compound of Formula 1 may be
one of Compounds 1 to 168 below, but is not limited thereto.
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-continued

167

[0061] Theheterocyclic compound of Formula 1 may have
a rigid backbone structure including an aromatic ring or a
heteroaromatic ring fused to a molecular dibenzofuran or
dibenzothiophene structure. The compound may have a high
glass transition temperature and a high melting point.

[0062] An organic light-emitting device including the het-
erocyclic compound of Formula 1 may have high heat resis-
tance against Joule’s heat generated between organic layers,
in an organic layer, and/or between the EML and a metal
electrode when stored and/or operated.

[0063] The heterocyclic compound of Formula 1 may be
synthesized using known organic synthesis methods. Synthe-
sis methods of the heterocyclic compound of Formula 1 may
be understood by those of ordinary skill in the art from the
examples that will be described below. The heterocyclic com-
pound of Formula 1 may be used between a pair of electrodes
of an organic light-emitting device. For example, the hetero-
cyclic compound of Formula 1 may be used in an emission
layer, or in a layer between a cathode and the emission layer
(for example, in an electron injection layer, an electron trans-
port layer, or a functional layer having both electron injection
and electron transport capabilities).

[0064] Hereinafter, an organic light-emitting device 10
according to an embodiment of the present invention will be
described with reference to FIG. 1, but the structure of the
organic light-emitting device is not limited to the structure
illustrated in FIG. 1.

[0065] Referring to FIG. 1, the organic light-emitting
device 10 includes a substrate 11, a first electrode 13 disposed
on the substrate 11, a second electrode 19 facing the first
electrode 13, and an organic layer 15 between the first elec-
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trode 13 and the second electrode 19. The organic layer 15
includes the heterocyclic compound of Formula 1 described
above.

[0066] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers disposed between the
first and second electrodes of the organic light-emitting
device.

[0067] As used herein, the phrase “(for example, the
organic layer) including the heterocyclic compound of For-
mula 1” means “(the organic layer) including one or at least
two different heterocyclic compounds represented by For-
mula 1 above.”

[0068] Theheterocyclic compound of Formula | may have
high heat resistance against Joule’s heat generated between
multiple layers of the organic layer 15, in the organic layer 15,
and/or between the emission layer and a metal electrode when
the organic light-emitting device 10 is operated. Therefore,
the organic light-emitting device 10 including the heterocy-
clic compound of Formula 1 may be consistently thermally
stable in high-temperature environments over time, and thus
have high durability and a long lifetime.

[0069] The organic layer 15 may include at least one of a
hole injection layer, a hole transport layer, a functional layer
having both hole injection and hole transport capabilities, a
buffer layer, an emission layer 16, a hole blocking layer, an
electron transport layer, an electron injection layer, and/or a
functional layer having both electron injection and electron
transport capabilities. In this regard, the heterocyclic com-
pound of Formula 1 may be included in at least one of the hole
injection layer, the hole transport layer, the functional layer
having both hole injection and hole transport capabilities, the
buffer layer, the emission layer 16, the hole blocking layer,
the electron transport layer, the electron injection layer, and/
or the functional layer having both electron injection and
electron transport capabilities.

[0070] The organic layer 15 may include at least one of a
hole injection layer, a hole transport layer, and/or a functional
layer having both hole injection and hole transport capabili-
ties between the emission layer 16 and the first electrode 13.
At least one of the hole injection layer, the hole transport
layer, and/or the functional layer having both hole injection
and hole transport capabilities may include the heterocyclic
compound of Formula 1.

[0071] At least one of the hole injection layer, the hole
transport layer, and/or the functional layer having both hole
injection and hole transport capabilities may further include a
charge-generating material, which may be at least one of a
quinone derivative, a metal oxide, and/or a cyano group-
containing compound. Examples of the metal oxide include
molybdenum oxides and vanadium oxides. The charge-gen-
erating material, have strong hole acceptability, may facilitate
the injection and transport of holes.

[0072] The organic layer 15 may include at least one of an
electron injection layer, an electron transport layer, and/or a
functional layer having both electron injection and electron
transport capabilities between the emission layer 16 and the
second electrode 19. At least one of the electron injection
layer, the electron transport layer, and/or the functional layer
having both electron injection and electron transport capa-
bilities may include the heterocyclic compound of Formula 1.
[0073] The organic layer 15 may further include the emis-
sion layer 16, and the emission layer 16 may include the
heterocyclic compound of Formula 1.
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[0074] The heterocyclic compound of Formula 1 in the
emission layer 16 may serve as a fluorescent or phosphores-
cent host. The heterocyclic compound of Formula 1 in the
emission layer 16 may serve as a fluorescent or phosphores-
cent host emitting red, green, or blue light, and in some
embodiments, may be effectively used as a blue fluorescent
host. In some embodiments, the heterocyclic compound of
Formula 1 in the emission layer 16 may serve as a fluorescent
dopant.

[0075] The organic layer 15 may include the emission layer
16, and at least one of an electron injection layer, an electron
transport layer, and/or a functional layer having both electron
injection and electron transport capabilities. The emission
layer 16 and the at least one of the electron injection layer, the
electron transport layer, and/or the functional layer having
both electron injection and electron transport capabilities
may include the heterocyclic compound of Formula 1 above.
The emission layer 16 may include an arylamine compound.
The arylamine compound may be any known compound used
in the emission layer.

[0076] Hereinafter, a method of manufacturing the organic
light-emitting device 10, according to an embodiment of the
present invention will be described with reference to FIG. 1.

[0077] The substrate 11, which may be any substrate gen-
erally used in organic light-emitting devices, may be a glass
substrate or a transparent plastic substrate with good
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and water resistance.

[0078] The first electrode 13 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate 11. When the first electrode 13 is an anode, a material
having a high work function may be used as the first elec-
trode-forming material to facilitate hole injection. The first
electrode 13 may be a reflective electrode or a transparent
electrode. A transparent material with high conductivity, such
as ITO, [Z0, SnO,, and ZnO, may be used as the first elec-
trode-forming material. In some embodiments, the first elec-
trode 13 may be formed as a reflective electrode using mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), magnesium-sil-
ver (Mg—Ag), or the like. The first electrode 13 may have a
single-layer structure or a multi-layer structure including at
least two layers. For example, the first electrode 13 may have
a three-layered structure of ITO:Ag:ITO, but is not limited
thereto.

[0079] The organic layer 15 may be formed on the first
electrode 13. The organic layer 15 may include a hole injec-
tion layer (HIL, not shown), a hole transport layer (HTL, not
shown), a buffer layer (not shown), an emission layer (EML.)
16, an electron transport layer (ETL, not shown), and an
electron injection layer (EIL, not shown).

[0080] The HIL may be formed on the first electrode 13
using any of a variety of methods, such as vacuum deposition,
spin coating, casting, Langmuir-Blodgett (LB) deposition, or
the like. When the HIL is formed using vacuum deposition,
the vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
107® torrto about 107> torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.
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[0081] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound that
is used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in a range of about 2000 rpm to about 5000 rpm,
and a temperature at which heat treatment is performed to
remove solvent after coating may be in a range of about 80° C.
to about 200° C. However, the coating conditions are not
limited thereto.

