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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. 10-2014-0144276, filed on
Oct. 23, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more aspects of embodiments of the present
invention 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 are self-emission
devices that have wide viewing angles, high contrast ratios,
short response times, low driving voltage, and excellent
brightness and response speed characteristics, and can pro-
duce full-color images.

[0006] Theorganiclight-emitting device may include a first
electrode disposed on a substrate, and a hole transport region,
an emission layer, an electron transport region, and a second
electrode sequentially disposed on the first electrode. Holes
provided from the first electrode may move toward the emis-
sion 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
(e.g., holes and electrons), are recombined in the emission
layer to produce excitons, When these excitons change from
an excited state to a ground state, light is generated.

SUMMARY

[0007] One or more aspects of embodiments of the present
invention relate to a novel condensed cyclic compound and an
organic light-emitting device including the same.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] An embodiment provides a condensed cyclic com-
pound represented by Formula 1, where R, to R, may be
each independently a group represented by Formula 2:

Formula 1
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-continued
Formula 2
Ar
/
*——(Lpa—N

AL,

[0010] In Formulae 1 and 2,
[0011] X, maybeOorS;
[0012] L, may each independently be selected from a

substituted or unsubstituted C;-C,, cycloalkylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C5-C
cycloalkenylene group, a substituted or unsubstituted
C,-C, heterocycloalkenylene group, a substituted or
unsubstituted C4-Cy, arylene group, a substituted or
unsubstituted C, -C, heteroarylene group, a substituted
or unsubstituted divalent non-aromatic condensed poly-
cyclic group, and a substituted or unsubstituted divalent
non-aromatic condensed heteropolycyclic group;

[0013] al is selected from 0, 1, 2, and 3, and when al is
two or more, a plurality of L, may be identical to or
different from each other;

[0014] Ar, and Ar, may be each independently selected
from a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
stituted C,-Cg, heteroaryl group, a substituted or unsub-
stituted monovalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group;

[0015] R, to R,, may be each independently selected
from a group represented by Formula 2, a hydrogen, a
deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid or a salt thereof, a substituted or
unsubstituted C,-Cg, 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 C5-C, , cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C;-C, , cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-C,, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-Cg,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic group, —Si(Q, XQ,)(Q,). and —BQ,)Qy):

[0016] at least two selected from R, to R, , may be each
independently the group represented by Formula 2;

[0017] at least one of substituents of the substituted
C,-C,, cycloalkylene group, substituted C,-C, , hetero-
cycloalkylene group, substituted C,-C,, cycloalk-
enylene group, substituted C,-C,, heterocycloalk-
enylene group, substituted Cg-Cg, arylene group,



US 2016/0118593 A1

substituted C,-C, heteroarylene group, substituted
divalent non-aromatic condensed polycyclic group, sub-
stituted divalent non-aromatic condensed heteropolycy-
clic group, substituted C,-C,, alkyl group, substituted
C,-C, alkenyl group, substituted C,-C, alkynyl group,
substituted C,-C, alkoxy group, substituted C;-C,
cycloalkyl group, substituted C,-C,, heterocycloalkyl
group, substituted C;-C,, cycloalkenyl group, substi-
tuted C,-C,, heterocycloalkenyl group, substituted
Cs-Cq aryl group, substituted C4-Cg, aryloxy group,
substituted C,-Co, arylthio group, substituted C,-Cy,
heteroaryl group, substituted monovalent non-aromatic
condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group
may be selected from:

[0018] a deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl
group, and a Cg, alkoxy group;

[0019] a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a
C,-C,, alkynyl group, and a C,-C, alkoxy group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cg, aryl group, a C-C, aryloxy group,
a C4-Cy, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, —S1(Q;1)(Q12)(Qy3), and —B(Q14)(Qy5):

[0020] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cp aryl group, a C4-Cg,
aryloxy group, a C,-Cg,, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic het-
erocondensed polycyclic group;

[0021] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-C, aryl group, a C4-Cg
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic het-
erocondensed polycyclic group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br,
—1, 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 phos-
phoric acid group or a salt thereof, a C, -Cy, alkyl group,
a C,-C, alkenyl group, a C,-C, alkynyl group, a
C,-C¢, alkoxy group, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, cycloalkenyl
group, aC,-C, , heterocycloalkenyl group, a C4-Cg, aryl
group, a C¢-Cg, aryloxy group, a Cg-Cy, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
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matic heterocondensed polycyclic group, —Si(Q,,)

(Q2)(Qs3), and —B(Q1,)(Qs5); and
[0022] —Si(Q;,)(Q3:)(Qs5) and —B(Q;,)(Qs5),

[0023] whereQ, t0Qs,Q;; 10 Qy5, Qs 10 Qy5.and Qs to
Q55 may be each independently selected from a hydro-

gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg,
alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C,-Cg, alkoxy group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group,
a C,-Cy, aryl group, a C;-C,, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
and a monovalent non-aromatic condensed heteropoly-
cyclic group.
[0024] An embodiment provides an organic light-emitting
device that includes: a first electrode; a second electrode
facing the first electrode; and an organic layer between the
first electrode and the second electrode and including an
emission layer, where the organic layer includes at least one
of the condensed cyclic compounds of Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0026] FIG. 1 is a schematic view of an organic light-
emitting device according to some embodiments of the
present invention;

[0027] FIG. 2 is a schematic view of an organic light-
emitting device according to some embodiments of the
present invention;

[0028] FIG. 3 is a schematic view of an organic light-
emitting device according to some embodiments of the
present invention; and

[0029] FIG. 4 is a schematic view of an organic light-
emitting device according to some embodiments of the
present invention.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present exemplary
embodiments may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Accordingly, the exemplary embodiments are merely
described below, by referring to the figures, to explain aspects
of the present description. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” In addition, as used herein, the terms
“use,” “using,” and “used” may be considered synonymous



US 2016/0118593 A1

2

with the terms “utilize,” “utilizing,” and “utilized,” respec-
tively. Also, the term “exemplary” is intended to refer to an
example or illustration.

[0031] A condensed cyclic compound according to some
embodiments is represented by Formula 1 below:

Formula 1

[0032] X, in Formula 1 may be O or S. According to
some embodiments, X, in Formula I may be O, butisnot
limited thereto.

[0033] R, toR,, in Formula 1 may be each independently
selected from a group represented by Formula 2 below, a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a substituted or
unsubstituted C, -C, alkyl group, a substituted or unsubsti-
tuted C,-C, alkenyl group, a substituted or unsubstituted
C,-Cq, alkynyl group, a substituted or unsubstituted C,-C,
alkoxy group, a substituted or unsubstituted C,;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cgo aryl group, a substituted or unsubstituted C4-Cy, ary-
loxy group, a substituted or unsubstituted C,-C,,, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropolycyclic
group, —Si(Q, ((Q)(Q,), and —B(Q,)(Qy)-

[0034] Insomeembodiments, at least two selected from R
to Ry, in Formula 1 may be each independently a group
represented by Formula 2 below:

Formula 2
Ar

/
F=—LDa—N

Ars.

[0035] L, in Formula 2 may be each independently
selected from a substituted or unsubstituted C;-C,
cycloalkylene group, a substituted or unsubstituted
C,-C,;, heterocycloalkylene group, a substituted or
unsubstituted C5-C,, cycloalkenylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C,-C,, arylene
group, a substituted or unsubstituted C, Cg, het-
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eroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substi-
tuted or unsubstituted divalent non-aromatic condensed
heteropolycyclic group.

[0036] In some embodiments, L, in Formula 2 may be
selected from:
[0037] a phenylene group, a pentalenylene group, an

indenylene group, a naphthylene group, an azulenylene
group, a heptalenylene group, an indacenylene group, an
acenaphthylene group, a fluorenylene group, a spiro-
fluorenylene group, a benzofluorenylene group, a diben-
zofluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene group,
a pentaphenylene group, a hexacenylene group, a pen-
tacenylene group, a rubicenylene group, a coronenylene
group, an ovalenylene group, a pyrrolylene group, a
thiophenylene group (e.g., thiophenylene), a furanylene
group, an imidazolylene group, a pyrazolylene group, a
thiazolylene group, an isothiazolylene group, an
oxazolylene group, a isoxazolylene group, a pyridi-
nylene group, a pyrazinylene group, a pyrimidinylene
group, a pyridazinylene group, an isoindolylene group,
an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinoli-
nylene group, a benzoquinolinylene group, a phthalazi-
nylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cin-
nolinylene group, a carbazolylene group, a phenan-
thridinylene group, an acridinylene group, a phenan-
throlinylene group, a phenazinylene group, a
benzoimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene
group, a triazolylene group, a tetrazolylene group, an
oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a ben-
zocarbazoiylene group, a dibenzocarbazolylene group,
a thiadiazolylene group, an imidazopyridinylene group,
and an imidazopyrimidinylene group; and

[0038] a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene
group, a heptalenylene group, an indacenylene group, an
acenaphthylene group, a fluorenylene group, a spiro-
fluorenylene group, a benzofluorenylene group, a diben-
zofluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene group,
a pentaphenylene group, a hexacenylene group, a pen-
tacenylene group, a rubicenylene group, a coronenylene
group, ovalenylene group, a pyrrolylene group, a
thiophenylene group, a furanylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene
group, an isothiazolylene group, an oxazolylene group,
a isoxazolylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, an
indazolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene
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group, a quinoxalinylene group, a quinazolinylene _continued

group, a cinnolinylene group, a carbazolylene group, a Formula 3-2
phenanthridinylene group, an acridinylene group, a Z )

phenanthrolinylene group, a phenazinylene group, a X

benzoimidazolylene group, a benzofuranylene group, a |

benzothiophenylene group, an isobenzothiazolylene " aw

group, abenzoxazolylene group, an isobenzoxazolylene Formula 3-3
group, a triazolylene group, a tetrazolylene group, an
oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group,
a thiadiazolylene group, an imidazopyridinylene group,
and an imidazopyrimidinylene group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C;-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclopentenyl group, a cyclohex-
enyl group, a phenyl group, a pentalenyl group, an inde-
nyl group, a naphthyl group, an azulenyl group, a hep-
talenyl group, an indacenyl group, an acenaphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group,
a fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a pice-
nyl 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 (uranyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothia- —
zolyl 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 naphthyridinyl group, a quinox- a3
alinyl group, a quinazolinyl group, a cinnolinyl group, a

carbazolyl group, a phenanthridinyl group, an acridinyl

group, a phenanthrolinyl group, a phenazinyl group, a / \
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben- ==
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi- \ /
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl \ /
group, a thiadiazolyi group, an imidazopyridinyl group,

and an imidazopyrimidinyl group. s

Formula 3-4

Formula 3-5

Formula 3-6

Formula 3-7

Formula 3-8

*
*

[0039] In some embodiments, L, in Formula 2 may be Formula 3-9
selected from a group represented by any one of Formulae 3-1 A e G N
to 3-35 illustrated below: | Zas

A as

Formula 3-1 Formula 3-10
ZDa

*

®!

. Z)ar

*

! N *
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-continued

" Z)a

Ed N £l

Formula 3-11

Formula 3-12

Formula 3-13

Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21

Formula 3-22

\[(i
[
\(Zl)ds

IS/
[
\(Zl)di

*

-continued
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Formula 3-23

Formula 3-24

Formula 3-25

Formula 3-26

Formula 3-27

Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31
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-continued
Formula 3-32
Formula 3-33
ZDa ¥
A\ | /
Formula 3-34
ZDa
YA
| =
/ w
*
Formula 3-35

Z2)as-

[0040] InFormulae3-1t03-35,Y; maybeO, S, C(Z,)(Z,),
N(Zs), or Si(Zs)(Z7);

[0041] Z, to Z,may be each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid 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 dibenzofluo-
renyl 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 triazinyl group,

[0042] dl is an integer selected from 1, 2, 3, and 4, d2 is
an integer selected from 1, 2, and 3, d3 is an integer
selected from 1,2, 3,4, 5, and 6, d4 is an integer selected
from 1, 2,3,4,5,6,7,and 8, dS is 1 or 2, and d6 is an
integer selected from 1, 2, 3, 4, and 5, and * and *' each
indicate a binding site to a neighboring atom.

[0043] In some embodiments, [, in Formula 2 may be
selected from:

[0044] aphenylene group, anaphthylene group, a pyridi-
nylene group, a dibenzofuranylene group, and a diben-
zothiophenylene group; and
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[0045] aphenylene group, a naphthylene group, a pyridi-
nylene group, a dibenzofuranylene group, and a diben-
zothiophenylene group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —1, 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 or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-C,, alkyl group, a phenyl group, a naphthyl group,
a pyridinyl group, a pyrimidinyl group, and a triazinyl
group. However, embodiments of the present invention
are not limited thereto.

[0046] In some embodiments, I, in Formula 2 may be
selected from a group represented by any one of Formulae 4-1
to Formula 4-28. However, embodiments of the present
invention are not limited thereto.

Formula 4-1
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Formula 4-8
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Formula 4-16

Formula 4-17
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[0047] * and *' in Formulae 4-1 to 4-28 each indicate a
binding site to a neighboring atom.

[0048] Referring to Formula 2, al indicates the number of
L, and may be selected from 0, 1, 2, and 3. When al is 2 or
greater, a plurality of L,(s) may be identical to or different
from each other. When al is 0, -(L,),, - is a single bond. In
some embodiments, al may be 0, 1, or 2. In some embodi-
ments, al may be O or 1.

[0049] Ar, and Ar, in Formula 2 may be each indepen-
dently selected from a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Co aryl group, a substituted or unsubstituted C, -C,, het-
eroaryl group, a substituted or unsubstituted monovalent non-
aromatic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

[0050] Forexample, Ar, and Ar, in Formula 2 may be each
independently selected from:

[0051] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluo-
renyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a naphthacenyl group, a picenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a corone-
nyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
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a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl 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 quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothlazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group. a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a dibenzosllolyl group, a thiadiazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group;

[0052] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluo-
renyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a naphthacenyl group, a picenyl group,
a perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a corone-
nyl 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 pyridi-
nyl 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 quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothlazolyl group, a ben-
zoxazolyt group, an Isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzosilolyl group,
adibenzocarbazolyl group, a thiadiazolyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, ahydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,,, alkyl group, a
C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a
cyclohexenyl group, a phenyl group, a pentalenyl group,
an indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an Indacenyl group, an acenaphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group,
a fluoranthenyl group, a triphenylenyl group, a pyrenyl
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group, a chrysenyl group, a naphthacenyl group, a pice-
nyl 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 isothia-
zolyl group, an oxazolyl group, an isoxazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
a pyridazinyl group, an isolndolyl group, an Indolyl
group, an Indazolyl group, a purinyl group, a qulnolinyl
group, an isoquinolinyl group, a benzoquinolinyl group,
a phthalazinyl group, a naphthyridinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothlazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an Imidazopyridinyl group,
an imidazopyrimidinyl group, and —Si(Q;,)(Qs,)
(Qs5): and

[00533] Qs to Q55 may be each Independently selected
from 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 diben-
zofluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a phenanthrolinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzooxazolyl group, a triazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a diben-
zosilolyl  group, a thiadiazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group.
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group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, an imidazopyridinyl group,
and an imidazopyrimidinyl group; and

[0056] 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 triphenylenyl group, a pyrenyl
group, a chryseny! 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, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimida-
zolyl group, a benzofuranyl group, a benzothiophenyl
group, an Isobenzothlazolyl group, a benzoxazolyl
group, an isobenzooxazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, an imidazopyridinyl group,
and an Imidazopyrimidinyl group, each substituted with
at least one selected from a deuterium, —F, —CI, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid 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 diben-
zofluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, anisoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isoben-
zooxazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, and —Si(Q;, )(Q1.)(Qs5), and

[0057] Q3 to Q35 may be each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a

phenyl group, and a naphthyl group. However, embodi-

ments of the present Invention are not limited thereto.
[0058] In some embodiments, Ar, and Ar, in Formula 2
may be each Independently selected from:

[0054] Insomeembodiments, A, and Ar, in Formula 2 may
be each independently selected from:

[0055] 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 triphenylenyl group, a pyrenyl
group, a chrysenyl 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, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a qulnoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimida-
zolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzooxazolyl group, an oxadiazolyl

[0059] a phenyl group, a naphthyl group, a fluorenyl
group, a phenanthrenyl group, a pyridinyl group, a pyri-
midinyl group, a triazinyl group, a dibenzofuranyl
group, and a dibenzothiophenyl group; and

[0060] a phenyl group, a naphthyl group, a fluorenyl
group, a phenanthrenyl group, a pyridinyl group, a pyri-
midinyl group, a triazinyl group, a dibenzofuranyl
group, and a dibenzothiophenyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —1I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
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selected from:
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acid or a salt thereof, a C,-C,, alkyl group, a C,-C,
alkoxy group, a phenyl group, a naphthyl group, a fluo-
renyl group, a phenanthrenyl group, a pyridinyl group, a
pyrimidinyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiopheny! group, and —Si(Q;,)(Q5,)
(Qs3), and

[0061] Q;, to Q;; may be each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, and a naphthyl group.

R, to R,, in Formula 1 may be each independently

[0063] a group represented by Formula 2, a hydrogen, a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, alkoxy group;

[0064] a phenyl group, a naphthy! group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group,
a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a triphenylenyl group, a pyrenyl
group, a chryseny! 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, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimida-
zolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzooxazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, an imidazopyridinyl group,
and an imidazopyrimidinyl group;

[0065] 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 triphenylenyl group, a pyrenyl
group, a chryseny! 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, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzoimida-
zolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothlazolyl group, a benzoxazolyl
group, an Isobenzooxazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, an imidazopyridinyl group,
and an imidazopyrimidinyl group, each substituted with
at least one selected from a deuterium, —F, —CI, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid 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 diben-
zofluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a

10

[0068]
independently selected from:

[0074]
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chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, anisoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isoben-
zooxazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, and —Si(Q;,)(Q3,)(Qs5); and

[0066] —Si(Q)(Q,)(Qs),

[0067] where Q, to Q5 and Q5 to Q, may be each inde-
pendently selected from a C,-C, , alkyl group,a C,-C,,
alkoxy group, a pheny! group, and a naphthyl group.

For example, R, to R, , in Formula 1 may be each

[0069] a group represented by Formula 2, a hydrogen, a
deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C,-C, , alkyl group,
and a C,-C, , alkoxy group;

[0070] a phenyl group, a naphthyl group, a pyrimidinyl
group, and a triazinyl group;

[0071] a phenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group. and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or asalt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C,-C,
alkoxy group, a phenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
and —Si(Q)(Q5,)(Q;35); and

[0072] —Si(Q)(Q)(Qy).

[0073] where Q, to Q; and Q5 to Q;; may beeach inde-
pendently selected from a C,-C,, alkyl group,a C,-C,,
alkoxy group, a phenyl group, and a naphthyl group.
However, embodiments of the present invention are not
limited thereto.

In some embodiments, in Formulae 1 and 2,

[0075] Ar, and Ar, may be each Independently selected
from a group represented by any one of Formula 5-1 to
Formula 5-42,

[0076] R, to R, may be each independently selected
from a group represented by Formula 2, a hydrogen, a
deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid and a salt thereof, a C,-C,, alkyl
group, a C,-C,,, alkoxyl group, and a group represented
by any one of Formula 5-1 to Formula 5-42:
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Formula 5-10

Formula 5-11

Formula 5-12

Formula 5-13

Formula 5-14
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Formula 5-16
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In Formulae 5-1 to 5-42,
[0078] Y, maybeO, S, C(Zs3)(Zs,), N(Zs5), or Si(Z54)
Z37);
[0079] Z,, to Z,, may be each independently selected

from a hydrogen, a deuterium, —F, —Cl, —Br, —, 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 or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid 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 dibenzofluo-
renyl 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 triazinyl group,

[0080] e2 may be 1 or 2, e3 may be an integer selected
from 1, 2, and 3, e4 may be an integer selected from 1, 2,
3, and 4, e5 maybe an integer selected from 1,2, 3,4, and
5, e6 may be an integer selected from 1,2, 3, 4, 5, and 6,
e7 may be an integer selected from 1,2, 3,4, 5, 6, and 7,
€9 may be an integer selected from 1, 2, 3,4, 5, 6, 7, §,
and 9, and * indicates a binding site to a neighboring
atom.

In some embodiments, in Formulae 1 and 2,

[0082] Ar, and Ar, may be each independently selected
from a group represented by any one of Formula 6-1 to
Formula 6-29 illustrated below,

[0083] R, to R,, may be each independently selected
from a group represented by Formula 2, a hydrogen, a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-

13

Apr. 28,2016

lic acid or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid and a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxyl group, a phenyl group, a naph-
thyl group, a pyridinyl group, a pyrimidinyl group and a
triazinyl group, but embodiments of the present inven-
tion are not limited thereto:

Formula 6-1
| :
Formula 6-2
®
: F
Formula 6-3
*
: CN
Formula 6-4
*\O\
Formula 6-5
* N
| x
/
Formula 6-6
*
)
/
Formula 6-7
*
®
/ N
Formula 6-8
D
* D
D D
D
Formula 6-9

Formula 6-10

SIS’
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Formula 6-11

%

Formula 6-12

*

Formula 6-13

Formula 6-14

*

Fo&§ &

Formula 6-15

o> *

Formula 6-16

<O~

Si(CHz)3
Formula 6-17

| ‘

Formula 6-18

%

-continued
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%
*
w2

o O

*

$8
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Formula 6-19

Formula 6-20

Formula 6-21

Formula 6-22

Formula 6-23

Formula 6-24

Formula 6-25

Formula 6-26

Formula 6-27
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-continued
Formula 6-28

Formula 6-29

AL,

[0084] *inFormulae 6-1 to 6-29 indicates a binding site
to a neighboring atom.

