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(7) ABSTRACT

A condensed cyclic compound is represented by Formula 1.
An organic light-emitting device includes the condensed
cyclic compound represented by Formula 1.

Formula 1

R3

X, Y,,Y,, A,B,and R, of Formula | are described herein. An
organic light-emitting device including an organic layer
including the condensed cyclic compound may have low
driving voltage, high efficiency. high brightness, and long
lifespan.
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CONDENSED CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0016791, filed on
Feb. 13, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present disclosure
relate to a condensed cyclic compound and an organic light-
emitting device including the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emitting devices that have wide viewing angles, high contrast
ratios, short response times, and excellent brightness, driving
voltage, and response speed characteristics, and produce full-
color images.

[0006] An OLED may include a first electrode on a sub-
strate, and a hole transport region, an emission layer, an
electron transport region, and a second electrode, which are
sequentially on the first electrode. Holes provided from the
first electrode may move toward the emission layer through
the hole transport region, and electrons provided from the
second electrode may move toward the emission layer
through the electron transport region. Carriers, such as holes
and electrons, are recombined in the emission layer to pro-
duce excitons. These excitons change (or transition) from an
excited state to a ground state, thereby generating light.
[0007] As a material for a green emission layer and a red
emission layer, a compound having a structure in which a
6-membered hetero ring is connected to a carbazole deriva-
tive may be used (utilized).

SUMMARY

[0008] One or more aspects of embodiments of the present
disclosure are directed toward a novel condensed cyclic com-
pound and an organic light-emitting device including the
same.

[0009] Anembodiment ofthe present disclosure provides a
condensed cyclic compound represented by Formula 1:

Formula 1

R3
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[0010] where in Formula 1,

[0011] X is an oxygen atom (O) or a sulfur (S) atom;
[0012] Y, and Y, are each independently a nitrogen (N)
atom or —CRg;:

[0013] C, and C, are each a carbon (C) atom;

[0014] ring A is a benzene ring represented by Formula 1A,

where 3 to 6 in Formula 1A are reference numbers and two of
the reference numbers 3 to 6 correspond to respective carbon
atoms included in ring B;

Formula 1A
3 Rg
oA
)
NS
6 Ry
[0015] the ring B is an indole ring represented by Formula

1B, where 7 and 8 in Formula 1B are reference numbers, each
of which corresponds to a carbon atom included in ring A;

Formula 1B

Rp Ry

[0016] R, to R, are each independently selected from a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C,-C, , alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C;-C, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubstituted
C;-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Csq aryl group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted C4-C,, ary-
loxy group, a substituted or unsubstituted C4-C,, arylthio
group, a monovalent C,-C,, non-aromatic condensed poly-
cyclic group, —Si(Q,)(Q,)(Q3), and —B(Q.)(Qs),

[0017] at least one substituent of the substituted C,-C,
alkyl group, the substituted C,-C, , alkenyl group, the substi-
tuted C,-C,,, alkynyl group, the substituted C,-C,, alkoxy
group, the substituted C;5-C,, cycloalkyl group, the substi-
tuted C5-C, , cycloalkenyl group, the substituted C,-C, , het-
erocycloalkyl group, the substituted C,-C, , heterocycloalk-
enyl group, the substituted C4-C,,, aryl group, the substituted
C,-C4, heteroaryl group, the substituted C,-C,, aryloxy
group, and the substituted C,-C,, arylthio group is selected
from:

[0018] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
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amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C;, alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, and a C,-C,, alkoxy group;

[0019] a C,-C,, alkyl group, a C,-C;, alkenyl group, a
C,-C,, alkynyl group, and a C, -C,, alkoxy group, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C,-C |, cycloalkyl group, a C,-C, , hetero-
cycloalkyl group, a C5-C, , cycloalkenyl group, a C5-C, , het-
erocycloalkenyl group, a C4-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,, aryloxy group, a C,-C;, arylthio
group, a monovalent C4-C;, non-aromatic condensed poly-
cyclic group, —N(Q;;)(Q,5), —Si(Q13)(Q14)(Q5), and
—B(Q16)(Q17):

[0020] a C;-C,, cycloalkyl group, a C5-C,,, cycloalkenyl
group, a C;-C, , heterocycloalkyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-C;, aryl group, a C,-C;,, heteroaryl
group, a C¢-C,, aryloxy group, a C4-C,,, arylthio group, and
a monovalent C,-C;, non-aromatic condensed polycyclic
group;

[0021] a C;-C,, cycloalkyl group, a C5-C,,, cycloalkenyl
group, a C;-C, , heterocycloalkyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-C;, aryl group, a C,-C;,, heteroaryl
group, a C4-Cy, aryloxy group, a Cy-Cs, arylthio group, and
a monovalent C,-C,, non-aromatic condensed polycyclic
group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,,, alkyl group,
a C,-C,, alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C,-C, , heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C,-C,, aryl group, a C,-Cy, het-
eroaryl group, a C4-C,, aryloxy group, a C4-C,y, arylthio
group, a monovalent C4-C;, non-aromatic condensed poly-
cyclic group, —N(Q,1)(Q22). —Si(Q23)(Q24)(Qys), and
—B(Qy6)(Qs;); and

[0022] —Si(Q31)(Q3:)(Q53) and —B(Q34)(Qs5), and

[0023] Q10 Qs5,Q;;10Q,7,Q,; 10 Qyy, and Qs to Q5 are
each independently selected from a hydrogen atom, a C,-Cs,

alkyl group, a C,-C;, alkenyl group, a C,-C5, alkynyl group,
a C,-C,, alkoxy group, a C,-C, , cycloalkyl group, a C;-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,,, heterocycloalkenyl group, a Cy4-C,,, aryl group, a
C,-C5, heteroaryl group, and a monovalent C4-C;, non-aro-
matic condensed polycyclic group.

[0024] According to another embodiment of the present
disclosure, an organic light-emitting device includes: a first
electrode; a second electrode facing the first electrode; and an
organic layer between the first and second electrodes and
including an emission layer, the organic layer including at
least one of the condensed cyclic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and/or other aspects of the present dis-
closure will become apparent and more readily appreciated
by reference to the following description when considered
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together with the accompanying drawing, which is a sche-
matic view of an organic light-emitting device according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] Reference will now be made to certain embodi-
ments of the present disclosure, an example of which is illus-
trated in the accompanying drawing. As those skilled in the art
would recognize, the described embodiments may be modi-
fied in many ways and, therefore, should not be construed as
limiting. Accordingly, the embodiments are described below,
by referring to the figures, merely to explain aspects of the
present description. Expressions such as “at least one,” when
preceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

[0027] A condensed cyclic compound according to an
embodiment of the present disclosure is represented by For-
mula 1:

Formula 1
Rs
)§ Y,
X I
=Y
R
N\
R, //C z
C] i e
R3
Ry
[0028] where in Formula 1,
[0029] X is an oxygen atom (O) or a sulfur (S) atom;
[0030] Y, andY, may be each independently anitrogen (N)
atom or —CRg;
[0031] C, and C, may be each a carbon (C) atom;
[0032] ring A may be a benzene ring represented by For-

mula 1A, where 3 to 6 in

[0033] Formula 1A are reference (or indication) numbers
and two of the reference numbers 3 to 6 correspond to respec-
tive carbon atoms included in ring B. For example, the refer-
ence numbers 3 to 6 may be used (utilized) to distinguish a
binding site in Formula 1A.

Formula 1A

[0034] the ring B may be an indole ring represented by
Formula 1B, where 7 and 8 in Formula 1B are reference (or
indication) numbers, each of which corresponds to a carbon
atom included in the ring A. For example, the reference num-
bers 7 and 8 may be used to distinguish a binding site in
Formula 1B, and a binding region between the reference
numbers 7 and 8 may be condensed into the ring A.
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Formula 1B

8 N Rg

Ry
Ry

[0035] R, to R,; may be each independently selected from
a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C, , alkynyl group, a substituted or
unsubstituted C, -C, , alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, cycloalkenyl group, a substituted or unsubstituted
C;-C, heterocycloalkyl group, a substituted or unsubstituted
C;-C,,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted C,-C;,
heteroaryl group, a substituted or unsubstituted C;-C,, ary-
loxy group, a substituted or unsubstituted C4-C;, arylthio
group, a monovalent C,-C,, non-aromatic condensed poly-
cyclic group (non-aromatic condensed polycyclic group),
—Si(Q )(Q2)(Q3), and —B(Q,)(Qs).

[0036] Here, at least one substituent of the substituted
C,-C,, alkyl group, the substituted C,-C,, alkenyl group, the
substituted C,-C,, alkynyl group, the substituted C,-C,,
alkoxy group, the substituted C;-C,,, cycloalkyl group, the
substituted C;-C,, cycloalkenyl group, the substituted
C;-C,, heterocycloalkyl group, the substituted C,-C,, het-
erocycloalkenyl group, the substituted C4-C,, aryl group, the
substituted C,-C;, heteroaryl group, the substituted C,-C;,
aryloxy group, and the substituted C4-C,,, arylthio group may
be selected from:

[0037] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C;, alkyl group, a C,-C,,, alkenyl group, a C,-C,, alkynyl
group, and a C,-C;, alkoxy group;

[0038] a C,-C,, alkyl group, a C,-C,, alkenyl group,
C,-C5, alkynyl group, and a C, -C, alkoxy group, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C;-C |, cycloalkyl group, a C5-C, , hetero-
cycloalkyl group, a C,-C, , cycloalkenyl group, a C,-C, , het-
erocycloalkenyl group, a C4-C,, aryl group, a C,-C,, het-
eroaryl group, a C4-C,, aryloxy group, a C4-Cs, arylthio
group, a monovalent C,-C,, non-aromatic condensed poly-
cyclic group, —N(Q,;)(Qy2): —Si(Q13)(Q14)(Q5), and
—B(Q16)(Q17);

[0039] a C;-C,, cycloalkyl group, a C,-C,,, cycloalkenyl
group, a C;-C, , heterocycloalkyl group, a C;-C,, heterocy-
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cloalkenyl group, a C4C,, aryl group, a C,-C,, heteroaryl
group, a C¢-C; aryloxy group, a C4-Cy arylthio group, and
a monovalent C,-C,, non-aromatic condensed polycyclic
group;
[0040] a C;-C,, cycloalkyl group, a C5-C,,, cycloalkenyl
group, a C;-C , heterocycloalkyl group, a C5-C,, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C,-C,, heteroaryl
group, a C¢-C;, aryloxy group, a C4-Cy, arylthio group, and
a monovalent C,-C,, non-aromatic condensed polycyclic
group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C5,, alkyl group,
a C,-C,, alkenyl group, a C,-C,, alkynyl group, a C,-Cs,
alkoxy group, a C;-C, , cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C5-C |, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C,-C;, aryl group, a C,-Cj,, het-
eroaryl group, a Cy-C;, aryloxy group, a Cq-Cs, arylthio
group, a monovalent C,-C,, non-aromatic condensed poly-
cyclic group, —N(Q,1)(Qa2): —Si(Q23)(Q24)(Qss), and
EB(Qzﬁ)(Qy); and —Si(Q;,)(Q5,)(Q33) and —B(Qs,)
35)-
[0041] Here, Q, to Qs5, Q,; 10 Q,;, Qy 10 Q,;, and Q5 to
Q5 may be each independently selected from a hydrogen
atom, a C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-Cy,
alkynyl group, a C,-C,, alkoxy group, a C5-C,, cycloalkyl
group, a C;-C,, heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C5-C, , heterocycloalkenyl group, a C4-Csq aryl
group, a C,-C,, heteroaryl group, and a monovalent C4-Cs,
non-aromatic condensed polycyclic group.
[0042] The ring B may be condensed into one of a binding
region between the reference (or indication) numbers 3 and 4
of the ring A, a binding region between the reference (or
indication) numbers 4 and 5 of the ring A, and a binding
region between the reference (or indication) numbers 5 and 6
of the ring A. For example, the ring B may be condensed to
include the carbon atoms corresponding to the reference
numbers 3 and 4, the carbon atoms corresponding to the
reference numbers 4 and 5, or the carbon atoms correspond-
ing to the references numbers 5 and 6 of the Ring A.
[0043] In some embodiments, the rings A and B

may include a group (e.g., be formed of a compound) repre-
sented by any one of Formulae 2A to 2F:

<Formula 2A>
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-continued
<Formula 2B>

Ru

<Formula 2C>

<Formula 2D>

<Formula 2E>

R»
Ry
/ 10
Ry
Rg /N
Rl3 RIZ

<Formula 2F>

[0044]

[0045] R, toR,; may be each independently selected from
a hydrogen atom, a substituted or unsubstituted C,-C,,, aryl
group, and a substituted or unsubstituted C,-C;,, heteroaryl
group, and

where in Formulae 2A to 2F,
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[0046] atleastone substituent of the substituted C4-C;, aryl
group and the substituted C,-C;, heteroaryl group may be
selected from a C4-C,,, aryl group and a C,-C,, heteroaryl
group.

[0047] In Formulae 2A to 2F, R, may not be a hydrogen
atom. For example, R, ; may be selected from a substituted or
unsubstituted C4-C,, aryl group, and a substituted or unsub-
stituted C,-C, heteroaryl group, and at least one substituent
of the substituted C,-C,, aryl group and the substituted
C,-Cs, heteroaryl group may be selected from a C4-C, 4 aryl
group and a C,-C,,, heteroaryl group.