[0082] The HIL may be formed of any material that is
commonly used to form a HIL. Non-limiting examples of the
material that can be used to form the HIL include N,N'-
diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-bi-
phenyl-4,4'-diamine, (DNTPD), a phthalocyanine compound
such as copperphthalocyanine, 4,4'.4"-tris (3-methylphe-
nylphenylamino)triphenylamine (m-MTDATA), N,N'-di(1-
naphthy!)-N,N'-diphenylbenzidine (NPB), TDATA,
2-TNATA, polyaniline/dodecylbenzenesulfonic acid (Pani/
DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate) (PEDOT/PSS), polyaniline/camphor sulfonicacid
(Pani/CSA), and polyaniline)/poly(4-styrenesulfonate
(PANI/PSS).

[0083] The thickness of the HIL may be from about 100 A
to about 10000 A, and in some embodiments, may be from
about 100 A to about 1000 A. When the thickness of the HIL
1s within these ranges, the HIL. may have good hole injecting
ability without substantially increasing driving voltage.
[0084] Then, a HTL may be formed on the HIL by vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition or coating may be similar to those for the formation of
the HIL, though the conditions for the deposition or coating
may vary according to the material that is used to form the
HTL.

[0085] The HTL-forming material may be any known com-
pound. Non-limiting examples of suitable HTL-forming
materials include carbazole derivatives, such as N-phenylcar-
bazole or polyvinylcarbazole, N,N'-bis(3-methylphenyl)-N,
N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4'4"-tris
(N-carbazolyl)triphenylamine (TCTA), and NN'-di(1-
naphthyl)-N,N'-diphenylbenzidine) (NPB).

[0086] Thethicknessofthe HTL may be from about 50 A to
about 2000 A, and in some embodiments, may be from about
100 A to about 1500 A. When the thickness of the HTL is
within these ranges, the HTL. may have good hole transport-
ing ability without substantially increasing driving voltage.
[0087] The functional layer having both hole injection and
hole transport capabilities may include at least one of a HIL-
forming material and a HTL-forming material. The func-
tional layer having both hole injection and hole transport
capabilities may have a thickness of from about 500 A to
about 10,000 A, and in some embodiments, may have a thick-
ness of from about 100 A to about 1,000 A. When the thick-
ness of the functional layer having both hole injection and
hole transport capabilities is within these ranges, the func-
tional layer may have good hole injection and transport capa-
bilities without substantially increasing driving voltage.
[0088] At least one of the HIL, the HTL, and the functional
layer having both hole injection and hole transport capabili-
ties may further include, in addition to a HIL-forming mate-
rial, a charge-generating material, as described above.
[0089] Abuffer layer may be disposed between the EML 16
and at least one of the HIL, HTL, and functional layer having
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both hole injection and transport capabilities. The buffer layer
may compensate for an optical resonance distance of light
according to a wavelength of the light emitted from the EML
16, and thus may increase efficiency. The butter layer may
include any HIL-forming material, or a HTL-forming mate-
rial.

[0090] Then, the EML 16 may be formed on the HTL, the
functional layer having both hole injection and transport
capabilities, or the buffer layer by vacuum deposition, spin
coating, casting, Langmuir-Blodget (LB) deposition, or the
like. When the EML 16 is formed by vacuum deposition or
spin coating, the deposition or coating conditions may be
similar to those for the formation of the HIL, though the
conditions for deposition or coating may vary according to
the material that is used to form the EML 16.

[0091] The EML 16 may include the heterocyclic com-
pound of Formula 1 as a host material. In some embodiments,
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the EML 16 may further include a known host, in addition to
the heterocyclic compound of Formula 1. Non-limiting
examples of the host include Alg,, 4,4'-N,N'-dicarbazole-
biphenyl (CBP), poly(n-vinylcarbazole) (PVK), 9,10-di
(naphthalene-2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-
phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,
10-di-2-naphthylanthracene (TBADN), E3, distyrylarylene
(DSA), and dmCBP.

[0092] When the organic light-emitting device 10 includes
at least one of ared EML, a green EML, and a blue EML, the
EML 16 may include the heterocyclic compound of Formula
1. In some embodiments the EML 16 may further include a
known dopant, in addition to the heterocyclic compound of
Formula 1 above. Non-limiting examples of dopants are as
follows. “ppy” is the abbreviation for phenylpyridine.
[0093] Non-limiting examples of a blue dopant include
compounds represented by the following formulae.
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[0094] Non-limiting examples of'ared dopantinclude com- -continued

pounds represented by the following formulae.
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[0095] Non-limiting examples of a green dopant include

compounds represented by the following formulae.
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[0096] Non-limiting examples of dopants for the EML 16
include Pt-complexes and Os-complexes.

[0097] Inthe organiclight-emitting device 10, when at least
one of the EML 16, the EIL, the ETL, and/or the functional
layer having both electron injection and transport capabilities
includes the heterocyclic compound of Formula 1, the EML
16 may include a known arylamine compound.

[0098] Whenthe EML 16 includes both a hostand a dopant,
the amount of the dopant may be from about 0.01 parts to
about 15 parts by weight based on 100 parts by weight of the
host. However, the amount of the dopant is not limited to this
range.

[0099] A thickness of the EML 16 may be from about 100
A to about 1000 A, and in some embodiments, may be from
about 200 A to about 600 A. When the thickness of the EML
16 is within these ranges, the EML 160 may have improved
light emitting ability without substantially increasing driving
voltage.

[0100] Then, an ETL may be formed on the EML 16 using
any of a variety of methods, such as vacuum deposition, spin
coating, casting, or the like. When the ETL is formed by
vacuum deposition or spin coating, the deposition or coating
conditions may be similar to those for the formation of the
HIL, though the deposition or coating conditions may vary
according to the compound that is used to form the ETL. An
ETL-forming material may be at least one of the heterocyclic
compound of Formula 1 and/or any known ETL-forming
material. Non-limiting examples of ETL forming materials
include a quinoline derivative, such as tris(8-quinolinorate)
aluminum (Alq3), TAZ, BAlq, beryllium bis(benzoquinolin-
10-olate  (Bebq,), 9,10-di(naphthalene-2-yl)anthracene
(ADN), Compound 201, and Compound 202.

TAZ
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Compound 202

[0101] The thickness of the ETL may be from about 100 A
to about 1,000 A, and in some embodiments, may be from
about 150 A to about 500 A. When the thickness of the ETL
is within these ranges, the ETL may have satisfactory electron
transporting ability without substantially increasing driving
voltage.

[0102] The ETL may further include a metal complex, in
addition to at least one of the heterocyclic compound of
Formula 1 and/or a known ETL-forming material. The metal
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complex may be a lithium (Li) complex. Non-limiting
examples of the Li complex include lithium quinolate (LiQ)
or Compound 203 below.

Compound 203

[0103] AnEIL, which facilitates injection of electrons from
the cathode, may be formed on the ETL. Examples of an
EIL-forming material include LiF, NaCl, CsF, Li,0O, and
BaO. The deposition or coating conditions for forming the
EIL 18 may be similar to those for the formation of the HIL,
though the deposition or coating conditions may vary accord-
ing to the material that is used to form the EIL 18. A thickness
of the EIL. may be from about 1 A to about 100 A, and in sonie
embodiments, from about 3 A to about 90 A. When the
thickness of the EIL is within these ranges, the EIL may have
satisfactory electron injection ability without substantially
increasing driving voltage.