[0085] Referring to Formula 1, R, in Formula 1 may not be
a hydrogen.
[0086] In some embodiments, R; may be selected from a

hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid and a salt thereof. a C,-C,, alkyl
group, a C,-C,, alkoxyl group, a phenyl group, a naphthyl
group, a pyridinyl group, a pyrimidinyl group and a triazinyl
group.

[0087] Any two substituents selected from R, to R, in
Formula 1 may be each Independently a group represented by
Formula 2.

[0088] For example, the condensed cyclic compound rep-
resented by Formula 1 may be represented by one of Formu-
lae 1-1 to 1-4 below:

Formula 1-1

Formula 1-2

Apr. 28,2016
-continued
Formula 1-3
R7 R¢ Ary

/
Lpa—N,

A
\

N—(L)a Ar

Ary Ry
Ry Ry,
Formula 1-4
Arz
\

[0089] Regarding Formulae 1-1 to 1-4, descriptions of X,
L,, al, Ar;, Ar,, and R, to R, are as provided above, and
descriptions of L,, a2, Ar;, and Ar, are the same as the
descriptions presented in connection with L, al, Ar,, and
Ar,, respectively.

[0090] In some embodiments, in Formulae 1-1 and 1-4,
[0091] alisQanda2isO;
[0092] alisOanda2islor2;
[0093] alis1or2anda2isO,
[0094] alislanda2is1:
[0095] alis 1anda2is2;
[0096] alis2andais1;or
[0097] alis2anda2is?2.
[0098] In some embodiments, in Formulae 1-1 and 1-4,
[0099] alisOanda2isO:;
[0100] alisOanda2is1;
[0101] al is 1 anda2is 0; or
[0102] al is 1 and a2 is 1. However, embodiments of the

present Invention are not limited thereto.
[0103] In Formulae 1-1to 1-4,

[0104] Ar,, Ar,, Ar; and Ar, may be the same
(A1=An=Ar;=Ar,);

[0105] A, may be the same as Ar;, and Ar, may be the
same as Ar,, but Ar, may be different from Ar; (Ar,=Ar,
and Ar,=Ar,, but Ar,=Ar,);

[0106] A, may be the same as Ar,, but Ar, may be dif-
ferent from Ar, and Ar, may be different from Ar,
(A,=Ar, and, Ar,=Ar, and, Ar,=Ar,); or

[0107] Ar,, Ar,, Ar; and Ar, may be all different from
each other (Ar,#Ar,#Ar;=Ar,).

[0108] In some embodiments, in Formulae 1-1 and 1-4,

[0109] R, to R,, may be each independently selected
from a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
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zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a pyridinyl group, a pyrimidi-
nyl group, and a triazinyl group,

[0110] L, and [, may be each independently selected
from a group represented by any one of Formula 3-1 to
Formula 3-35,

[0111]

[0112] A, to Ar, may be each independently selected
from a group represented by any one of Formula 5-1 to
Formula 5-24.

al and a2 may be each independently 0, 1, or 2;

[0113] In some embodiments, in Formulae 1-1 and 1-4,
[0114] R, toR,, and R to R,, may each be a hydrogen,
[0115] R, may be selected from a hydrogen, a deuterium,

—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or asalt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C;-C,,
alkoxy group, a phenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, and a triazinyl
group,

[0116] L, and L, may be each Independently selected
from a group represented by any one of Formula 4-1 to
Formula 4-28,

[0117]

[0118] A, to Ar, may be each Independently selected
from a group represented by any one of Formula 6-1 to
Formula 6-29. However, embodiments of the present
Invention are not limited thereto.

[0119] In some embodiments, the condensed cyclic com-
pound represented by Formula 1 may be represented by one
of Formulae 1-1(1) to 1-1(4) below, but embodiments of the
present invention are not limited thereto:

al and a2 may be each independently 0 or 1,

Formula 1-1(1)

Formula 1-1(2)

Apr. 28,2016

-continued

Formula 1-1(3)

Formula 1-1(4)

[0120] Regarding Formulae 1-1(1) to 1-1(4), descriptions
ofX,,L,,al,Ar,,Ar,,R;,R;to R,,and Ry to R |, are the same
as those provided above, and descriptions of L, a2, Ar;, and
Ar, are the same as the description presented in connection
with L, al, Ar,, and Ar,, respectively.

[0121] For example, the condensed cyclic compound rep-
resented by Formula 1 may be one selected from Compounds
1t0 189 and 1A to 164A below, but is not limited thereto:

\
/

Z,

RN
\ ¢
\_/

Z
4

X




Apr. 28,2016

US 2016/0118593 A1

17

-continued

-continued

o)
%O S P
D

w‘p ”Q Q |

N O

\



Apr. 28,2016

US 2016/0118593 A1

18

-continued

-continued

8

W\WOO @Q

5

O

Q<
oﬂ&&.

O
O



Apr. 28,2016

US 2016/0118593 A1

19

12

continued
: ,Si
(6]
O O

10

QAR

continued
Ve

: N

N

13

11



US 2016/0118593 Al Apr. 28,2016
20

-continued -continued
14 16

&

o
g
O
O

' o

15 17




Apr. 28,2016

US 2016/0118593 A1

21

20

-continued

18
19

continued
.0
f\l
/O
N
S
N\|\
Pt



Apr. 28,2016

US 2016/0118593 A1

22

24
25

-continued

ve
@
oY

G
o

o @
wé“?w

2
23

-continued

L

S

Jealys w@@hw



Apr. 28,2016

US 2016/0118593 A1

23

-continued

L

-continued

e

28

26

a

‘OO
Ly

'jij
/
B
/

P
AN

29




Apr. 28,2016

US 2016/0118593 A1

24

32

33

-continued

30

31

continued
je
f\l

/O
1)3
A
|\i

T
(0]

(6]



Apr. 28,2016

US 2016/0118593 A1

25

36
37

-continued
7~
N :
O
NO

34
35

continued
S



40

Apr. 28,2016

-continued

26

38

-continued

US 2016/0118593 A1

41

e

39




44

Apr. 28,2016

-continued

0

27

)

-continued

a0

US 2016/0118593 A1

— w2

L,

I (0]

OOO

N
F

3
Ao

45

43

oo
0
>



Apr. 28,2016

US 2016/0118593 A1

28

continued
48
(€]

46

continued
(0]

49

47

—u



US 2016/0118593 A1

-continued

e¥e
u/ol

o
o8

Z

\ 7/

\ /

/

\

Apr. 28,2016
29

-continued

'

50 52

-0

\

] 2\ /g

\

[
\_/

51 53



US 2016/0118593 A1

-continued

4ve

55

30

-continued

'

54

-0

\

&

\

[
\_/

Apr. 28,2016

56

57



Apr. 28,2016

US 2016/0118593 A1

31

-continued

-continued

60

58

61

N
rel



US 2016/0118593 A1

-continued

32

-continued
62

63

Apr. 28,2016

64

65



US 2016/0118593 A1

-continued

_/
\_/

33

66

67

Apr. 28,2016

-continued

o
s

A

s
Sho

68

69



US 2016/0118593 A1

-continued

o CC

Apr. 28,2016
34

-continued
70 72

ove
Sarot

‘OO
S

71
73



Apr. 28,2016

US 2016/0118593 A1

35

76
71

continued
(6]
[0}

74
75

continued
0



Apr. 28,2016

US 2016/0118593 A1

36

80

continued
(0]

78

continued
(0]

81

79



US 2016/0118593 Al Apr. 28,2016
37

-continued -continued
82 84

L1 L1
@ O|\

'?5 'fi
F i
SRSE
PP @'/
|

85

83

O N O

Saone
foe

OO




US 2016/0118593 A1 Apr. 28,2016
38

-continued -continued
86 88

87
89




US 2016/0118593 Al Apr. 28,2016

39

-continued -continued

asp: |
;
Cji o8

J
O
>
9
QQ O

P

/

\

00 oe
CrC QoS
o C SIS

92

93



Apr. 28,2016

US 2016/0118593 A1

40

96

continued
(@]

94

-continued
(0]
O S

971

95



Apr. 28,2016

US 2016/0118593 A1

41

100

-continued

98

-continued

101

99



Apr. 28,2016

US 2016/0118593 A1

42

104

-continued

102

-continued

105

103



Apr. 28,2016

US 2016/0118593 A1

43

-continued

-continued

108

—w®n

\

106

Z

W
h S

<

dothog

O

4

O

109

e N
M?W

107

N N
w%m



Apr. 28,2016

US 2016/0118593 A1

44

-continued

-continued

110

112
113

N () AN
—~ ) )

o
BN O

111

”“f ”Q O m m‘? ”Q O m



Apr. 28,2016

US 2016/0118593 A1

45

-continued

-continued

116

W N
w%m

S

114

e A
w;?m
(A

(J

117

>
R aeasabese

115

e N
8 oot



Apr. 28,2016

US 2016/0118593 A1

46

-continued

-continued

120

118

888

)

121

119



Apr. 28,2016

US 2016/0118593 A1

47

124

continued
N :
’ O
N

122

continued
N :
’ (@]

123

125

S0



Apr. 28,2016

US 2016/0118593 A1

48

-continued

-continued

128

126

129

O
mé“o.cww

127

O
wﬁ“o.a«w



Apr. 28,2016

US 2016/0118593 A1

49

132

-continued

130

-continued

LR,
C O

133

131



Apr. 28,2016

US 2016/0118593 A1

50

-continued

-continued

136

134

O
wé“a%w

hS

PR
mﬁ“o@mw

137

m@“‘%ﬂ
@

135

o [



Apr. 28,2016

US 2016/0118593 A1

51

-continued

-continued

140

138

—wn

2R,
Shilse

. C
m%@o.amw
/ >

141

(

Qe
-
O

139



Apr. 28,2016

US 2016/0118593 A1

52

144
145

-continued

( (2
QL QR T
«aa‘nw gm&,‘.ﬂw

$

142
143

-continued

(2 L &
Q. o9ic ol
Q?@MW Sy
) $



Apr. 28,2016

US 2016/0118593 A1

53

148

-continued

146

-continued

149

147

s

<



Apr. 28,2016

US 2016/0118593 A1

54

-continued

-continued

152

150

Y,
w%d“?wopm

! OOQ@

153

oo le
s%'%»?m

151

w&.%
> O



US 2016/0118593 Al Apr. 28,2016
55

-continued -continued
154 156

S9e L

>
ol ol
C C
Sar oar

155 157




Apr. 28,2016

US 2016/0118593 A1

O& O w;‘u@@

“ﬁc : > )



Apr. 28,2016

US 2016/0118593 A1

57



US 2016/0118593 Al Apr. 28,2016
58

-continued -continued
166
Q O Q N O
b | O
O
N
@ O o0

-

e e %e
Qo

O
O

®
Q‘ooo?
o O

O
o
0

O



Apr. 28,2016

US 2016/0118593 A1

59

(gl
=

S

O

oy 5
(Q O
o

&

&
%



Apr. 28,2016

US 2016/0118593 A1

60

176

continued
N :
’ O

174

continued
(0]

171

175



US 2016/0118593 A1

-continued

61

-continued
178

179

Apr. 28,2016

180

181



Apr. 28,2016

US 2016/0118593 A1

62

-continued

-continued

184

182

183

185



Apr. 28,2016

US 2016/0118593 A1

63

188

-continued

»,
oY

186
187

continued

_ =00
w:@wm

189

G £

O s

W,
Gou



Apr. 28,2016

US 2016/0118593 A1

64

-continued

Yse¥e

3A

1A

=
a

O

2A

4A




Apr. 28,2016

US 2016/0118593 A1

65

-continued

-continued

TA

5A

6A

8A




US 2016/0118593 Al Apr. 28,2016

66

-continued -continued

S 0 9 N
99 ) | |//

/

11A

12A



US 2016/0118593 A1

-continued

>
OZQ
e

13A

14A

67

-continued

Apr. 28,2016

15A

16A



US 2016/0118593 A1 Apr. 28,2016
68

-continued -continued
17A 19A

@,
7\
&

\_/
>

§ 2
s
2\_/§

%
\

,
v
»,

18A 20A

38
O
O

&

O

oo

S

%'go
W,



Apr. 28,2016

US 2016/0118593 A1

69

23A

-continued
.
N
/ S
| N
P
AN
/ Si

21A

-continued

24A

22A



Apr. 28,2016

US 2016/0118593 A1

70

27A

-continued

25A

-continued
ve
AN
= S
| X
S
| x
P

28A

26A



Apr. 28,2016

US 2016/0118593 A1

71

31A
32A

-continued

20A
30A

L

continued
.
f\l
/ S
| N
F
4
N\ \
P
| S
N
Qe



US 2016/0118593 A1
72

-continued -continued

34A

Apr. 28,2016

35A

36A



US 2016/0118593 A1

-continued

38A
>

73

Apr. 28,2016

-continued

: i
N

&

: lr
N

| S

9

N

39A

40A



US 2016/0118593 A1

-continued

|
~

sve)

74

-continued
41A

42A

Si

\
\

/
/
\
/

)

S

\ 7/

=
o

Apr. 28,2016

43A

44A



Apr. 28,2016

US 2016/0118593 A1

75

47A

-continued

45A

-continued

48A

Q2 %
A
47 O

46A



Apr. 28,2016

US 2016/0118593 A1

76

51A

-continued

49A

-continued

>
Q
0@%

]
QR

52A

50A

\/

1



Apr. 28,2016

US 2016/0118593 A1

77

-continued

-continued

53A

55A
56A

54A



Apr. 28,2016

US 2016/0118593 A1

78

-continued

-continued

59A

57A

60A

QQ@QNO

¢

58A

ety e
N are
57 ~O



Apr. 28,2016

US 2016/0118593 A1

79

63A
64A

-continued
Si

( v o S g
d‘p X m r& anaNe

& ONO
mr@osw O rdﬁo 5
s il SO



Apr. 28,2016

US 2016/0118593 A1

80

67A
68A

-continued

% s T
GIRE" IR

65A
66A

-continued

(2 PN ® |



Apr. 28,2016

US 2016/0118593 A1

81

=
=
g
g
5]
Q

M 9}
ﬁ“ -
s

£
%

v ra®
oi;m

RS



Apr. 28,2016

US 2016/0118593 A1

82

75A
T6A

)

continued
S
O O

T3A
74A

-continued

VIR o QO NG
%é&w& et

=
0 Ot



US 2016/0118593 A1 Apr. 28,2016
83

-continued -continued

00 Ry

\ /

S

> oo
¢
/ OC

\ /

80A

oo

o2ais
9

O
8963.

=
Y
®
»nOz
O



US 2016/0118593 Al Apr. 28,2016
84

-continued -continued
81A 83A

S

G X
00, OC

~
\
LY

84A

82A

42

(0]
S
0]

&




US 2016/0118593 Al Apr. 28,2016
85

-continued -continued
85A 87A

:
\

o0, 00,

A

/\

86A

‘ O )
N O
Q |

6p

Q
SoaS
W,

RS



Apr. 28,2016

US 2016/0118593 A1

86

91A

-continued

i SN “ :o
’ S
N\W::::]

80A

continued
0
S

02A

ON
w‘p %Q %

& 0
-
Yo JO

90A



Apr. 28,2016

US 2016/0118593 A1

87

-continued

-continued

93A

95A
06A

Gan oo Bn
@&&w& Q&&‘um

94A

ON
w{; »o@m

AN



Apr. 28,2016

US 2016/0118593 A1

88

09A

-continued

T O
ppssesayd

97A

-continued

o

QQ”Q@

100A

T O
RMO”QN@
<O

98A

Ommpcs ”Q %



Apr. 28,2016

US 2016/0118593 A1

89

-continued

-continued

103A

101A

"~ O

104A

102A



Apr. 28,2016

US 2016/0118593 A1

90

-continued

-continued

107A

105A

106A

108A



US 2016/0118593 A1

-continued

Apr. 28,2016
91

-continued
: "N’ 'l S

S

OO

CVN

109A 111A

110A

112A




US 2016/0118593 A1

-continued

O

92

113A

114A

Apr. 28,2016

-continued

115A

116A



US 2016/0118593 A1

-continued
117A

&
O

\ 7/

&

D,
_/z
\_/

118A

Apr. 28,2016

-continued

4

©
o

O ”

o
eaY

119A

120A



US 2016/0118593 Al Apr. 28,2016
94

-continued -continued
121A 123A

eVes e Ues

;S S
N

JC (0

122A 124A
‘ ‘ F @\
/@ ‘N
|
S
N

v

Z,



Apr. 28,2016

US 2016/0118593 A1

95

-continued

-continued

127A

125A

128A




Apr. 28,2016

US 2016/0118593 A1

96

-continued

-continued

131A

129A

132A

130A




US 2016/0118593 Al Apr. 28,2016
97

-continued -continued
133A 135A

99e 99e

F #

136A

T ol




Apr. 28,2016

US 2016/0118593 A1

98

-continued

-continued

139A
140A

@OQ@@O

OO 0
YR8

137A
138A

@
Q 3 — S
QNOOOOMW WOO”Q%



Apr. 28,2016

US 2016/0118593 A1

99

-continued

-continued

143A

Q

141A

QR

142A

1444

CoIITe O
Mﬁf%ﬁ

'®

S

) @ww
- QO



Apr. 28,2016

US 2016/0118593 A1

100

-continued

-continued

147A
148A

ﬁ?‘w@ :;O uﬂ
00 oy
“ o T PYY

145A
146A

eyl
OOQOW Qeeocm



US 2016/0118593 Al Apr. 28,2016

101
-continued -continued
149A 151A
QN
L
Saved
150A 152A

OQ
(JC




US 2016/0118593 A1

-continued

102

-continued
153A

Apr. 28,2016

155A

156A



US 2016/0118593 A1 Apr. 28,2016
103

-continued -continued

157A 159A

158A 160A



US 2016/0118593 A1

-continued

9N

(=)
0

=
&

161A

162A

104

Q0
ol
O
®
90

>

qve ‘“
S

e

o0
[0122] The condensed cyclic compound represented by
Formula 1 has a core that has a phenanthrene moiety fused to
abenzene moiety, each of which is enriched with n-electrons,
with X, (O or S) therebetween, and at least two substituents
selected from a group represented by Formula 2. Accordingly,
radical cations or anions generated by the group represented
by Formula 2 may be effectively delocalized and stabilized in
the condensed cyclic compound represented by Formula 1.
Accordingly, p-p* (pi to pi star) or n-p* (n to pi star) electron
transition may be highly likely to occur in the molecule of the
condensed cyclic compound represented by Formula 1, and
thus the condensed cyclic compound represented by Formula
1 may provide high-efficient emission. Also, since the core of
the condensed cyclic compound represented by Formula 1

has a relatively short conjugation length, relatively deep blue
light emission may be achieved. Accordingly, an organic
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light-emitting device using the condensed cyclic compound
represented by Formula 1 may have high efficiency and long
lifespan.

[0123] The condensed cyclic compound represented by
Formula 1 may be synthesized using one or more suitable
organic synthesis methods known to those of ordinary skill in
the art. Suitable synthesis method of the condensed cyclic
compound should be apparent to those of ordinary skill in the
art in view of the following embodiments.

[0124] At least one condensed cyclic compound of For-
mula 1 may be positioned between a pair of electrodes of an
organic light-emitting device. In some embodiments, the con-
densed cyclic compound may be included in a hole transport
region, for example, in a hole transport layer. In some
embodiments, the condensed cyclic compound may be
included in an emission layer. In some embodiments, the
condensed cyclic compound of Formula 1 may be used as a
material for a capping layer located outside a pair of elec-
trodes of an organic light-emitting device.

[0125] An organic light-emitting device according to some
embodiments includes: a first electrode; a second electrode
facing the first electrode; and an organic layer between the
first electrode and the second electrode, the organic layer
including an emission layer, where the organic layer includes
at least one of the condensed cyclic compounds represented
by Formula 1.

[0126] The expression “a layer includes at least one con-
densed cyclic compound of Formula 17 as used herein may
refer to embodiments in whicha layer includes one or more of
the same condensed cyclic compounds represented by For-
mula 1 and embodiments in which a layer includes two or
more different condensed cyclic compounds represented by
Formula 1.

[0127] For example, the organic layer may include, as the
condensed cyclic compound, only Compound 1. In this
regard, Compound 1 may be in a hole transport layer of the
organic light-emitting device. In some embodiments, the
organic layer may include, as the condensed cyclic com-
pound, Compound 1 and Compound 2. In this regard, Com-
pound 1 and Compound 2 may both be in the same layer (for
example, Compound 1 and Compound 2 may both be in an
emission layer), or in different layers (for example, Com-
pound 1 may be in a hole transport layer and Compound 2
may be in an emission layer).

[0128] In some embodiments, the organic layer further
includes 1) a hole transport region between the first electrode
(anode) and the emission layer, the hole transport region
including at least one of a hole injection layer, a hole transport
layer, a buffer layer, and an electron blocking layer, and ii) an
electron transport region between the emission layer and the
second electrode (cathode), the electron transport region
including at least one selected from a hole blocking layer, an
electron transport layer, and an electron injection layer. At
least one of the hole transport region and the emission layer
may include at least one condensed cyclic compound repre-
sented by Formula 1. For example, the hole transport region
may include the hole transport layer, and the hole transport
layer may include at least one condensed cyclic compound
represented by Formula 1.

[0129] In some embodiments, in the organic layer of the
organic light-emitting device, the emission layer may include
the condensed cyclic compound represented by Formula 1. In
the emission layer, the condensed cyclic compound repre-
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sented by Formula 1 may act as a dopant, and the emission
layer may further include a host.

[0130] In some embodiments, each of the hole transport
region (for example, a hole transport layer in the hole trans-
port region) and the emission layer may include the con-
densed cyclic compound of Formula 1, and the condensed
cyclic compound included in the hole transport region (for
example, in the hole transport layer of the hole transport
region) may be different from the condensed cyclic com-
pound Included in the emission layer.

[0131] The organic light-emitting device may further
include at least one selected from a first capping layer posi-
tioned in a pathway along which the light generated in the
emission layer proceeds toward the outside through the first
electrode and a second capping layer positioned in a pathway
along which the light generated in the emission layer pro-
ceeds toward the outside through the second electrode, and
the at least one selected from the first capping layer and the
second capping layer may include at least one condensed
cyclic compound of Formula 1.