[0048] In Formulae 2A to 2F, R, to R, ; may be each inde-
pendently selected from ahydrogen atom, a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl function, a fluoranthenyl group, a pyrenyl
group, abenzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, a picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, apyridazinyl group, a triazinyl group, a pyranyl group,
a thiophenyl group, a thiazolyl group, an isothiazolyl group,
athiopyranyl group, an indolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridiny! group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenaziny! group, a dibenzosilolyl group, a
dibenzothiophenyl group, and a benzocarbazolyl group;
[0049] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, and a decy! group, each substi-
tuted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
and an amino group; and

[0050] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, an indacenyl
group, an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl function, a fluoranthenyl group, a pyrenyl
group, a benzofluorenyl group, a naphthacenyl group, a chry-
senyl group, a triphenylenyl group, a terphenyl group, a
perylenyl group, an picenyl group, a hexacenyl group, a spiro-
fluorenyl group, a pyrrolyl group, a furyl group, a pyrazolyl
group, an imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a pyridyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, pyranyl group,
a thiophenyl group, a thiazolyl group, an isothiazolyl group,
athiopyranyl group, anindolyl group, an isoindolyl group, an
indolizinyl group, a benzofuryl group, an isobenzofuryl
group, an indazolyl group, a benzimidazolyl group, a benzox-
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azolyl group, a benzisoxazolyl group, an imidazopyridyl
group, a purinyl group, a quinolyl group, an isoquinolyl
group, a phthalazinyl group, a quinazolinyl group, a quinox-
alinyl group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a carbazolyl
group, a benzocarbazolyl group, a pyridoindolyl group, a
dibenzofuryl group, a phenanthridinyl group, a benzo-
quinolyl group, a phenazinyl group, a dibenzosilolyl group, a
dibenzothiophenyl group, and a benzocarbazolyl group, each
substituted with at least one selected from a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, and a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkenyl group, a C,-C,, alkynyl group. a C,-C,,
alkoxy group, a C;-C, , cycloalkyl group, a C,-C, ; heterocy-
cloalkyl group, a C4-C,, cycloalkenyl group, C,-C,, hetero-
cycloalkenyl group, a C4-C,, aryl group, a C,-C;, heteroaryl
group, a C5-C,, aryloxy group, a C5-C, arylthio group, and
—S1(Q5,)(Q12)(Qs5) (Where, Q5 to Q33 may be each inde-
pendently selected from a hydrogen atom, a C,-C,,, alkyl
group, a C,-C,, alkoxy group, and a C,-C,, aryl group),
where R and R ; may not be a hydrogen.

[0051] For example, R, to R, and R, to R, may be each
independently selected from a hydrogen atom and a com-
pound represented by one of Formulae 3A to 3C, and R and
R,; may be each independently selected from a compound
represented by one of Formulae 3A to 3C:

<3A>
(Zl l)m_
s
3B>
(% l)h_
\ 2.
30>

(2] ,N:\
3
\ 2

[0052] where in Formulae 3A to 3C,

[0053] Z,, may be selected from a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
Cs-Cy aryl group, a C,-Cy, heteroaryl group, and —Si(Q;,)
(Q5,)(Q;5) (where Q,, to Q,; may be each independently
selected from a hydrogen atom, a C,-C,, alkyl group, a
C,-C,, alkoxy group, and a C4-C,, aryl group), and

[0054] pl may be selected from an integer of 1 to 5,
[0055] p2 may be selected from an integer of 1 to 4,
[0056] p3 may be selected from an integer of 1 to 3, and
[0057] * may be (or correspond to) a binding site.

[0058] For example, R, to R, and R, to R;, may be each
independently selected from a hydrogen and a compound
represented by one of Formulae 4A to 4M, and

[0059] R and R,; may be each independently selected
from a compound represented by one of Formulae 4A to 4M.
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<4A>

<4B>

<4C>

<4D>

<4F>

<4F>

<4G>

<4H>

<AI>

<4]>
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-continued
<4K>
N—
(O~
| <AL>
=
<AM>

[0060] According to an embodiment, in Fornula 1, X may
be a sulfur (S) atom, Y, may be a nitrogen (N) atom, and Y,
may be —CRg.

[0061] According to another embodiment of the present
disclosure, in Formula 1, X may be a S atom, Y, may be
—CR;, and Y, may be a N atom.

[0062] According to another embodiment of the present
disclosure, in Formula 1, X may be an oxygen (O) atom, Y,
may be a N atom, and Y, may be —CR.

[0063] According to another embodiment, in Formula 1, X
may be an O atom, Y, is —CRg, and Y, may be a N atom.
[0064] In some embodiments, the condensed cyclic com-
pound of Formula 1 may be represented by Formulae 1-1 to
1-6:

Formula 1-1
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Formula 1-6

[0065] InFormulael-1to1-6,X,Y,, andY, may beunder-
stood by referring to the description thereof with respect to
Formula 1.

[0066] InFormulae 1-1to 1-6,R, to R, and R, to R, may
be each independently selected from a phenyl group, a
pyridyl group, and a pyrimidinyl group, each substituted with
at least one selected from a hydrogen atom, a phenyl group, a
pyridyl group, and a pyrimidinyl group; and a phenyl group,
a pyridyl group, a pyrimidinyl group, and a carbazolyl group.
[0067] Rs and R,; may be each independently selected
from a phenyl group, a pyridyl group, and a pyrimidinyl
group, each substituted with at least one selected from a
phenyl group, a pyridy! group, and a pyrimidinyl group; and
a phenyl group, a pyridyl group, a pyrimidinyl group, and a

carbazolyl group.

[0068] The condensed cyclic compound of Formula 1 may
be any one of Compounds 1 to 159:
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[0069] The condensed cyclic compound of Formula 1 in
which an indole group is condensed into (or fused with) a
carbazole group and in which a pentagonal hetero ring includ-
ing a N atom and a S atom or an O atom is introduced to (or
bonded to) aN atom of the carbazole group has enhancements
(or advantages) in that electrons within the condensed cyclic

34
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compound (or organic molecules) may be balanced by main-
taining a main skeleton ofthe condensed cyclic compound (or
organic molecules), and accordingly may improve (or opti-
mize) performance of the OLED. Therefore, the OLED
including the condensed cyclic compound of Formula 1 may
have a low driving voltage, high efficiency, high brightness,
and long lifespan.

[0070] The condensed cyclic compound of Formula 1 may
be synthesized by using (utilizing) any suitable organic syn-
thesis method used in the art. A synthesis method of the
condensed cyclic compound should be apparent to one of
ordinary skillin the art in view ofthe following embodiments.
[0071] The condensed cyclic compound of Formula 1 may
be used (utilized) between a pair of electrodes of an OLED.
For example, the condensed cyclic compound may be
included in a hole transport region, such as, for example, a
hole transport layer. Accordingly, an OLED according to an
embodiment of the present disclosure includes: a first elec-
trode; a second electrode facing the first electrode; and an
organic layer between the first and second electrodes and
including an emission layer, the organic layer including at
least one of the condensed cyclic compound.

[0072] The expression “(an organic layer) includes (or
including) at least one of the condensed cyclic compound”
used herein includes a case in which “(an organic layer)
includes one condensed cyclic compound of Formula 1 and a
case in which (an organic layer) includes two or more differ-
ent condensed cyclic compounds of Formula 1.

[0073] Forexample, the organic layer may include only one
of the condensed cyclic compound described herein. In this
regard, the only one of the condensed cyclic compound may
exist in an emission layer of an OLED, an electron transport
layer or a hole transport layer of an OLED. In another
embodiment of the present disclosure, the organic layer may
include, two of the condensed cyclic compounds described
herein, the two condensed cyclic compounds having different
structures relative to one another. In this regard, the two
different condensed cyclic compounds may exist in a same
(or an identical) layer (for example, the two different con-
densed cyclic compounds may both be present in an emission
layer), or different layers (for example, one of the two differ-
ent condensed cyclic compounds may be present in an emis-
sion layer and the other of the two different condensed cyclic
compounds may be present in an electron transport layer).
[0074] The organic layer may further include a hole trans-
port region between the first electrode and the emission layer;
and an electron transport region between the emission layer
and the second electrode. The electron transport region may
include at least one selected from a hole blocking layer, an
electron transport layer, and an electron injection layer. The
hole transport region may include at least one selected from
an electron blocking layer, a hole transport layer, and a hole
injection layer.

[0075] The emission layer may include the condensed
cyclic compound of Formula 1 above.

[0076] The electron transport region may include the con-
densed cyclic compound of Formula 1 above. For example,
the electron transport region may include the electron trans-
port layer including the condensed cyclic compound of For-
mula 1.

[0077] Theexpression “organic layer” used herein refers to
asingle layer and/or a plurality of layers between the first and
second electrodes ofan OLED. A material of the “the organic
layer” is not limited to an organic material. For example, the
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organic layer may include inorganic materials or compounds
in addition to organic materials or compounds.

[0078] The accompanying drawing is a schematic view of
an OLED 10 according to an embodiment of the present
disclosure. The OLED 10 includes a substrate 11, a first
electrode 13, an organic layer 15, and a second electrode 17.
[0079] Hereinafter, the structure of an OLED according to
an embodiment of the present disclosure and a method of
manufacturing an OLED, according to an embodiment of the
present disclosure, will be described in connection with the
accompanying drawing.

[0080] The substrate 11 may be a glass substrate or a trans-
parent plastic substrate, each with excellent mechanical
strength, thermal stability, transparency, surface smoothness,
ease of handling, and water repellency.

[0081] The first electrode 13 may be formed by depositing
or sputtering a material for forming the first electrode 13 on
the substrate 11. When the first electrode 13 is an anode, the
material for the first electrode 13 may be selected from mate-
rials with a high work function to allow holes to be easily
injected. The first electrode 13 may be a reflective electrode or
a transmissive electrode. The material for the first electrode
may be a transparent and highly conductive material, and
examples of such a material include indium tin oxide (ITO),
indium zinc oxide (IZO), tin oxide (Sn0O,), and zinc oxide
(Zn0O). When the first electrode 13 is a semi-transmissive
electrode or a reflective electrode, a material for forming the
first electrode 13 may include at least one selected from
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
L1), calcium (Ca), magnesium-indium (Mg—In), and mag-
nesium-silver (Mg—Ag).

[0082] The first electrode 13 may have a single-layer struc-
ture, or a multi-layer structure including two or more layers.
For example, the first electrode 110 may have a three-layered
structure of ITO/Ag/ITO, but the structure of the first elec-
trode 120 is not limited thereto.

[0083] The organic layer 15 is on the first electrode 13. The
organic layer 15 may include an emission layer.

[0084] The organic layer 15 may further include a hole
transport region between the first electrode 13 and the emis-
sion layer, and an electron transport region between the emis-
sion layer and the second electrode 17.

[0085] The hole transport region may include at least one
selected from a hole injection layer (HIL), a hole transport
layer (HTL), a buffer layer, and an electron blocking layer
(EBL), and the electron transport region may include at least
one selected from a hole blocking layer (HBL), an electron
transport layer (ETL), and an electron injection layer (EIL),
but the hole transport region and the electron transport region
are not limited thereto.

[0086] Thehole transport region may have a single-layered
structure formed of a single material, a single-layered struc-
ture formed of different materials, or amulti-layered structure
having a plurality of layers formed of different materials.
[0087] For example, the hole transport region may have a
single-layered structure formed of different materials, or a
structure of HIL/HTL, a structure of HIL/HTL/buffer layer, a
structure of HIL/buffer layer, a structure of HTL/buffer layer,
or a structure of HIL/HTL/EBL, but the structures are not
limited thereto.

[0088] When the hole transport region includes a HIL, the
HIL may be formed on the first electrode 13 by using (utiliz-
ing) various suitable methods, such as vacuum deposition,
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spin coating, casting, a Langmuir-Blodgett (LB) method, ink-
jet printing, laser-printing, or laser-induced thermal imaging
(LITI)

[0089] When a HIL is formed by vacuum deposition, for
example, the vacuum deposition may be performed at a depo-
sition temperature of about 100° C. to about 500° C., at a
vacuum degree of about 10* to about 1073 torr, and at a
deposition rate of about 0.01 to about 100 A/sec in consider-
ation of a composition of the compound to be deposited for
the HIL, and the structure of the HIL to be formed.

[0090] When a HIL is formed by spin coating, the spin
coating may be performed at a coating rate of about 2,000 rpm
to about 5,000 rpm, and at a temperature of about 80° C. to
200° C. in consideration of a composition of the compound to
be deposited for the HIL, and the structure of the HIL to be
formed.

[0091] When the hole transport region includes a HTL, the
HTL may be formed on the first electrode 13 or the HIL by
using (utilizing) various methods, such as vacuum deposition,
spin coating, casting, an LB method, ink-jet printing, laser-
printing, or LITI. When the HTL is formed by vacuum depo-
sition or spin coating, deposition and coating conditions for
the HTL may be determined by referring to the depositionand
coating conditions for the HIL.

[0092] The hole transport region may include at least one
selected from the condensed cyclic compound of Formula 1,
m-MTDATA, TDATA, 2-TNATA, NPB, 13-NPB, TPD,
Spiro-TPD, Spiro-NPB, a.-NPD, TAPC, HMTPD, 4,4',4"-tris
(N-carbazolyl)triphenylamine (TCTA), polyaniline/dodecyl-
benzenesulfonic acid (PANT/DBSA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonicacid (PANI/CSA), polyaniline/
poly(4-styrenesulfonate) (PANI/PSS), a compound repre-
sented by Formula 201, and a compound represented by For-
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Formula 201
% % /(L202)xa2_ Ragz
Roor—(Laon)sar—N
\O\ /O/ \O\ \(L ) R;
N N 20203 Rao3
H' H'l, , Formula 202
o o Rao—T201)xal (Lao3has—Ro03
I I \
0=8=0 0=S=0 N—(Lyshas—N
Ropy— Lo (Loo4)xas —Raps
[0093] where in Formulae 201 and 202,
(CHa)y CHy (CHy)y CHy [0094] L, to L,,s may be each independently selected
i from a substituted or unsubstituted C,-C,, cycloalkylene
PANI/DBSA group, asubstituted or unsubstituted C;-C, , heterocycloalky-

lene group, a substituted or unsubstituted C,-C,, cycloalk-
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enylene group, a substituted or unsubstituted C,-C, , hetero-
cycloalkenylene group, a substituted or unsubstituted C4-Cy,
arylene group, a substituted or unsubstituted C,-C, het-
eroarylene group, and a substituted or unsubstituted divalent
C4-C o non-aromatic condensed polycyclic group;

[0095] xal toxa4 may be each independently selected from
0,1, 2,and 3;

[0096] xa5 may be selected from 1, 2, 3, 4, and 5; and
[0097] R,,, to R,,, may be each independently selected

from a substituted or unsubstituted C,-C, ; cycloalkyl group,
asubstituted or unsubstituted C5-C,, heterocycloalkyl group,
a substituted or unsubstituted C,-C, , cycloalkenyl group, a
substituted or unsubstituted C;-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C,-C, heteroaryl group, and a
substituted or unsubstituted a monovalent C;-C,, non-aro-
matic condensed polycyclic group.