[0104] The second electrode 19 may be formed on the
organic layer 15. The second electrode 19 may be a cathode,
which is an electron injection electrode. Suitable metals for
forming the second electrode 19 include metals, alloys, elec-
tro-conductive compounds that have low work functions, or
mixtures thereof. For example, the second electrode 19 may
be formed as a transmission electrode in a thin film form using
Li, Mg, Al, ALl:Li, Ca, Mg:In, Mg:Ag, or the like. In some
embodiments, to manufacture a top-emission light-emitting
device, the transmission electrode may be formed of indium
tin oxide (ITO) or indium zinc oxide (1IZO).

[0105] When a phosphorescent dopant is used in the EML,
a HBL may be formed between the HTL and the EML 16 or
between the functional layer having both hole injection and
transport capabilities and the EML 16 by vacuum deposition,
spin coating, casting, Langmuir-Blodgett (LB) deposition, or
the like, in order to prevent diffusion of triplet excitons or
holes into the ETL. When the HBL is formed using vacuum
deposition or spin coating, the conditions for deposition or
coating may be similar to those for the formation of the HIL,
although the conditions for deposition or coating may vary
according to the material that 1s used to form the HBL. The
HBL may be formed using a known HBL-forming material,
for example, an oxadiazole derivative, a triazole derivative, a
phenanthroline derivative, or the like, but is not limited
thereto. For example, the HBL may be formed from 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) repre-
sented by the following formula.
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BCP

[0106] A thickness of the HBL. may be from about 20 A to
about 1000 A, and in some embodiments, may be from about
30 A to about 300 A. When the thickness of the HBL is within
these ranges, the HBL may have improved hole blocking
properties without substantially increasing driving voltage.

[0107] According to an aspect of the present invention, an
organic light-emitting display apparatus includes: a transistor
with a source, a drain, a gate, and an active layer; and the
above-described organic light-emitting device. One of the
source and the drain of the transistor is electrically connected
to the first electrode of the organic light-emitting device.

[0108] The active layer of the transistor may be in any of a
variety of forms, for example, an amorphous silicon layer, a
crystalline silicon layer, an organic semiconductor layer, or
an oxide semiconductor layer.

[0109] As used herein, examples of the “unsubstituted
C,-Cy alkyl group” (or “C;-Cspalkyl group”) include
C1-C30 linear of branched alkyl groups, such as methyl,
ethyl, propyl, isobutyl, sec-butyl, pentyl, iso-amyl, and hexyl.
Examples of the substituted C,-C;,alkyl groups include the
unsubstituted C, -Cs, alkyl group in which at least one hydro-
gen atom is substituted with one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, an amino
group, a nitro group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cypalkyl group, a C,-Cygalkenyl group, a C,-Cshalkynyl
group, a C,-C,,alkoxy group, a C5-C,cycloalkyl group, a
C;-Cygeycloalkenyl group, a Cg-Csyq aryl group, an unsubsti-
tuted C,-C, aryloxy group, a C,-C,arylthio group, a C,-Cs,
heteroaryl group, —N(Q10,)(Q102), and —Si(Q103)(Qy04)
(Q105)Q;06)- Qo1 10 Qo are each independently one of a
hydrogen atom, a C, -C;,alkyl group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C4-C,, aryl group, or C,-C,, het-
eroaryl group).

[0110] As used herein, the unsubstituted C,-C,, alkenyl
group is a hydrocarbon chain having a carbon-carbon double
bond in the center or at a terminal end of the unsubstituted
C,-Cy4, alkyl group. Examples of the unsubstituted C,-Cs,
alkenyl group include ethenyl, propenyl, and butenyl groups.
To obtain the substituted C,-C;, alkenyl group, at least one
hydrogen atom in the C,-C,, alkeny! group may be substi-
tuted with the substituents described above in connection
with the substituted C,-C,, alkyl group.

[0111] As used herein, the unsubstituted C,-C, alkynyl
group is an alkyl group having at least one carbon-carbon
triple bond in the center or at a terminal end of the C,-C;,
alkyl group. Examples of the unsubstituted C,-C;, alkynyl
group are ethynyl and propynyl. The substituted C,-C,,, alky-
nyl groups include the unsubstituted C,-C,, alkynyl groups in
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which at least one hydrogen atom is substituted with the
substituents described above in connection with the substi-
tuted C,-C;, alkyl group.

[0112] As used herein, the unsubstituted C,-C,,alkoxy
group may be represented by the formula —OA in which A is
an unsubstituted C,-C;alkyl group as described above. Non-
limiting examples thereof include methoxy, ethoxy, and iso-
propyloxy. The substituted C,-C,, alkoxy group may be a
C,-C,, alkyl group in which at least one hydrogen atom is
substituted with the same substituents described above in
connection with the substituted C,-C,, alkyl group.

[0113] As used herein, the unsubstituted C,-C,, cycloalkyl
group may be a saturated C;5-C;, monocyclic, bicyclic, or
tricyclic non-aromatic hydrocarbon group. Non-limiting
examples thereof include cyclopropyl, cyclobutyl, cyclopen-
tyl, cyclohexyl, cycloheptyl, cyclooctyl, and decahydronaph-
thalenyl. The substituted C;-C;, cycloalkyl group may be a
C;-C;, cycloalkyl group in which at least one hydrogen atom
is substituted with the same substituents described above in
connection with the substituted C,-C,, alkyl group.

[0114] As used herein, the unsubstituted C5-C,, cycloalk-
enyl group may be an unsaturated C,-C,, monocyclic, bicy-
clic, or tricyclic non-aromatic hydrocarbon group. Non-lim-
iting examples thereof include cyclopentenyl, and
cyclohexenyl. The substituted C;-C,, cycloalkenyl group
may be a C;-C,, cycloalkenyl group in which at least one
hydrogen atom is substituted with the same substituents
described above in connection with the substituted C,-Cy,
alkyl group.

[0115] The unsubstituted C¢-C;, aryl group is a monova-
lent group having a carbocyclic aromatic system having 6 to
30 carbon atoms including at least one aromatic ring. The
unsubstituted C-C,, arylene group s a bivalent group having
a carbocyclic aromatic system having 6 to 30 carbon atoms
including at least one aromatic ring. When the aryl group or
the arvlene group has at least two rings, they may be fused to
each other or connected to each other via a single bond. The
substituted C4-C; aryl group is a C4-Cs, aryl group in which
at least one hydrogen atom is substituted with the same sub-
stituents described above in connection with the substituted

Br—R(Ry, Rs, Ry) TMS——=

Ry(Ry, Rs, R) H——==
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C,-C5, alkyl group. The substituted C-C,, arylene group is a
Cs-C4, arylene group in which at least one hydrogen atom is
substituted with the same substituents described above in
connection with the substituted C,-C,, alkyl group.