[0132] For example, the organic light-emitting device may
have 1) a stack structure including a first electrode, an organic
layer, a second electrode, and a second capping layer which
are sequentially stacked in this stated order, i1) a stack struc-
ture including a first capping layer, a first electrode, an
organic layer, and a second electrode which are sequentially
stacked in this stated order, or iii) a stack structure including
a first capping layer, a first electrode, an organic layer, a
second electrode, and a second capping layer which are
sequentially stacked in this stated order, and at least one
selected from the first capping layer and the second capping
layer may include the condensed cyclic compound.

[0133] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers disposed between the
first electrode and the second electrode of an organic light-
emitting device. A material included in the “organic layer” is
not limited to an organic material.

[0134] FIG. 1 is a schematic view of an organic light-
emitting device 10 according to an embodiment. The organic
light-emitting device 10 includes a first electrode 110, an
organic layer 150, and a second electrode 190.

[0135] Hereinafter, the structure of an organic light-emit-
ting device and a method of manufacturing an organic light-
emitting device according to some embodiments will be
described in connection with FIG. 1.

[0136] InFIG.1,asubstrate may beadditionally positioned
under the first electrode 110 or above the second electrode
190. The substrate may be a glass substrate or transparent
plastic substrate, each having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and being waterproof.

[0137] Thefirst electrode 110 may be formed by depositing
and/or sputtering a material for forming the first electrode on
the substrate. When the first electrode 110 is an anode, the
material for the first electrode may be selected from materials
with a high work function such that the holes may be easily
injected. The first electrode 110 may be a reflective electrode
or atransmissive electrode. The material for the first electrode
may be a transparent and highly conductive material, and
non-limiting examples of such a material include indium tin
oxide (ITO), Indium zinc oxide (IZO), tin oxide (SnO,), and
zine oxide (ZnQO). When the first electrode 110 is a semi-
transmissive electrode or a reflective electrode, as a material
for forming the first electrode, at least one of magnesium
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(Mg), aluminum (Al), aluminum-lithium (Al—L4i), calcium
(Ca), magnesium-indium (Mg—In), and magnesium-silver
(Mg—Ag) may be used.

[0138] The first electrode 110 may have a single-layer
structure, 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
electrode 110 is not limited thereto.

[0139] The organic layer 150 is positioned on the first elec-
trode 110. The organic layer 150 may include an emission
layer.

[0140] The organic layer 150 may further include 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.

[0141] 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 embodlments of the present invention are not limited
thereto.

[0142] Thehole transport region may have a single-layered
structure formed of a single material, a single-layered struc-
ture formed of a plurality of different materials, or a multi-
layered structure having a plurality of layers formed of a
plurality of different materials.

[0143] For example, the hole transport region may have a
single-layered structure formed of a plurality of different
materials, or a structure of hole injection layer/hole transport
layer, a structure of hole injection layer/hole transport layer/
buffer layer, a structure of hole injection layer/buffer layer, a
structure of hole transport layer/buffer layer, or a structure of
hole injection layer/hole transport layer/electron blocking
layer, where the layers of each structure are sequentially
stacked on the first electrode 110 in this stated order, but the
structure of the hole transport region is not limited thereto.
[0144] When the hole transport region includes a hole
injection layer, the hole injection layer may be formed on the
first electrode 110 using one or more suitable methods, such
as vacuum deposition, spin coating casting, a Langmuir-
Blodgett (I.B) method, Ink-jet printing, laser-printing, and/or
laser-Induced thermal Imaging.

[0145] When the hole injection layer is formed by vacuum
deposition, for example, the vacuum deposition may be per-
formed at a deposition temperature of about 100 to about 500°
C., ata vacuum degree of about 10~% to about 1073 torr, and at
adeposition rate of about 0.01 to about 100 A/sec, depending
on a compound for forming the hole injection layer, and the
structure of the hole injection layer to be formed.

[0146] When the hole injection layer is formed by spin
coating, the spin coating may be performed at a coating rate of
about 2000 rpm to about 5000 rpm, and at a temperature of
about 80° C. 10 200° C., depending on a compound for form-
ing the hole injection layer, and the structure of the hole
injection layer to be formed.

[0147] When the hole transport region Includes a hole
transport layer, the hole transport layer may be formed on the
first electrode 110 or the hole injection layer using one or
more suitable methods, such as vacuum deposition, spin coat-
ing, casting, a LB method, ink-jet printing, laser-printing,
and/or laser-induced thermal imaging. When the hole trans-
port layer is formed by vacuum deposition and/or spin coat-
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ing, deposition and coating conditions for the hole transport
layer may be similar to the deposition and coating conditions
for the hole injection layer.

[0148] The hole transport region may include the con-
densed cyclic compound represented by Formula 1. For
example, the hole transport region may include the hole trans-
port layer, and the hole transport layer may include the con-
densed cyclic compound represented by Formula 1.

[0149] In some embodiments, the hole transport region
may include at least one selected from m-MTDATA, TDATA,
2-TNATA, NPB, -NPB, TPD, Spiro-TPD, Spiro-NPB,
methylated NPB, TAPC, HMTPD, 4,4',4"-tris(N-carbazolyl)
triphenylamine ~ (TCTA), polyaniline/dodecylbenzene-
sulfonic acid  (Pani/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 below, and a compound represented
by Formula 202 below:
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-continued
Formula 201
(L202ka2——Rap2
Roor——(Log)sar—N,
(L203)xa3— Rao3
Formula 202
Raor—Lao1)xat (L203ka3— Rao3

N—(L205)xas—N,

Ro02—L202)xa2 (L204)xat— Rao4-

[0150] In Formulae 201 and 202,

[0151] L., to L,os may each independently be the same
as described in connection with L;

[0152] xal to xa4 may be each independently selected
from 0, 1, 2, and 3;

[0153] xa5 may be selected from 1, 2, 3, 4, and 5; and

[0154] R, to R,,, may be each independently selected
from a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-C,o heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, a substituted or unsub-
stituted C4-Cg, arvloxy group, a substituted or unsubsti-
tuted C,-Cy, arylthio group, a substituted or unsubsti-
tuted C,-Cq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group.

[0155] In some embodiments, in Formulae 201 and 202,

[0156] L,,, to L,o5 may be each independently selected
from:

[0157] a phenylene group, a naphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzof-
luorenylene group, a dibenzofluorenylene group, a
phenanthrenylene 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 iso-
quinolinylene group, a quinoxalinylene group, a
quinazolinylene group, a carbazolylene group, and a
triazinylene group; and

[0158] a phenylene group, a naphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzof-
luorenylene group, a dibenzofluorenylene group, a
phenanthrenylene 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 iso-
quinolinylene group, a quinoxalinylene group, a qulna-
zolinylene group, a carbazolylene group, and a triazi-
nylene group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl

group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid 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, an isoindolyl group, a quinolinyl group, an iso-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group;
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[0159]

[0160]

[0161]
from:

[0162] 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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group; and

[0163] 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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolnyl group, a car-
bazolyl group, and a triazinyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid 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 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 quinazoliny] group, a carbazolyl
group, and a triazinyl group, but embodiments of the
present Invention are not limited thereto.

[0164] The compound represented by Formula 201 may be
represented by Formula 201A:

xal to xa4 may be each independently 0, 1, or 2;
xa5 may be 1, 2, or 3;
R, to Ryo, may be each independently selected

Formula 201A

Rai3 Ropg
N

|
(Laoda2
L201ka1—N

(L203)xa3—Rao3

R,
yRaus R
< R

/ \/\R216-

—_—

[0165] Forexample, the compound represented by Formula
201 may be represented by Formula 201 A-1 below, but is not
limited thereto:

Formula 201A-1

L)z —

Ryos
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[0166] Forexample, the compound represented by Formula _continued
202 may be represented by Formula 202A below, but is not o

limited thereto:
Formula 202A Q
R N

Oy T (EDY

[0167] Regarding Formulae 201A, 201A-1, and 202A,
descriptions of L, to L,,, xal toxa3,xa5, and R,,, to R,
are the same as provided above, descriptions of R, and R,
are the same as the description of R,;, and R, 3 to R, | may
be each independently selected from a hydrogen, a deute- O
rium, —F, —Cl, —Br, —I, 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 or a salt thereof, a phosphoric acid or
asalt thereof, a C,-C,, alkyl group, a C,-C,,, alkenyl group, a
C,-Cgp alkynyl group, a C;-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C,-C,; heterocycloalkyl group, a C;-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,-C, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group.

[0168] Thecompound represented by Formula 201, and the
compound represented by Formula 202 may each include
N

7

Rais—.

HT3

compounds HT1 to HT20 illustrated below, but are not lim-
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[0169] A thickness of the hole transport region may be in a
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 hole injection layer and a hole transport layer, the
thickness of the hole injection layer may beina range of about
100 A to about 10,000 A, or in a range of about 100 A to about
1,000 A, and the thickness of the hole transport layer may be
in arange 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 hole injection layer, and the hole trans-
port layer are within any of these ranges, satisfactory hole
transporting characteristics may be obtained without a sub-
stantial increase in driving voltage.

[0170] The hole transport region may further include, in
addition to these materials, a charge-generation material for
the improvement of conductive properties. The charge-gen-
eration material may be homogeneously or unhomoge-
neously dispersed in the hole transport region.

[0171] 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. Non-limiting examples of
the p-dopant Include quinone derivatives (such as tetracyano-
quinonedimethane (TCNQ) and/or 2,3,5,6-tetrafluoro-tetra-
cyano-1,4-benzoquinonedimethane  (F4-TCNQ)); metal
oxides (such as a tungsten oxide and/or a molybdenum
oxide); and Compound HT-D1 illustrated below:

CN

NCW)\

N

N N, CN
Z
N N CN
/ N
Compound HT-D1
3 F
CN CN
CN CN.
F F
F4-TCNQ
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[0172] The hole transport region may further include, in
addition to the hole injection layer and the hole transport
layer, at least one of a buffer layer and an electron blocking
layer. Since the buffer layer may compensate for an optical
resonance distance according to a wavelength of light emitted
from the emission layer, light-emission efficiency of a formed
organic light-emitting device may be improved. As a material
included in the buffer layer, materials that are included in the
hole transport region may be used. In some embodiments, the
electron blocking layer prevents (or substantially blocks) the
injection of electrons from the electron transport region.
[0173] An emission layer may be formed on the first elec-
trode 110 or the hole transport region by using one or more
suitable methods, such as vacuum deposition, spin coating,
casting, a LB method, ink-jet printing, laser-printing, and/or
laser-induced thermal Imaging. When the emission layer is
formed by vacuum deposition and/or spin coating, deposition
and coating conditions for the emission layer may be similar
to the deposition and coating conditions for the hole injection
layer.

[0174] When the organic light-emitting device 10 is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
or ablue emission layer, corresponding to a sub pixel. In some
embodiments, the emission layer may have a stacked struc-
ture of ared 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.

[0175] Theemission layer may include a host and a dopant.
[0176] Insomeembodiments, the host may include a com-
pound represented by Formula 301 below.

Atzo1-[LaoDxe1-Raoi s Formula 301

[0177] In Formula301,
[0178] Ar,,, may be selected from:
[0179] a naphthalene, a heptalene, a fluorene, a spiro-

fluorene, a benzofluorene, a dibenzofluorene, 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 indenoan-
thracene;

[0180] a naphthalene group, a heptalene group, a fluo-
rene group, a spiro-fluorene group, a benzofluorene
group, a dibenzofluorene group, a phenalene group, a
phenanthrene group, a anthracene group, a fluoranthene
group, a triphenylene group, a pyrene group, a chrysene
group, a naphthacene group, a picene group, a perylene
group, a pentaphene group, and an indenoanthracene
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C, -C, alkyl group,
a C,-C,, alkenyl group, a C,-C, alkynyl group, a
C,-C, alkoxy, a C;-C, , cycloalkyl group,a C,-C, , het-
erocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-C, aryl group, a
Cs-Cqo aryloxy, a C,-Cy arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, and —Si(Q;0,)(Q305)
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(Qs03) (where Qyo; to Qyu5 are each Independently
selected from a hydrogen, a C,-Cy, alkyl group, a
C,-C, alkenyl group, a C,-C, aryl group,andaC,-C |,
heteroaryl group):

[0181] L, somay be the same as described in connection
with L;

[0182] R,,; may be selected from:

[0183] aC,-C,,alkyl group and a C,-C,, alkoxy group;

[0184] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid 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 carbazolyl
group, and a triazinyl group;

[0185] 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,
apyridazinyl group, a quinolinyl group, anisoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazol group, and a triazinyl group; and

[0186] 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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group and a triazinyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,,, alkyl group, a C;-C,,
alkoxy group, a phenyl group, a naphthyl group, a fluo-
renyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyrenyl group, a chryse-
nyl group, a pyridinyl group, a pyrazinyl group, a pyri-
midinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group. and a triazinyl
group;

[0187] xbl may be selected from 0, 1, 2, and 3;

[0188] xb2 may be selected from 1, 2, 3, and 4.

[0189] For example, in Formula 301,

[0190] L,,, may be selected from:

[0191] a phenylene group, a naphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzof-
luorenylene group, a dibenzofluorenylene group, a
phenanthrenylene group, an anthracenylene group, a
pyrenylene group, and a chrysenylene group; and

Apr. 28,2016

[0192] a phenylene group, a naphthylene group, a fluo-
renylene group, a spiro-fluorenylene group, a benzof-
luorenylene group, a dibenzofluorenylene group, a
phenanthrenylene group, an anthracenylene group, a
pyrenylene group, and a chrysenylene group, each sub-
stituted with at least one selected from a deuterium, —F,
—Cl1,—Br,—1, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a fluo-
renyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyrenyl group, and a
chrysenyl group; and

[0193] R,,, may be selected from:

[0194] aC,-C,, alkyl group and a C,-C,, alkoxy group;

[0195] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid 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, and a chrysenyl group;

[0196] 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; and

[0197] 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, each substituted with at least one selected from a
deuterium, —F, —Cl1, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid 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 ben-
zofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group,
and a chrysenyl group, but embodiments of the present
invention are not limited thereto.

[0198] For example, the host may include a compound
represented by Formula 301A below:

/ \ Formula 301A
\ [/
\ |/

[(L3p1)xp1—R301]p2-
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[0199] Descriptions of substituents of Formula 301A are _continued
the same as the descriptions provided herein.

[0200] The compound represented by Formula 301 may
include at least one of Compounds H1 to H42, but is not

limited thereto: C

H2

H3

H4
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[0201] Insome embodiments, the host may include at least
H40 one of Compounds 43 to H49 below, but Is not limited

O thereto:
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-continued -continued
H45 H49

SO 2

YN

N N \ 7

5 v
H46  [0202] The dopant may include the condensed cyclic com-

pound represented by Formula 1.
[0203] in some embodiments, the dopant may include a

compound represented by Formula 501 below.

S
</
\O

Formula 501
(Lsonxar=—Rso1

Arso— (Lsoz)sas — N,

(Ls02):a2 — R0z
xd4

[0204] In Formula 501,
[0205] Ars,, may be selected from:

[0206] a naphthalene, a heptalene, a fluorene, a spiro-
H47 fluorene, a benzofluorene, a dibenzofluorene, 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 indenoan-

thracene; and

[0207] a naphthalene group, a heptalene group, a fluo-

rene group, a spiro-fluorene group, a benzofluorene

group, a dibenzofluorene group, a phenalene group, a

phenanthrene group, a anthracene group, a fluoranthene

group, a triphenylene group, a pyrene group, a chrysene

N group, a naphthacene group, a picene group, a perylene

group, a pentaphene group, and an indenoanthracene

N group, each substituted with at least one selected from a
N deuterium, —F, —Cl1, —Br, —I, 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 or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C alkyl
group, a C,-C, alkenyl group, a C,-C, alkynyl group,

a C,-Cg, alkoxy, a C5-C, cycloalkyl group, a C,-C,

heterocycloalkyl group, a C5-C,, cycloalkenyl group, a

0 C,-C,o heterocycloalkenyl group, a C4-Cg, aryl group, a

\ _N S Cs-Cqo aryloxy, a C,-Cy arylthio group, a C,-Cgp het-

A eroaryl group, a monovalent non-aromatic condensed

Zn N

7 ST\ lycycli 1 ; ic con-
polycyclic group, a monovalent non-aromatic con
0 densed heteropolycyclic group, and —Si(Qsq,)(Qsqs)
(Qso3) (Where Qs to Qs to Q55 are each indepen-
dently selected from a hydrogen, a C,-C, alkyl group, a
C,-Cgo alkenyl group, a C¢-Cy, aryl group, and a C, -Cy,

heteroaryl group);

H48
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[0208] L, to Ls,; may be the same as defined in con- _continued
nection with L,;

[0209] Rs,, and Ry, may be each Independently x
selected from: |

[0210] a phenyl group, a naphthyl group, a fluorenyl 2N
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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a |
carbazolyl group, a triazinyl group, a dibenzofuranyl
group, and a dibenzothiophenyl group; and

D2

/

[0211] 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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, a triazinyl group, a dibenzofuranyl
group, and a dibenzothiophenyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a fluo-
renyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyrenyl group, a chryse- FD3
nyl group, a pyridinyl group, a pyrazinyl group, a pyri-
midinyl group, a pyridazinyl group, a quinolinyl group, N
an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a triazinyl
group, adibenzofuranyl group, and a dibenzothiophenyl
group;

[0212] xdl to xd3 may be each independently selected
from 0, 1, 2, and 3; and

[0213] xb4 may be selected from 1, 2, 3, and 4.

[0214] When the host is a fluorescent host, it may include at
least one of Compounds FD1 to FD9:

=z
\

Z\f

C

D1

\_/ \ 7/

{ M
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[0215] 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 is not
limited thereto.

[0216] 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 these ranges, excellent light-emission charac-
teristics may be obtained without a substantial increase in
driving voltage.

[0217] An electron transport region may be positioned on
the emission layer.

[0218] The electron transport region may include at least
one selected from a hole blocking layer, an electron transport
layer (ETL), and an electron injection layer, but is not limited
thereto.

[0219] Forexample, the electron transport region may have
a structure of electron transport layer/electron injection layer
or a structure of hole blocking layer/electron transport layer/
electron injection layer, where the layers of each structure are
sequentially stacked on the emission layer in the stated order,
but the structure of the electron transport region is not limited
thereto.

[0220] According to some embodiments, the organic layer
150 of the organic light-emitting device may include an elec-
tron transport region between the emission layer and the
second electrode 190.

[0221] When the electron transport region includes a hole
blocking layer, the hole blocking layer may be formed on the
emission layer using one or more suitable methods, such as
vacuum deposition, spin coating casting, a LB method, ink-
jet printing, laser-printing, and/or laser-induced thermal
Imaging. When the hole blocking layer is formed by vacuum
deposition and/or spin coating, deposition and coating con-
ditions for the hole blocking layer may be similar to the
deposition and coating conditions for the hole injection layer.
[0222] The hole blocking layer may include, for example,
at least one of BCP and Bphen, but is not limited thereto.

BCP

[0223] A thickness of the hole blocking layer 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 hole blocking

layer is within any of these ranges, the hole blocking layer

Apr. 28,2016

may have improved hole blocking ability without a substan-
tial Increase in driving voltage.

[0224] The electron transport region may include an elec-
tron transport layer. The electron transport layer may be
formed on the emission layer or the hole blocking layer using
one or more suitable methods, such as vacuum deposition,
spin coating casting, a LB method, ink-Jet printing, laser-
printing, and/or laser-induced thermal imaging. When an
electron transport layer is formed by vacuum deposition and/
or spin coating, deposition and coating conditions for the
electron transport layer may be similar to the deposition and
coating conditions for the hole injection layer.

[0225] In some embodiments, the electron transport layer
may include at least one compound selected from a com-
pound represented by Formula 601 and a compound repre-
sented by Formula 602 Tllustrated below:

Areo1-[(Loor)xer-Eso1 e Formula 601

[0226] In Formula 601,
[0227] Arg,, may be selected from:
[0228] a naphthalene, a heptalene, a fluorene, a spiro-

fluorene, a benzofluorene, a dibenzofluorene, 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 indenoan-
thracene; and

[0229] a naphthalene group, a heptalene group, a fluo-
rene group, a spiro-fluorene group, a benzofluorene
group, a dibenzofluorene group, a phenalene group, a
phenanthrene group, a anthracene group, a fluoranthene
group, a triphenylene group, a pyrene group, a chrysene
group, a naphthacene group, a picene group, a perylene
group, a pentaphene group, and an indenoanthracene
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, 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 or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cq,
alkyl group, a C,-Cy, alkenyl group, a C,-C, alkynyl
group, a C,-C, alkoxy, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, aC,-C, ; heterocycloalkenyl group, a C4-C, aryl
group, a C4-Cyy aryloxy, a C4-Cy, arylthio group, a
C,-C, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, and —Si
(Q301)(Q302)(Qs03) (Where Qs 10 Q50 are each inde-
pendently a hydrogen, a C,-Cg, alkyl group, a C,-Cq,
alkenyl group, a C.-C, aryl group, or a C,-C, het-
eroaryl group);

[0230] L, may be the same as described in connection
with Log;

[0231] Eg,, may be selected from:

[0232] a pyrrolyl group, a thiophenyl group, a furanyl

group, an Imidazolyl group, a pyrazolyl group. a thiaz-
olyl 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 naphthy-
ridinyl group, a qulnoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
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thridinyl group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group;
and

[0233] a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thiaz-
olyl 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 naphthy-
ridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzooxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C;-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl
group, a heptalenyl group, an Indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a naph-
thacenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a hexacenyl group, a pentacenyl
group, arubicenyl group, a coronenyl group, an ovalenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thiaz-
olyl 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 naphthy-
ridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an
isobenzooxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
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carbazolyl group, a dibenzocarbazolyi group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group;

[0234] xel may be selected from 0, 1, 2, and 3; and
[0235] xe2 may be selected from 1, 2, 3, and 4.