[0098] Forexample, in Formulae 201 and 202, L, to Lygs
may be each independently selected from:

[0099] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenylene group, an anthracenylene
group, a pyrenylene group, a chrysenylene group, a pyridi-
nylene group, a pyrazinylene group, a pyrimidinylene group,
a pyridazinylene group, a quinolinylene group, an isoquino-
linylene group, a quinoxalinylene group, a quinazolinylene
group, a carbazolylene group, and a triazinylene group; and
[0100] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at least
one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-tluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, a quinoliny! group, an isoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, acarbazolyl group,
and a triazinyl group;

[0101] xal to xa4 may be each independently 0, 1, or 2;
[0102] xa5maybel, 2, or3;

[0103] R,,, to R, may be each independently selected
from:

[0104] a phenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group; and
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[0105] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C, -C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
azulenyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a chry-
senyl group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group.

[0106] Forexample, the compound of Formula 201 may be
represented by Formula 201A.

Formula 201A

(L203)xa3— Rao3

[0107]
represented by Formula 201 A-1, but the present disclosure is
not limited thereto:

For example, the compound of Formula 201 may be

Formula 201A-1

(L203)as—R203

[0108] Forexample, the compound of Formula 202 may be
represented by Formula 202A, but the present disclosure is
not limited thereto:
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Formula 202A
Ropy Rai
{ *
/ N
Rois— \ I T Ras
=
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V. \
RQJZ v xa5 R204
[0109] where in Formulae 201 A, 201A-1, and 202A, L,

to L,q3, Xal to xa3, xa5, and R,,, to R,,, may be understood
by referring to the description thereof provided herein with
respect to Formulae 201 and 202, and R ,;, may be understood
by referring to the description provided herein for R,,; with
respect to Formulae 201 and 202, and where R, to R, s may
be each independently selected from a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cy,, alkyl group,
a C,-Cy, alkenyl group, a C,-Cq, alkynyl group, a C,-Cq,
alkoxy group, a C,-C, , cycloalkyl group, a C,-C, ; heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Cy,, aryl group, a C-Cgy, aryloxy
group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl group,
and a C¢-Cg, non-aromatic condensed polycyclic group.

[0110] Forexample,in Formulae 201 A, 201A-1,and 202A,
[0111] L, to L,,; may be each independently selected
from:

[0112] a phenylene group, a naphthylene group, a fluore-

nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group; and

[0113] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinoxali-
nylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at least
one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,,, alkoxy group, a phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, and a triazinyl group;
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[0114] xal to xa3 may be each independently O or 1;
[0115] R,q;, Ry, and R,;, may be each independently
selected from:

[0116] a phenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group; and

[0117] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
apyrenyl group, achrysenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group, each substituted with at
least one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, and a triazinyl group;

[0118] R,;; and R,;, may be each independently selected
from:

[0119] aC,-C,, alkyl group and a C,-C,, alkoxy group;
[0120] a C,-C,, alkyl group and a C,-C,, alkoxy group,

each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group. a naphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group;

[0121] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group; and

[0122] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
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group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group;

[0123] R, and R, may be each independently selected
from:
[0124] ahydrogen atom, adeuterium atom, a halogen atom,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, and a phosphoric acid group or a salt
thereof;

[0125] a C,-C,, alkyl group and a C,-C,,, alkoxy group;
[0126] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid or a salt thereof, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group;

[0127] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, and a triazinyl group; and
[0128] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
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pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group; and

[0129] xa5 may 1 or2.
[0130] InFormulae 201A and 201A-1, R,,; and R,,, may,

optionally, bind to each other (e.g., combine) to form a satu-
rated or unsaturated ring.

[0131] The compound of 201 and the compound of 202
may include Compounds HT1 to HT20, but the present dis-
closure is not limited thereto.
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[0132] A thickness of the hole transport region may be ina
range of about 100 A to about 10,000 A, for example, about
100 A to about 1,000 A. When the hole transport region
includes a HIL and a HTL, a thickness of the HIL may be in
arange of about 100 A to about 10,000 A, for example, about
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100 A to about 1,000 A, and a thickness of the HTT. may be in
a range of about 50 A to about 2,000 A, for example, about
100 A to about 1,500 A. When the thicknesses of the hole
transport region, the HIL, and the HTL are within any of the
foregoing ranges, satisfactory hole transporting characteris-
tics may be obtained without a substantial increase in driving
voltage.

[0133] The hole transport region may further include, in
addition to the foregoing materials, a charge-generation
material for the improvement of conductive properties. The
charge-generation material may be homogeneously or non-
homogeneously dispersed in the hole transport region.

[0134] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one of a quinone
derivative, a metal oxide, and a cyano group-containing com-
pound, but is not limited thereto. For example, non-limiting
examples of the p-dopant include a quinone derivative, such
as tetracyanoquinonedimethane (TCNQ) or 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinonedimethane (F4-
TCNQ); a metal oxide, such as a tungsten oxide or a molyb-
denum oxide, and HATCN, but are not limited thereto.

NC cN NC CN
| Y
| 0
NC CN NC CN
TCNQ FATCNQ
oY

NC%N

J Z N\\ CN
N N CN

//rN

I

—
la=]
%k =
OOO =

HATCN

[0135] The hole transport region may further include, in
addition to the HIL and the HTL, at least one selected from a
bufferlayer andan EBL. The buffer layer may compensate for
an optical resonance distance according to a wavelength of
light emitted from the emission layer, and thus, a light-emis-
sion efficiency of a formed OLED may be improved. For use
as amaterial of the buffer layer, materials of the hole transport
region may be used (utilized). The EBL prevents (or reduces)
injection of electrons from the electron transport region.

[0136] Anemission layer is formed on the first electrode 13
or the hole transport region by using (utilizing) various suit-
able methods, such as vacuum deposition, spin coating, cast-
ing, an LB method, ink-jet printing, laser-printing, or LITI.
When the emission layer is formed by vacuum deposition or
spin coating, deposition and coating conditions for the emis-
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sion layer may be determined by referring to the deposition
and coating conditions described herein for the HIL.

[0137] When the OLED 10 is a full color OLED, the emis-
sion layer may be patterned into a red emission layer, a green
emission layer, and a blue emission layer, according to a
sub-pixel. In some embodiments, the emission layer may
have a stacked structure of a red emission layer, a green
emission layer, and a blue emission layer, or may include a
red-light emission material, a green-light emission material,
and a blue-light emission material, which are mixed with each
other in a single layer, to emit white light.

[0138]

[0139] The host may include at least one selected from the
compound of Formula 1, TPBi, TBADN, ADN, CBP, CDBP,
and TCP illustrated:

The emission layer may include a host and a dopant.

\

TBADN

ADN
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[0140] According to another embodiment of the present
disclosure, the host may include a compound represented by
Formula 301.

Ar301'[(L301)xbl'RSOI]be

[0141] where in Formula 301, Ar,,, may be:

[0142] a naphthalene, a heptalene, a fluorenene, a spiro-
fluorene, a benzofluorenene, a dibenzofluorenene, a phe-
nalene, a phenanthrene, an anthracene, a fluoranthene, a
triphenylene, a pyrere, a chrysene, a naphthacene, a picene, a
perylene, a pentaphene, and an indenoanthracene;

[0143] a naphthalene, a heptalene, a fluorenene, a spiro-
fluorene, a benzofluorenene, a dibenzofluorenene, a phe-
nalene, a phenanthrene, an anthracene, a fluoranthene, a
triphenylene, a pyrene, a chrysene, a naphthacene, a picene, a
perylene, a pentaphene, and an indenoanthracene, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof,aC,-Cg, alkyl group, a C,-Cg, alkenyl group,
a C,-Cq, alkynyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C,-C, aryloxy group, a Cy-Co arylthio
group, a C,-Cg, heteroaryl group, a monovalent C,-Cy, non-

Formula 301

45
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aromatic condensed polycyclic group, and —Si(Q;4,)(Qs05)
(Qs03) (where Qyq, to Qz0; may be each independently
selected from a hydrogen atom, a C,-Cq, alkyl group, a
C,-Cy, alkenyl group, a C,-Cy, aryl group, and a C,-Cg,
heteroaryl group);

[0144] L,,, may be understood by referring to the descrip-
tion provided herein for [,,, with respect to Formulae 201
and 202;

[0145] R,,, may be selected from:
[0146] a C,-C,, alkyl group and a C,-C,galkoxy group;
[0147] a C,-C,, alkyl group and a C,-C,qalkoxy group,

each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group. a naphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group;

[0148] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbozoyl group, and a triazi-
nyl group; and

[0149] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidiny] group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbozoyl group, and a triazi-
nyl group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C, -C,, alkyl group,
a C,-Cpalkoxy group, a phenyl group, a naphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group;

[0150] xb1 may be selected from O, 1, 2, and 3; and
[0151] xb2 may be selected from 1, 2, 3, and 4.

[0152] For example, in Formula 301

[0153] L,,, may be selected from:

[0154] a phenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenylene group, an anthracenylene
group, a pyrenylene group and a chrysenylene group; and

[0155] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenylene group, an anthracenylene
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group, a pyrenylene group and a chrysenylene group, each
substituted with at least one selected from a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
or asalt thereof,a C,-C, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, a fluoreny! group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, and a chrysenyl group; and

[0156] R,,, may be selected from:
[0157] a C,-C,, alkyl group and a C,-C,, alkoxy group;
[0158] a C,-C,, alkyl group and a C,-C,qalkoxy group,

each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group, a naphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, and a chrysenyl group;

[0159] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, and a chrysenyl group; and

[0160] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
apyrenyl group, and a chrysenyl group, each substituted with
at least one selected from a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,,, alkoxy group, a phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a pyre-
nyl group, and a chrysenyl group, but they are not limited
thereto.

[0161] For example, the host may include a compound
represented by Formula 301A:

Formula 301A

\ | /

[(Lao1)xe1—Raot ez

[0162] Substituents of Formula 301A are as those
described above with respect to Formula 301.
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[0163] The compound of Formula 301 may include at least
one selected from Compounds H1 to H42, but the present
disclosure is not limited thereto:
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[0164] According to another embodiment of the present Q

disclosure, the host may include at least one selected from \ /
Compounds H43 to H49, but the host is not limited thereto:
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[0165] The dopant may be any suitable dopant generally
used in the art. The dopant may include at least one selected
from a fluorescent dopant and a phosphorescent dopant. The
phosphorescent dopant may include an organometallic com-
plex containing a combination of two or more of iridium (Ir),
platinum (Pt), osmium (Os), rhenium (Re), titanium (Ti),
zirconium (7r), and hafnium (Hf), but the present disclosure
is not limited thereto.

[0166] Meanwhile, as a suitable blue dopant, the following
compounds, such as F,Irpic bis[3,5-difluoro-2-(2-pyridyl)
phenyl](picolinato)iridium (II1), (F,ppy),Ir(tmd), Ir(dfppz),,
4 4'-bis(2,2'-diphenylethen-1-yl)biphenyl (DPVB1), and 4,4'-
bis[4-(diphenylamino)styryl]biphenyl (DPAVBi), or 2.5,8,
11-tetra-tert-butyl perylene (TBPe) may be used, but the blue
dopant is not limited thereto.

Ir(dfppz)3

(Fappy)alr(tmd)

DPAVBI

TPBe
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[0167] Insomeembodiments,asasuitable blue dopant, any
of the following compounds may be used, but the blue dopant
is not limited thereto.

Ir

N
e

3
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[0168] Meanwhile, as a suitable red dopant, the following
compounds, such as Pt(IT) octacthylporphine (PtOEP), tris(2-
phenylisoquinoline)iridium (Ir(piq),), bis(2-(2'-benzothie-
nyl)-pyridinato-N,C3")iridium  (acetylacetonate) (Btp,Ir
(acac), 4-(dicyanomethylene)-2-methyl-6-[p-
(dimethylamino)styryl]-4H-pyran (DCM), or
4-(dicyanomethylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyl-
julolidyl-9-enyl)-4H-pyran (DCITB), may be used, but the
red dopant is not limited thereto.

Ir(piq)a(acac)
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1r2-phas DCITB

Btp2Ir(acac)

[0169] In some embodiments, as a suitable green dopant,
the following compounds, such as tris(2-phenylpyridine) iri-
divm (Ir(ppy);), bis(2-phenylpyridine)(acetylacetonato)iri-
dium (IIT) (Ir(ppy),(acac)), tris(2-(4-tolyl)phenylpiridine)iri-
dium  (Ir(mppy);), or 10-(2-benzothiazolyl)-1,1,7,7-
tetramethyl-2,3,6,7-tetrahydro-1H,5H,11H-[ 1 ]benzopyrano
[6,7,81]-quinolizin-11-one (C545T), may be used, but the
green dopant is not limited thereto.
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[0170] In some other embodiments, the dopant included in Q O
the emission layer may be any one of Pt-complexes D1-D50, o
but the dopant is not limited thereto: N
D7

D8
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[0171] In addition, the dopant included in the emission
layer may be any one of Os-complexes shown below, but the

dopant is not limited thereto:
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[0172] An amount of the dopant in the emission layer may
be, in general, in a range of about 0.01 to about 15 parts by
weight based on 100 parts by weight of the host, but the
dopant is not limited thereto.

[0173] A thickness of the emission layer may be in a range
of about 100 A to about 1,000 A, for example, about 200 A to
about 600 A. When the thickness of the emission layer is
within any of the foregoing ranges, excellent light-emission
characteristics may be obtained without a substantial increase
in driving voltage.

[0174] Then, an electron transport region may be on the
emission layer.

[0175] The electron transport region may include at least
one selected from a HBL, an electron transport layer (ETL),
and an EIL, but the electron transport region is not limited
thereto.

[0176] Forexample, the electron transport region may have
a structure of ETL/EIL or a structure of HBL/ETL/EIL,
where layers of each structure are sequentially stacked from
the emission layer in the stated order, but the electron trans-
port region is not limited thereto.

[0177] According to an embodiment of the present disclo-
sure, the organic layer 15 of the OLED includes an electron
transport region between the emission layer and the second
electrode 17, where the electron transport region includes the
condensed cyclic compound of Formula 1.

[0178] The electron transport region may include a HBL.
The HBL may be formed, when the emission layer includes a
phosphorescent dopant, to prevent (or reduce) diffusion of
excitons or holes into an electron transport layer.