[0116] As used herein, the unsubstituted Cy-C;, aryloxy
group is represented by —OA, in which A, is a substituted or
unsubstituted C,-C;qaryl group. The substituted C4-C,,, ary-
loxy group is a C4-Cs, aryloxy group in which at least one
hydrogen atom is substituted with the same substituents
described above in connection with the substituted C,-C;,
alkyl group.

[0117] As used herein, the unsubstituted C4-C,,, arylthio
group is represented by —SA; in which A, is a substituted or
unsubstituted C;-C,, aryl group. The substituted C,-C,,
arylthio group is a C4-C,, arylthio group in which at least one
hydrogen atom is substituted with the same substituents
described above in connection with the substituted C,-C;,
alkyl group.

[0118] The unsubstituted C,-C;, heteroaryl group is a
monovalent group having at least one aromatic ring having at
least one heteroatom selected from N, O, P, and S, and at least
one carbon atom. The unsubstituted C,-C,, heteroarylene
group is a bivalent group having at least one aromatic ring
having at least one heteroatom selected from N, O, P, and S,
and at least one carbon atom. In this regard, when the het-
eroaryl group and the heteroarylene group have at least two
rings, they may be fused to each other or connected to each
other via a single bond. The substituted C,-C,, heteroaryl
group is a C,-C;, heteroaryl group in which at least one
hydrogen atom is substituted with the same substituents
described above in connection with the substituted C,-C5,
alkyl group. The substituted C,-C;, heteroarylene group is a
C,-C;, hetercarylene group in which at least one hydrogen
atom is substituted with the same substituents described
above in connection with the substituted C,-C,, alkyl group.
[0119] Hereinafter, the present invention will be described
with reference to the following synthesis examples and other
examples. However, these examples are presented for illus-
trative purposes only and are not intended to limit the scope of
the present invention.

Intermediates A to E were synthesized as follows.

R(R4. Rs, Rg)
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Synthesis Example 1

Synthesis of Intermediate d

[0121] 22 g of 3-Todo-9-phenyl-9H-carbazole, 2.8 g (0.04
eq) of Pd(PPh,),, and 914 mg (0.08 eq) of Cul were put into
a flask in a vacuum, which was then supplied with N, gas.
After 200 mL of tetrahydrofuran (THF) was added into the
flask and then stirred, 10 mL (1.2 eq) of triethylamine and
10.0 g (1.2 eq) of TMS-acetylene were slowly dropwise
added thereto, and then stirred at room temperature for about
2 hours in a N, atmosphere. After removing the solvent using
a rotary evaporator, the resulting reaction product was
extracted two times each with 200 mL of Et,0 and 150 mL of
water. The organic layer was collected and then dried using
magnesium sulfate to evaporate the solvent. The residue was
separated and purified by silica gel column chromatography
to obtain 20 g of Intermediate d (Yield: 99%). This compound
was identified using liquid chromatography-mass spectros-
copy (LC-MS). C,,H,,N,Si,: M+339.14

Synthesis Example 2

Synthesis of Intermediate D

[0122] 4.2 g of Intermediate d was dissolved in 50 mL of
THEF, and 30 mL (3 eq) of tetrabutylammonium fluoride in
THF (1.0M) was dropwise added thereto and stirred for about
30 minutes. 50 mL of water was added to the solution and the
reaction solution was extracted three times each with 50 mL
of ethylether. The organic layer was collected and then dried
using magnesium sulfate to evaporate the solvent. The resi-
due was separated and purified by silica gel column chroma-
tography to obtain 3.5 g of Intermediate D (Yield: 95%). This
compound was identified using LC-MS. C,oH ;N |: M+267.
10

Synthesis of Intermediates A, B, C, D, E, F, and G

[0123] Intermediates A, B, C, E, F, and G were synthesized
in the same manner as Intermediate D using the same equiva-
lents of the reactants. These compounds were identified using
LC-MS.
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eld (%
Yield %) Yield (%)

Intermediate  Synthesis Example 1~ Synthesis Example 2 LC-MS

Intermediate ~ Synthesis Example 1~ Synthesis Example 2~ LC-MS

E 98 97 269.12
F 99 96 208.03
A 98 95 132.06 G 97 97 192.06
B 97 94 132.04
C 98 96 158.02
D 99 95 267.10 Synthesis of Compound 25
[0124]
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Synthesis Example 3

Synthesis of Intermediate 2b

[0125] 5 of Intermediate 25a, 6.83 g (2.2 eq) of Intermedi-
ate 25aa, 1.5 g (0.1 eq) of Pd(PPh,),, and 18.0 g (10 eq) of
K,CO, were dissolved in 100 mL of THF and 30 mL of
distilled water to obtain a mixed solution, which was then
refluxed for about 24 hours while being stirred after a tem-
perature increase to about 120° C. C. The reaction solution
was cooled to room temperature, followed by extraction three
times each with 100 mL of water and 100 mL of diethylether.
The organic phase was collected and then dried using mag-
nesium sulfate to evaporate the solvent. The residue was
separated and purified using silica gel column chromatogra-
phy to obtain 5.89 g of Intermediate 25b (Yield: 74%). This
compound was identified using LC-MS. C;,H,Br,0;:
M+610.03

Synthesis Example 4

Synthesis of Intermediate 25¢

[0126] 5.5 g (1 eq)of Intermediate 25b, 1.56 g (0.15 eq) of
Pd(PPhs),, and 510 mg (0.30 eq) of Cul were put into a flask
in a vacuum, which was then supplied with N, gas. After 100
mL of THF was added into the flask and then stirred, 5.65 mL
(4.5 eq) of triethylamine and 5.3 g (2.2 eq) of Compound D
were slowly dropwise added thereto, and then stirred at room
temperature for about 2 hours in a N, atmosphere. After
removing the solvent using a rotary evaporator, 100 mL of
water was added to the resulting reaction solution, which was
then extracted three times each with 100 mL of ethylether.
The organic layer was collected and then dried using magne-
sium sulfate to evaporate the solvent. The residue was sepa-
rated and purified using silica gel column chromatography to
obtain 5.14 g of Intermediate 25¢ (Yield: 58%). This com-
pound was identified using LC-MS. C, ,H;,N,O,: M+982.39

Synthesis Example 5

Synthesis of Compound 25

[0127] 4.0 g of Intermediate 25¢ was dissolved in 100 mL
of methylene chloride, and 11.5 mL (40 eq) of trifluoroacetic

acid was dropwise added thereto and stirred at room tempera-
ture for about 1 hour. After completion of the reaction, the
reaction solution was extracted three times each with 100 mL
of water and 100 mL of diethylether. The organic layer was
collected and then dried using magnesium sulfate, and the
residue obtained by evaporating the solvent was separated
and purified by silica gel column chromatography to obtain
3.68 g of Compound 25 (Yield: 92%). This compound was
identified using LC-MS. C,,H;,N,O,: M+982.39

Synthesis of Compounds 1, 9, 17, 28, 33 and 41

[0128] Compounds 1, 9, 17, 28, 33, and 41 were synthe-
sized as in Synthesis Examples 3 to 5 using the same equiva-
lents of the reactants as in the synthesis of Compound 25.
These compounds were identified using LC-MS and nuclear
magnetic resonance (NMR).