Formula 602

(L14)xes 14— Re14

Xill ~ Xs13

Re16—(Ls16)xes16 X612 (Ls15kes1s—Re1s-

[0236] In Formula 602,

[0237] X, is N or C-(Lg, )roe11-Re11s X2 18 N or
C-(Lg12)xe612-Re12) X613 18 N o C-(Ligy 3)0613-Re15 and,
at least one of X, to X, 15 N;

[0238] L, to Ly may be the same as described in
connection with L ;

[0239] Ry, to Ry, 4 may each Independently be selected
from:

[0240] 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 quinolnyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group; and

[0241] 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,
apyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C,-Cs,,
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 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 triazinyl group;

[0242] xe611 to xe616 may be each independently
selected from O, 1, 2, and 3.

[0243] The compound represented by Formula 601 and the
compound represented by Formula 602 may be each indepen-
dently selected from Compounds ET1 to ET15 illustrated
below, but are not limited thereto:
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[0244] In some embodiments, the electron transport layer
may further include at least one selected from BCP, Bphen,
Alg3, Balg, TAZ, and NTAZ.
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[0245] A thickness of the electron transport layer 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 electron
transport layer is within any of the ranges described above,
the electron transport layer may have satisfactory electron
transport characteristics without a substantial increase in
driving voltage.

[0246] Also, the electron transport layer may further
include, in addition to the materials described above, a metal-
containing material.

[0247] The metal-containing material may include a Li
complex. The Li complex may include, for example, Com-
pound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D1

ET-D2
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[0248] The electron transport region may include an elec-
tron Injection layer that can facilitate injection of electrons
from the second electrode 190.

[0249] The electron injection layer may be formed on the
electron transport layer using one or more suitable methods,
such as vacuum deposition, spin coating casting, a LB
method, ink-jet printing, laser-printing, and/or laser-induced
thermal Imaging. When an electron injection layer is formed
by vacuum deposition and/or spin coating, deposition and
coating conditions for the electron Injection layer may be
similar to the deposition and coating conditions for the hole
injection layer.

[0250] Theelectron Injection layer may include at least one
selected from LiF, NaCl, CsF, Li,0, BaO, and LiQ.

[0251] A thickness of the electron Injection layer may be in
a range of about 1 A to about 100 A, for example, about 3 A
to about 90 A. When the thickness of the electron Injection
layer is within any of the ranges described above, the electron
injection layer may have satisfactory electron injection char-
acteristics without a substantial Increase in driving voltage.
[0252] In some embodiments, the second electrode 190 is
positioned on the organic layer 150 having the structure as
described herein. The second electrode 190 may be a cathode
(that is an electron injection electrode), and in this regard, a
material for forming the second electrode 190 may be a mate-
rial having a low work function, such as a metal, an alloy, an
electrically conductive compound, or a mixture thereof. Non-
limiting examples of the material for forming the second
electrode 190 include lithium (Li), magnesium (Mg), alumi-
num (Al), aluminum-lithium (Al—Li), calcium (Ca), mag-
nesium-indium (Mg—In), and/or magnesium-silver (Mg—
Ag). In some embodiments, the material for forming the
second electrode 190 may be ITO or IZ0. The second elec-
trode 190 may be a semi-transmissive electrode or a trans-
missive electrode.

[0253] An organic light-emitting device 20 of FIG. 2
includes a first capping layer 210, the first electrode 110, the
organic layer 150, and the second electrode 190, which are
sequentially stacked in this stated order. An organic light-
emitting device 30 of FIG. 3 includes the first electrode 110,
the organic layer 150, the second electrode 190, and a second
capping layer 220, which are sequentially stacked in this
stated order. An organic light-emitting device 40 of FIG. 4
includes the first capping layer 210, the first electrode 110, the
organic layer 150, the second electrode 190, and the second
capping layer 220.

[0254] Regarding FIGS. 2 to 4, descriptions of the first
electrode 110, the organic layer 150, and the second electrode
190 are the same as the descriptions presented in connection
with FIG. 1.

[0255] 1Inthe organic layer 150 of each of the organic light-
emitting devices 20 and 40, light generated by the emission
layer may be extracted toward the outside through the first
electrode 110 and the first capping layer 210. The first elec-
trode 110 may be a semi-transmissive electrode or a trans-
missive electrode. In the organic layer 150 of each of the
organic light-emitting devices 30 and 40, light generated by
the emission layer may be extracted toward the outside
through the second electrode 190 and the second capping
layer 220. The second electrode 190 may be a semi-transmis-
sive electrode or a transmissive electrode.

[0256] The first capping layer 210 and the second capping
layer 220 may increase external luminescent efficiency based
on the principle of constructive interference.
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[0257] The first capping layer 210 illustrated in FIG. 2 and
the second capping layer 220 illustrated in FIG. 3 may include
the condensed cyclic compound represented by Formula 1.
[0258] Atleast oneselected from the first capping layer 210
and the second capping layer 220 illustrated in FIG. 4 may
include the condensed cyclic compound represented by For-
mula 1.

[0259] In some embodiments, the organic layer 150 illus-
trated in FIGS. 2 to 4 may not include the condensed cyclic
compound represented by Formula 1.

[0260] Hereinbefore, the organic light-emitting device
according to some embodiments of the present invention has
been described in connection with FIGS. 1-4. However,
embodiments of the present Invention are not limited thereto.
[0261] AC,-C,,alkyl group as used hereinrefers to alinear
or branched aliphatic hydrocarbon monovalent group having
1 to 60 carbon atoms in the main chain, and non-limiting
examples thereof include a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a ter-butyl
group, a pentyl group, an iso-amyl group, and a hexyl group.
A C,-C, alkylene group as used herein refers to a divalent
group having the same structure as the C,-Cg, alkyl group.
[0262] A C,-Cq, alkoxy group as used herein refers to a
monovalent group represented by —OA,| ,, (where A isthe
C,-Cq alkyl group), and non-limiting examples thereof
include a methoxy group, an ethoxy group, and an isopropy-
loxy group.

[0263] A C,-Cg, alkenyl group as used herein refers to a
hydrocarbon group having at least one carbon-carbon double
bond at one or more positions along a carbon chain of the
C,-Cq, alkyl group (e.g., In the middle or at either terminal
end of the C,-C, alkyl group), and non-limiting examples
thereof include an ethenyl group, a propenyl group, and a
butenyl group. A C,-Cg, alkenylene group as used herein
refers to a divalent group having the same structure as the
C,-Cg4, alkenyl group.

[0264] A C,-Cq, alkynyl group as used herein refers to a
hydrocarbon group having at least one carbon-carbon triple
bond at one or more positions along a carbon chain of the
C,-Cg alkyl group (e.g., in the middle or at either terminal
end of the C,-C, alkyl group), and non-limiting examples
thereof include an ethynyl group and a propynyl group. A
C,-Cq, alkynylene group as used herein refers to a divalent
group having the same structure as the C,-C, alkynyl group.
[0265] A C,-C,,cycloalkyl group as used herein refers to a
monovalent hydrocarbon monocyclic group having 3 to 10
carbon atoms as ring atoms, and non-limiting examples
thereof include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, and a cycloheptyl
group. A C;-C |, cycloalkylene group as used herein refers to
a divalent group having the same structure as the C;-C,
cycloalkyl group.

[0266] A C,-C,, heterocycloalkyl group as used herein
refers to a monovalent monocyclic group having at least one
hetero atom selected from N, O, Si, P, and S as a ring-forming
atom and 1 to 10 carbon atoms as the remaining ring atoms,
and non-limiting examples thereof include a tetrahydrofura-
nyl group and a tetrahydrothiopheny! group. A C,-C,, het-
erocycloalkylene group as used herein refers to a divalent
group having the same structure as the C,-C,, heterocy-
cloalkyl group.

[0267] A C5-C,, cycloalkenyl group as used herein refers
to a monovalent monocyclic group that has 3 to 10 carbon
atoms as ring atoms and at least one carbon-carbon double
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bond in the ring thereof and does not have aromaticity, and
non-limiting examples thereof include a cyclopentenyl
group, a cyclohexenyl group, and a cycloheptenyl group. A
C;-C,, cycloalkenylene group as used herein refers to a diva-
lent group having the same structure as the C;-C, cycloalk-
enyl group.

[0268] A C,-C,, heterocycloalkenyl group as used herein
refers to a monovalent monocyclic group that has at least one
hetero atom selected from N, O, Si, P, and S as a ring-forming
atom, 1 to 10 carbon atoms as the remaining ring atoms, and
at least one double bond in its ring. Non-limiting examples of
the C,-C,, heterocycloalkenyl group include a 2,3-hydro-
furanyl group and a 2,3-hydrothiophenyl group. A C,-C,
heterocycloalkenylene group as used herein refers to a diva-
lent group having the same structure as the C,-C, , heterocy-
cloalkenyl group.

[0269] A C4-Cqp, aryl group as used herein refers to a
monovalent group having a carbocyclic aromatic system hav-
ing 6 to 60 carbon atoms as ring atoms, and a C,-C, arylene
group as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms as
ring atoms. Non-limiting examples of the C4Cg, aryl group
include a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthrenyl group, a pyrenyl group, and a chry-
senyl group. When the C,-Cg, aryl group and/or the C4-Cg,
arylene group include two or more rings, the rings may be
fused to each other.

[0270] A C,-C,, heteroaryl group as used herein refers to a
monovalent group having a carbocyclic aromatic system that
has at least one hetero atom selected from N, O, Si, P, and S as
a ring-forming atom, and 1 to 60 carbon atoms as the remain-
ing ring atoms. A C,-Cg, heteroarylene group as used herein
refers to a divalent group having a carbocyclic aromatic sys-
tem that has at least one hetero atom selected from N, O, P,
and S as a ring-forming atom, and 1 to 60 carbon atoms as the
remaining ring atoms. Non-limiting examples of the C,-Cy,
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 C,-C, heteroaryl group and/or the C,-C, heteroarylene
group include two or more rings, the rings may be fused to
each other.

[0271] A C,-Cg, aryloxy group as used herein refers 1o a
group represented by —OA | ,, (Where A, , is the C4-Cy aryl
group), and a C¢-Cy, arylthio group as used herein refers to a
group represented by —SA |5 (Where A 5 is the C¢-Cy aryl
group).

[0272] A monovalent non-aromatic condensed polycyclic
group as used herein refers to a monovalent group (for
example, having 8 to 60 carbon atoms) that has two or more
rings condensed to each other, only carbon atoms as ring-
forming atoms, and does not have overall aromaticity. A
non-limiting example of the monovalent non-aromatic con-
densed polycyclic group is a fluorenyl group. A divalent non-
aromatic condensed polycyclic group as used herein refers to
a divalent group having the same structure as the monovalent
non-aromatic condensed polycyclic group.

[0273] A monovalent non-aromatic condensed heteropoly-
cyclic group as used herein refers to a monovalent group (for
example, having 1 to 60 carbon atoms) that has two or more
rings condensed to each other, has at least one heteroatom
selected from N, O, Si, P, and S, and carbon atoms, as ring-
forming atoms, and does not have overall aromaticity. A
non-limiting example of the monovalent non-aromatic con-
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densed heteropolycyclic group is a carbazolyl group. A diva-
lent non-aromatic condensed heteropolycyclic group as used
herein refers to a divalent group having the same structure as
the monovalent non-aromatic condensed heteropolycyclic
group.

[0274] At least one substituent of the substituted C5-C,,
cycloalkylene group, substituted C,-C, , heterocycloalkylene
group, substituted C5-C | , cycloalkenylene group, substituted
C,-C,, heterocycloalkenylene group, substituted C,-C,
arylene group, substituted C,-C,,, heteroarylene group, sub-
stituted divalent non-aromatic condensed polycyclic group,
substituted divalent non-aromatic condensed heteropolycy-
clic group, substituted C, -C,, alkyl group, substituted C,-Cy,
alkenyl group, substituted C,-C, alkynyl group, substituted
C,-Cg, alkoxy group, substituted C,-C,,, cycloalkyl group,
substituted C,-C,, heterocycloalkyl group, substituted
C;-C,, cycloalkenyl group, substituted C,-C,, heterocy-
cloalkenyl group, substituted C,-Cq, aryl group, substituted
Cs-Cgo aryloxy group, substituted C,-Cy, arylthio group,
substituted C, -C, heteroaryl group, substituted monovalent
non-aromatic condensed polycyclic group, and/or substituted
monovalent non-aromatic condensed heteropolycyclic group
may be selected from:

[0275] a deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg,
alkyl group, a C,-Cq, alkenyl group, a C,-Cg, alkynyl
group, and a C;-Cq, alkoxy group;

[0276] a C,-Cq, alkyl group, a C,-C, alkenyl group, a
C,-Cy, alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br,—1I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a Cg-Cgparyl group, a Cg-Cy, aryloxy group,
a C4-Cy, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, —Si(Q;,)(Q;2)(Q; ), and —B(Q,)(Q;5);

[0277] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a Co-Co,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

[0278] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C4-Cj aryl group, a C4-Cg
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic het-
erocondensed polycyclic group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br,
—1, 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 phos-
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phoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-Cq, alkenyl group, a C,-Cy, alkynyl group, a
C,-C¢, alkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, aC,-C, , heterocycloalkenyl group, a C4-C, aryl
group, a C,-Cg, aryloxy group, a C,-Cg, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic heterocondensed polycyclic group, —Si(Q,,)
(Q22)(Qy3), and —B(Q,,)(Qs;5); and
[0279] 7Si(Q31)(Q32)(Q33) and *B(Q34)(Q35)s

[0280] whereQ, 10 Q;5, Q5 10 Q,5,and Qy, to Q55 may
be each independently a hydrogen, a deuterium, —F,

—Cl,—Br, —1, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C, alkyl group, a C,-Cq,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cy, alkoxy
group, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a C,-Ce,
heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, or a monovalent non-aromatic
condensed heteropolycyclic group.
[0281] 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 a tert-butyl
group.
[0282] Hereinafter, an organic light-emitting device
according to some embodiments will be described in detail
with reference to Synthesis Examples and Examples. The
expression “B was used instead of A” used in describing
Synthesis Examples means that a molar equivalent of A was
identical to a molar equivalent of B.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1
[0283]

Br Br

Br B(OH),

A-1
Br
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-continued -continued

Br
O '

T™S

Br __, CI B(OH),
—_—

C-1

A-3
I Br
A4

BOH, Synthesis of Intermediate A-1

[0284] 25 g (105.9 mmol) of 1,3-dibromobenzene was
stirred in 500 ml of THF in an N, atmosphere at a temperature
of -78° C. for 10 minutes, and then, 44 ml of 2.5M n-BuLi
was slowly added dropwise thereto through a dropping fun-
nel, and the resulting solution was stirred for 30 minutes.
Thereafter, 10.4 g (110 mmol) of trimethyl borate was slowly
added dropwise thereto through a dropping funnel, and then,

thereto, and an extraction process was performed thereon

the resulting solution was stirred at room temperature for 3

Q Br hours; then 300 ml of 1M hydro-chloride solution was added
O - once. An organic layer separated therefrom was then sub-
jected to an extraction process three times by using water and

O diethyl ether. The resulting organic layer was dried by using
magnesium sulfate, and the residue obtained by evaporating a

A-6 solvent therefrom was separation-purified by silica gel chro-
matography to obtain 15.3 g (76.2 mmol, yield of 71.9%) of

Intermediate A-1. The obtained compound was identified by
MS/FAB

Br .
O OO [0285] C,HBBrO, cal. 200.83. found 200.67.
—

Synthesis of Intermediate A-2

[0286] 15.3 g (76.2 mmol) of Intermediate A-1,30 g (90.9
AT mmol) of 1,2-diiodobenzene, 8.67 g (7.5 mmol) of Pd(PPh,)
4 and 31.1 g (225 mmol) of K,CO, were added to 1 L of
THF/H,0 (a volumetric ratio of 9/1), and the resulting solu-
tion was stirred at a temperature of 80° C. for 12 hours, and
then cooled to room temperature. Then, the result was sub-
jected to an extraction process three times by using 500 ml of

water and 500 ml of diethyl ether. The resulting organic layer
was dried by using magnesium sulfate, and the residue
obtained by evaporating a solvent therefrom was separation-

purified by silica gel chromatography to obtain 19.5 g (54.4
mmol, yield of 71.4%) of Intermediate A-2. The obtained
AS compound was identified by MS/FAB.

[0287] C,,HgBrl cal. 359.00. found 359.14.
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Synthesis of Intermediate A-3

[0288] 19.5 g (54.4 mmol) of Intermediate A-2, 600 mg
(2.7 mmol) of Pd(OAc),. 1.5 g (5.72 mmol) of PPh,, 1.1 g
(5.77 mmol) of Cul, and 375 ml (272 mmol) of triethylamine
were mixed, and the mixture was stirred at a temperature of
60° C. in N, atmosphere for 12 hours. When the reaction
stopped, the reaction product was cooled to room tempera-
ture, and then subjected to an extraction process 5 times by
using diethyl ether. The obtained organic layer was dried by
using magnesium sulfate and the residue obtained by evapo-
rating a solvent therefrom was separation-purified by silica
gel chromatography to obtain 15.7 g (47.6 mmol, yield of
87.5%) of Intermediate A-3. The obtained compound was
identified by MS/FAB.

[0289] C,,H,,BrSical. 329.31. found 328.96.

Synthesis of Intermediate A-4

[0290] 15.7 g (47.6 mmol) of Intermediate A-3 and 27.6 g
(200 mmol) of K,CO; were mixed with 600 ml of MeOH/
CH,Cl, (a volumetric ratio of 2:1), and the resulting solution
was stirred at room temperature for 1 hour. When the reaction
stopped, the mixture was filtered through filtering paper, and
an organic solvent was removed from the remaining solution
by evaporation. The obtained residue was then subjected to an
extraction process two times by using water and dichlo-
romethane. An organic layer separated therefrom was dried
by using magnesium sulfate and the residue obtained by
evaporating a solvent therefrom was separation-purified by
silica gel chromatography to obtain 10.9 g (42.5 mmol, yield
0f 89.3%) of Intermediate A-4. The obtained compound was
identified by MS/FAB.

[0291] C,,HoBrcal. 257.13. found 257.42.

Synthesis of Intermediate A-5

[0292] 10.9 g (42.5 mmol) of Intermediate A-4 was suffi-
ciently dissolved in 500 ml of methylene chloride, and the
resulting solution was stirred in an ice bath at a temperature of
0°C. for 30 minutes. Then, 7.3 g (45 mmol) of iodine chloride
was added thereto and then stirred for 30 minutes. A reaction
solution obtained therefrom was subjected to an extraction
process five times by using 500 ml of water and ethylacetate.
An organic layer separated therefrom was dried by using
magnesium sulfate and the residual obtained by evaporating a
solvent therefrom was recrystallized by using a mixed solu-
tion including methylene chloride and n-hexane to obtain
14.1 g (36.9 mmol, yield of 86.7%) of Intermediate A-5. The
obtained compound was identified by MS/FAB.

[0293] C, HgBrl cal. 383.03. found 383.31.

Synthesis of Intermediate A-6

[0294] 5.17 g (13 mmol, yield of 71.2%) of Intermediate
A-6 was obtained by the same or substantially the same
method as the one used to synthesize Intermediate A-2,
except that Intermediate A-5 and Intermediate C-1 were
respectively used instead of 1,2-diiodobenzene and Interme-
diate A-1. The obtained compound was identified by
MS/FAB.

[0295] C,,H,,BrClO cal. 397.70. found 397.65.
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Synthesis of Intermediate C-1

[0296] 14.4 g(77.2 mmol, yield of 68.4%) of Intermediate
C-1 was obtained by the same or substantially the same
method as the one used to synthesize Intermediate A-1,
except that 1-bromo-4-chloro-2-methoxybenzene was used
instead of 1,3-dibromobenzene. The obtained compound was
identified by MS/FAB.

[0297] C,HgBCIO; cal. 186.40. found 186.47.

Synthesis of Intermediate A-7

[0298] 5.17 g(13 mmol) of Intermediate A-6 and 6.72 g (40
mmol) of sodium ethanethiolate were mixed with 250 ml of
DMEF, and then, the mixture was stirred at a temperature of
130° C. 4 hours after, the reaction product was cooled to room
temperature, and then, subjected to an extraction process 6
times by using water and ethylacetate. An organic layer sepa-
rated therefrom was dried by using magnesium sulfate, and
the residual obtained by evaporating a solvent therefrom was
separation-purified by silica gel chromatography to obtain
4.64 g (12.1 mmol, yield 0f93.1%) of Intermediate A-7. The
obtained compound was identified by MS/FAB.

[0299] C,oH,,BrCIO cal. 383.67. found 383.59.

Synthesis of Intermediate A-8

[0300] 4.64 g (12.1 mmol) of Intermediate A-7 and 5.15 g
(36 mmol) of copper(I) oxide were added to 250 ml of nitro-
benzene, and the resulting solution was stirred at a tempera-
ture of 190° C. for 48 hours while heating. The reaction
solution was then cooled to room temperature and subjected
to an extraction process 4 times by using 150 ml of water and
150 ml of diethylether. An organic layer separated therefrom
was dried by using magnesium sulfate and the residual
obtained by evaporating a solvent therefrom was separation-
purified by silica gel chromatography to obtain 3.66 g (9.6
mmol, yield of 79.3%) of Intermediate A-8. The obtained
compound was identified by MS/FAB.

[0301] C,oH,,BrCIO cal. 381.65. found 381.74.