[0179] When the electron transport region may include a
HBL, the HBL may be formed on the emission layer by using
various methods, such as vacuum deposition, spin coating
casting, an LB method, ink-jet printing, laser-printing, or
LITI. When the hole blocking layer is formed by vacuum
deposition or spin coating, deposition and coating conditions
for the HBL may be determined by referring to the deposition
and coating conditions described herein with respect to the
HIL.

[0180] The HBL may include, for example, at least one
selected from BCP and Bphen, but the HBL is not limited
thereto.

BCP
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[0181] A thickness of the HBL may be in a range of about
20 A to about 1,000 A, for example, about 30 A to about 300
A. When the thickness of the HBL is within any of the fore-
going ranges, the HBL may have excellent hole blocking
characteristics without a substantial increase in driving volt-
age.

[0182] The electron transport region may include an ETL.
The ETL may be formed on the emission layer or the HBL by
using various methods, such as vacuum deposition, spin coat-
ing casting, an LB method, ink-jet printing, laser-printing, or
LITI. When an ETL is formed by vacuum deposition or spin
coating, deposition and coating conditions for the ETL may
be determined by referring to the deposition and coating
conditions described herein with respect to the HIL.

[0183] The ETL may further include, in addition to the
condensed cyclic compound of Formula 1, at least one
selected from BCP, Bphen, and Alq,, Balq, TAZ, and NTAZ,
which are illustrated below.

Alg3

TAZ
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[0184] Insomeembodiments, the ETL may include at least
one selected from compounds represented by Formula 601:

AIGOI_[(LGOI)XEI_EEOI]Xez

[0185] where in Formula 601,

[0186] Arg,, may be may be understood by referring to the
description provided herein for Ar,,, with respect to Formula
301;

[0187] Ly, may be may be understood by referring to the
description provided herein for L, with respect to Formulae
201 and 202; and

[0188] Eg, may be selected from a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl 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, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a cin-
nolinyl group, a carbazolyl group, a phenanthridinyl group,
an acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a benzofuranyl group, a
benzothiophenyl group, an isobenzothiazolyl group, a ben-
zooxazolyl group, an isobenzooxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a
benzocarbazolyl group, and a dibenzocarbazolyl group; and
[0189] a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thiazolyl
group, an isothiazolyl group, an oxazolyl group, anisoxazolyl
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, an isoquinolinyl 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, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzooxazolyl group, an isoben-
zooxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, and a
dibenzocarbazolyl group, each substituted with at least one
selected from a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C, alkyl group, a C,-C,galkoxy group, a phenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an

Formula 601
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acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, an picenyl
group, a perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coronenyl
group, an ovalenyl group, a pyrrolyl group, a thiophenyl
group, a furanyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, an indazolyl group, a purinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group; a phenanthrolinyl group, aphenazinyl group,
a benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a benzoox-
azolyl group, an isobenzooxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, and a dibenzocarbazolyl group; and

[0190] xel may be selected from 0, 1, 2, and 3;
[0191] xe2 may be selected from 1, 2, 3, and 4.
[0192] Insomeotherembodiments, the ETL may includeat

least one compound represented by Formula 602:

Formula 602

(Lg14)es1a—Re14

Xe11 = Xe13

Re16— (Ls16)xe616 X612 (L1skes15—Re1s

[0193] where in Formula 602,

[0194] X, may be N or C-(Lgy,),0611-Rey15 Xg1, may be
N or C-(Lg12)e12-Re125 Xg13 may be N or C-(Lig;3)es15-
Rg,5, at least one of X |, to X, ; may be N; and

[0195] L, to Ly, s may be each understood by referring to
a detailed description thereof provided herein for L,,, with
respect to Formulae 201 and 202;

[0196] Ry, to Ry s may be each independently selected
from:
[0197] aphenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group; and

[0198] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzof-
luorenyl group, a phenanthrenyl group, an anthracenyl group,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a triazi-
nyl group, each substituted with at least one selected from a
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deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,,, alkyl group,
a C,-C,alkoxy group, a phenyl group, a naphthyl group, an
azulenyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a chry-
senyl group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group;

[0199] xe611 toxe616 may be each independently selected
from 0, 1, 2, and 3.

[0200] The compound of Formula 601 and the compound
of Formula 602 may include at least one selected from Com-
pounds ET1 to ET15.

ET1

ET2
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[0201] A thickness of the ETL may be in a 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 is within any of the
foregoing ranges, the ETL may have satisfactory electron
transportation characteristics without a substantial increase in
driving voltage.

[0202] The ETL may further include, in addition to the
materials described above, a metal-containing material.

[0203] The metal-containing material may include a Ti
complex. The Li complex may include, for example, Com-
pound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D2
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[0204] The electron transport region may include an EIL
that allows electrons to be easily provided from the second
electrode 17.

[0205] The EIL may be formed on the ETL by using (uti-
lizing) various suitable methods, such as vacuum deposition,
spin coating casting, an LB method, ink-jet printing, laser-
printing, or LITI. When an EIL is formed by vacuum depo-
sition or spin coating, deposition and coating conditions for
the EIL may be determined by referring to the deposition and
coating conditions described herein with respect to the HIL.
[0206] TheEIL may include at least one selected from, LiF,
NaCl, CsF, Li,0, BaO, and LiQ.

[0207] A thickness of the EIL may be in a range of about 1
Atoabout 100 A, forexample, about 3 A to about 90 A. When
the thickness of the EIL is within any of the foregoing ranges,
the EIL may have satisfactory electron transportation charac-
teristics without a substantial increase in driving voltage.
[0208] The second electrode 17 is on the organic layer 15
having such a structure. The second electrode 17 may be a
cathode that is an electron injection electrode, and in this
regard, a material for forming the second electrode 17 may be
a material having a low work function, and such a material
may be a metal, an alloy, an electrically conductive com-
pound, or a mixture thereof. Examples of the second elec-
trode 17 include lithium (Li), magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magnesium-
indium (Mg—In), or magnesium-silver (Mg—Ag). Accord-
ing to another embodiment of the present disclosure, the
material for forming the second electrode 190 may be ITO or
170. The second electrode 17 may be a reflective electrode, a
semi-transmissive electrode, or a transmissive electrode.
[0209] The OLED has been described with reference to the
accompanying drawing, but the OLED is not limited thereto.
For example, the OLED of the accompanying drawing
includes the substrate 11 that is disposed at the bottom of the
first electrode 13, but optionally, the substrate 11 may be
disposed on top of the second electrode 17.

[0210] The term “alkyl group” as used herein refers to a
linear or branched aliphatic hydrocarbon monovalent group,
and examples thereof include a methyl group, an ethyl group,
a propyl group, an isobutyl group, a sec-a butyl group, a
ter-butyl group, a pentyl group, an iso-amyl group, and a
hexyl group. The term “alkylene group” as used herein refers
to a divalent group having substantially the same structure as
the alkyl group except that the alkylene group is a divalent
group instead of a monovalent group.

[0211] The term “alkoxy group” as used herein refers to a
monovalent group represented by OA |, (where A, is the
C,-Cyy alkyl group), and examples thereof include a methoxy
group, an ethoxy group, and an isopropyloxy group.

[0212] The term “alkenyl group” as used herein refers to a
hydrocarbon group formed by substituting at least one carbon
double bond in the main chain (e.g., middle) or terminal end
of the alkyl group, and examples thereof include an ethenyl
group, a propenyl group and a butenyl group. The term “alk-
enylene group” as used herein refers to a divalent group
having substantially the same structure as the alkenyl group
except that the alkenylene group is a divalent group instead of
a monovalent group.

[0213] The term “alkynyl group” as used herein refers to a
hydrocarbon group formed by substituting at least one carbon
triple bond in the main chain (e.g., middle) or terminal end of
the alkyl group, and examples thereof include an ethynyl
group and a propynyl group. The term “alkynylene group” as
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used herein refers to a divalent group having substantially the
same structure as the alkynyl group except that the alkynylene
group is a divalent group instead of a monovalent group.

[0214] Theterm “cycloalkyl group” as used herein refers to
a monovalent saturated hydrocarbon monocyclic group, and
examples thereof include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, and a cyclo-
heptyl group. The term “cycloalkylene group” as used herein
refers to a divalent group having substantially the same struc-
ture as the cycloalkyl group except that the cycloalkylene
group is a divalent group instead of a monovalent group.

[0215] The term “heterocycloalkyl group” as used herein
refers to a monovalent monocyclic group having at least one
heteroatom selected from N, O, P, and S as a ring-forming
atom, and examples thereof include a tetrahydrofuranyl
group and a tetrahydrothiophenyl group. The term “hetero-
cycloalkylene group” as used herein refers to a divalent group
having substantially the same structure as the heterocy-
cloalkyl group except that the heterocycloalkylene group is a
divalent group instead of a monovalent group.

[0216] Theterm “cycloalkenyl group” as used herein refers
to amonovalent monocyclic group that has at least one double
bond in the ring thereof and does not have aromaticity (e.g., is
not aromatic), and examples thereof include a cyclopentenyl
group, a cyclohexenyl group, and a cycloheptenyl group. The
term “cycloalkenylene group” as used herein refers to a diva-
lent group having substantially the same structure as the
cycloalkenyl group except that the cycloalkenylene group is a
divalent group instead of a monovalent group.

[0217] Theterm “heterocycloalkenyl group™ as used herein
refers to a monovalent monocyclic group that has at least one
heteroatom selected from N, O, P, and S as a ring-forming
atom, and at least one double bond in its ring. Examples of the
heterocycloalkenyl group include a 2,3-hydrofuranyl group
and a 2,3-hydrothiophenyl group. The term “heterocycloalk-
enylene group” as used herein refers to a divalent group
having substantially the same structure as the heterocycloalk-
enyl group except that the heterocycloalkenylene group is a
divalent group instead of a monovalent group.

[0218] The term “aryl group” as used herein refers to a
monovalent group having a carbocyclic aromatic system, and
the term “arylene group” as used herein refers to a divalent
group having a carbocyclic aromatic system. Examples of the
aryl group include a phenyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a pyrenyl group,
and a chrysenyl group. When the aryl group and the arylene
group each include two or more rings, the rings may be fused
to each other.

[0219] Theterm “heteroaryl group™ as used herein refers to
a monovalent group having a carbocyclic aromatic system
that has at least one heteroatom selected from N, O, P, and S
as a ring-forming atom. The term “heteroarylene group” as
used herein refers to a divalent group having a carbocyclic
aromatic system that has at least one heteroatom selected
from N, O, P, and S as a ring-forming atom. Examples of the
heteroaryl group include a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group. When
the heteroaryl group and the heteroarylene group each
include two or more rings, the rings may be fused to each
other.
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[0220] The term “arvloxy group™ as used herein refers to
OA,, (where, A |, is the aryl group), and the term “arylthio
group” as used herein refers to -SA | .5 (where, A, is the aryl
group).

[0221] A monovalent non-aromatic condensed polycyclic
group used herein refers to amonovalent group that has two or
more rings condensed to each other, and non-aromaticity in
the entire molecular structure. The monovalent non-aromatic
condensed polycyclic group includes 1) only carbon atoms as
a ring-forming atom, or ii) a heteroatom selected from N, O,
P, and S, other than carbon atoms, as a ring forming atom.
Examples of the monovalent non-aromatic condensed poly-
cyclic group include a heptalenyl group and a triquinacenyl
group. The term “divalent non-aromatic condensed polycy-
clic group” as used herein refers to a divalent group having
substantially the same structure as the monovalent non-aro-
matic condensed polycyclic group except that the divalent
non-aromatic condensed polycyclic group is a divalent group
instead of a monovalent group.

[0222] Regarding the expression C,-C, (m<n) as used
herein, m and n indicate the number of carbon atoms. For
example, aC,-C, , alkyl group refers to an alkyl group having
1to 10 carbon atoms, and a C-C,, aryl group refers to an aryl
group having 6 to 30 carbon atoms.

[0223] The term “Ph” as used herein refers to a phenyl
group, the term “Me” as used herein refers to a methyl group,
the term “Et” as used herein refers to an ethyl group, and the
term “ter-Bu” or “Bu”’ as used herein refers to tert-butyl.

[0224] Hereinafter, an organic light-emitting diode accord-
ing to an embodiment of the present disclosure will be
described with reference to Synthesis Examples and
Examples. The wording “B was used instead of A” as used in
describing the Synthesis Examples means that a molar
equivalent of A was identical (or substantially identical) to a
molar equivalent of B.

SYNTHESIS EXAMPLE
Synthesis Example 1

Synthesis of Compound 1

[0225]

zm
rsan

Bromobenzene

—_—
Pdy(dba)s, t-BusP
t-BuONa, 0-Xylene

I-1

5-bromo-2-phenylthiazole
Pd,(dba);, t-BusP
t-BuONa, o-Xylene

zm
Z
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Synthesis of Intermediate 1-2

[0226] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg
(0.39 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. 5 g(19.51 mmol) of 11,12-dihydroindolo
[2,3-a]carbazole (Intermediate I-1), 3.37 g (21.46 mmol) of
bromobenzene, and 1.12 g (11.71 mmol) of t-BuONa were
added thereto, and the resultant solution was stirred under
reflux at a temperature of 160° C. for 48 hours. After com-
pleting (or substantially completing) the reaction, 20 mL of
cold distilled water was added to the reaction solution, and
then an extraction was performed thereon by using (utilizing)
ethyl acetate. An organic layer obtained therefrom was dried
by using (utilizing) magnesium sulfate, and then, was dried
and filtered to remove a solvent therefrom, and the obtained
residual was separation-purified by using (utilizing) column
chromatography to obtain 5.35 g (yield: 83%) of Intermediate
1-2 (11-pheny-11,12-dihydroindolo[2,3-a]carbazol).

[0227] EI-MS, m/e, 332.13 (calculated value), 332.19
(measured value).