Comp. LC-MS NMR

1 480.17 7.71 (s, 2H), 7.67 (d, 4H), 7.37 (d, 4H), 7.32 (t, 4H),
6.83 (d, 4H), 3.73 (s, 6H)

9.15 (s, 2H), 8.81 (s, 2H), 8.55 (d, 21), 8.45 (d, 2H),
7.97 (d, 2H), 7.72 (s, 2H), 7.50 (d, 2H), 7.44 (d, 2H)
7.90 (d, 2H), 7.80 (d, 2H), 7.55 (s, 2H), 7.40 (d, 4H),
7.30-7.29 (m, 6H)

8.06 (d, 2H), 7.83 (s, 2H), 7.77 (s, 2H), 7.71 (s, 2H),
7.61 (d, 2H), 7.55-7.52 (1, 4H), 7.46-7.40 ((m, 6H),
7.30-7.24 (m, 141), 7.08 (t, 2H), 7.00 (t, 2H),

1.73 (s, 12H)

8.06 (d, 2H), 7.83 (s, 21, 7.71 (s, 4H), 7.61 (d, 2H),
7.52-7.41 (m, 121), 7.24 (t, 2H), 7.19 (t, 2H),

7.13 (1, 2H), 1.73 (s, 12F)

7.71 (s, 2H), 7.49 (d, 2H), 7.42 (d, 410),

7.23 (d, 4H), 7.19 (m, 4H), 6.52 (t, 2H), 7.01 (t, 8H),
6.62 (t, 4H), 6.52 (d, 4H), 6.46 (d, 8)

7.86 (d, 2H), 7.78 (d, 2H), 7.74-7.71 (t, 4H),
7.55-7.53 (m, 6H), 7.40-7.39 (m, 6H), 7.33-7.31 (m,
411), 7.30 (m, 10H), 7.08-7.00 (m, 4TT)

424.13

544.01

982.39

832.30

934.32

41 962.24
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Synthesis of Compound 75
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Synthesis Example 6

Synthesis of Intermediate 75B

[0130] 5 g (1 eq) of Intermediate 75a, 2.26 g (0.15 eq) of
Pd(PPhs),, and 740 mg (0.30 eq) of Cul were put into a flask
in a vacuum, which was then supplied with N, gas. After 100
mL of THF was added into the flask and then stirred, 58.2 mL
(4.5 eq) of triethylamine and 7.7 g (2.2 eq) of Compound E
were slowly dropwise added thereto, and then stirred at room
temperature for about 2 hours in a N, atmosphere. After
removing the solvent using a rotary evaporator, 100 mL of
water was added to the resulting reaction solution, which was
then extracted three times each with 100 mL of ethylether. An
organic layer was collected and then dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified using silica gel column chromatography to
obtain 6.24 g of Intermediate 75b (Yield: 63%). This com-
pound was identified using LC-MS. C,,H,Br,N,O;:
M+760.05

Synthesis Example 7

Synthesis of Intermediate 75¢

[0131] 5 of Intermediate 75b, 4.25 g (2.2 eq) of Intermedi-
ate 75bb, 760 mg (0.1 eq) of Pd(PPh,),, and 9.1 g (10 eq) of
K,CO; were dissolved in 100 mL of THF and 30 mL of
distilled water to obtain a mixed solution, which was then
refluxed for about 24 hours while being stirred after a tem-
perature increase to about 120° C. The reaction solution was
cooled to room temperature, followed by extraction three
times each with 100 mL of water and 100 mL of diethylether.
The organic phase was collected and then dried using mag-
nesium sulfate to evaporate the solvent. The residue was
separated and purified using silica gel column chromatogra-
phy to obtain 4.24 g of Intermediate 25b (Yield: 69%). This
compound was identified using LC-MS. CgH,,N,O;:
M+934.32

Synthesis Example 8

Synthesis of Compound 75

[0132] 4.0 g of Intermediate 75¢ was dissolved in 100 mL
of methylene chloride, and 13.1 mL (40 eq) of trifluoroacetic

acid was dropwise added thereto and stirred at room tempera-
ture for about 1 hour. After completion of the reaction, the
reaction solution was extracted three times each with 100 mL
of water and 100 mL of diethylether. The organic layer was
collected and then dried using magnesium sulfate, and the
residue obtained by evaporating the solvent was separated
and purified by silica gel column chromatography to obtain
3.6 g of Compound 75 (Yield: 90%). This compound was
identified using LC-MS. CH,,N,O;: M+934.32

Synthesis of Compounds 48, 50, 56, 58, 66 and 81

[0133] Compounds 48, 50, 56, 58, 66, and 81 were synthe-
sized as in Synthesis Examples 6 to 8 using the same equiva-
lents of the reactants as in the synthesis of Compound 75.
These compounds were identified using LC-MS and NMR.

Comp. LC-MS NMR

48 632.13 7.86 (d, 2H), 7.78 (d, 2H), 7.74 (d, 21),
7.67-7.64 (m, 6H), 7.53 (d, 2H), 7.39 (t, 2H),
7.33-7.31 (m, 8H)

50 482.16 9.15 (s, 2H), 8.45 (d, 2H), 7.72 (s, 2H), 7.50 (d, 2H),
7.37 (d, 4H), 6.83 (d, 4H), 3.73 (s, 6H)

56 602.16 9.15 (s, 2H), 8.45 (d, 2H), 7.72 (s, 2H), 7.71 (s, 2H),
7.49-7.41 (m, 10H), 7.19 (t, 2H), 7.13 (t, 2H)

58 434.05 8.81 (s, 2H),8.55 (d, 2H), 7.97 (d, 2H), 7.55 (s, 2H),
7.44-7.40 (m, 4H),7.29 (d, 21T)

66 764.22 8.06 (d, 21T, 7.90-7.80 (m, 6H), 7.64-7.61 (t, 4H),
7.52 (s, 2H), 7.44-7.40 (m, 411}, 7.30 (m, 41),
7.24 (1, 2H), 1.73 (s, 12F)

75 93432 7.64 (s, 2H), 7.49 (d, 4H), 7.42 (d, 4H), 7.23 (d, 4H),
7.19 (1, 2H), 7.13 (t, 2H), 7.01 (t, 81, 6.62 (t, 410),
6.52 (d, 4H), 6.46 (d, 8TT)

81 1080.38 7.7 (s, 2H), 7.64 (s, 2H), 7.55 (d, 6H), 7.46 (d, 2I),
7.40 (s, 6H),7.30 (m, 225), 7.08 (t, 41T, 7.00 (t, 4T)
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Synthesis of Compound 91
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91
Synthesis Example 9
Synthesis of Intermediate 91b
[0135] Intermediate 91b was synthesized with a yield of

about 63% as in Synthesis Example 3 using the same equiva-
lents of the reactants, except that Intermediate 91a was used
instead of Intermediate 25a. This compound was identified
using LC-MS. C,;H,,Br,S,: M+393.88

Synthesis Example 10

Synthesis of Intermediate 91c¢
[0136] Intermediate 91c was synthesized with a yield of
about 63% as in Synthesis Example 4 using the same equiva-
lents of the reactants, except that Intermediate 91b was used
instead of Intermediate 25b. This compound was identified
using LC-MS. C,,H,,0,8,: M+616.15

Synthesis Example 11

Synthesis of Compound 91
[0137] Compound 91 was synthesized with a yield of about
94% as in Synthesis Example 5 using the same equivalents of
the reactants, except that Intermediate 91c was used instead
of Intermediate 25¢. This compound was identified using
LC-MS. C,,H,,0,58,: M+616.15

Synthesis of Compounds 88, 89, 97, 99, 103, 109,
115, and 121

[0138] Compounds 88, 89, 97,99, 103, 109, 115, and 121
were synthesized as in Synthesis Examples 9 to 11 using the
same equivalents of the reactants as in the synthesis of Com-
pound 91. These compounds were identified using LC-MS
and nuclear magnetic resonance (NMR).