Synthesis of Compound 1

[0302] 600 mg (1.57 mmol) of Intermediate A-8, 762 mg
(4.5 mmol) of diphenylamine, 495 mg (0.5 mmol) of tris
(dibenzylideneacetone)dipalladium(0), 100 mg (0.5 mmol)
of tri(tert-butyl)phosphine, and 432 mg (4.5 mmol) of sodium
tert-butoxide were added to 10 ml of toluene, and the mixture
was stirred at a temperature of 80° C. for 2 hours. The result-
ing reaction solution was cooled to room temperature, and
then subjected to an extraction process three times by using
20 ml of water and 20 ml of diethylether. An organic layer
separated therefrom was dried by using magnesium sulfate,
and the residual obtained by evaporating a solvent therefrom
was separation-purified by silica gel chromatography to
obtain 681 mg (1.13 mmol, yield of 72%) of Compound 1.
The obtained compound was identified by MS/FAB and "H
NMR.

[0303] C..H.oN,S cal. 602.74. found 602.71.
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Synthesis Example 2

Synthesis of Compound 144
[0304]

Apr. 28,2016

133

0

Synthesis of Intermediate A-9

[0305] 600 mg (1.57 mmol) of Intermediate A-8, 730 mg
(1.6 mmol) of (4-([1,1'-biphenyl]-2-yl(dibenzo[ b,d]furan-4-
yl)amino)phenyl)boronic acid, 173 mg (0.15 mmol) of
Pd(PPh,),, and 620 mg (2.25 mmol) of K,CO, were added to
35 ml of a mixture of THF/H,O (a volumetric ratio of 9/1),

O O

144

and the resulting solution was stirred at a temperature of 80%
for 12 hours, and then cooled to room temperature. Then, the
resulting reaction mixture was subjected to an extraction
process by using 50 ml of water and 50 ml of diethyl ether. An
organic layer separated therefrom was dried by using magne-
sium sulfate, and the residual obtained by evaporating a sol-
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vent therefrom was separation-purified by silica gel chroma-
tography to obtain 762 mg (1.07 mmol, yield of 71.3%) of
Intermediate A-9. The obtained compound was identified by
MS/FAB.

[0306]  CyoH,,CINO, cal. 712.25. found 712.08.

Synthesis of Compound 144

[0307] 762 mg (1.07 mmol) of Intermediate A-9, 542 mg
(2.1 mmol) of 9-methyl-N-phenyl-9H-fluoren-2-amine, 192
mg (0.21 mmol) of tris(dibenzylideneacetone)dipalladium
(0), 19 mg (0.21 mmol) of tri(tert-butyl)phosphine, and 288
mg (3 mmol) of sodium tert-butoxide were added to 10 ml of
toluene, and the mixture was stirred at a temperature of 80° C.
for 2 hours. The resulting reaction solution was cooled to
room temperature, and then, subjected to an extraction pro-
cess three times by using 20 ml of water and 20 ml of dieth-
vlether. An organic layer separated therefrom was dried by
using magnesiumsulfate, and the residual obtained by evapo-
rating a solvent therefrom was separation-purified by silica
gel column chromatography to obtain 749 mg (0.76 mmol,
vield of 71%) of Compound 144. The obtained compound
was identified by MS/FAB and 'H NMR. C,, H,,N,O, cal.
961.18. found 960.98.

Synthesis Example 3

Synthesis of Compound 1A
[0308]

Br
Br,
B(OH),
T™S — Cl
—
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SH

Br NH,

s %
atavasiene
)
pevSosty

B-6

Synthesis of Intermediate B-1

[0309] 8.63 g (30.0 mmol) of ((2-bromo-4-chlorophenyl)
ethynyl)trimethylsilane, 6.03 g (30.0 mmol) of (3-bromophe-
nyl)boronic acid, 1.37 g (1.5 mmol) of Pd(PPh,),, and 12.44
£ (90.0 mmol) of K,CO, were dissolved in 250 ml of a mixed
solution including THEF/H,O (a volumetric ratio of 9/1), and
then, the resulting mixture was stirred at a temperature of 80°
C. for 12 hours. The resulting reaction solution was cooled to
room temperature, and then subjected to an extraction process
three times by using 200 ml of water and 200 ml of ethylether.
The obtained organic layer was dried with magnesium sulfate
and the residual obtained by removing a solvent used herein
by evaporation was separation-purified by silica gel column
chromatography to obtain 7.86 g (21.6 mmol, yield of 72%)
of Intermediate B-1. The obtained compound was identified
by MS/FAB. C;H, (BrClSi cal. 363.75. found 363.69.

Synthesis of Intermediate B-2

[0310] 7.86 g(21.6 mmol) of Intermediate B-1 and 13.82 g
(100.0 mmol) of K,CO; were dissolved in 200 ml of metha-
nol, and the resulting solution was stirred at room temperature
for 30 minutes. The resulting reaction mixture was filtered to
separate the remaining K,COj;, and the residual solvent was
removed therefrom by evaporation. Then, the resulting prod-
uct was dissolved in 200 m1 of methylene chloride, and then
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subjected to an extraction process by using water. An organic
layer separated therefrom was dried by using magnesium
sulfate, and the residual obtained by evaporating a solvent
thereform was separation-purified by silica gel chromatogra-
phy to obtain 5.92 g (20.3 mmol, yield of 94%) of Interme-
diate B-2. The obtained compound was identified by
MS/FAB.

[0311] C,,HBrCl cal. 291.57. found 291.63.

Synthesis of Intermediate B-3

[0312] 5.92 g (20.3 mmol) of Intermediate B-2 was suffi-
ciently dissolved in 200 ml of methylene chloride, and the
resulting solution was stirred in an ice bath at a temperature of
0° C. for 30 minutes, and then 3.3 g of Iodine chloride was
added thereto and stirred for 30 minutes. The resulting reac-
tion solution was subjected to an extraction process 5 times by
using 250 ml of water and ethylacetate. An organic layer
separated therefrom was dried by using magnesium sulfate,
and the residual obtained by evaporating a solvent therefrom
was re-crystallized by using a mixed solution including meth-
ylene chloride and n-hexane to obtain 7.20 g (17.3 mmol,
vield of 85%) of Intermediate B-3. The obtained compound
was identified by MS/FAB.

[0313] C,,H.BrClcal. 417.47. found 417.43.

Synthesis of Intermediate B-4

[0314] 1.25 g (3.0 mmol) of Intermediate B-3 was dis-
solved in 50 m1 of THF, and then, at a temperature of —=78°C.,
1.2 ml (3.0 mmol, 2.5M in Hexane) of n-Bul.i was slowly
added dropwise thereto, and the resulting solution was stirred
at a temperature of -=78° C. for 1 hour. Then, 0.27 ml (15.0
mmol) of H,0 was slowly added dropwise thereto, and then
stirred at room temperature for 6 hours. When the reaction
stopped, 40 ml of water was added thereto, and then, the
resulting mixture was subjected to an extraction process three
times by using 30 ml of diethylether. An organic layer sepa-
rated therefrom was dried with magnesium sulfate and the
residual obtained by evaporating a solvent therefrom was
separation-purified by silica gel column chromatography to
obtain 797 mg (2.73 mmol, yield of 91%) of Intermediate
B-4. The obtained compound was identified by MS/FAB.
[0315] C, HsBrCl cal. 291.57. found 291.64.

Synthesis of Intermediate B-5

[0316] 797 mg (2.73 mmol) of Intermediate B-4, 612 mg
(3.0 mmol) of 2-amino-5-bromobenzenethiol, and 300 mg
(2.2 mmol) of K,CO; were added to 20 ml of DMF, and the
resulting solution was stirred at a temperature of 150° C. for
48 hours while heating. The reaction solution was cooled to
room temperature, and then subjected to an extraction process
three times by using 50 ml of water and 40 m1 of diethylether.
An organic layer separated therefrom was dried by using
magnesium sulfate and the residual obtained by evaporating a
solvent therefrom was separation-purified by silica gel col-
umn chromatography to obtain 792 mg (1.91 mmol, yield of
70%) of Intermediate B-5. The obtained compound was iden-
tified by MS/FAB.

[0317] C,,H,;BrCINS cal. 414.74. found 414.76.

Synthesis of Intermediate B-6

[0318] 792 mg(1.91 mmol) of Intermediate B-5, 1.73 g (25
mmol) of sodium nitrite, 0.8 ml of HCI, 8 ml of glacial acetic
acid, and 1.2 ml of water were stirred in an ice bath for 1 hour,
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and then the resulting solution was stirred at room tempera-
ture for 12 hours. The reaction solution was heated to a
temperature of 90° C., and then, an aqueous solution of 1.59
¢ (10 mmol) of copper sulfate dissolved in 30 ml of water and
1.5 ml of acetic acid was added dropwise thereto for 1 hour.
The resulting mixture was stirred for 30 minutes, and then
cooled to room temperature and subjected to an extraction
process four times by using 20 ml of water and 20 ml of
diethylether. An organic layer separated therefrom was dried
by using magnesium sulfate and the residual obtained by
evaporating a solvent therefrom was separation-purified by
silica gel column chromatography to obtain 708 mg (1.78
mmol, yield of 93%) of Intermediate B-6. The obtained com-
pound was identified by MS/FAB.

[0319] C, H,,BrCIS cal. 397.71. found 397.69.

Synthesis of Compound 1A

[0320] 708 mg (1.78 mmol) of Intermediate B-6, 762 mg
(4.5 mmol) of diphenylamine, 495 mg (0.54 mmol) of tris
(dibenzylideneacetone)dipalladium(0), 108 mg (0.54 mmol)
of tri(tert-butyl)phosphine, and 513 mg (5.34 mmol) of
sodium tert-butoxide were added to 10 ml of toluene, and the
resulting mixture was stirred at a temperature of 80° C. for 2
hours. The reaction solution was cooled to room temperature,
and then, was subjected to an extraction process three times
by using 20 ml of water and 20 ml of diethylether. An organic
layer separated therefrom was dried by using magnesium
sulfate and the residual obtained by evaporating a solvent
therefrom was separation-purified by silicagel column chro-
matography to obtain 749 mg (1.21 mmol, yield of 68%) of
Compound 1A. The obtained compound was identified by
MS/FAB and '"H NMR.

[0321] C,,H;,N,S cal. 618.80. found 618.77.
Synthesis Example 4
Synthesis of Compound 2
[0322] 894 mg (1.07 mmol, yield of 70.3%) of Compound

2 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that 9,9-dimethyl-N-phenyl-9H-fluoren-
2-amine was used instead of diphenylamine. The obtained
compound was identified by MS/FAB and "H NMR.

Synthesis Example 5

Synthesis of Compound 5

[0323] 794 mg (1.13 mmol, yield of 72.7%) of Compound
5 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that N-phenylnaphthalen-1-amine was
used instead of diphenylamine. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Examples

Synthesis of Compound 7

[0324] 636 mg (0.84 mmol, yield of 59.8%) of Compound
7 was prepared in the same or substantially the same manner
as in Synthesis Example 1, except that N-([ 1,1'-biphenyl]-2-
yl)pyridin-3-amine was used instead of diphenylamine. The
obtained compound was identified by MS/FAB and "H NMR.
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Synthesis Example 7

Synthesis of Compound 8

[0325] 914 mg (1.21 mmol, yield of 78.7%) of Compound
8 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that N-phenyl-[1,1'-biphenyl]-4-amine
was used instead of diphenylamine. The obtained compound
was identified by MS/FAB and 'H NMR.

Synthesis Example 8

Synthesis of Compound 9

[0326] 689 mg (0.98 mmol, yield of 65.3%) of Compound
9 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that N-phenylnaphthalen-2-amine was
used instead of diphenylamine. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Example 9

Synthesis of Compound 13

[0327] 960 mg (1.02 mmol, yield of 71.4%) of Compound
13 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that 5'-fluoro-N-phenyl-[1,1":3",1"-terphe-
nyl]-4'-amine was used instead of diphenylamine. The
obtained compound was identified by MS/FAB and "H NMR.

Synthesis Example 10

Synthesis of Compound 15

[0328] 785 mg (0.84 mmol, yield of 61.7%) of Compound
15 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]
furan-4-amine was used instead of diphenylamine. The
obtained compound was identified by MS/FAB and *H NMR.

Synthesis Example 11

Synthesis of Compound 19

[0329] 930 mg (1.19 mmol, yield of 78.6%) of Compound
19 was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1 in Synthesis
Example 1, except that N-phenyldibenzo[b,d]furan-2-amine
was used instead of diphenylamine. The obtained compound
was identified by MS/FAB and ‘H NMR.

Synthesis Example 12

Synthesis of Compound 172

[0330] 935 mg (1.03 mmol, yield of 72.4%) of Compound
172 was prepared in the same or substantially the same man-
ner as the one used to synthesize Compound 1 in Synthesis
Example 1, except that di([1,1'-biphenyl]-4-yl)amine was
used instead of diphenylamine. The obtained compound was
identified by MS/FAB and 'H NMR.
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Synthesis Example 13

Synthesis of Compound 26

[0331] 950 mg (2.5 mmol) of Intermediate A-8, 810 mg (3
mmol) of N-phenylphenanthren-2-amine, 229 mg (0.25
mmol) of tris(dibenzylideneacetone)dipalladium(0), 50 mg
(0.5 mmol) of tri(tert-butyl)phosphine, and 720 mg (7.5
mmol) of sodium tert-butoxide were added to 25 ml of tolu-
ene, and the resulting mixture was stirred at a temperature of
80° C. for 2 hours. The reaction solution was cooled to room
temperature, and then subjected to an extraction process three
times by using 40 ml of water and 40 ml of diethylether. An
organic layer separated therefrom was dried by using magne-
sium sulfate, and the residual obtained by evaporating a sol-
vent therefrom was separation-purified by silica gel chroma-
tography. The result was added to 20 ml of toluene together
with 340 mg (2 mmol) of diphenylamine, 137 mg (0.15
mmol) of tris(dibenzylideneacetone)dipalladium(0), 30 mg
(0.3 mmol) of tri(tert-butyl)phosphine, and 577 mg (6 mmol)
of sodium tert-butoxide and then, stirred at a temperature of
80° C. for 3 hours. The obtained reaction solution was cooled
to room temperature, and then subjected to an extraction
process three times by using 30 ml of water and 30 ml of
diethylether, and an organic layer separated therefrom was
dried by using magnesium sulfate and the residual obtained
by evaporating a solvent therefrom was separation-purified
by silica gel column chromatography to obtain 900 mg (1.28
mmol, yield of 51.2%) of Compound 26. The obtained com-
pound was identified by MS/FAB and *H NMR.

Synthesis Example 14

Synthesis of Compound 29

[0332] 865 mg (1.12 mmol, yield of 49.7%) of Compound
29 was prepared in the same or substantially the same manner
as in Synthesis Example 13, except that 5'-fluoro-N-phenyl-
[1,1':3",1"-terphenyl]-4'-amine was used instead of N-phe-
nylphenanthrene-2-amine. The obtained compound was
identified by MS/FAB and '"H NMR.

Synthesis Example 15

Synthesis of Compound 30

[0333] 774 mg (0.97 mmol, yield of 41.3%) of Compound
30 was prepared in the same or substantially the same manner
as in Synthesis Example 13, except that 4-((5'-fluoro-[1,1":3',
1"-terphenyl]-4'-yl)amino)benzonitrile was used instead of
N-phenylphenanthrene-2-amine. The obtained compound
was identified by MS/FAB and 'H NMR.

Synthesis Example 16

Synthesis of Compound 38

[0334] 993 mg (1.18 mmol, yield of 53.8%) of Compound
38 was prepared in the same or substantially the same manner
as in Synthesis Example 13, except that N-([1,1'-biphenyl]-
2-yl)dibenzo[b,d]furan-4-amine and N-phenyl-4-(trimethy]l-
silyDaniline were used instead of N-phenylphenanthrene-2-
amine and diphenylamine, respectively.

[0335] The obtained compound was identified by MS/FAB
and 'H NMR.
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Synthesis Example 17

Synthesis of Compound 54

[0336] 1.12g(1.53 mmol,yield 0f69.4%) of Compound 54
was prepared in the same or substantially the same manner as
in Synthesis Example 13, except that N-phenylnaphthalen-2-
amine and N-phenyl-[1,1'-biphenyl]-2-amine(N-phenyl-[1,
1"-biphenyl]-2-amine) were used instead of N-phenylphenan-
threne-2-amine and diphenylamine, respectively. The
obtained compound was identified by MS/FAB and *H NMR.

Synthesis Example 18

Synthesis of Compound 57

[0337] 1.18 g(1.36 mmol, yield of 65.7%) of Compound 57
was prepared in the same or substantially the same manner as
in Synthesis Example 13, except that N-([1,1'-biphenyl]-2-
y1)-9,9-dimethyl-9H-fluoren-2-amine and N-phenyl-[ 1,1'-bi-
phenyl]-2-amine were used instead of N-phenylphenan-
threne-2-amine and diphenylamine, respectively. The
obtained compound was identified by MS/FAB and "H NMR.

Synthesis Example 19

Synthesis of Compound 72

[0338] 1.31g(1.62 mmol,yield 0f73.1%) of Compound 72
was prepared in the same or substantially the same manner as
Synthesis Example 13, except that 9,9-dimethyl-N-phenyl-
9H-fluoren-2-amine and N-phenyldibenzo[b,d]furan-4-
amine were used instead of N-phenylphenanthrene-2-amine
and diphenylamine, respectively. The obtained compound
was identified by MS/FAB and ‘H NMR.

Synthesis Example 20

Synthesis of Compound 88

[0339] 1.01g(1.14 mmol,yield 0f59.1%) of Compound 88
was prepared in the same or substantially the same manner as
in Synthesis Example 13, except that 9,9-dimethyl-N-phenyl-
9H-fluoren-2-amine and N-([1,1'-biphenyl]-2-yl)dibenzo[b,
d]furan-4-amine were used instead of N-phenylphenan-
threne-2-amine and diphenylamine, respectively. The
obtained compound was identified by MS/FAB and 'H NMR.

Syntheses Example 21

Synthesis of Compound 90

[0340] 1.25g(1.33 mmol, yield of 65.8%) of Compound 90
was prepared in the same or substantially the same manner as
in Synthesis Example 13, except that 5'-fluoro-N-phenyl-[1,
1':3',1"-terphenyl]-4'-amine and N-([1,1'-biphenyl]-2-y1)
dibenzo[b,d]furan-4-amine were used instead of N-phe-
nylphenanthrene-2-amine and diphenylamine, respectively.
The obtained compound was identified by MS/FAB and 'H
NMR.

Synthesis Example 22

Synthesis of Compound 174

[0341] 1.02 g (1.27 mmol, yield of 72.4%) of Compound
174 was prepared in the same manner as in Synthesis
Example 13, except that N-phenylnaphthalen-1-amine and
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di([1,1'-biphenyl]-4-yl)amine were used instead of N-phe-
nylphenanthrene-2-amine and diphenylamine, respectively.
The obtained compound was identified by MS/FAB and 'H
NMR.

Synthesis Example 23

Synthesis of Compound 129

[0342] 785 mg (0.96 mmol, yield of 71.3%) of Compound
129 was prepared in the same or substantially the same man-
ner as the one used to synthesize Intermediate A-9 and Com-
pound 144 in Synthesis Example 2, except that (4-(dibenzo
[b,d]furan-4-yl(phenyl)amino)phenyl)boronic acid was used
instead of (4-([1,1'-biphenyl]-2-yl(dibenzo[b,d]|furan-4-y1)
amino)phenyl)boronic acid and N-phenylnaphthalen-2-
amine was used instead of 9,9-methyl-N-phenyl-9H-fluoren-
2-amine. The obtained compound was identified by MS/FAB
and 'H NMR.

Synthesis Example 24

Synthesis of Compound 134

[0343] 823 mg (0.93 mmol, yield of 70.7%) of Compound
134 was prepared in the same or substantially the same man-
ner as the one used to synthesize Intermediate A-9 in Synthe-
sis Example 2, except that (4-(dibenzo[b,d]|furan-4-yl(phe-
nyl)amino)phenyl)boronic acid was used instead of (4-([1,1'-
biphenyl]-2-yl(dibenzo[b,d]furan-4-yl)amino )phenyl)
boronic acid. The obtained compound was identified by
MS/FAB and 'H NMR.

Synthesis Example 25

Synthesis of Compound 183

[0344] 900 mg (1.08 mmol, yield of 74.1%) of Compound
183 was prepared in the same or substantially the same man-
ner as the one used to synthesize Intermediate A-9 and Com-
pound 144 in Synthesis Example 2, except that (4-(di([1,1'-
biphenyl]-4-yl)amino)phenyl)boronic acid was used instead
of (4-([1,1-biphenyl]-2-yl(dibenzo[b.d]furan-4-yl)amino)
phenyl)boronic acid and diphenylamine was used instead of
9,9-methyl-N-phenyl-9H-fluoren-2-amine. The obtained
compound was identified by MS/FAB and *H NMR.

Synthesis Example 26

Synthesis of Compound 167

[0345] 800 mg (2.10 mmol) of Intermediate A-8, 1.45 g (5
mmol) of (4-(diphenylamino)phenyl)boronic acid, 580 mg
(0.5 mmol) of Pd(PPhy,),, and 900 mg (6.5 mmol) of K,CO,
were added to 60 ml of a mixed solution including THF/H,O
(a volumetric ratio of 9/1), and the resulting mixture was
stirred at a temperature of 80° C. for 12 hours. The resulting
solution was cooled to room temperature, and then subjected
to an extraction process three times by using 80 ml of water
and 80 ml of diethy] ether. An organic layer separated there-
from was dried by using magnesium sulfate, and the residual
obtained by evaporating a solvent therefrom was separation-
purified by silica gel chromatography to obtain 955 mg (1.28
mmol, yield of 60.9%) of Compound 167. The obtained com-
pound was identified by MS/FAB and *H NMR.
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Synthesis Example 27

Synthesis of Compound 185

[0346] 1.05 g (1.35 mmol, yield of 64.3%) of Compound
185 was obtained in the same or substantially the same man-
ner as in Synthesis Example 26, except that (4-(naphthalen-
1-yl(phenyl)amino)phenyl)boronic acid was used instead of
(4-(diphenylamino)phenyl)boronic acid. The obtained com-
pound was identified by MS/FAB and ‘H NMR.