Synthesis of Compound 1

[0228] 137.7 mg (0.15 mmol) of Pd,(dba); and 60.8 mg
(0.30 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.04 mmol) of Intermediate
1-2,3.97 g (16.54 mmol) of 5-bromo-2-phenyl phenyithiaz-
ole, and 0.867 mg (9.03 mmol) of t-BuONa were added
thereto, and the resultant solution was stirred under reflux at
a temperature of 160° C. for 48 hours. After completing (or
substantially completing) the reaction, 20 mL of cold distilled
water was added to the reaction solution, and then an extrac-
tion was performed thereon by using (utilizing) ethyl acetate.
An organic layer obtained therefrom was dried by using (uti-
lizing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 5.84 g (vield: 79%) of Compound 1 (2-phenyl-
5-(12-phenylindolo[2,3-a]carbazole-11(12H)-yl)thiazole).
[0229] 1H NMR (300 MHz, CDC13), d (ppm): 8.02-7.95
(1H,s),7.74-7.58 (7TH, m), 7.57-7.50 (2H, m), 7.43-7.34 (SH,
m), 7.34-7.27 (1H, m), 7.26-7.14 (3H, m), 7.13-7.06 (2H, m).
[0230] EI-MS, m/e, 491.15 (calculated value), 491.17
(measured value).
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Synthesis Example 2

Synthesis of Compound 7

I ; 5-bromo-2-phenyloxazole
N, N Pd;(dbas, t-BusP
O Q O t-BuONa, o0-Xylene

[0231]

%

Synthesis of Compound 7

Q
Q@

[0232] 137.7 mg (0.15 mmol) of Pd,(dba); and 60.8 mg
(0.30 mmol) of t-Bu, P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.04 mmol) of Intermediate
1-2,3.71 g (16.55 mmol) of 5-bromo-2-phenyloxazole, and
0.867 mg (9.03 mmol) of t-BuONa were added thereto, and
the resultant solution was stirred under reflux at a temperature
of 160° C. for 48 hours. After completing (or substantially
completing) the reaction, 20 mL of cold distilled water was
added to the reaction solution, and then an extraction was
performed thereon by using (utilizing) ethyl acetate. An
organic layer obtained therefrom was dried by using (utiliz-
ing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 6.12 g (vield 86%) of Compound 7 (2-phenyl-
5-(12-phenylindolo[2,3-a]carbazole-11(12H)-yl)oxazole).

[0233] 1H NMR (300 MHz, CDCI3), d (ppm): 7.72-7.68
(1H, d),7.68-7.64 (2H, m), 7.63-7.58 (3H, m), 7.54-7.48 (21,
m), 7.46-7.37 (4H, m), 7.37-7.29 (3H, m), 7.21-7.04 (6, m).

[0234] EI-MS, m/e, 475.17 (calculated value), 475.21
(measured value)
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Synthesis Example 3 therefrom was dried by using (utilizing) magnesium sulfate,
and then, was dried and filtered to remove a solvent there-
Synthesis of Compound 59 from, and the obtained residual was separation-purified by
[0235] using (utilizing) column chromatography to obtain 5.10 g

(vield: 78%) of Intermediate 1-4 (5-(pyridine-3-yl)-5,11-di-
hydroindolo[3,2-b]carbazol).

[0237] EI-MS, m/e, 332.13 (calculated value), 332.15
O (measured value).
3-Bromopyridine
.
Q O Pd(dba)s, ¢-BusP

zm

-BuONa, o-Xylene Synthesis of Compound 59

[0238] 137.3 mg (0.15 mmol) of Pd,(dba); and 60.7 mg
I-3 (0.30 mmol) of t-Bu3P were dissolved in 50 mL of o-xylene,

H . .

N and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.00 mmol) of Intermediate
1-4,3.96 g (16.50 mmol) of 5-bromo-2-phenylthiazole, and

. 0.864 mg (9.00 mmol) of t-BuONa were added thereto, and

5-bromo-2-phenylthiazole K .
N Pdy by LBus? the resultant solution was stirred under reflux at a temperature
t-BjONa 3(;-Xy12ne of 160° C. for 48 hours. After completing (or substantially
= completing) the reaction, 20 mL of cold distilled water was
/ added to the reaction solution, and then an extraction was
\ performed thereon by using (utilizing) ethyl acetate. An
organic layer obtained therefrom was dried by using (utiliz-

ing) magnesium sulfate, and then, was dried and filtered to

remove a solvent therefrom, and the obtained residual was

separation-purified by using (utilizing) column chromatogra-
S

14

phy to obtain 6.02 g (yield: 81%)of Compound 59 (2-phenyl-

~nN 5-(11-(pyridine-3-yl)indolo[3,2-b]carbazole-5(11H)-y1)

thiazole).

==
[0239] 1H NMR (300 MHz, CDCI3), d (ppm): 9.28-9.17
(1H, s), 8.63-8.53 (1H, m), 8.36-8.27 (1H, 5), 8.03-7.92 (2H,

N
m), 7.85-7.79 (1H, s), 7.75-7.69 (2H, m), 7.68-7.60 (3H, m),
7.58-7.51 (1H, m), 7.51-7.44 (1H, t), 7.44-7.37 (2H, 1), 7.37-
7.28 (1H, m), 7.22-7.14 (2H, m), 7.14-7.05 (2H, m).
[0240] EI-MS, m/e, 492.14 (calculated value), 492.19
N (measured value).
/
Synthesis Example 4
Ny
N\
59

Synthesis of Compound 101

[0241]

Synthesis of Intermediate 1-4

[0236] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg %

(0.39 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,

and then, the resultant mixture was stirred at room tempera-

ture for 10 minutes. Here, 5 g (19.51 mmol) of 5,11-dihy-

droindolo[3,2-b]carbazole (Intermediate 1-3), 3.39 g (21.46 3-bromo-2-phenylthiazole
mmol) of 3-bromopyridine, and 1.12 g (11.71 mmol) of N Pd;(dba)s, t-BusP
t-BuONa were added thereto, and the resultant solution was t-BuONa, o-Xylene
stirred under reflux at a temperature of 160° C. for 48 hours.

After completing (or substantially completing) the reaction, N /
20 mL of cold distilled water was added to the reaction \\
solution, and then an extraction was performed thereon by I-4
using (utilizing) ethyl acetate. An organic layer obtained

-
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Synthesis of Compound 101

[0242] 137.3 mg (0.15 mmol) of Pd,(dba); and 60.7 mg
(0.30 mmol) of t-Bu3P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.00 mmol) of Intermediate
1-4, 5.22 g (16.50 mmol) of 5-bromo-2,4-diphenylthiazole,
and 0.864 mg (9.00 mmol) of t-BuONa were added thereto,
and the resultant solution was stirred under reflux at a tem-
perature of 160° C. for 48 hours. After completing (or sub-
stantially completing) the reaction, 20 mL of cold distilled
water was added to the reaction solution, and then an extrac-
tion was performed thereon by using (utilizing) ethyl acetate.
An organic layer obtained therefrom was dried by using (uti-
lizing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 6.77 g (yield: 79%) of Compound 101 (2,4-
diphenyl-5-(11-(pyridine-3-yl)indolo[3,2-b]carbazole-5
(11H)-yDthiazole).

[0243] 1H NMR (300 MHz, CDC13), d (ppm): 9.13-9.05
(1H, m), 8.58-8.49 (1H, m), 8.21-8.10 (1H, s), 8.00-7.90 (2H,
m), 7.84-7.70 (7TH, m), 7.66-7.58 (1H, m), 7.52-7.36 (6H, m),
7.35-7.15 (SH, m).

[0244] EI-MS, m/e, 568.17 (calculated value), 568.20
(measured value).

Synthesis Example 5

Synthesis Compound 29
[0245]

QQ

N
H

Bromobenzene
—_—
Pd,(dba);, t-BusP
t-BuONa, o-Xylene

13
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-continued
H

O

5-bromo-2-phenylthiazole
Pd,(dba);, t-BusP
t-BuONa, o-Xylene

Synthesis of Intermediate 1-5

[0246] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg
(0.39 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (19.51 mmol) of 5,11-dihy-
droindolo[3,2-b]carbazole (Intermediate 1-3), 3.37 g (21.46
mmol) of bromobenzene, and 1.12 g (11.71 mmol) of
t-BuONa were added thereto, and the resultant solution was
stirred under reflux at a temperature of 160° C. for 48 hours.
After completing (or substantially completing) the reaction,
20 mL of cold distilled water was added to the reaction
solution, and then an extraction was performed thereon by
using (utilizing) ethyl acetate. An organic layer obtained
therefrom was dried by using (utilizing) magnesium sulfate,
and then, was dried and filtered to remove a solvent there-
from, and the obtained residual was separation-purified by
using (utilizing) column chromatography to obtain 5.62 g
(yield: 87%) of Intermediate I-5 (5-phenyl-5,11-dihydroin-
dolo[3,2-b]carbazol).

[0247] EI-MS, m/e, 332.13 (calculated value), 332.18
(measured value).

Synthesis of Compound 29

[0248] 137.7 mg (0.15 mmol) of Pd,(dba), and 60.8 mg
(0.30 mmol) of t-Bu,P were dissolved 50 mL of o-xylene, and
then, the resultant mixture was stirred at room temperature for
10 minutes. Here, 5 g (15.04 mmol) of Intermediate I-5, 5.23
g (16.55 mmol) of 5-bromo-2,4-diphenylthiazole, and 0.867
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mg (9.03 mmol) of t-BuONa were added thereto, and the
resultant solution was stirred under reflux at a temperature of
160° C. for 48 hours. After completing (or substantially com-
pleting) the reaction, 20 mL of cold distilled water was added
to the reaction solution, and then an extraction was performed
thereon by using (utilizing) ethyl acetate. An organic layer
obtained therefrom was dried by using (utilizing) magnesium
sulfate, and then, was dried and filtered to remove a solvent
therefrom, and the obtained residual was separation-purified
by using (utilizing) column chromatography to obtain 7.32 g
(yield: 86%) of Compound 29 (2,4-diphenyl-5-(11-phenylin-
dolo[3,2-b]carbazole-5(11H)-yD)thiazole).

[0249] 1H NMR (300 MHz, CDC13), d (ppm): 8.09-8.05
(1H, s), 7.83-7.78 (1H, s), 7.77-7.73 (2H, s), 7.73-7.68 (2H,
m), 7.64-7.53 (6H, m), 7.50-7.41 (6H, m), 7.40-7.34 (1H, m),
7.31-7.11 (6H, m).

[0250] EI-MS, m/e, 567.18 (calculated value), 567.21
(measured value).

Synthesis Example 6

Synthesis of Compound 155
[0251]

Zm

2-(4-(9H-carbazol-
9-yl)phenyl)-5-
bromothiazole
—_—
N Pdy(dba)s, t-BuzP
t-BuONa, o-Xylene

15

155
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Synthesis of Compound 155

[0252] 137.7 mg (0.15 mmol) of Pd,(dba); and 60.8 mg
(0.30 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.00 mmol) of Intermediate
1-5,6.71 g (16.55 mmol) of 2-(4-(9H-carbazol-9-yl)phenyl)-
5-bromotiazole, and 0.867 mg (9.03 mmol) of t-BuONa were
added thereto, and the resultant solution was stirred under
reflux at a temperature of 160° C. for 48 hours. After com-
pleting (or substantially completing) the reaction, 20 mL of
cold distilled water was added to the reaction solution, and
then an extraction was performed thereon by using (utilizing)
ethyl acetate. An organic layer obtained therefrom was dried
by using (utilizing) magnesium sulfate, and then, was dried
and filtered to remove a solvent therefrom, and the obtained
residual was separation-purified by using (utilizing) column
chromatography to obtain 7.58 g (yield: 77%) of Compound
155 (2-(4-(9H-carbazol-9-yl)phenyl)-5-(11-phenylindolo[3,
2-b]carbazole-5(11H)-yl)thiazole).

[0253] 1H NMR (300 MHz, CDCI3), d (ppm): 8.32-8.27
(1H, s), 8.03-7.99 (1M, s), 7.86-7.83 (1H, 5), 7.82-7.72 (7H,
m), 7.70-7.64 (3H, m), 7.64-7.59 (2H, m), 7.56-7.50 (2H, m),
7.49-7.42 (2H, 1), 7.31-7.14 (9H, m).

[0254] EI-MS, m/e, 656.20 (calculated value), 656.25
(measured value).

Synthesis Example 7

Synthesis of Compound 159

[0255]

Bromobenzene

e E—
Pd,(dba)s, t-BusP
t-BuONa, o-Xylene

sz
e
O

1-6

5-bromo-2-phenylthiazole

Pd,(dba)s, t-BusP
t-BuONa, o-Xylene
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Synthesis of Intermediate 1-7

J

[0256] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg
(0.39 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.04 mmol) of 6-phenyl-5,
11-dihydroindolo[3,2-b]carbazole (Intermediate 1-6), 2.60 g
(16.55 mmol) of bromobenzene, and 867 mg (9.03 mmol) of
t-BuONa were added thereto, the resultant solution was
stirred under reflux at a temperature of 160° C. for 48 hours.
After completing (or substantially completing) the reaction,
20 mL of cold distilled water was added to the reaction
solution, and then an extraction was performed thereon by
using (utilizing) ethyl acetate. An organic layer obtained
therefrom was dried by using (utilizing) magnesium sulfate,
and then, was dried and filtered to remove a solvent there-
from, and the obtained residual was separation-purified by
using (utilizing) column chromatography to obtain 5.14 g
(vield: 84%) of Intermediate 1-7 (5,12-diphenyl-5,11-dihy-
droindolo[3,2-b]carbazol).

[0257] EI-MS, m/e, 408.16 (calculated value), 408.21
(measured value).

Synthesis of Compound 159

[0258] 112.1 mg (0.12 mmol) of Pd,(dba); and 49.5 mg
(0.24 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (12.24 mmol) of Intermediate
1-7,3.23 g (13.46 mmol) of 5-bromo-2-phenylthiazole, and
0.706 mg (7.34 mmol) of t-BuONa were added thereto, and
the resultant solution was stirred under reflux at a temperature
of 160° C. for 48 hours. After completing (or substantially
completing) the reaction, 20 mL of cold distilled water was
added to the reaction solution, and then an extraction was
performed thereon by using (utilizing) ethyl acetate. An
organic layer obtained therefrom was dried by using (utiliz-
ing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
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phy to obtain 5.25 g (yield: 76%) of Compound 159 (5-(6,
11-diphenylindolo[3,2-b]carbazole-5(11H)-y1)-2-phenylthi-
azole).