Comp. LC-MS NMR
88 766.24 8.00 (s, 2H), 7.77 (s, 2H), 7.67 (d, 4H), 7.55 (d, 2H), 746 (d, 2H),
7.40 (d, 2H), 7.32-7.30 (m, 16H), 7.08 (t, 2H), 7.00 (t, 2H)
89 770.28 8.00 (s, 2H), 7.67 (d, 4H), 7.32 (t, 4H), 7.23 (d, 4H), 7.01 (t, 810,
6.62 (t, 4H), 6.52 (d, 4H), 6.46 (d, 8H)
91  616.15 .00 (s, 2H), 7.71 (s, 2H), 7.67 (d, 4H), 7.49-7.48 (m, 4H),
742-T41 (, 410), 7.32 (1, ATD), 7.19 (t, 210, 7.13 (t, 2H)
97 650.09 9.15 (s, 2H), 845 (d, 2H), 7.86 (d, 2H), 7.78-7.72 (6H),
7.53-7.50 (m, 4H), 7.39 (t, 211), 7.33-7.31 (m, 4H)
99 508.06 8.00 (s, 2H), 740-7.37 (t, 611), 7.29 (d, 2H), 6.83 (d, 411), 3.73 (s, 6H)
103 782.19 8.00 (s, 2H), 740 (d, 2H), 7.29 (d, 2H), 7.23 (d, 4H), 7.01 (t, 8H),
6.62 (t, 4H), 6.52 (d, 4H), 6.46 (c, 8H)
109 998.37 8.06 (d, 2H), 8.00 (s, 2H), 7.83 (d, 2H), 7.7 (s, 2H), 7.61 (d, 2H),

7.55-7.52 (t, 4H), 7.46-7.40 (m, 6H), 7.30-7.24 (m, 14H),
7.08-7.00 (m, 4H), 1.73 (s, 12H)
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Comp. LC-MS NMR

115 728.09 8.00 (s, 2H), 7.90 (d, 2H), 7.80 (, 2H), 740 (d, 2H), 7.49-7.42 (t,
6H), 7.30 (m, 4H), 7.19 (t, 4H), 7.13 (t, 2H)

121 768.23 8.81 (s, 2H), 8.55 (d, 2H), 8.00 (s, 2H), 7.97 (s, 2H), 7.55 (d, 4H),
7.44-740 (t, 65), 7.30 (m, 10H), 7.08-7.00 (m, 4H)

Synthesis of Compound 138
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Synthesis Example 12

Synthesis of Intermediate 138b

[0140] Intermediate 138b was synthesized with a yield of
about 58% as in Synthesis Example 6 using the same equiva-
lents of the reactants, except that Intermediate 138a was used
instead of Intermediate 75a. This compound was identified
using LC-MS. C,(H,,Br,S,: M+393.88

Synthesis Example 13

Synthesis of Intermediate 138¢c

[0141] Intermediate 138c was synthesized with a yield of
about 60 as in Synthesis Example 7 using the same equiva-
lents of the reactants, except that Intermediate 138b was used
instead of Intermediate 75b. This compound was identified
using LC-MS. C5,H; NS, M+772.27

Synthesis Example 14

Synthesis of Compound 138

[0142] Compound 138 was synthesized with a yield of
about 91% as in Synthesis Example 8 using the same equiva-
lents of the reactants, except that Intermediate 138¢ was used
instead of Intermediate 75c. This compound was identified
using LC-MS. C,,H, NS : M+772.27

Synthesis of Compounds 129, 130, 146, 154, 155
and 163

[0143] Compounds 129, 130, 146, 154, 155 and 163 were
synthesized as in Synthesis Examples 12 to 14 using the same
equivalents of the reactants as in the synthesis of Compound
138. These compounds were identified using LC-MS and
nuclear magnetic resonance (NMR).

Comp. LC-MS NMR

129 548.07 8.08 (s, 2H),7.90 (d, 2H), 7.80 (d, 2H), 7.67 (d, 4H),
7.40 (s, 2H), 7.32-7.30 (8H)

130 766.24 8.08 (s, 2H), 7.77 (s, 2H), 7.67 (d, 4H), 7.55 (d, 2H),
7.46 (d, 2H), 7.40 (d, 2H), 7.32-7.30 (m, 16H),
7.08 (t, 2H), 7.00 (t, 2H)

138 772.27 9.15 (s, 2H), 8.45 (d, 2H), 7.72 (s, 2H), 7.50 (d, 2H),
7.23 (d, 4H), 7.01 (t, 8H), 6.62 (t, 4H), 6.52 (d, 4H),
6.46 (d, 8H)

Feb. 6, 2014
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Comp. LC-MS NMR

146 660.02 8.08 (s, 2H), 7.86 (d, 21T), 7.78-7.74 (m, 41T),
7.53 (d, 2H), 7.40-7.39 (mn, 4H), 7.33-7.29 (m, 6H)
154 84827 8.08-8.06 (t, 4H), 7.83 (s, 2H), 7.71 (s, 2H),
7.61 (d, 2H), 7.52-741 (m, 12H), 7.24 (1, 2H),
7.19 (t, 2H), 7.13 (t, 2H), 1.73 (s, 12)
155 67617 8.08 (s, 2H), 7.49 (t, 4H), 7.42 (t, 4H), 7.37 (d, 4H),
7.19 (1, 2H), 7.13 (t, 2H), 6.83 (d, 4H), 3.73 (s, 6H)
163 768.23 8.81 (s, 2H),8.55 (d, 2H), 8.08 (s, 2H), 7.97 (d, 2H),
7.55 (d, 4H), 7.44-740 (¢, 6H), 7.30 (m, 10H),
7.08 (t, 2), 7.00 (t, 2H)

Example 1

[0144] To manufacture ananode, a corning 15 &/cm? (1200
A)ITO glass substrate was cutto a size of 50 mmx350 mmx0.7
mm and then sonicated in isopropyl alcohol and pure water
each for five minutes. Then, the substrate was cleaned by
ultrasonication, followed by ultraviolet (UV) irradiation for
about 30 minutes, and washing by exposure to ozone. The
resulting glass substrate was loaded into a vacuum deposition
device.

[0145] 2-TNATA was vacuum-deposited on the ITO glass
substrate to form an HIL having a thickness of 600 A on the
anode, and then NPS was vacuum-deposited on the HIL to
form a HTL having a thickness of 300 A.