Synthesis Example 28

Synthesis of Compound 2A

[0347] 783 mg (1.09 mmol, yield of 61.2%) of Compound
2A was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1A in Synthesis
Example 3, except that N-phenylnaphthalen-2-amine was
used instead of diphenylamine. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Example 29

Synthesis of Compound 3A

[0348] 859 mg (1.01 mmol, yield of 56.7%) of Compound
3 A was prepared in the same or substantially the same manner
the one as used to synthesize Compound 1A in Synthesis
Example 3, except that 9,9-dimethyl-N-phenyl-9H-fluoren-
2-amine was used instead of diphenylamine. The obtained
compound was identified by MS/FAB and 'H NMR.

Synthesis Example 30

Synthesis of Compound 5A

[0349] 862 mg (1.08 mmol, yield of 60.7%) of Compound
5A was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1A In Synthesis
Example 3, except that N-phenyldibenzo[b,d]furan-4-amine
was used instead of diphenylamine. The obtained compound
was identified by MS/FAB and 'H NMR.

Synthesis Example 31

Synthesis of Compound 9A

[0350] 847 mg (1.14 mmol, yield of 64.0%) of Compound
9A was prepared in the same or substantially the same manner
as the one used to synthesize Compound 1A in Synthesis
Example 3, except that N-phenyldibenzo[b,d]thiophen-3-
amine was used instead of diphenylamine. The obtained com-
pound was identified by MS/FAB and ‘H NMR.

Synthesis Example 32

Synthesis of Compound 11A

[0351] 999 mg (1.05 mmol, yield of 59.0%) of Compound
11A was prepared in the same or substantially the same
manner as the one used to synthesize Compound 1A in Syn-
thesis Example 3, except that N-([1,1'-biphenyl]-2-yl)
dibenzo[b,d]furan-4-amine was used instead of dipheny-
lamine. The obtained compound was identified by MS/FAB
and 'H NMR.
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Synthesis Example 33

Synthesis of Compound 15A

[0352] 995 mg (2.5 mmol) of Intermediate B-6, 1005 mg (3
mmol) of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-3-
amine, 229 mg (0.25 mmol) of tris(dibenzylideneacetone)
dipalladium(0), 50 mg (0.5 mmol) of tri(tert-butyl)phos-
phine, and 720 mg (7.5 mmol) of sodium tert-butoxide were
added to 25 ml of toluene, and the resulting mixture was
stirred at a temperature of 80° C. for 2 hours. The reaction
solution was cooled to room temperature, and then subjected
to an extraction process three times by using 40 ml of water
and 40 ml of diethylether. An organic layer separated there-
from was dried by using magnesium sulfate, and the residual
obtained by evaporating a solvent therefrom was separation-
purified by silica gel chromatography. The resulting product
was added to 20 ml of toluene together with 670 mg (2 mmol)
of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-2-amine, 137
mg (0.15 mmol) of tris(dibenzylideneacetone)dipalladium,
30 mg (0.3 mmol) of tri(tert-butyl)phosphine, and 577 mg (6
mmol) of sodium tert-butoxide, and then stirred at a tempera-
ture of 80° C. for 3 hours. The resulting reaction solution was
cooled to room temperature, and then subjected to an extrac-
tion process three times by using 30 ml of water and 30 ml of
diethylether. An organic layer separated therefrom was dried
by using magnesium sulfate and the residual obtained by
evaporating a solvent therefrom was separation-purified by
silica gel column chromatography to obtain 1159 mg (1.22
mmol, yield of 48.8%) of Compound 15A. The obtained
compound was identified by MS/FAB and 'H NMR.

Synthesis Example 34

Synthesis of Compound 17A

[0353] 812 mg (1.13 mmol, yield of 63.5%) of Compound
17A was prepared in the same or substantially the same
manner as the one used to synthesize Compound 1A in Syn-
thesis Example 3, except that N-phenylnaphthalen-1-amine
was used instead of diphenylamine. The obtained compound
was identified by MS/FAB and '"H NMR.

Synthesis Example 35

Synthesis of Compound 25A

[0354] 909 mg (1.31 mmol, yield of 52.5%) of Compound
25A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that diphenylamine (3
mmol) was used instead of N-([1,1'-biphenyl]-2-yl)dibenzo
[b,d]furan-3-amine (3 mmol) and N-phenyl-1,1'-biphenyl]-
4-amine (2 mmol) was used instead of N-([ 1,1'-biphenyl]-2-
y)dibenzo[b,d]furan-2-amine (2 mmol). The obtained
compound was identified by MS/FAB and ‘H NMR.

Synthesis Example 36

Synthesis of Compound 27A

[0355] 988 mg (1.26 mmol, yield of 50.3%) of Compound
27A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that diphenylamine (3
mmol) was used instead of N-([1,1'-biphenyl]-2-yl)dibenzo
[b,d]furan-3-amine (3 mmol) and N-([1,1'-biphenyl]-2-y)
dibenzo[b,d]furan-4-amine (2 mmol) was used instead of
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N-([1,1'-biphenyl]-2-yl)dibenzo[b,d] furan-2-amine (2
mmol). The obtained compound was identified by MS/FAB
and 'H NMR.

Synthesis Example 37

Synthesis of Compound 32A

[0356] 911 mg (1.31 mmol, yield of 52.4%) of Compound
32 A was obtained in the same or substantially the same man-
ner as in Synthesis Example 36, except that N-([1,1'-biphe-
nyl]-2-yl)pyridin-3-amine (2 mmol) was used 1nstead of
N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]| furan-4-amine (2
mmol). The obtained compound was identified by MS/FAB
and "H NMR.

Synthesis Example 38

Synthesis of Compound 50A

[0357] 829 mg (1.12 mmol, yield of 44.6%) of Compound
50A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that N-phenylnaph-
thalen-2-amine (3 mmol) was used instead of N-([1,1"-biphe-
nyl]-2-yl)dibenzo[b,d]furan-3-amine (3 ~mmol) and
N-phenyl-4-(trimethylsilyl)aniline (2 mmol) was used
instead of N-([1,1-biphenyl]-2-yl)dibenzo[b,d]furan-2-
amine (2 mmol). The obtained compound was identified by
MS/FAB and '"H NMR.

Synthesis Example 39

Synthesis of Compound 56A

[0358] 968 mg (1.16 mmol, yield of 46.4%) of Compound
56A was obtained in the same or substantially the same man-
ner as in Synthesis Example 38, except that N-([1,1'-biphe-
nyl]-2-yl)dibenzo[b,d]furan-4-amine (2 mmol) was used
instead of N-phenyl-4-(trimethylsilyl)aniline (2 mmol). The
obtained compound was identified by MS/FAB and 'H NMR.

Synthesis Example 40

Synthesis of Compound 72A

[0359] 1102 mg(1.19 mmol, yield of 47.6%) of Compound
72 A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that N-([1,1'-biphe-
nyl]-2-y1)-9,9-dimethyl-9H- ﬂuoren-3 -amine (3 mmol) was
used instead of N-([ 1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-3-
amine (3 mmol), and 9,9-dimethyl-N-phenyl-9H-fluoren-2-
amine (2 mmol) was used instead of N-([1,1'-biphenyl]-2-y1)
dibenzo[b,d]furan-2-amine (2 mmol). The obtained
compound was identified by MS/FAB and 'H NMR.

Synthesis Example 41

Synthesis of Compound 83A

[0360] 855 mg (1.09 mmol, yield of 43.6%) of Compound
83 A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that N-([1,1'-biphe-
nyl]-2-yl)dibenzo[b,d]furan-4-amine (3 mmol) was used
instead of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-3-
amine (3 mmol), and diphenylamine(2 mmol) was used
instead of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-2-
amine (2 mmol). The obtained compound was identified by
MS/FAB and 'H NMR.
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Synthesis Example 42

Synthesis of Compound 88A

[0361] 973 mg (1.02 mmol, yield of 40.9%) of Compound
88A was obtained in the same or substantially the same man-
ner as in Synthesis Example 41, except for 5'-fluoro-N-phe-
nyl-[1,1":3"1"-terphenyl]-4'-amine was used instead of
diphenylamine. The obtained compound was identified by
MS/FAB and 'H NMR.

Synthesis Example 43

Synthesis of Compound 71A

[0362] 1164 mg(1.21 mmol, yield of 48.3%) of Compound
71A was obtained in the same or substantially the same man-
ner as in Synthesis Example 33, except that N-([1,1'-biphe-
nyl]-2-y1)-9,9-dimethyl-9H- ﬂuoren 3-amine (3 mmol) was
used 1nstead of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-3-
amine (3 mmol), and d1( [1,1'-biphenyl]-4-yl)amine (2 mmol)
was used instead of N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]fu-
ran-2-amine (2 mmol). The obtained compound was identi-
fied by MS/FAB and 'H NMR.

Synthesis Example 44
Synthesis of Compound 106A

Synthesis of Intermediate B-6(1)
[0363]

B-6(1)
~ )
O
[0364] Intermediate B-6(1) was prepared in the same or
substantially the same manner as the one used to synthesize
Intermediate B-1 to Intermediate B-6 in Synthesis Example 3,

except that in synthesizing Intermediate B-4, D,O was used
Instead of H,O.

Synthesis of Compound 106A

[0365] 709 mg (1.06 mmol, yield of 42.3%) of Compound
106A was obtained in the same or substantially the same
manner as in Synthesis Example 33, except that Intermediate
B-6(1) was used instead of intermediate B-6, diphenylamine
(3 mmol) was used instead of N-([1,1'-biphenyl]-2-yl)
dibenzo[b,d]furan-3-amine (3 mmol), and N-phenylnaphtha-
len-2-amine (2 mmol) was used instead of N-([1,1'-biphe-
nyl]-2-yl)dibenzo[b,d]furan-2-amine (2 mmol) The obtained
compound was identified by MS/FAB and 'H NMR.

Synthesis Example 45

Synthesis of Compound 110A

[0366] 821 mg (1.12 mmol, yield of 44.6%) of Compound
110A was obtained in the same or substantially the same
manner as the one used to synthesize Compound 106A in
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Synthesis Example 44, except that 2,4,6-trimethyl-N-pheny-
laniline (3 mmol) was used instead of diphenylamine (3
mmol), and N-phenyl-4-(trimethylsilyl)aniline (2 mmol) was
used instead of N-phenylnaphthalen-2-amine (2 mmol). The
obtained compound was identified by MS/FAB and *H NMR.

Synthesis Example 46
Synthesis of Compound 120A

Synthesis of Intermediate B-6(2)
[0367]

B-6(2)

S

[0368] Intermediate B-6(2) was prepared in the same or
substantially the same manner as the one used to synthesize
Intermediate B-1 to Intermediate B-6 in Synthesis Example 3,
except thatin synthesizing Intermediate B-4, ethyl iodide was
used instead of H,0.

Synthesis of Compound 120A

[0369] 1225 mg(1.22 mmol, yield of 48.6%) of Compound
120A was obtained in the same or substantially the same
manner as in Synthesis Example 33, except that Intermediate
B-6(2) was used instead of Intermediate B-6, N-([1,1'-biphe-
nyl]-2-y1)-9,9-dimethyl-9H-fluoren-2-amine (3 mmol) was
used instead of N-([ 1,1'-biphenyl]-2-yl)dibenzo[b,d]furan-3-
amine (3 mmol), and N-([1,1'-biphenyl]-2-yl)dibenzo[b,d]
furan-4-amine (2 mmol) was used instead of N-([1,1'-biphe-
nyl]-2-yl)dibenzo[b,d]furan-2-amine (2 mmol). The obtained
compound was identified by MS/FAB and 'H NMR.

Synthesis Example 47
Synthesis of Compound 125A

Synthesis of Intermediate B-6(3)
[0370]

B-6(3)

S
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[0371] Intermediate B-6(3) was obtained in the same or
substantially the same manner as the one used to synthesize
Intermediate B-1 to Intermediate B-6 in Synthesis Example 3,
except that in synthesizing Intermediate B-4, 1-bromoben-
zene was used instead of H,O.

Synthesis of Compound 125A

[0372] 774 mg (1.04 mmol, yield of 41.5%) of Compound
125A was obtained in the same or substantially the same
manner as in Synthesis Example 33, except that Intermediate
B-6(3) was used instead of Intermediate B-6, N-phenylnaph-
thalen-2-amine (3 mmol) was used instead of N-([1,1'-biphe-
nyl]-2-yl)dibenzo[b,d]furan-3-amine (3 mmol), and diphe-
nylamine (2 mmol) was used instead of N-([1,1"-biphenyl]-
2-yl)dibenzo[b,d]furan-2-amine (2 mmol). The obtained
compound was identified by MS/FAB and "H NMR.

Synthesis Example 48

Synthesis of Compound 137A

[0373] 622 mg (1.57 mmol) of Intermediate B-6, 463 mg
(1.6 mmol) of (4-(diphenylamino)phenyl)boronic acid, 173
mg (0.15 mmol) of Pd(PPL,),, and 620 mg (225 mmol) of
K,CO; were added to 35 ml of a mixture including THF/H,O
(a volumetric ratio of 9/1), and the resulting solution was
stirred at a temperature of 80° C. for 12 hours, and then cooled
to room temperature and subjected to an extraction process
three times by using 500 ml of water and 500 ml of diethyl
ether. An organic layer separated therefrom was dried by
using magnesium sulfate, and the residual obtained by evapo-
rating a solvent was separation-purified by silica gel chroma-
tography. 600 mg (1.07 mmol) of the resulting product was
added to 10 ml of toluene together with 366 mg (2.1 mmol) of
diphenylamine, 192 mg (0.21 mmol) of tris(dibenzylidene-
acetone)dipalladium(0), 19 mg (0.21 mmol) of tri(tert-butyl)
phosphine, and 288 mg (3 mmol) of sodium tert-butoxide and
then, the resulting mixture was stirred at a temperature of 80°
C. for 2 hours. The reaction solution was cooled to room
temperature, and then subjected to an extraction process three
times by using 20 ml of water and 20 ml of diethylether. An
organic layer separated therefrom was dried by using magne-
sium sulfate and the residual obtained by evaporating a sol-
vent therefrom was separation-purified by silica gel column
chromatography to obtain 535 mg (0.77 mmol, yield of
72.3%) of Compound 137A. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Example 49

Synthesis of Compound 142A

[0374] 656 mg (0.735 mmol, yield of 68.7%) of Compound
142A was obtained in the same or substantially the same
manner as in Synthesis Example 48, except that (6-([1,1'-
biphenyl]-4-yl(phenyl)amino)naphthalen-2-yl)boronic acid
was used instead of (4-(diphenylamino)phenyl)boronic acid,
and N-phenyl-4-(trimethylsilyl)aniline was used instead of
diphenylamine. The obtained compound was identified by
MS/FAB and 'H NMR.

Synthesis Example 50

Synthesis of Compound 160A

[0375] 623 mg (1.57 mmol) of Intermediate B-6(1) was
added to 35 ml of toluene together with 514 mg (1.6 mmol) of
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di([1,1'-biphenyl]-4-yl)amine, 192 mg (0.21 mmol) of tris
(dibenzylideneacetone)dipalladium(0), 19 mg (0.21 mmol)
of tri(tert-butyl)phosphine, and 288 mg (3 mmol) of sodium
tert-butoxide, and the resulting mixture was stirred at a tem-
perature of 80° C. for 2 hours. The reaction solution was
cooled to room temperature, and then subjected to an extrac-
tion process three times by using 500 ml of water and 500 m1
of diethyl ether. An organic layer separated therefrom was
dried by using magnesium sulfate and the residual obtained
by evaporating a solvent therefrom was separation-purified
by silica gel column chromatography. 683 mg (1.07 mmol) of
the resulting product was added to 15 ml of a mixture includ-
ing THF/H,O (avolumetric ratio of9/1) together with 764 mg
(1.6 mmol) of (4-((9,9-dimethyl-9H-fluoren-2-y1)(4-(trim-
ethylsilyl)phenyl)amino)phenyl)boronic acid, 115 mg (0.10
mmol) of Pd(PPh,),, and 413 mg (150 mmol) of K,CO;, and
the resulting solution was stirred at a temperature of 80° C. for
12 hours, and then cooled to room temperature and subjected
to an extraction process three times by using 30 m1 of water
and 20 ml of diethyl ether. An organic layer separated there-
from was dried by using magnesium sulfate, and the residual
obtained by evaporating a solvent was separation-purified by
silica gel chromatography to obtain 674 mg (0.65 mmol, yield
of 60.5%) of Compound 160 A. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Example 51

Synthesis of Compound 161 A

[0376] 475 mg (0.67 mmol, yield of 62.4%) of Compound
161A was obtained in the same or substantially the same
manner as in Synthesis Example 50, except that Intermediate
B-6(2) was used instead of Intermediate B-6(1), dipheny-
lamine was used instead of di([1,1'-biphenyl]-4-yl)amine,
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and (4-(diphenylamino)pheny1)boronic acid was used instead
of (4-((9,9-dimethyl-9H-fluoren-2-y1)(4-(trimethylsilyl)phe-
nyljamino)phenylboronic acid. The obtained compound was
identified by MS/FAB and 'H NMR.

Synthesis Example 52

Synthesis of Compound 164A

[0377] 741 mg(1.57 mmol) of Intermediate B-6(3), 463 mg
(1.6 mmol) of (4-(diphenylamino)phenyl }boronic acid, 173
mg (0.15 mmol) of Pd(PPL,),, and 620 mg (225 mmol) of
K,CO, were added to 35 ml of a mixture Including THF/H,O
(a volumetric ratio of 9/1), and the resulting solution was
stirred at a temperature of80° C. for 12 hours, and then cooled
to room temperature and subjected to an extraction process
three times by using 500 ml of water and 500 ml of diethyl
ether. An organic layer separated therefrom was dried by
using magnesium sulfate, and the residual obtained by evapo-
rating a solvent was separation-purified by silica gel chroma-
tography. 896 mg (1.07 mmol) of the resulting product was
addedto 15 ml of a mixture including THF/H,O (a volumetric
ratio of 9/1) together with 543 mg (4-(diphenylamino)naph-
thalen-1-yl)boronic acid, 115 mg (0.10 mmol) of Pd(PPhs),,
and 413 mg (150 mmol) of K,CO,, and then stirred at a
temperature of 80° C. for 12 hours, and then cooled to room
temperature, and subjected to an extraction process three
times by using 30 ml of water and 20 ml of diethyl ether. An
organic layer separated therefrom was dried by using magne-
sium sulfate, and the residual obtained by evaporating a sol-
vent was separation-purified by silica gel chromatography to
obtain 592 mg (0.66 mmol, yield of 61.4%) of Compound
164A. The obtained compound was Identified by MS/FAB
and "H NMR.

[0378] MS/FAB and 'H NMR of the compounds synthe-
sized in Synthesis Examples 1 to 52 are shown in Table 1
below:

TABLE 1

Com-

pound 'HNMR (CDCls, 400 MHz)

MS/TAB

found cale.