[0259] 1H NMR (300 MHz, CDCI3), d (ppm): 8.08-8.03
(1H, s), 7.95-7.90 (1H, s), 7.82-7.75 (3H, m), 7.14-7.08 (1H,
m), 7.64-7.59 (3H, m), 7.69-7.64 (3H, m), 7.58-7.43 (7H, m),
7.33-7.21 (3H, m), 7.42-7.34 (2H, m), 7.21-7.15 (1H, m).
[0260] EI-MS, m/e, 567.18 (calculated value), 567.23
(measured value)

Synthesis Example 8

Synthesis of Compound 70

[0261]

Bromobenzene

e E—
Pdy(dba)s, t-BusP
t-BuONa, o-Xylene

5-bromo-2-
phenylthiazole
Pd,(dba)s, t-BusP
t-BuONa, o-Xylene

1-9

70

Synthesis of Intermediate 1-9

[0262] 112.0 mg (0.12 mmol) of Pd,(dba), and 49.5 mg
(0.24 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (12.24 mmol) of 3,9-diphenyl-
5,12-dihydroindolo[3,2-a]carbazole (Intermediate 1-8), 2.11
2 (13.46 mmol) of bromobenzene, and 706 mg (7.34 mmol)
of t-BuONa were added thereto, and the resultant solution
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was stirred under reflux at a temperature of 160° C. for 48
hours. After completing (or substantially completing) the
reaction, 20 mL of cold distilled water was added to the
reaction solution, and then an extraction was performed
thereon by using (utilizing) ethyl acetate. An organic layer
obtained therefrom was dried by using (utilizing) magnesium
sulfate, and then, was dried and filtered to remove a solvent
therefrom, and the obtained residual was separation-purified
by using (utilizing) column chromatography to obtain 2.87 g
(vield: 48%) of Intermediate 1-9 (3,5,9-triphenyl-5,12-dihy-
droindolo[3,2-a]carbazol).

[0263] EI-MS, m/e, 484.19 (calculated value), 484.23
(measured value).

Synthesis of Compound 70

[0264] 94.5 mg (0.10 mmol) of Pd,(dba); and 41.7 mg
(0.21 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (10.32 mmol) of Intermediate
1-9, 2.73 g (11.35 mmol) of 5-bromo-2-phenylthiazole, and
0.595 mg (6.19 mmol) of t-BuONa were added thereto, and
the resultant solution was stirred under reflux at a temperature
of 160° C. for 48 hours. After completing (or substantially
completing) the reaction, 20 mL of cold distilled water was
added to the reaction solution, and then an extraction was
performed thereon by using (utilizing) ethyl acetate. An
organic layer obtained therefrom was dried by using (utiliz-
ing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 5.42 g (yield: 82%) of Compound 70 (2-phenyl-
5-(3,5,9-triphenylindolo[3,2-a]carbazole-12(5H)-yl)thiaz-
ole).

[0265] 1H NMR (300 MHz, CDC13), d (ppm): 8.28-8.23
(1H, m), 8.16-8.10(2H, m), 8.04-7.99 (1H, d), 7.97-7.94 (1H,
s), 7.93-7.88 (1H, d), 7.74-7.65 (6H, m), 7.65-7.60 (3H, m),
7.56-7.51 (2H, m), 7.51-7.43 (8H, m), 7.42-7.33 (3H, m),
7.33-7.26 (1H, m).

[0266] EI-MS, m/e, 643.21 (calculated value), 643.25
(measured value).

Synthesis Example 9

Synthesis of Compound 88

v

% O Bromobenzene
_—
Pd,(dba);, t-BuzP
Q t-BuONa, 0-Xylene

110

[0267]

J
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5-bromo-2 4-
diphenylthiazole
_—
Pdy(dba)s, t-BusP
t-BuONa, o-Xylene

J

88

Synthesis of Intermediate I-11

[0268] 112.0 mg (0.12 mmol) of Pd,(dba); and 49.5 mg
(0.24 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (12.24 mmol) of 2,9-diphenyl-
5,12-dihydroindolo[3,2-a]carbazole (Intermediate I-10),
2.11 g (13.46 mmol) of bromobenzene, and 706 mg (7.34
mmol) of t-BuONa were added thereto, and the resultant
solution was stirred under reflux at a temperature of 160° C.
for 48 hours. After completing (or substantially completing)
the reaction, 20 mL of cold distilled water was added to the
reaction solution, and then an extraction was performed
thereon by using (utilizing) ethyl acetate. An organic layer
obtained therefrom was dried by using (utilizing) magnesium
sulfate, and then, was dried and filtered to remove a solvent
therefrom, and the obtained residual was separation-purified
by using (utilizing) column chromatography to obtain 3.14 g
(vield: 53%) of Intermediate I-11 (2,5,9-triphenyl-5,12-dihy-
droindolo[3,2-a]carbazol).

[0269] EI-MS, m/e, 484.19 (calculated value), 484.22
(measured value).

Synthesis of Compound 88

[0270] 94.5 mg (0.10 mmol) of Pd,(dba); and 41.7 mg
(0.21 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (10.32 mmol) of Intermediate
1-11, 3.59 g (11.35 mmol) of 5-bromo-2,4-diphenylthiazole,
and 0.595 mg (6.19 mmol) of t-BuONa were added thereto,
and the resultant solution was stirred under reflux at a tem-
perature of 160° C. for 48 hours. After completing (or sub-
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stantially completing) the reaction, 20 mL of cold distilled
water was added to the reaction solution, and then an extrac-
tion was performed thereon by using (utilizing) ethyl acetate.
An organic layer obtained therefrom was dried by using (uti-
lizing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 5.14 g (yield: 69%) of Compound 88 (2,4-
diphenyl-5-(2,5,9-triphenylindolo[3,2-a]carbazole-12(5H)-
yl)thiazole).

[0271] 1H NMR (300 MHz, CDC13), d (ppm): 8.74-8.65
(1H, m), 8.27-8.21 (1H, m), 7.94-7.87 (2H, m), 7.87-7.81
(3H, m), 7.78-7.70 (4H, m), 7.69-7.58 (5H, m), 7.56-7.51
(1H, m), 7.51-7.43 (11H, m), 7.42-7.34 (4H, m), 7.33-7.26
(1H, m).

[0272] EI-MS, m/e, 719.24 (calculated value), 719.28
(measured value)

Synthesis Example 10

Synthesis of Compound 112

)&
N O 3-Bromopyridine
A ——
Pd,(dbajs, t-BusP
Q h

t-BuONa, o-Xylene
I-12

[0273]

2-bromo-4,5-
diphenylthiazole
T ——

Pd,(dba);, t-BuzP
/ \\ t-BuONa, o-Xylene
—
N
113

112

Synthesis of Intermediate I-13

[0274] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg
(0.39 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
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and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (19.51 mmol) of 5,12-dihy-
droindolo[3,2-a]carbazole (Intermediate 1-12), 3.39 g (21.46
mmol) of 3-bromopyridine, and 1.12 g (11.71 mmol) of
t-BuONa were added thereto, and the resultant solution was
stirred under reflux at a temperature of 160° C. for 48 hours.
After completing (or substantially completing) the reaction,
20 mL of cold distilled water was added to the reaction
solution, and then an extraction was performed thereon by
using (utilizing) ethyl acetate. An organic layer obtained
therefrom was dried by using (utilizing)magnesium sulfate,
and then, was dried and filtered to remove a solvent there-
from, and the obtained residual was separation-purified by
using (utilizing) column chromatography to obtain 3.43 g
(vield: 53%) of Intermediate I-13 (5-(pyridine-3-y1)-5,12-
dihydroindolo[3,2-a]carbazol).

[0275] EI-MS, m/e, 333.13 (calculated value), 333.14
(measured value).

Synthesis of Compound 112

[0276] 137.3 mg (0.15 mmol) of Pd,(dba); and 60.7 mg
(0.30 mmol) of t-Bu,P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.00 mmol) of Intermediate
1-13, 5.22 g (16.50 mmol) of 2-bromo-4,5-diphenylthiazole,
and 0.864 mg (9.00 mmol) of t-BuONa were added thereto,
and the resultant solution was stirred under reflux at a tem-
perature of 160° C. for 48 hours. After completing (or sub-
stantially completing) the reaction, 20 mL of cold distilled
water was added to the reaction solution, and then an extrac-
tion was performed thereon by using (utilizing) ethyl acetate.
An organic layer obtained therefrom was dried by using (uti-
lizing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 6.23 g (yield: 73%) of Compound 112 (4,5-
diphenyl-2-(5-(pyridine-3-yl)indolo[3,2-a|carbazole-12
(5H)-yDthiazole).

[0277] 1H NMR (300 MHz, CDCI3), d (ppm): 9.15-9.07
(1H, m), 8.59-8.51 (1H, m), 8.02-7.94 (1H, m), 7.92-7.86
(1H,m), 7.86-7.82 (1H, d), 7.82-7.74 (2H, m), 7.71-7.66 (2H,
m), 7.66-7.61 (2H, m), 7.61-7.56 (1H, m), 7.51-7.33 (8H, m),
7.31-7.23 (1H, m), 7.22-7.14 (2H, m), 7.13-7.04 (1H, m).
[0278] EI-MS, m/e, 568.17 (calculated value), 568.20
(measured value).

Synthesis Example 11

Synthesis of Compound 133

[0279]
5-bromo-2 4-di(pyridin)-
I 2-yl)thiazole
N N Pdy(dba)s, -BusP
Q O O t-BuONa, o-Xylene
1-2
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Synthesis of Compound 133

[0280] 137.7 mg (0.15 mmol) of Pd,(dba), and 60.8 mg
(0.30 mmol) of t-Bu,P dissolved in 50 mL of o-xylene, and
then, theresultant mixture was stirred at room temperature for
10 minutes. Here, 5 g (15.04 mmol) Intermediate 1-2, 5.26 g
(16.54 mmol) of 5-bromo-2,4-di(pyridine-2-yl)thiazole, and
0.867 mg (9.03 mmol) of t-BuONa were added thereto, and
the resultant solution was stirred under reflux at a temperature
of 160° C. for 48 hours. After completing (or substantially
completing) the reaction, 20 mL of cold distilled water was
added to the reaction solution, and then an extraction was
performed thereon by using (utilizing) ethyl acetate. An
organic layer obtained therefrom was dried by using (utiliz-
ing) magnesium sulfate, and then, was dried and filtered to
remove a solvent therefrom, and the obtained residual was
separation-purified by using (utilizing) column chromatogra-
phy to obtain 6.48 g (yield: 76%) of Compound 133 (5-(12-
phenylindolo[2,3-a]carbazole-11(12H)-y1)-2,4-di(pyridine-

2-yl)thiazole).

[0281] 1H NMR (300 MHz, CDCI3), d (ppm): 8.78-8.71
(2H, m), 7.97-7.88 (2H, m), 7.86-7.76 (5H, m), 7.75-7.69
(1H, m), 7.69-7.63 (2H, m), 7.59-7.53 (1H, m), 7.52-7.39
(5H, m), 7.30-7.13 (5H, m).

[0282] EI-MS, m/e, 569.17 (calculated value), 569.22
(measured value).

Synthesis Example 12

Synthesis of Compound 149

2-([2,2":6',2"-terpyridin]-
4'-yl)-5-bromothiazole
Pdy(dba);, t-BuzP
t-BuONa, o-Xylene

149

Synthesis of Compound 149

[0284] 137.7 mg (0.15 mmol) of Pd,(dba); and 60.8 mg
(0.30 mmol) of t-Bu, P were dissolved in 50 mL of o-xylene,
and then, the resultant mixture was stirred at room tempera-
ture for 10 minutes. Here, 5 g (15.04 mmol) of Intermediate
1-5, 6.54 g (16.55 mmol) of 2-(]2,2":6',2"-terpyridine]-4'-yl)-
5-bromothiazole, and 0.867 mg (9.03 mmol) of t-BuONa
were added thereto, and the resultant solution was stirred
under reflux at a temperature of 160° C. for 48 hours. After
completing (or substantially completing) the reaction, 20 mL
of cold distilled water was added to the reaction solution, and
then an extraction was performed thereon by using (utilizing)
ethyl acetate. An organic layer obtained therefrom was dried
by using (utilizing) magnesium sulfate, and then, was dried
and filtered to remove a solvent therefrom, and the obtained
residual was separation-purified by using (utilizing) column
chromatography to obtain 8.19 g (yield: 84%) of Compound
149 (2-([2,2":6",2"-terpyridine|-4'-v1)-5-(11-phenylindolo|[3,
2-b]carbazole-5(11H)-yl)thiazole).

[0285] 1H NMR (300 MHz, CDCI3), d (ppm): 8.74-8.69
(2H, 5), 8.67-8.61 (3H, m), 8.47-8.40 (21, m), 8.08-8.03 (111,
5),7.91-7.87 (1H, s), 7.86-7.76 (3, m), 7.74-7.65 (31, m),
7.65-7.60 (2H, m), 7.50-7.43 (2H, 1), 7.33-7.25 (31, m),
7.24-7.16 (4H, m).

[0286] EI-MS, m/e, 646.19 (calculated value), 646.25
(measured value).
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Synthesis Example 13

Synthesis of Compound 152

[0287]
el
N
O Q NH Bromobenzene
Pd;(dba)s, t-BuzP
t-BuONa, o-Xylene
1-14
H
N,

2-(3-(9H-carbazol-
9-yl)phenyl)-
5-bromothiazole

_—
Pd,(dba);, t-BuzP
t-BuONa, o-Xylene

9

N,

2y

152

Synthesis of Intermediate I-15

[0288] 178.6 mg (0.20 mmol) of Pd,(dba); and 78.9 mg
(0.39 mmol) of t-Bu, P were dissolved 50mL of 0-xylene, and

75
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then, the resultant mixture was stirred at room temperature for
10 minutes. Here, 5 g (19.51 mmol) of 5,7-dihydroindolo|[2,
3-b]carbazole (Intermediate 1-14), 3.37 g (21.46 mmol) of
bromobenzene, and 1.12 g (11.71 mmol) of t-BuONa were
added thereto, and the resultant solution was stirred under
reflux at a temperature of 160° C. for 48 hours. After com-
pleting (or substantially completing) the reaction, 20 mL of
cold distilled water was added to the reaction solution, and
then an extraction was performed thereon by using (utilizing)
ethyl acetate. An organic layer obtained therefrom was dried
by using (utilizing) magnesium sulfate, and then, was dried
and filtered to remove a solvent therefrom, and the obtained
residual was separation-purified by using (utilizing) column
chromatography to obtain 5.72 g (yield: 88%) of Intermediate
1-15 (5-phenyl-3,7-dihydroindolo[2,3-b]carbazol).