[0146] Compound 28 as a host and DPVBI as a blue fluo-
rescent dopant were co-deposited on the HTL in a weight
ratio of about 98:2 to form an EML having a thickness of
about 300 A.

[0147] Alg3 was deposited on the EML to form an ETL
having a thickness of 300.

[0148] LiF was vacuum-deposited on the ETL to form an
EIL having a thickness of about 10 A and Al was vacuum-
deposited on the EIL to form a cathode having a thickness of
about 3000 A, thereby completing the manufacture of an
organic light-emitting device having the LiF/Al electrodes.
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Example 2

[0149] An organic light-emitting device was manufactured
as in Example 1, except that Compound 48 was used instead

E of Compound 28 to form the EML.
N

Example 3

[0150] An organic light-emitting device was manufactured
as in Example 1, except that Compound 88 (as a green phos-
phorescent host) and Irppy (as a green phosphorescent
dopant) were co-deposited in a weight ratio of 91:9 to form an
EML having a thickness of about 300 A, and then, BCP (asa
hole blocking compound) was vacuum-deposited on the
EML to form a HBL having a thickness of about 50 A.

NPB

Example 4

O [0151] An organic light-emitting device was manufactured
as in Example 3, except that Compound 91 was used instead
Q of Compound 88 to form the EML.

Example 5

[0152] An organic light-emitting device was manufactured

DNA as in Example 1, except that DNA was used instead of Com-
pound 28 to form the EML, and Compound 75 was used
instead of NPB to form the HTL.

Example 6

[0153] An organic light-emitting device was manufactured
as in Example 5, except that Compound 89 was used instead
of Compound 75 to form the HTL.

[0154] An organic light-emitting device was manufactured
DPVBi as in Example 1, except that Compound 75 was used instead
of NPB to form the HTL.
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[0155] An organic light-emitting device was manufactured

as in Example 1, except that Compound 89 was used instead
of NPB to form the HTL.

Comparative Example 1

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

Comparative Example 2

[0157] An organic light-emitting device was manufactured
as in Example 3, except that CBP was used instead of Com-
pound 88 to form the EML.

Feb. 6, 2014
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Evaluation Example

[0158] Driving voltage, luminance, luminescent efficiency,
and lifetime of the organic light-emitting devices of
Examples 1 to 8 and Comparative Examples 1 and 2 were
measured using a PR650 (Spectroscan) source measurement
unit (available from PhotoResearch, Inc.). The results are
shown in Table 1 below. light-emitting material or an elec-
tron-transporting material, and thus has high efficiency, low
voltage, high luminance, and a long lifetime, as compared
with existing light-emitting devices.

[0165] According to embodiments, an organic light-emit-
ting display apparatus including the organic light-emitting

TABLE 1

Driving  Current Luminescent

voltage  density =~ Luminance efficiency (cd/ Emission T95 lifetime
Example V) (mAlem?)  (edm?) A) color (hr @100 mA/em?)
Example 1 6.11 50 2,283 4.57 blue 28
Example 2 6.08 50 2,237 4.47 blue 31
Example 3 537 50 17,353 34.7 blue 88
Example 4 5.63 50 18,409 36.8 blue 0
Example 5 6.27 50 2,258 4.52 blue 29
Example 6 6.31 50 2,345 4.69 blue 27
Example 7 6.29 50 2,381 4.76 blue 34
Example 8 6.15 50 2,404 4.81 blue 32
Comp. 735 50 1,522 3.04 blue 15
Example 1
Comp. 6.8 50 10,902 21.8 green 60
Example 2
[0159] Referring to Table 1, the organic light-emitting device may have an increased lifetime and increased power

devices of Examples 1 to 8 are found to have lower driving
voltages, greatly improved luminescent efficiency, and
remarkable improvements in luminance and lifetime, as com-
pared with the organic light-emitting device of Comparative
Example 1.

[0160] In particular, the organic light-emitting device of
Example 8 had a lower driving voltage by about 0.8V, and a
higher luminescent efficiency by about 160%, as compared
with the organic light-emitting device of Comparative
Example 1.

[0161] The organic light-emitting device of Example 4 had
a lower driving voltage by about 1.1V, a higher luminescent
efficiency by about 170%, and about 1.5 times longer life-
time, as compared with the organic light-emitting device of
Comparative Example 2.

[0162] Therefore, the organic light-emitting devices of
Examples 1 to 8 are found to have high efficiency, low volt-
age, high luminance, and long lifetimes, as compared with
existing organic light-emitting devices.

[0163] According to the one or more embodiments, the
heterocyclic compounds of Formula 1 above may have a glass
transition temperature that is high enough to prevent crystal-
lization, and improved electrical characteristics, high charge
transport capability, and high emission capability. The het-
erocyclic compound of Formula 1 may be used as a light-
emitting material in any color, such as red, green, blue, or
white, or as an electron transporting material for fluorescent
or phosphorescent organic light-emitting devices, and exhib-
its improved light-emitting characteristics.

[0164] According to the one or more embodiments of the
present invention, the organic light-emitting device may
include the heterocyclic compound of Formula 1 above as a

efficiency with reduced power consumption.
[0166] While the present invention has been illustrated and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes may be made to the described embodiments
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:

. Formula 1
R, :CRY
oA X, A
) Q O -
Rg RS
:‘ B, R R¢ B, ,‘I
wherein:
X, is an oxygen atom (—O—) or a sulfur atom (—S—);
and

R, to Ry are each independently one of a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, an amino group, a nitro group, a carboxyl
group, a substituted or unsubstituted C,-C5,, alkyl group,
a substituted or unsubstituted C,-C,, alkenyl group, a
substituted or unsubstituted C,-C,, alkynyl group, a
substituted or unsubstituted C,-C,, alkoxy group, a sub-
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stituted or unsubstituted C;-C, cycloalkyl group, a sub-
stituted or unsubstituted C,-C;,, cycloalkenyl group, a
substituted or unsubstituted C4-C,, aryl group, a substi-
tuted or unsubstituted C4-C,, aryloxy group, a substi-
tuted or unsubstituted C-C,,, arylthio group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group, or a

—N(Q,)(Q,) group,

wherein Q, and Q, are each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, an amino group, a
nitro group, a carboxyl group, a substituted or unsub-
stituted C,-C,,, alkyl group, a substituted or unsubsti-
tuted C,-Cjqalkenyl group, a substituted or unsubsti-
tuted C,-C;, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-Cs,, cycloalkyl group, a substituted
or unsubstituted C,-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C,-C,, aryloxy group, a substituted
or unsubstituted Cg4-C,,, arylthio group, or a substi-
tuted or unsubstituted C,-Cs, heteroaryl group, and

wherein adjacent R, to R, groups optionally bind
togetherto formaring A, and aringA,, or adjacent R
to R groups optionally bind together to form aring B,
andaring B,, wherein thering A |, the ring A, the ring
B,, and the ring B, are each independently one of a
substituted or unsubstituted C4-C;, aromatic ring or a
substituted or unsubstituted C,-C,, heteroaromatic
ring.

2. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is a compound represented by For-
mula 2a or 2b:

pags e

Ry

Formula 2a

R¢

Formula 2b

Ry Rz

3. The heterocyclic compound of claim 2, wherein the ring
A, and the ring B, are each independently one of a substituted
or unsubstituted benzene ring, a substituted or unsubstituted
anthracene ring, a substituted or unsubstituted phenanthrene
ring, asubstituted or unsubstituted fluorene ring, a substituted
or unsubstituted pyridine ring, a substituted or unsubstituted
carbazole ring, a substituted or unsubstituted thiophene ring,
a substituted or unsubstituted dibenzothiophene ring, or a
substituted or unsubstituted dibenzofuran ring.

4. The heterocyclic compound of claim 2, wherein the ring
A and thering B, are each independently a group represented
by one of Formulae 3a to 3f:

42
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Formula 3a
(|Zl)p
/ '\
/
Formula 3b
@)y
/=
N 13
./
Formula 3¢
¢ v,
" Formula 3d
Formula 3e
Formula 3f

wherein:

7, to 7, are each independently one of a hydrogen atom, a
deuterium atom, a halogen atom, a cyano group, a sub-
stituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
propyl group, a substituted or unsubstituted butyl group,
a substituted or unsubstituted phenyl group, or a substi-
tuted or unsubstituted biphenyl group;

p and q are each independently an integer of from 2 to 4;
and

* indicates a binding site of the ring A, or ring B, to the
heterocyclic compound.

5. The heterocyclic compound of claim 2, wherein the ring
A and thering B, are each independently a group represented
by one of Formulae 4a to 4f:

Formula 4a

/ N\
/

*
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Formula 4b
N *
\\_ */
Formula 4¢
N
\ %k
\_/
Formula 4d
Formula 4e
Formula 4f

wherein * indicates a binding site of the ring A orring B,

to the heterocyclic compound.

6. The heterocyclic compound of claim 2, wherein R | to Rq
are each independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a cyano group, a substituted or unsub-
stituted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted anthryl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted pyrenyl group, a substituted or unsubstituted chrysenyl
group, a substituted or unsubstituted naphthacenyl group, a
substituted or unsubstituted fluorenyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
bipyridinyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted pyrimidinyl group, a
substituted or unsubstituted pyridazinyl group, a substituted
or unsubstituted carbazolyl group, a substituted or unsubsti-
tuted benzothiophenyl group, a substituted or unsubstituted
dibenzothiophenyl group, a substituted or unsubstituted
dibenzofuranyl group, or a group represented by -ph-N(Q;)
(Qa);

wherein Q, and Q, are each independently one of a substi-

tuted or unsubstituted C4-C,, aryl group or a substituted
or unsubstituted C,-C;, heteroaryl group.

7. The heterocyclic compound of claim 2, wherein R , R,
R; and Ry are each independently one of a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted fluorenyl
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group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted carbazolyl group, a substituted or
unsubstituted benzothiopheny! group, a substituted or unsub-
stituted di benzothiophenyl group, a substituted or unsubsti-
tuted dibenzofuranyl group, or a group represented by -ph-N

(ph)(ph); and

R,,R;, R and R, are each independently a hydrogen atom
or a deuterium atom.

8. The heterocyclic compound of claim 7, wherein R |, R,
R, and R, are each independently a group represented by one
of Formulae 5a to 5g:

\ Formula Sa
(|Z1 1
Formula 5b
(|Zl Dr
<_\*
Formula ¢
Formula 5d
(Z12)s
Formula Se
(Z13); (Zlgr\/*
@\ U
\ N \
(Z12)s
7 |
AN
Formula 5f
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Formula 5g

wherein:

Z,, and Z,; are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
0Xy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted propoxy group, a substi-
tuted or unsubstituted butoxy group, a substituted or
unsubstituted phenyl group, or a substituted or unsub-
stituted biphenyl group;

1, s, and t are each independently an integer from 1 to 5; and

* indicates a binding site of R;, R,, R5 and Ry to the
heterocyclic compound.

9. The heterocyclic compound of claim 7, wherein R , R,
R, and R are each independently a group represented by one
of Formulae 6a to 6g:

Formula 6a
Formula 6b
/7 \_,
N—
Formula 6¢
*
g
Formula 6d

%
QO
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-continued
Formula 6e
E3
iN

Formula 6f

&

%
Formula 6g

*

0

wherein indicates a binding site of R |, R, R and R to the
heterocyclic compound.

10. The heterocyclic compound of claim 1, wherein the
heterocyclic compound is one of Compounds 1 to 168:

1

(0]

O‘

MeO O
Lo

—=
\
N

OMe

0}

o
&
o

/ N
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167

11. An organic light-emitting device comprising a first
electrode, a second electrode facing the first electrode, and an
organic layer between the first electrode and the second elec-
trode, the organic layer comprising the heterocyclic com-
pound of claim 1.

12. The organic light-emitting device of claim 11, wherein
the organic layer comprises at least one of a hole injection
layer, a hole transport layer, a functional layer having both
hole injection and hole transport capabilities, a buffer layer,
an emission layer, a hole blocking layer, an electron transport
layer, an electron injection layer, and/or a functional layer
having both electron injection and electron transport capa-
bilites.
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13. The organic light-emitting device of claim 11, wherein
the organic layer comprises at least one of a hole injection
layer, a hole transport layer, and/or a functional layer having
both hole injection and hole transport capabilities, and at least
one of the hole injection layer, the hole transport layer, and/or
the functional layer having both hole injection and hole trans-
port capabilities comprises the heterocyclic compound.

14. The organic light-emitting device of claim 13, wherein
at least one of the hole injection layer, the hole transport layer,
and/or the functional layer having both hole injection and
hole transport capabilities further comprises a charge-gener-
ating material, and the charge-generating material is at least
one of a quinone derivative, a metal oxide, and/or a cyano
group-containing compound.

15. The organic light-emitting device of claim 11, wherein
the organic layer comprises at least one of an electron injec-
tion layer, an electron transport layer, and/or a functional
layer having both electron injection and electron transport
capabilities, and at least one of the electron injection layer, the
electron transport layer, and/or the functional layer having
both electron injection and electron transport capabilities
comprises the heterocyclic compound.

16. The organic light-emitting device of claim 11, wherein
the organic layer comprises an emission layer, and the emis-
sion layer comprises the heterocyclic compound.

17. The organic light-emitting device of claim 16, wherein
the heterocyclic compound is a fluorescent or phosphorescent
host.

18. The organic light-emitting device of claim 16, wherein
the heterocyclic compound is a fluorescent dopant.

19. The organic light-emitting device of claim 11, wherein
the organic layer comprises at least one of an emission layer,
an electron injection layer, an electron transport layer, and/or
a functional layer having both electron injection and electron
transport capabilities, wherein at least one of the electron
injection layer, the electron transport layer, and/or the func-
tional layer having both electron injection and electron trans-
port capabilities comprises the heterocyclic compound; and
the emission layer comprises an arylamine compound.

20. An organic light-emitting display apparatus compris-
ing: a transistor comprising a source, a drain, a gate, and an
active layer; and the organic light-emitting device according
to ¢laim 11, wherein one of the source and the drain of the
transistor is electrically connected to the first electrode of the
organic light-emitting device.

# 0k % k&
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