2

13

15

19

26

29

30

8.29(s, 111), 8.01(s, 111), 7.55-7.50(m, 3H), 7.43-7.37(m,
2T), 7.33-7.29(m, 3H), 7.23-7.20(m, 2H), 7.15(dd, 1H),
7.05-6.97(m, 9H), 6.86(dd, 1), 6.75(dd, 1H), 6.72-
6.63(m, 3H), 6.61-6.56(m, 3H), 6.46-6.41 (m, 4H), 1.86is,
121)

8.34(s, 111), 8.07(d, 1H), 7.63(ss, 2H), 7.5(ss, 11T), 7.4-
7.22(m, 13H), 7.11(dd, 1H), 7.06(dd, 1H), 6.98-6.89(m,
5T), 6.79(dd, 1), 6.69(t, 11T), 6.62-6.58(m, 2H), 6.62(dd,
1H), 6.36-6.28(m, 41

8.42(s, 111), 8.14(d, 1H),7.53-7.45(m, 9H), 7.4-7.34(m,
12H), 7.29-7.27(m, 2H), 7.22(dd, 2H), 7.16(dd, 2H), 7.04-
6.98(m, 611), 6.82(dd, 1), 6.63-6.59(m, 2H), 6.5(t, 11T},
6.41(dd, 11T}, 6.3-6.21 (m, 4H)

8.31(s, 111), 8.05(d, 11), 7.58(d, 2I), 7.48-7.43(m, SII),
7.4-7.22(m, 17H), 7.11(dd, 1H), 7.03-6.99(m, 4H), 6.92-
6.83(m, 8H), 6.77(dd, 1H), 6.45(s, 1), 6.37(dd, 11T)
8.16(s, 111), 7.92(d, 1H), 7.5(dd, 2I), 7.43(dd, 21), 7.34-
7.16(m, 12H), 7.09(dd, 1H), 6.99-6.91(m, 6H), 6.85(dd,
1), 6.76(t, 1I1), 6.67-6.58(m, 3H), 6.49-6.44(m, 41
8.33(s, 1), 8.12(dd, 1), 8.08(dd, 11T), 7.93(d, 11T),
7.64(dd, 11T, 7.49(dd, 21), 7.44-7.32(m, 7H), 7.16(dd,
110), 7.04-6.94(m, 8T), 6.73(t, 1H), 6.68(t, 3H), 6.56(dd,
1H), 6.40-6.36(m, 6H)

8.36(s, 111), 8.13(d, 1H), 7.61-7.27(m, 16H), 7.18-7.11(m,
7H), 6.99(dd, 1H), 6.88(t, 1H), 6.85-6.79(m, 3H), 6.72(dd,
1H), 6.56(dd, 4H), 6.48(dd, 2H)

8.12(s, 1H), 7.85(d, 1H), 7.28-7.19(m, 6H), 7.15-6.98(m,
11H), 6.92(d, 1H), 6.82-6.75(m, SH), 6.68(dd, 1H), 6.50-
6.41(m, SH), 6.31(dd, 1H), 6.15(dd, 4H)

835.12

702.74

943.17

934.95

782.87

702.65

772.76

798.01

835.06

702.86

943.11

935.09

782.90

702.86

77292

797.93
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TABLE 1-continued
Com- MS/FAB
pound 'H NMR (CDCls, 400 MHz) found  calc.
38 8.30(s, 1H), 8.00(d, 1H), 7.48(d, 1H), 7.37-7.32(m, 3H), 840.96 841.10

7.28-7.07(m, 12H), 6.97(dd, 1H), 6.89-6.66(m, 8H),
6.59(dd, 1), 6.53(:, 1H), 6.49-6.41(m, 3H), 6.35(dd, 1),
6.25(dd, 2H), 0.66(s, SH)
54 8.23(s, 1H), 7.97(d, 1H), 7.56(d, 1H), 7.34-7.17(m, 14H), 729.10  728.89
7.08-6.84(m, 10H), 6.72(d, 1H), 6.63-6.55(m, 3H),
6.41(dd, 1H), 6.31(dd, 2H), 6.23(dd, 2H)
57 8.46(s, 1H), 8.18(d, 1H), 7.62(dd, 2H), 7.48-7.44(m, 6H), 871.04 87110
7.39-731(m, 8H), 7.26-7.22(m, 1K), 7.18-6.91(m, 11H),
6.83-6.78(m, 2H), 6.65-6.57(m, 3H), 6.46-6.43(m, 21),
6.31-6.22(m, 3H), 1.68 (s, 6H)
72 8.42(s, 1H), 8.12(d, 1H), 7.61(s, 1H), 7.56-7.39(m, 6H), 800.03 808.98
7.32-7.10(m, 6H), 6.97-6.81(m, 9H), 6.64-6.52(m, 4H),
6.45-6.42(m, 2H), 6.32-6.11(m, 4H), 1.72 (s, 6H)
88 8.31(s, 1H), 8.09(d, 1H), 7.7(d, 1H), 7.66(d, 1H), 7.61- 884.99 885.08
7.31(m, 16H), 7.24-7.07(m, 11H), 6.95(dd, 1H), 69(t, 1H),
6.79(d, 1H), 6.74(t, 1H), 6.69-6.64(m, 3H), 1.69(s, 6H)
90 8.27(s, 1H), 8.01(d, 1H), 7.54(d, 1H), 7.44-7.18(m, 22H), 939.03  939.10
7.13-7.07(m, 3H), 6.99-6.75(m, 10H), 6.6(t, 1H), 6.41(t,
1H), 6.32(d, 1H), 6.21(dd, 2H)
129 8.34(s, 1H), 8.20(d, 1H), 8.00(s, 1H), 7.88(d, 1H), 7.77- 819.07 818.98
7.66(m, 3H), 7.59-7.29(m, 13H), 7.20(dd, 1), 7.07-
6.96(m, 6H), 6.88(dd, 1H), 6.78(t, 1H), 6.69(dd, 2H),
6.61(dd, 3H), 6.45(dd, 21), 6.36(dd, 2H)
134 8.26(s, 1H), 8.12(d, 1H), 7.93(s, 1H), 7.81(d, 1H), 7.69(dd, 885.16  885.08
1H), 7.6(d, 1H), 7.56-7.46(m, 4H), 7.34-7.19(m, 7H),
7.14(dd, 1H), 7.03-6.96(m, 6H), 6.92(dd, 2H), 6.83(dd,
1H), 6.69-6.53(m, 7H), 6.39(dd, 2H), 6.32(dd, 2H), 1.76(s,
6H)
1 843(s, 1H), 8.12(d, 1H), 7.46(d, 1H), 7.42(d, 1H), 7.38(d, 602.66 602.74
1H), 7.29(, 1H), 7.09(d, 1H), 6.94-6.84(m, 9H), 6.62(t,
1H), 6.56(dd, 4H), 6.41(dd, 1H), 6.23(dd, 4H), 6.17(dd,
4H)
5 8.40(s, 1H), 8.13(d, 1H), 7.9(dd, 2H), 7.67(d, 2H), 7.41(d, 70292 702.86
2H), 7.37-7.26(m, 5H), 7.17-7.08(m, SH), 7.03(d, 1H),
6.97-6.91(m, 4H), 6.71(d, 1H), 6.64(dd, 1H), 6.59-6.51(m,
4H), 6.37(dd, 1H), 6.17(dd, 2H). 6.1(dd. 2H)
7 8.31(s, 1H), 8.01(d, 1H), 7.93(dd, 2H), 7.66(dd, 2H), 7.29- 756.78  756.91
7.12(m, 13H), 7.03-6.86(m, 9H), 6.79(dd, 1H), 6.68(t, 2H),
6.65-6.58(m, 3H), 6.44(dd, 1H), 6.33(dd, 1H)
8 8.33(s, 1H), 8.09(d, 1H), 7.62(d, 1H), 7.55(dd, 1H), 7.49- 75497 754.93
7.46(m, SH), 7.4-7.36(m, 9H), 7.33-7.29(m, 21), 7.15(d,
1H), 7.10-7.07(m, 5H), 6.86(dd, 1H), 6.79-6.67(m, 7H),
6.56-6.50(m, 4H)
144 839, 1H), 8.25(d, 1H), 8.05(s, 1H), 7.93(d, 1H), 7.8(dd, 961.11 961.18
1H), 7.71(d, 1H), 7.67-7.56(m, 4H), 7.53-7.29(m, 12H),
7.24(dd, 1H), 7.15-6.90(m, 11H), 6.77-6.71(m, 2H), 6.64-
6.61(m, 21), 6.55(dd, 2H), 6.45(dd, 2H), 1.59(s, 6H)
167 8.29(s, 1H), 8.14(d, 1H), 7.93(s, 1H), 7.81(d, 1H), 755.01  754.93
7.69(dd, 2H), 7.33-7.19(m, 7H), 6.98-6.90(m, 9H), 6.76-
6.70(m, 4H), 6.57-6.54(m, 4H), 6.06-6.02(m, 8H)
172 8.56(s, 1H), 8.27(d, 1H), 7.81(d, 1H), 7.61(dd, 1), 7.55- 907.17 907.13
7.50(m, 9H), 7.45-7.39(m, 17H), 7.35-7.31(m, 41),
7.23(dd, 1H), 7.14(dd, 1H), 7.14(dd, 1H), 6.81(dd, 111),
6.75(dd, 4H), 6.68(dd, 41), 6.6(dd, 1H).
174 8.60(s, 1H), 8.28(d, 1H), 8.01(d, 1H), 7.77(d, 1H), 7.56(dd, 805.04 804.99
1H), 7.51-7.11(m, 211), 7.05(d, 1H), 6.99-6.93(m, 2H),
6.71-6.47(m, 9H), 6.13(dd, 21)
183 8.24(s, 1H), 8.10(d, 1H), 7.91(s, 1H), 7.78(d, 11), 7.65(dd, 831.11 831.03
1), 7.44(d, 110), 7.34(dd, 411), 7.29-7.18(m, 131, 7.1(dd,
1H), 6.96-6.92(m, 4H), 6.76-6.73(m, 4H), 6.66(t, 1H),
6.61-6.57(m, 4H), 6.47(dd, 1H), 6.29(dd, 4H)
185 8.30(s, 1H), 8.06(d, 1H), 7.88(dd, 1H), 7.85(dd, 1H), 779.02  778.95
7.69(d, 1H), 7.63(dd, 2H), 741(d, 1H), 7.36-7.24(m, 9H),
7.17-6.92(m, 10H), 6.75-6.59(m, SH), 6.4(dd, 2H),
6.19(dd, 21), 6.15(dd, 21)
1A 8.44(s, 1H), 8.07(d, 1H), 7.64(m, 21), 7.59(dd, 1), 618.04 618.80
7.51(m, 21), 7.07-7.03(m, 8H), 6.98(dd, 111), 6.85(d, 110),
6.70(t, 41), 6.60(dd, 1H), 6.42(dd, 4H), 6.35(dd, 4H)
SA 8.52(s, 1H), 8.13(d, 1H), 7.74(dd, 2H), 7.68-7.55(m, OH), 798.84  798.96
7.43(t, 2H), 7.37(t, 2H), 7.11-7.06(m, SH), 7.03-6.98(m,
SH), 6.73(t, 2H), 6.63(dd, 1H), 6.52(dd, 2H), 643(dd, 2H)
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TABLE 1-continued
Com- MS/FAB
pound 'H NMR (CDCls, 400 MHz) found  calc.
9A  8.49(s, 1H), 8.10(d, 1H), 8.04(d, 2H), 7.95(d, 2H), 7.69(d, 831.01  831.08

2H), 7.64(dd, 1H), 7.60-7.51(m, 4H), 7.36(t, 2H), 7.30(t,
2H), 7.09-7.02(m, 7H), 6.96(dd, 2H), 6.91(d, 1H), 6.67(t,
3H), 6.53(d, 211), 6.49(d, 2H)
17A 8.47(s, 1H), 8.08(d, 1H), 7.95(dd, 2H), 7.83(d, 1), 718.99 718.92
7.73(dd, 2H), 7.65(dd, 1H), 7.58(dd, 1H), 7.52(m, 1H),
7.44(m, 31), 7.36(t, 21), 7.23(t, 2H), 7.18(t, 20), 7.03(t,
4H), 6.85(d, 1H), 6.80(dd, 11), 6.76(t, 2H), 6.68(t, 3H),
6.31(dd, 2H), 6.23(dd, 21)
25A 8.52(s, 1H), 8.11(d, 1H), 7.74(d, 1H), 7.64(d, 1H), 7.59(dd, 694.92  694.90
1H), 7.52(m, 2H), 7.46(dd, 2H), 7.38-7.35(m, 4H), 7.30-
7.26(m, 1H), 7.01(t, 7H), 6.80(d, 1), 6.64(t, 3), 6.58(d,
2H), 6.54(dd, 1H), 6.33(dd, 6H)
1A 8.53(s, 1H), 8.13(d, 1H), 7.85(d, 111), 7.67-7.60(m, 3), 93621 963.25
7.55(d, 2H), 7.51-7.47(m, 610), 7.42-7.36(m, 111), 7.34-
7.28(m, 3H), 7.12-7.07(m, 4H), 7.04-7.02(m, 2H), 6.97(m,
2H), 6.81(d, 2H), 6.68(d, 4H), 6.46(m, 2H), 2.19(s, 6H)
110A 8.12(d, 1H), 7.90(d, 1H), 7.74(d, 1H), 7.65(d, 1H), 733.98 73407
7.59(dd, 1H), 7.52(t, 1H), 7.30(d, 2H), 7.03-6.98(m, 5H),
6.76(d, 11), 6.65-6.58(m, 7H), 6.33(dd, 2H), 6.22(dd, 2H),
2.71(d, 9H), 0.91 (s, 9H)
142A  8.58(s, 1H), 8.15(d, 1H), 8.05(d, 1H), 7.91(m, 2), 7.75(d, 893.31 893.24
1H), 7.66-7.44(m, 7H), 7.40-7.32(m, 6H), 7.28-7.23(m,
4H), 6.98(t, 6H), 6.59-6.55(m, 4H), 6.46(d, 2H), 6.25(d,
2H), 6.18(d, 2H), 0.49(s, 9H)
160A 8.18(s, 1H), 8.11(d, 1H), 7.71(q, 2H), 7.63-7.51(m, 4H), 1036.32 1036.44
7.45(d, 4H), 7.37-7.32(m, 11H), 7.28-7.21(m, 5H), 7.03(d,
2H), 6.78(d, 1H), 6.70-6.65(m, SH), 6.59-6.33(m, 5H),
6.40(d, 11, 2.09(s, 6H), 0.85(s, 9H)
164A  8.34(d, 1H), 8.28(d, 11T), 8.05(d, 1H), 8.03(t, 11T, 7.99(d, 897.01 897.15
1H), 7.85(dd, 1H), 7.75(dd, 2H), 7.69(dd, 11), 7.57-
7.50(m, 4H), 7.42-7.26(m, 8H), 7.00-6.93(m, 8H), 6.89(d,
1H), 6.58(q, 4H), 6.51(d, 2H), 6.12(dd, 4H), 6.03(dd, 4H)
2A 8.46(s, 11), 8.07(d, 1H), 7.71(d, 2H), 7.63(d, 1H), 7.57(d, 718.96 718.92
1H), 7.55(d, 1H), 7.53(d, 1H), 7.50-7.39(m, 7H), 7.35(t,
2H), 7.30(t, 2H), 7.13(dd, 1H), 7.04(t, 4H), 6.98(dd, 1H),
6.87(dd, 1), 6.84(d, 1H), 6.67(t, 2H), 6.59(dd, 1),
6.42(dd, 21), 6.36(dd, 2H)
3A 847(s, 11), 8.08(d, 1H), 7.65-7.61(m, 3H), 7.58(d, 1H), 851.18  851.12
7.54-7.49(m, 3H), 7.36(d, 2H), 7.27-7.23(m, 2H), 1.20(d,
1H), 7.08-6.98(m, 9H), 6.79(dd, 1H), 6.74(dd, 1HT), 6.68(,
2H), 6.62(t, 2H), 6.53(d, 1), 6.43(d, 2H), 6.36(d, 2),
2.44(s, 12H)
1A 8.44(s, 1H), 8.06(d, 1H), 7.66(d, 2H), 7.59(d, 1H), 7.56- 951.14 951.16
7.41(m, 20H), 7.31(t, 2H), 7.08(m, 45), 6.98(m, 9H),
6.83(dd, 1H), 6.35(dd, 15)
15A 8.51(s, 1H), 8.1(d, 1H), 7.7-7.66(m, 3H), 7.62(d, 1H), 951.19 951.16
7.58(dd, 1H), 7.52(d, 2H), 7.51-7.43(m, 9H), 7.4-7.34(m,
6H), 7.32-7.28(m, 3H), 7.16(t, 1H), 7.1(m, 2H), 6.97-
6.92(m, 5H), 6.9(dd, 1H), 6.86-6.82(m, 2H), 6.78-6.74(m,
3H), 6.59(dd, 1H)
27A 8.45(s, 1H), 8.06(d, 1H), 7.66(d, 1H), 7.59(d, 1H), 7.56- 785.03  784.9%
7.51(m, 6H), 7.47-7.42(m, 4H), 7.38-7.35(m, 2H), 7.31(t,
1H), 7.10-7.01(m, 6H), 6.97-6.91(m, 41T), 6.82(m, 2H),
6.68(t, 2H), 6.57(dd, 1H), 6.39(dd, 4H)
32A 845(s, 1H), 8.06(m, 2), 7.84(d, 1H), 7.64(d, 1H), 7.57(d, 695.97 695.88
1H), 7.53-7.43(m, 5H), 7.39-7.34(m, 31T}, 7.24(dd, 11),
7.18(t, 1H), 7.14(d, 1), 7.06-7.01(m, SH), 6.96(t, 1H),
6.89(m, 21), 6.83(d, 1H), 6.68(, 2H), 6.57(d, 1H), 6.38(d,
4H)
S0A 8.42(s, 1H), 8.05(d, 1H), 7.7(m, 2H), 7.62(dd, 1H), 740.98  741.04
7.56(dd, 111, 7.52(d, 151), 7.50-7.33(m, SH), 7.29(d, 3H),
7.06-7.01(m, SH), 6.88(dd, 1H), 6.85(dd, 1H), 6.70-
6.66(m, 4H), 6.69(dd, 1H), 6.45(dd, 2H), 6.41(dd, 2H),
1.45(s, 9H)
S6A 8.50(s, 1H), 8.11(d, 1H), 7.75(d, 1H), 7.70(dd, 1H), 7.64- 835.11 835.04
7.32(m, 19H), 7.13-7.04(m, 4H), 7.01-6.94(m, 4H), 6.9(dd,
1H), 6.87(d, LH), 6.86(dd, 11), 6.70(t, 11), 6.62(dd, 1H),
6.45(dd, 2H)
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Com- MS/FAB
pound 'H NMR (CDCls, 400 MHz) found  calc.
T2A 8.47(s, 1H), 8.09(d, 1H), 7.68-7.59(m, SH), 7.56(d, 211), 927.20 $27.22
7.54-7.45(m, 2H), 7.44-7.41{m, 4E), 7.37-7.30(m, 2H),
7.17-7.03(m, 12H), 6.89(m, 2H), 6.83(dd, 1), 6.76(1, 1),
6.63(d, L), 6.58(m, 2H), 6.48(dd, 2H), 2.73(s, 610),
2.69(s, 6H)
3A 8.45(s, 1H), 8.08(d, 1H), 7.70(d, 1H), 7.66(t, 2H), 7.62- 785.01 78498
7.4(m, 11H), 7.36(t, 1H), 7.16-6.98(m, 12H), 6.76(t, 2H),
6.46(m, SH)
88A 8.47(s, 1F), 8.08(d, LI, 7.67(d, 1), 7.63(d, 1), 7.59- 955.09 955.16
7.30(m, 23H), 7.26(m, LH), 7.10-6.90(m, 10H), 6.86(dd,
1H), 6.64(, 1H), 6.35(dd, 1H), 6.28(dd, 2H)
106A 8.09(d, 1), 7.74(d, 1H), 7.64(d, 1), 7.60(d, 1H), 7.57(d, 669.83  669.86

1H), 7.55-7.33(m, TH), 7.16(dd, 1H), 7.08-7.03(m, 6H),
7.01(dd, 11), 6.86(d, 11T, 6.70(t, 3H), 6.60(dd, 1), 6.44-
6.69(m, 6H)

120A 8.10(d, 1H), 7.67(d, 1H), 7.62-7.58(m, 2H), 7.55(d, 1H),
7.52(d, 1H), 7.47-7.29(m, 17H), 7.24(m, 1H), 7.16(d, 1H),
7.11-7.05(m, 5H), 6.97-6.90(m, 61), 6.68(dd, 1H), 6.57-
6.52(m, 3H), 6.32-6.28(m, 111), 2.42(s, OH), 2.14(t, 2H)

1254 7.94(dd, 1H), 7.77(d, 1H), 7.72(m, 3H), 7.57(d, 1H), 7.52-
7.29(m, 10H), 7.13(d, 1H), 7.05-7.00(m, 6H), 6.92(dd,
1H), 6.86(d, 2H), 6.69-6.64(m, 41T), 6.40(dd, 21), 6.30(dd,
41

137A 8.44(s, 110), 8.06(d, 1H), 7.94(d, 111, 7.86(d, 1H), 7.63(m,
2H), 7.50(dd, 2H), 7.39(dd, 1H), 7.36(d, 21), 7.06-7.02(m,
8H), 6.98(dd, 1H), 6.69(t, 4H), 6.64(d, 2H), 6.35(dd, 4H),
6.27(dd, 41)

161A 8.05(s, 11), 7.98(m, 1H), 7.78(d, 1H), 7.60(dd, 1), 7.53-
7.47(m, 3H), 7.39(m, 2H), 7.05-7.01(m, 811}, 6.86-6.82(m,
3H), 6.69 (t, 4H), 6.63(dd, 1H), 6.42(dd, 4H), 6.28(dd, 4H),
3.68(s, 3H)

744.91

694.82

708.93

1005.27 1005.29

744.96

694.90

708.92

Example 1

[0379] A 15 Qcm? (1200 A)ITO glass substrate (a product
of Corning) was cut to a size of 50 mmx50 mmx0.7 mm, and
was ultrasonically cleaned by using isopropyl alcohol and
pure water for 5 minutes each, and then UV light was Irradi-
ated thereon for 30 minutes and the substrate was further
exposed to ozone to clean. Then, the resultant structure was
loaded into a vacuum deposition apparatus.

[0380] On the iTO glass substrate acting as an anode,
2-TNATA was vacuum-deposited to form a hole Injection
layer having a thickness of 600 A, and Compound 1 was
vacuum-deposited on the hole injection layer to form a hole
transport layer having a thickness of 300 A, thereby complet-
ing the formation of a hole transport region.

[0381] 9,10-di-naphthalene-2-yl-anthracene (ADN) acting
as a host and N,N,N'N'-tetraphenyl-pyrene-1,6-diamine
(TPD) acting as a dopant were co-deposited on the hole
transport region at a weight ratio of 98:2 to form an emission
layer having a thickness of 300 A.

[0382] Alq, was vacuum-deposited onthe emission layer to
form an electron transport layer having a thickness of 300 A,
and LiF was deposited on the electron transport layer to form
an electron injection layer having a thickness of 10 A, thereby
completing the formation of an electron transport region.

[0383] Al was vacuum-deposited on the electron transport
region to form a cathode having a thickness of 3,000 A,
thereby completing the manufacture of an organic light-emit-

ting device.
QN

SOUSAINS
-

2-TNATA
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Examples 2 to 20

[0384] Organic light-emitting devices were manufactured
in the same or substantially the same manner as in Example 1,
except that in forming a hole transport layer, compounds
shown in Table 2 were used instead of Compound 1.

Comparative Example 1

[0385] An organic light-emitting device was manufactured
in the same or substantially the same manner as in Example 1,
except that in forming a hole transport layer, NPB was used
instead of Compound 1.

NPB

Evaluation Example 1

[0386] The driving voltage, current density, brightness,
efficiency, and half-lifespan of the organic light-emitting
devices manufactured according to Examples 1 to 20, and
Comparative Example 1 were measured by using Keithley
SMU 236 (from Keithley Instruments Inc.) and a brightness
photometer PR, (from Photo Research, Inc.), and the
results are shown in Table 2. The half-lifespan as used herein
is a period of time that it takes for the brightness ofthe organic
light-emitting device to reduce to 50% of the initial bright-
ness.