[0289] EI-MS, m/e, 332.13 (calculated value), 332.17
(measured value).

Synthesis of Compound 152

[0290] 137.7 mg (0.15 mmol) of Pd,(dba); and 60.8 mg
(0.30 mmol) of t-Bu, P were dissolved 50 mL of o-xylene, and
then, the resultant mixture was stirred at room temperature for
10minutes. Here, 5 g (15.04 mmol) of Intermediate I-15, 6.71
g (16.55 mmol) of 2-(3-(9H-carbazol-9-yl)phenyl)-5-bro-
mothiazole, and 0.867 mg (9.03 mmol) of t-BuONa were
added thereto, and the resultant solution was stirred under
reflux at a temperature of 160° C. for 48 hours. After com-
pleting (or substantially completing) the reaction, 20 mL of
cold distilled water was added to the reaction solution, and
then an extraction was performed thereon by using (utilizing)
ethyl acetate. An organic layer obtained therefrom was dried
by using (utilizing) magnesium sulfate, and then, was dried
and filtered to remove a solvent therefrom, and the obtained
residual was separation-purified by using (utilizing) column
chromatography to obtain 8.12 g (yield: 82%) of Compound
152 (2-(3-(9H-carbazol-9-yl)phenyl)-5-(7-phenylindolo|[2,
3-b]carbazole-5(7H)-yl)thiazole).

[0291] 1H NMR (300 MHz, CDCI3), d (ppm): 8.38-8.32
(1H, s), 8.10-8.05 (1H, m), 7.98-7.94 (1H, 5), 7.90-7.83 (3H,
m),7.82-7.75 (3H, m), 7.71-7.65 (4H, m), 7.65-7.58 (4H, m),
7.50-7.43 (2H, 1), 7.36-7.13 (9H, m).

[0292] EI-MS, m/e, 656.20 (calculated value), 656.25
(measured value).

[0293] Additional compounds were synthesized according
to synthesis pathways and synthesis methods substantially
the same as those described above by using (utilizing) appro-
priate intermediates. The additional synthesized compounds
were identified by "H NMR and MS/FAB as shown in Table
L.

[0294] Synthesis methods for compounds other than the
compounds shown in Table 1 should be apparent to one of
ordinary skill in the art by referring to the synthesis methods
and source materials of the Synthesis Examples above.

TABLE 1

Compound 'H NMR (CDCls, 300 MHz)

MS/FAB

measured  calculated
value value

2

8.23-8.17 (1H, 5), 7.90-7.86 (11, s), 7.81-7.76 (11,

491.18 491.15

$), 7.70-7.59 (SH, m), 7.57-7.49 (3H, m), 7.44-7.36
(4H, m), 7.34-7.27 (11, m), 7.26-7.21 (1H, m),
7.20-7.13 (2H, m), 7.12-7.04 (2H, m).
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TABLE 1-continued

MS/FAB

measured  calculated
Compound 'HNMR (CDCls, 300 MHz) value value

8 7.91-7.86 (1H, ), 7.81-7.77 (1H, s), 7.70-7.64 (3H,
m), 7.63-7.58 (2H, m), 7.57-7.49 (3H, m), 7.44-
7.37 (4H, m), 7.33-7.28 (1H, m), 7.26-7.13 (4H,
m), 7.13-7.05 (2H, m).

17 8.25-8.20 (1H,s), 7.99-7.94 (1H, ), 7.76-7.73 (1H,
s), 7.73-7.70 (1H, m), 7.70-7.65 (2H, d), 7.65-7.59
(2H, m), 7.56-7.49 (3H, m), 7.43-7.36 (4H, m),
7.32-7.26 (1H,m), 7.26-7.14 (3H, m), 7.12-7.05
(2H, m).

23 7.95-7.91 (1H,s), 7.76-7.72 (1H, s), 7.72-7.68 (1H,
m), 7.68-7.58 (4H, m), 7.56-7.50 (3H, m), 7.44-7.36
(4H, m), 7.33-7.27 (1H, m), 7.25-7.14 (4H,

m), 7.12-7.06 (2H, m).

33 8.06-8.00 (2H, m), 7.85-7.81 (1H, d), 7.75-7.67
(4H, m), 7.65-7.62 (1H, m), 7.62-7.57 (3H, m),
7.56-7.51 (1H, d), 7.49-7.42 (6H, m), 7.41-7.33
(2H, m), 7.32-7.18 (5H, m).

39 8.06-7.99 (2H, m), 7.99-7.95 (1H, d), 7.83-7.78
(1H, m), 7.74-7.66 (4H, m), 7.65-7.57 (3H, m),
7.55-7.51 (1H, d), 7.50-7.42 (6H, m), 7.41-7.34
(2H, m), 7.32-7.18 (5H, m).

33 8.74-8.67 (1H, m), 8.23-8.16 (1H, ), 7.94-7.86
(2H, m), 7.82-7.77 (1H, s), 7.73-7.60 (6H, m),
7.60-7.54 (1H, m), 7.44-7.38 (2H, t), 7.38-7.27
(2H, m), 7.23-7.14 (2H, m), 7.13-7.04 (2H, m).

63 8.74-8.67 (2H, d), 8.10-8.05 (1H, s), 7.93-7.87 (2H,
m), 7.72-7.67 (1H, d), 7.66-7.56 (5H, m), 7.53-7.48
(1H, m), 7.43-7.36 (3H, 1), 7.34-7.28 (1H, m),
7.23-7.08 (4H, m).

123 8.73-8.67 (1H, m), 8.12-8.06 (1H, s}, 7.94-7.86
(3H, m), 7.79-7.73 (1H, m), 7.72-7.67 (1H, d),
7.66-7.61 (1H, m), 7.56-7.48 (3H, m), 7.48-7.36
(4H, m), 7.26-7.07 (5H, m).

132 8.73-8.66 (1H, m), 7.95-7.88 (1H, m), 7.81-7.70
(4H, m), 7.65-7.59 (3H, m), 7.58-7.52 (1H, d),
7.51-7.41 (4H, m), 7.35-7.28 (1H, m), 7.28-7.21
(3H, m), 7.21-7.14 (1H, m), 7.11-7.04 (1H, m).

148 8.28-8.23 (2H, m), 8.21-8.17 (1H, m), 8.03-7.98
(1H, s), 7.86-7.81 (2H, d), 7.78-7.74 (2H, m),
7.72-7.65 (4H, m), 7.63-7.57 (3H, m), 7.50-7.42
(7H, m), 7.41-7.35 (2H, m), 7.32-7.26 (2H, m),
7.26-7.14 (3H, m).

475.22 475.17

491.17 491.15

475.21 475.17

551.25

551.20

567.19

567.18

492.19

492.14

492.19

492.14

492.16

492.14

476.21

476.16

643.22 643.21

EXAMPLE

Example 1

[0295] An ITO glass substrate (a product of Corning Co.,
Ltd) including an ITO layer having a sheet resistance of 15
Q/cm? (thickness of 1,200 A) was cut to a size of 50 mmx50
mmx0.7 mm, sonicated by using (utilizing) isopropyl alcchol
and pure water each for 5 minutes, and cleaned by exposure to
ultraviolet rays for 30 minutes and then ozone. Then, the ITO
glass substrate was mounted on a vacuum deposition appara-
tus.

[0296] 2-TNATA was deposited on the ITO anode to form
aHIL having a thickness of 600 A, NPB was deposited on the
HIL to form a HTL having a thickness of 300 A, and then,
Compound 1 (host) and Ir(piq),(acac) (dopant) were co-de-
posited at a weight ratio of 87:13 on the HTL to form an
emission layer having a thickness of 300 A.

[0297] Thereafter, Alq, was deposited on the emission
layer to form an ETL having a thickness of 300 A, LiF was
deposited on the ETL to form an EIL having a thickness of 10
A, and Al was deposited on the ETL to form a cathode having
a thickness of 3,000 A, thereby completing the manufacture
of an OLED.

Example 2

[0298] An OLED was manufactured as in Example 1,
except that in forming the emission layer, Compound 7 was
used instead of Compound 1.

Example 3

[0299] An OLED was manufactured as in Example 1,
except that in forming the emission layer, Compound 88 was
used instead of Compound 1.

Example 4

[0300] An OLED was manufactured as in Example 1,
except thatin forming the emission layer, Compound 112 was
used instead of Compound 1.

Example 5

[0301] An OLED was manufactured as in Example 1,
except that in forming the emission layer, Compound 29 was
used instead of Compound 1, and Ir(ppy), was used instead of

Ir(piq),(acac).
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Example 6

[0302] An OLED was manufactured as in Example 5,
except that in forming the emission layer, Compound 59 was
used instead of Compound 29.

Example 7

[0303] An OLED was manufactured as in Example 35,
except that in forming the emission layer, Compound 70 was
used instead of Compound 29.

Exaniple 8

[0304] An OLED was manufactured as in Example 5,
except that in forming the emission layer, Compound 101 was
used instead of Compound 29.

Example 9

[0305] An OLED was manufactured as in Example 1,
except that in forming the emission layer, ADN and DPVBi
were co-deposited at a weight ratio of 98:2 instead of Com-
pound 1 and Ir(piq),(acac) that were co-deposited at a weight
ratio of 87:13, and in forming the ETL, Compound 133 was
used instead of Algs.

Example 10

[0306] An OLED was manufactured as in Example 9,
except that in forming the ETL, Compound 149 was used
instead of Compound 133.

Example 11

[0307] An OLED was manufactured as in Example 9,
except that in forming the ETL, Alq, was as used instead of
Compound 133, and in forming a HTL, Compound 152 was
used instead of NPB.

Example 12

[0308] An OLED was manufactured as in Example 9,
except that in forming the HTL, Compound 155 was used
instead of Compound 152.

Comparative Example 1

[0309] An OLED was manufactured as in Example 1,
except that in forming the emission layer, CBP was used
instead of Compound 1.

Aug. 13,2015

Comparative Example 2

[0310] An OLED was manufactured as in Example 5,
except thatin forming the emission layer, Compound 401 was
used instead of Compound 59.

Compound 401
401

Comparative Example 3

[0311] An OLED was manufactured as in Example 9,
except that in forming the ETL, Alq, was used instead of
Compound 133.

Comparative Example 4

[0312] An OLED was manufactured as in Example 11,
except that in forming the ETL, NPB was used instead of
Compound 152.

Evaluation Example

[0313] The driving voltage and emission efficiency of the
OLEDs of Examples 1 to 8 and Comparative Examples 1 and
2 were measured by using (utilizing) a Keithley SMU 236 and
abrightness photometer PR650 with respect to abrightness of
1,000 cd/m?, and results thereof are shown in Table 2.

TABLE 2

Driving Emission

voltage efficiency Emission  Brightness

Host Dopant ETL HTL V) (cd/A)  color (cd/m?)

Examplel  Compound  Ir(piq),(acac) Alq; NPB 5.7 16.8  Red 1,000
1

Example2  Compound  Ir(piq),(acac) Algq; NPB 6.0 17.5  Red 1,000
7

Example3  Compound  Ir(piq),{acac) Alq; NPB 5.9 181  Red 1,000
88

Example4  Compound  Ir(piq),(acac) Alqy; NPB 6.1 17.8  Red 1,000
112

Example 5 Compound  Ir(ppy)s Alg; NPB 5.1 243 Green 1,000
29

Example 6  Compound  Ir(ppy)s Alq; NPB 5.2 23.8  Green 1,000

59
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TABLE 2-continued
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Driving Emission

voltage efficiency Emission  Brightness
Host Dopant ETL HTL V) {cd/A)  color (cd/m?)
Example 7 Compound  Ir(ppy); Alg; NPB 54 254  Green 1,000
70
Example 8  Compound  Ir(ppy)s Alg; NPB 55 23.7  Green 1,000
101
Comparative CBP Ir(piq),(acac)  Alg; NPB 7.8 11.1  Red 1,000
Example 1
Comparative Compound  Ir(ppy)s Alg; NPB 74 194 Green 1,000

Example2 401

[0314] Thedriving voltage, brightness, emission efficiency
of the OLEDs of Examples 9 to 12 and Comparative
Examples 3 and 4 were measured with respect to a current
density of 50 mA/cm?, and results thereof are shown in Table
3 with the half-lifespan of the same OLEDs. Here, the half-
lifespan of the OLEDs was measured as the time taken for the
OLED:s to arrive at a brightness that is 50% of the initial value
of the brightness of the OLED while being operated at current
density of 100 mA/cm>. The measurements were made using
(utilizing) a Keithley SMU 236 and a brightness photometer
PR650.

tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

[0318] While one or more embodiments of the present dis-
closure have been described with reference to the figures, 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, and equivalents
thereof.

TABLE 3
Driving Emission  Current Half-
voltage Brightness efficiency  density Emission  lifespan
Host Dopant ETL HTL V) (cd/m?) {(cd/A)  (mAiem?) color (Hr)
Example 9 ADN DPV Compound  NPB 6.5 2472 49 50 Blue 265
Bi 133
Example ADN DPV Compound  NPB 6.2 2380 47 50 Blue 248
10 Bi 149
Example ADN DPV Alg, Compound 6.4 2375 4.6 50 Blue 268
11 Bi 152
Example ADN DPV Alg, Compound 6.5 2432 47 50 Blue 254
12 Bi 155
Comparative ADN DPV Alg, NPB 7.8 1664 34 50 Blue 132
Example 3 Bi
Comparative ADN DPV Alg, NPB 7.8 1640 33 50 Blue 142
Example 4 Bi

[0315] Referring to Table 2 above, it can be seen that the
driving voltage and emission efficiency of the OLEDs of
Examples 1 to 8 are improved relative to those of Compara-
tive Examples 1 and 2. Referring to Table 3, it can be seen that
the driving voltage, current density, brightness, emission effi-
ciency and half-lifespan of the OLEDs of Examples 9 to 12
are improved relative to the driving voltage, current density,
brightness, emission efficiency, and half-lifespan of the
OLEDs of Comparative Examples 3 and 4.

[0316] As described above, according to aspects of one or
more embodiments of the present disclosure, an organic light-
emitting device including a condensed cyclic compound may
have a low driving voltage, high efficiency, high brightness,
and long lifespan

[0317] It should be understood that the embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-

What is claimed is:

1. A condensed cyclic compound for an organic light-
emitting device represented by Formula 1:

Formula 1
Rs
>—_Y1
\
X / Y2
R
C3
R, // A
SN
R3
R4
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wherein in Formula 1,
X is an oxygen atom (O) or a sulfur (S) atom;
Y, and 'Y, are each independently a nitrogen (N) atom or
—CRg;
C, and C, are each a carbon (C) atom;
ring A is a benzene ring represented by Formula 1A,
wherein 3 to 6 in Formula 1A are reference numbers and
two of the reference numbers 3 to 6 correspond to
respective carbon atoms included in ring B;
Formula 1A
3 Rg
o &
I ]
CIV/ 5
6 R,

the ring B is an indole ring represented by Formula 1B,
wherein 7 and 8 in Formula 1B are reference numbers,
each of which corresponds to a carbon atom included the
ring A;

Formula 1B

8 Ry

R, to R,; are each independently selected from a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C;-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C;-C, , hetero-
cycloalkyl group, a substituted or unsubstituted C;-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-C,, aryl group, a substituted or unsubstituted C,-C5,
heteroaryl group, a substituted or unsubstituted C4-C;,
aryloxy group, a substituted or unsubstituted C4-C,,
arylthio group, a monovalent C,-C;, non-aromatic con-
densed polycyclic group, —Si(Q,)(Q,)(Q,), and
—BQQs),

at least one substituent of the C,-C,, substituted alkyl
group, the substituted C,-C,, alkenyl group, the substi-
tuted C,-C,, alkynyl group, the substituted C,-C,,
alkoxy group, the substituted C,-C,, cycloalkyl group,
the substituted C;-C,, cycloalkenyl group, the substi-
tuted C,-C,, heterocycloalkyl group, the substituted
C;-C,o heterocycloalkenyl group, the substituted
Cs-Cy aryl group, the substituted C,-C;, heteroaryl
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group, the substituted C4-C;, aryloxy group, and the
substituted C4-Cs,, arylthio group is selected from:

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxy-
lic acid group or a salt thereof, a sulfonic acid group ora
salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-Cs,
alkynyl group, and a C,-C,, alkoxy group;

a C,-C,, alkyl group, a C,-C;, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C,,, alkoxy group, each substi-
tuted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C;-C,,
cycloalkyl group, a C;-C,, heterocycloalkyl group, a
C,;-C,q cycloalkenyl group, a C5-C,, heterocycloalk-
enyl group, a C4-C,, aryl group, a C,-C;q heteroaryl
group, aC-C,, aryloxy group, a C,-C,, arylthio group,
a monovalent C4-Cs, non-aromatic condensed polycy-
clic group, —N(Q;,)(Q;,), —Si(Q;3)(Q,4)(Q;5), and
—B(Q16)(Qy7):

a C;-C,, cycloalkyl group, a C4-C, cycloalkenyl group, a
C;-C,,, heterocycloalkyl group, a C,-C,, heterocy-
cloalkenyl group, a C;-C;, aryl group, a C,-Cy, het-
eroaryl group, a C4-C,, aryloxy group, a C4-C,, arylthio
group, and a monovalent C,-C,, non-aromatic con-
densed polycyclic group;

a C;-C, cycloalkyl group, a C,-C, , cycloalkenyl group, a
C;-C,o heterocycloalkyl group, a C;-C,, heterocy-
cloalkenyl group, a C,-C;, aryl group, a C,-C;, het-
eroaryl group, a C,-C, 4 aryloxy group, a C4-Cs, arylthio
group, and a monovalent Cg-C,, non-aromatic con-
densed polycyclic group, each substituted with at least
one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C;, alkyl group, a C,-C;,
alkenyl group, a C,-C,,, alkynyl group, a C,-C,, alkoxy
group, a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C |, cycloalkenyl group, a C;-C,,
heterocycloalkenyl group, a C4-C,q aryl group, a C,-Csq
heteroaryl group, a Cy-Cs, aryloxy group, a C4-Csyq
arylthio group, a monovalent C4-C;, non-aromatic con-
densed polyeyclic group, —N(Q5,)(Qs5); —Si(Qs3)
(Q24)(Q25)s and 7B(Q26)(Q27); and

Si(Q51)(Q52)(Qs3) and —B(Q34)(Qs5), and

Q10 Qs5, Qy; 10 Q5. Qyy 10 Qy5, and Qy, 1o Q5 are each
independently selected from a hydrogen atom, a C,-C,,
alkyl group, a C,-C;, alkenyl group, a C,-C;, alkynyl
group, a C,-C,, alkoxy group, a C,-C,, cycloalkyl
group, a C;-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group,
a C4-Cy, aryl group, a C,-C heteroaryl group, and a
monovalent C-C,, non-aromatic condensed polycyclic
group.

2. The condensed cyclic compound of claim 1, wherein the
ring B comprises the carbon atoms corresponding to the ref-
erence numbers 3 and 4 of the ring A, the carbon atoms
corresponding to the reference numbers 4 and 5 of the ring A,
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or the carbon atoms corresponding to the reference numbers _continued
5 and 6 of the ring A. N
7
3. The condensed cyclic compound of claim 1, wherein the c R
. 2 Rig
rings A and B / \

Ry
3 N
N /
Cn Ry Rz
( )

comprise a group represented by any one of Formulae 2A to

<Formula 2E>

<Formula 2F>

2F:

Rp

<Formula 2A>
Ry

Ryo

wherein in Formulae 2A to 2F,

R, toR; are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,,, aryl group,
and a substituted or unsubstituted C,-C,, heteroaryl
group,

at least one substituent of the substituted C,-C,,, aryl group
and the substituted C,-C,, heteroaryl group is selected
from a C4-C,, aryl group and a C,-C,, heteroaryl group,
and

R,; is not a hydrogen atom.

4. The condensed cyclic compound of claim 1, wherein

R, to R 5 are each independently selected from:

a hydrogen atom, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl
group, a phenyl group, a pentalenyl group, an indenyl

<Formula 2C> group, a naphthyl group, an azulenyl group, an indace-

nyl group, an acenaphthyl group, a biphenyl group, a

heptalenyl group, a phenaleny! group, a fluorenyl group,

a phenanthrenyl group, an anthryl function, a fluoran-

thenyl group, a pyrenyl group, a benzofluorenyl group, a

naphthacenyl group, a chrysenyl group, a triphenylenyl

group, a terphenyl group, a perylenyl group, a picenyl

group, a hexacenyl group, a spiro-fluorenyl group, a

pyrrolyl group, a furyl group, a pyrazolyl group, an

imidazolyl group, an oxazolyl group, an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiaz-

olyl group, a pyridyl group, a pyrimidinyl group, a

pyrazinyl group, a pyridazinyl group, a triazinyl group, a

pyranyl group, a thiophenyl group, a thiazolyl group, an

isothiazolyl group, a thiopyranyl group, an indolyl
group, an isoindolyl group, an indolizinyl group, a ben-
zofuryl group, an isobenzofuryl group, an indazolyl

group, a benzimidazolyl group, a benzoxazolyl group, a

benzisoxazolyl group, an imidazopyridyl group, a puri-

nyl group, a quinolyl group, an isoquinolyl group, a

phthalazinyl group, a quinazolinyl group, a quinoxalinyl

group, a naphthyridinyl group, a cinnolinyl group, a

benzothiophenyl group, a benzothiazolyl group, a car-

bazolyl group, a benzocarbazolyl group, a pyridoindolyl

group, a dibenzofuryl group, a phenanthridinyl group, a

<Formula 2B>

<Formula 21>
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benzoquinolyl group, a phenazinyl group, a diben-
zosilolyl group, a dibenzothiophenyl group, and a ben-
zocarbazolyl group;

a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, and a decyl group. each
substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, and an amino group; and

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, an indacenyl group,
an acenaphthyl group, a biphenyl group, a heptalenyl
group, a phenalenyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl function, a fluoranthenyl
group, a pyrenyl group, a benzofluorenyl group, a naph-
thacenyl group, a chrysenyl group, a triphenylenyl
group, a terpheny! group, a perylenyl group, an picenyl
group, a hexacenyl group, a spiro-fluorenyl group, a
pyrrolyl group, a furyl group, a pyrazolyl group, an
imidazolyl group, an oxazolyl group. an isoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiaz-
olyl group, a pyridyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group,
pyranyl group, a thiophenyl group, a thiazolyl group, an
isothiazolyl group, a thiopyranyl group, an indolyl
group, an isoindolyl group, an indolizinyl group, a ben-
zofuryl group, an isobenzofuryl group, an indazolyl
group, a benzimidazolyl group, a benzoxazolyl group, a
benzisoxazolyl group, an imidazopyridyl group, a puri-
nyl group, a quinolyl group, an isoquinolyl group, a
phthalazinyl group, a quinazolinyl group, a quinoxalinyl
group, a naphthyridinyl group, a cinnolinyl group, a
benzothiophenyl group, a benzothiazolyl group, a car-
bazolyl group, a benzocarbazolyl group, a pyridoindolyl
group, a dibenzofuryl group, a phenanthridinyl group, a
benzoquinolyl group, a phenazinyl group, a diben-
zosilolyl group, a dibenzothiophenyl group, and a ben-
zocarbazolyl group, each substituted with at least one
selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof, a C -C, , alkyl group, a C,-C,,
alkenyl group, a C,-C |, alkynyl group, a C,-C |, alkoxy
group, a C,-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, C5-C,
heterocycloalkenyl group, a C4-C,, aryl group, a C,-Cs
heteroaryl group, a Cs-C,, aryloxy group, a C5-Cy,
arylthio group, and —Si(Qs;)(Q5,)(Q53) (Wherein, Qs,
to Q55 are each independently selected from a hydrogen
atom, a C,-C, , alkyl group, a C, -C, ; alkoxy group, and
a C,-C,, aryl group), wherein R and R 5 are not hydro-
gen.

5. The condensed cyclic compound of claim 1, wherein

R, to R, and R¢ to R, ; are each independently a hydrogen
atom or a compound represented by one of Formulae 3A
to 3C, and

Aug. 13,2015

Rs and R, are each independently selected from a com-
pound represented by one of Formulae 3A to 3C:

<3A>
(ZUZ’NC>7
<3B>
(ZuLN:\
/
A
30>

(Zu;&\l—
LR,

wherein in Formulae 3A to 3C,

Z,, is selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,
alkoxy group, a C,-C,, aryl group, a C,-C;, heteroaryl
group, and —Si(Q5,)(Q5,)(Qs3) (Wherein Q5 to Q35 are
each independently selected from a hydrogen atom, a
C,-C,palkyl group,a C,-C,, alkoxy group, and a C4-Cs,
aryl group),

pl is selected from an integer of 1 to 5,

p2 is selected from an integer of 1 to 4,

p3 is selected from an integer of 1 to 3, and

* is a binding site.

6. The condensed cyclic compound of claim 1, wherein:

R, t0oR,and R to R, are each independently a hydrogen
atom or a compound represented by one of Formulaec 4 A
to 4M, and

R; and R,; are each independently a compound repre-
sented by one of Formulae 4A to 4M:

<4 A>
: *
<4B>
\ 7/
N
<4C>
%
\
\_/
<4D>
N *
\
<4E>
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<APF> <4M>
N
<4G>
O *.
<4H>

7. The condensed cyclic compound of claim 1, wherein X
is a sulfur (S) atom, Y, is a nitrogen (N) atom, and Y, is
~CR,,

b 8. The condensed cyclic compound of claim 1, wherein X

isaSatom, Y, is —CRg,and Y, isa N atom.

9. The condensed cyclic compound of claim 1, wherein X
is an oxygen (O) atom, Y, is a N atom, and Y, is —CRg.

10. The condensed cyclic compound of claim 1, wherein X
is an O atom, Y, is CR4, and Y, is a N atom.

11. The condensed cyclic compound of claim 1, wherein
the condensed cyclic compound of Formula 1 is represented

<4 by Formulae 1-1 to 1-6:

Formula 1-1

<4K>

Formula 1-2

<4L>
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_continued 12. The condensed cyclic compound of claim 11, wherein:

Formula 1-3

R, to R, and R¢ to R, are each independently selected
from a hydrogen atom, a phenyl group, a pyridyl group,
and a pyrimidinyl group; a phenyl group, a pyridyl
group, and a pyrimidinyl group, each substituted with at
least one selected from a phenyl group, a pyridyl group,
a pyrimidiny] group, and a carbazolyl group, and

Rs and R, ; are each independently selected from a phenyl
group, a pyridyl group, and a pyrimidinyl group; a phe-
nyl group, a pyridyl group, and a pyrimidinyl group,
each substituted with at least one selected from a phenyl
group, a pyridyl group, a pyrimidiny! group, and a car-
bazolyl group.

13. The condensed cyclic compound of claim 1, wherein

Formula1-4  the condensed cyclic compound is any one of Compounds 1
to 159:

Formula 1-5

Formula 1-6
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14. The condensed cyclic compound of claim 1, wherein
157 the condensed cyclic compound is any one of Compounds 1,
7,29, 59,70, 88,101, 112, 133, 149, 152, 155, and 159:
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15. An organic light-emitting device comprising:

a first electrode;

a second electrode facing the first electrode; and

an organic layer between the first and second electrodes

and comprising an emission layer,

wherein the organic layer comprises the condensed cyclic

compound of claim 1.

16. The organic light-emitting device of claim 15, wherein
the organic layer comprises:

a hole transport region between the first electrode and the

emission layer; and

an electron transport region between the emission layer

and the second electrode.

17. The organic light-emitting device of claim 16, wherein
the electron transport region comprises at least one selected
from a hole blocking layer, an electron transport layer, and an
electron injection layer.
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18. The organic light-emitting device of claim 16, wherein
the hole transport region comprises at least one selected from
an electron blocking layer, a hole transport layer, and a hole
injection layer.

19. The organic light-emitting device of claim 16, wherein
the emission layer comprises the condensed cyclic com-
pound.

20. The organic light-emitting device of claim 16, wherein
the electron transport region comprises the condensed cyclic
compound.
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