TABLE 2

Current Half

Driving Density Bright- Effi- Emis- lifespan

Hole voltage  (mA/ ness  ciency sion (hr @100

transport layer W) em?)  (edm?)  (cd/A)  color mAfem?)
Example ]l  Compound 1 5.83 50 3210 642  Blue 376
Example2  Compound 5 5.66 50 3330 6.66  Blue 359
Example 3 ~ Compound 7 5.72 50 3165 6.33  Blue 292
Example4  Compound 8 5.79 50 3340 6.68  Blue 366
Example 5  Compound 144 5.89 50 3210 642  Blue 319
Example 6  Compound 167 5.64 50 3290 6.58  Blue 368
Example 7 Compound 172 5.62 50 3395 6.79  Blue 389
Example 8  Compound 174 5.61 50 3380 6.76  Blue 393
Example 9  Compound 183 5.71 50 3335 6.67 Blue 368
Example 10  Compound 185 5.64 50 3270 6.54  Blue 356
Example 11  Compound 1A 6.03 50 3070 6.14  Blue 342
Example 12 Compound 5A 5.82 50 3170 6.34  Blue 327
Example 13 Compound 9A 5.76 50 3135 6.27 Blue 278

Example 14 Compound 17A 5.94 50 3035 6.07 Blue 354
Example 15 Compound 25A 5.98 50 3105 6.21  Blue 326
Example 16 Compound 71A 6.12 50 2990 598  Blue 372
Example 17 Compound 110A 5.87 50 3240 648  Blue 318
Example 18 Compound 142A 5.66 50 3285 6.57 Blue 347
Example 19 Compound 160A 5.94 50 3205 641  Blue 336
Example 20 Compound 164A 6.07 50 3255 6.51  Blue 327
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TABLE 2-continued
Current Half
Driving Density Bright- Effi- Emis- lifespan
Hole voltage  (mA/ ness  ciency sion (hr @100
transport layer V) em?)  (ed/m?)  (cd/A) color mAjem?)
Comparative NPB 7.01 50 2645 529 Blue 258
Example 1
Example 1 Comparative Example 2
[0387]  As illustrated in Table 2, the organic light-emitting  [0395] ~ An organic light-emitting device was manufactured

devices manufactured according to Examples 1 to 20 have
lower driving voltage, higher brightness, higher efficiency,
and longer half-lifespan than the organic light-emitting
device manufactured according to Comparative Example 1.

Example 21

[0388] An organic light-emitting device was manufactured
in the same or substantially the same manner as in Example 1,
except that in forming a hole transport layer, NPB was used
instead of Compound 1, and in forming an emission layer, as
a dopant, Compound 2 was used instead of TPD.

Examples 22 to 36

[0389] Organic light-emitting devices were manufactured
in the same or substantially the same manner as in Example
21, except that in forming an emission layer, for use as a
dopant, corresponding compounds shown in Table 3 were
used instead of Compound 2.

Example 37

[0390] An organic light-emitting device was manufactured
in the same or substantially the same manner as in Example
21, except that in forming a hole transport layer, Compound
172 was used instead of NPB.

Examples 38 to 41

[0391] Organic light-emitting devices were each manufac-
tured in the same or substantially the same manner as in
Example 37, except that in forming an emission layer, foruse
as a dopant, corresponding compounds shown in Table 3 were
used Instead of Compound 2.

Examples 42 to 57

[0392] Organic light-emitting devices were each manufac-
tured in the same or substantially the same manner as in
Example 21, except that in forming an emission layer, foruse
as adopant, corresponding compounds shown in Table 3 were
used Instead of Compound 2.

Example 58

[0393] An organic light-emitting device was manufactured
in the same or substantially the same manner as in Example
42, except that in forming a hole transport layer, Compound
142A was vsed instead of NPB.

Examples 59 to 62

[0394] Organic light-emitting devices were each manufac-
tured in the same or substantially the same manner as in
Example 58, except that in forming an emission layer, foruse
as a dopant, corresponding compounds shown in Table 3 were
used Instead of Compound 2A.

in the same or substantially the same manner as in Example
21, except that in forming an emission layer, as a dopant,
Compound A was used instead of Compound 2.

Compound A
Comparative Example 3
[0396] An organic light-emitting device was manufactured

in the same or substantially the same manner as in Example
21, except that in forming an emission layer, as a dopant,
Compound B was used instead of Compound 2.

Compound B

Comparative Example 4

[0397] An organic light-emitting device was manufactured
in the same or substantially the same manner as in Example
21, except that in forming an emission layer, as a dopant,
Compound C was used instead of Compound 2.
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Compound C

Evaluation Example 2

[0398] The driving voltage, current density, brightness,
efficiency, and half-lifespan of the organic light-emitting

Q devices manufactured according to Examples 21 to 62, and
Comparative Examples 1 to 4 were measured by using Kei-
N thley SMU 236 (from Keithley Instruments Inc.) and a bright-
ness photometer PR, (from Photo Research, Inc.), and the
results are shown in Table 3. The half-lifespan as used herein
is a period of time that it takes for the brightness ofthe organic
light-emitting device to reduce to 50% of the initial bright-
ness.
TABLE 3
Current Half
Driving Density Bright- Effi- Emis- lifespan
Hele voltage  (mA/ ness  ciency sion (hr @100
transport layer Dopant W) em?)  (edm?)  (cd/A)  color mA/em?)
Example 21 NPB Compound 2 6.83 50 3565 7.13  Blue 336
Example 22 NPB Compound 9 6.84 50 3460 692  Blue 349
Example 23 NPB Compound 13 6.87 50 3575 7.15  Blue 346
Example 24 NPB Compound 15 6.86 50 3555 7.11  Blue 358
Example 25 NPB Compound 19 6.89 50 3325 7.05  Blue 339
Example 26 NPB Compound 26 6.84 50 3545 7.09  Blue 348
Example 27 NPB Compound 29 6.87 50 3505 7.01  Blue 329
Example 28 NPB Compound 30 6.87 50 3360 6.72  Blue 333
Example 29 NPB Compound 38 65.86 50 3570 7.14  Blue 318
Example 30 NPB Compound 54 6.84 50 3465 693 Blue 356
Example 31 NPB Compound 57 6.83 50 3560 7.12 Blue 366
Example 32 NPB Compound 72 6.85 50 3550 7.1 Blue 359
Example 33 NPB Compound 88 6.85 50 3575 7.15  Blue 342
Example 34 NPB Compound 90 6.86 50 3565 7.13  Blue 363
Example 35 NPB Compound 129 6.86 50 3460 6.92 Blue 347
Example 36 NPB Compound 134 6.87 50 3455 691 Blue 338
Example 37 Compound 172 Compound 2 5.56 50 3690 738  Blue 397
Example 38 Compound 172 Compound 13 5.55 50 3725 745  Blue 389
Example 39 Compound 172 Compound 38 5.56 50 3755 751  Blue 328
Example 40 Compound 172 Compound 57 5.55 50 3765 753 Blue 415
Example 41  Compound 172 Compound &8 5.54 50 3785 7.57  Blue 408
Example 42 NPB Compound 2A 6.79 50 3570 7.14  Blue 343
Example 43 NPB Compound 3A 6.75 50 3455 6.91 Blue 321
Example 44 NPB Compound 11A 6.65 50 3520 7.04  Blue 307
Example 45 NPB Compound 15A 6.72 50 3460 6.92  Blue 342
Example 46 NPB Compound 27A 6.84 50 3420 6.84  Blue 347
Example 47 NPB Compound 32A 6.87 50 3490 698  Blue 351
Example 48 NPB Compound 50A 6.92 50 3560 712 Blue 319
Example 49 NPB Compound 56A 6.68 50 3630 726  Blue 342
Example 50 NPB Compound 72A 6.78 50 3605 721  Blue 327
Example 51 NPB Compound 83A 6.85 50 3420 6.84  Blue 342
Example 52 NPB Compound 88A 6.78 50 3505 7.01  Blue 324
Example 53 NPB Compound 106A 6.81 50 3410 6.82  Blue 337
Example 54 NPB Compound 120A 6.88 50 3525 7.05  Blue 314
Example 55 NPB Compound 125A 6.85 50 3495 6.99  Blue 319
Example 56 NPB Compound 137A 6.77 50 3410 6.82  Blue 346
Example 57 NPB Compound 161A 6.92 50 3480 696  Blue 327
Example 58 Compound 142A  Compound 2A 5.42 50 3620 7.24  Blue 397
Example 59 Compound 142A  Compound 11A 5.44 50 3685 737  Blue 407
Example 60 Compound 142A  Compound 56A 5.52 50 3805 7.61  Blue 369
Example 61  Compound 142A  Compound 72A 5.47 50 3705 741  Blue 401
Example 62 Compound 142A  Compound 120A 5.61 50 3655 731  Blue 384
Comparative NPB TPD 7.01 50 2645 529 Blue 258
Example 1
Comparative NPB Compound A .95 50 2420 4.84  Blue 250
Example 2
Comparative NPB Compound B 6.68 50 3120 6.24  Blue 294
Example 3
Comparative NPB Compound C 6.84 50 2745 549  Blue 338

Example 4
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[0399] As Illustrated in Table 3, it was confirmed that the
organic light-emitting devices manufactured according to
Examples 21 to 62 have higher driving voltage, higher bright-
ness, higher efficiency, and/or longer half-lifespan than the
organic light-emitting devices manufactured according to
Comparative Examples 1 to 4.
[0400] An organic light-emitting device including the com-
pound according to embodiments of the present invention
may have low driving voltage, high efficiency, high bright-
ness, and long lifespan.
[0401] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0402] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood 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 as defined by the following claims
and equivalents thereof.

What is claimed is:

1. A condensed cyclic compound represented by Formula
1

Formula 1
Formula 2
Ar
N/
* Lar—
\
Ary,

wherein in Formulae 1 and 2,

X,i800rS;

L, is each Independently selected from a substituted or
unsubstituted C;-C, ; cycloalkylene group, a substituted
or unsubstituted C,-C,,, heterocycloalkylene group, a
substituted or unsubstituted C;-C,, cycloalkenylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkenylene group, a substituted or unsubstituted
C4Cy, arylene group, a substituted or unsubstituted
C,-C,, heteroarylene group, a substituted or unsubsti-
tuted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group;

al 1s selected from 0, 1, 2, and 3, and when al is two or
more, a plurality of I; are identical to or different from
each other;

A and Ar, are each independently selected from a substi-
tuted or unsubstituted C5-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C, , heterocycloalkyl group,
a substituted or unsubstituted C5-C,, cycloalkenyl

Apr. 28,2016

group, a substituted or unsubstituted C,-C,, heterocy-
cloalkenyl group, a substituted or unsubstituted C4-Cy,
aryl group, a substituted or unsubstituted C,-C, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substi-
tuted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group;

R, to R}, are each Independently selected from a group
represented by Formula 2, ahydrogen, a deuterium, —F,
—Cl,—Br,—I1, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-C, alkenyl group, a substituted or unsubstituted
C,-C¢o alkynyl group, a substituted or unsubstituted
C,-Cqo alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C4-Cy, aryloxy group, a substituted or
unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, —Si(Q)(Q,)(Qs), and —B(Q,)(Q5);

at least two selected from R to R, , are each independently
the group represented by Formula 2;

at least one of substituents of the substituted C;-C,,
cycloalkylene group, substituted C,;-C,, heterocy-
cloalkylene group, substituted C;-C,, cycloalkenylene
group, substituted C,-C , heterocycloalkenylene group,
substituted C4-Cy, arylene group, substituted C,-Cq,
heteroarylene group, substituted divalent non-aromatic
condensed polycyclic group, substituted divalent non-
aromatic condensed heteropolycyclic group, substituted
C,-Cq alkyl group, substituted C,-Cg, alkenyl group,
substituted C,-Cq, alkynyl group, substituted C,-Cy,
alkoxy group, substituted C,-C, , cycloalkyl group, sub-
stituted C,-C,, heterocycloalkyl group, substituted
C;-C,, cycloalkenyl group, substituted C,-C |, hetero-
cycloalkenyl group, substituted C4-C, aryl group, sub-
stituted Cg-Cq aryloxy group, substituted Cg-Co
arylthio group, substituted C,-Cg, heteroaryl group,
substituted monovalent non-aromatic condensed poly-
cyclic group, and substituted monovalent non-aromatic
condensed heteropolycyclic group is selected from:

a deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C, -C, alkyl group,
a C,-Cq, alkenyl group, a C,-C,, alkynyl group, and a
C,-Cy alkoxy group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each substi-
tuted with at least one selected from a deuterium, —F,
—Cl1,—Br,—I, ahydroxyl 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
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salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C;-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, aC4-Cg, aryl group, a Cy-C, aryloxy group,
a C4-Cy, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, *Si(Qn)(Qu)(le)s and *B(Qm)(le);

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C;-C, , heterocy-
cloalkenyl group, a C¢-Cy, aryl group, a Co-Cy aryloxy
group, a C4-Cy, arylthio group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic heterocon-
densed polycyclic group;

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C | cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C¢-Cy, aryl group, a C¢-Cy, aryloxy
group, a Cs-Cq, arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic heterocon-
densed polycyclic group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —I, 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 add
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-Cy, alkynyl group, a C,-C, alkoxy
group, a C4-Cg, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a C4-Co,
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic hetero-
condensed polycyclic group, —Si(Q,; )(Q,,)(Q,;), and
—B(Q24)(Q2s); and

—Si(Q5)(Q52)(Q53) and —B(Q34)(Qs5),

whereinQ, 10 Q;,Q,, 10Q,5,Q,,10Q,5.and Q;, to Q, are
each independently selected from a hydrogen, a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-Cy, alkyl group, a
C,-Cyg alkenyl group, a C,-Cy, alkynyl group, a C,-Cy,
alkoxy group, a C,-C,, cycloalkyl group, a C,-C,, het-
erocycloalkyl group, a C;-C, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, aC,-C, aryl group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group.

2. The condensed cyclic compound of claim 1, wherein

L, is selected from:

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an
acenaphthylene group, a fluorenylene group, a spiro-
fluorenylene group, a benzofluorenylene group, a diben-
zofluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
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nylene group, a picenylene group, a perylenylene group,
a pentaphenylene group, a hexacenylene group, a pen-
tacenylene group, a rubicenylene group, a coronenylene
group, an ovalenylene group, a pyrrolylene group, a
thiophenylene group, a furanylene group, an Imida-
zolylene group, a pyrazolylene group, a thiazolylene
group, an isothiazolylene group, an oxazolylene group,
a isoxazolytene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an Indolylene group, an
indazolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene
group, a quinoxalinylene group, a quinazolinylene
group, a cinnolinylene group, a carbazolylene group, a
phenanthridinylene group, an acridinylene group, a
phenanthrolinylene group, a phenazinylene group, a
benzoimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, an isobenzothlazolylene
group, abenzoxazolylene group, an isobenzoxazolylene
group, a triazolylene group, a tetrazolylene group, an
oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group,
a thiadiazolylene group, an imidazopyridinylene group,
and an imidazopyrimidinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an Indacenylene group, an
acenaphthylene group, a fluorenylene group, a spiro-
fluorenylene group, a benzofluorenylene group, a diben-
zofluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene group,
a pentaphenylene group, a hexacenylene group, a pen-
tacenylene group, a rubicenylene group, a coronenylene
group, ovalenylene group, a pyrrolylene group, a
thiophenylene group, a furanylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene
group, an isothiazolylene group, an oxazolylene group,
an isoxazolylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, an
indazolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoqulnolinylene
group, a phthalazinylene group, a naphthyridinylene
group, a quinoxalinylene group, a quinazolinylene
group, a cinnolinylene group, a carbazolylene group, a
phenanthridinylene group, an acridinylene group, a
phenanthrolinylene group, a phenazinylene group, a
benzoimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, an isobenzothiazolylene
group, a benzoxazolylene group, an isobenzoxazolylene
group, a triazolylene group, a tetrazolylene group, an
oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group,
a thiadiazolylene group, an imidazopyridinylene group,
and an imidazopyrmidinylene group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —1I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
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group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclopentenyl group, a cyclohex-
enyl group, a phenyl group, a pentalenyl group, an inde-
nyl group, a naphthyl group, an azulenyl group, a hep-
talenyl group, an indacenyl group, an acenaphthyl
group, a fluorenyl group, a spiro-fluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group,
a fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a pice-
nyl 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 isothia-
zolyl 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 naphthyridinyl group, a quinox-
alinyl group, a quinazofinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group,
and an imidazopyrimidiny] group.

3. The condensed cyclic compound of ¢laim 1, wherein

L, is selected from a group represented by any one of
Formulae 3-1 to 3-35:

Formula 3-1
" (ZDa1
| b
/ w
Formula 3-2
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| b
* / &1
Formula 3-3
Formula 3-4
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Formula 3-5

Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12

Formula 3-13
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Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21
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Formula 3-25

Formula 3-26

Formula 3-27

Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31

Formula 3-32
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-continued
Formula 3-33
F1
Zns
A\ /
Formula 3-34
(Zpar
| b
Zaw
*
Formula 3-35

Zass

wherein in Formulae 3-1 to 3-35,

Y, is O, S, C(Z3)(Z4), N(Zs), or Si(Z)(Z,);

Z, to Z, are each independently selected from a hydrogen,
a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid 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 ben-
zofluorenyl group, a dibenzofluoreny! group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a qulnolinyl
group, an isoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group. and a triazinyl
group,

dl is an integer selected from 1, 2, 3, and 4, d2 is an integer
selected from 1, 2, and 3, d3 is an integer selected from
1,2,3,4, 5, and 6, d4 is an integer selected from 1, 2, 3,
4,5,6,7,and8,d51s 1 or2,and d6 is an integer selected
from1,2,3,4, and 5,and * and *' eachindicate a binding
site to a neighboring atom.

4. The condensed cyclic compound of claim 1, wherein

L, is selected from a group represented by any one of
Formulae 4-1 to 4-28:

Formula 4-1

®/

Formula 4-2
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Formula 4-3

Formula 4-4

Formula 4-5

Formula 4-6

Formula 4-7

Formula 4-8

Formula 4-9

Formula 4-10

Formula 4-11
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Formula 4-13
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Formula 4-20

Formula 4-21

Formula 4-22

Formula 4-23

Formula 4-24
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wherein * and *' in Formulae 4-1 to 4-28 each indicate a
binding site to a neighboring atom.
5. The condensed cyclic compound of claim 1, wherein al

is0orl.

6. The condensed cyclic compound of claim 1, wherein

Ar, and Ar, are each Independently selected from:

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azuleny! group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group,
adibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a corone-
nyl 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 pyridi-
nyl 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 quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a dibenzosilolyl group, a thiadiazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group;

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group,
adibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a corone-
nyl 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 pyridi-
nyl 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 quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an Isobenzothlazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzosilolyl group,
adibenzocarbazolyl group, a thiadiazolyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
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each substituted with at least one selected from a deute-
um, —F, —Cl, —Br, —1, a hydroxyl group, a cyano

group, a nitro group, an amino group, an amidino group,
a hydrazine group, ahydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopenty! group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a
cyclohexenyi group, a phenyl group, a pentalenyl group,
an indenyl group, a naphthyl group, an azulenyl group, a
heptalenyl group, an indacenyl group, an acenaphthyl
group, a fluoreny! group, a spiro-fluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group,
a fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a pice-
nyl 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 isothia-
zolyl 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 naphthyridinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothlazolyl group, a ben-
zoxazolyl group, an Isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group. a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group and a dibenzocarba-
zolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, and —Si(Q;;)
(Q32)(Qs53); and

wherein Q;, to Q55 are each independently selected from 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 dibenzofluo-
renyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, a pyrrolyl group. a thiophenyl group, a fura-
nyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothlazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an Isoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a phenanthrolinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an Isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzooxazolyl group, a triazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a diben-
zosilolyl  group, a thiadiazolyl group, an
imidazopyridinyl group, and an Imidazopyrimidinyl
group.

7. The condensed cyclic compound of claim 1, wherein

Ar, and Ar, are each independently selected from:

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a diben-
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zofluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an Isoqulnolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isobenzoth-
lazolyl group, a benzoxazolyl group, an isobenzoox-
azolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluoreny! group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isoben-
zooxazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid 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 dibenzofluo-
renyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, a pyrrolyl group, a thiophenyl group, a fura-
nyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an Isoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isobenzoth-
lazolyl group, a benzoxazolyl group, an isobenzoox-
azolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group,

and —Si(Q5,)(Q12)(Q55), and

wherein Q;, to Q55 are each Independently selected from a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

8. The condensed cyclic compound of claim 1, wherein
Ar, and Ar, are each independently selected from:

a phenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, a pyridinyl group, a pyrimidinyl
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group, a triazinyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —I, 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 or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, a pyridinyl group, a pyrimidinyl group, a
triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, and —Si(Q;, J(Q5,)(Q5;), and

wherein Q;, to Q,; are each independently selected from a
C,-Cy, alkyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group.

9. The condensed cyclic compound of claim 1, wherein

R, to R}, are each independently selected from:

a group represented by Formula 2, a hydrogen, a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, alkoxy group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, anisoquinolinyl group, a benzoqulno-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiopheny! group, an isoben-
zothiazolyi group, a benzoxazolyl group, an isoben-
zooxazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl 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 pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, anisoquinolinyl group, a benzoquino-
linyl group, a quinoxalinyl group, a quinazolinyl group,
a carbazolyl group, a benzoimidazolyl group, a benzo-
furanyl group, a benzothiophenyl group, an isobenzoth-
lazolyl group, a benzoxazolyl group, an isobenzoox-
azolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group, each substituted with at least one selected from a
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deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid 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 ben-
zofluorenyl group, a dibenzofluoreny! group, a phenan-
threnyl group, an anthracenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imida-
zolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzooxazolyl group, an oxadia-
zolyl group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, an imidazopyridinyl group,
an imidazopyrimidinyl group, and —Si(Q;,)(Qs,)
(Qs3): and

7Si(Q1)(Q2)(Q3)s

wherein Q, to Q5 and Q5 to Q55 are each independently
selected from a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a naphthyl group.

10. The condensed cyclic compound of claim 1, wherein

R, to R, are each independently selected from:

a group represented by Formula 2, a hydrogen, a deute-
rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, , alkoxy group;

aphenyl group, a naphthyl group, a pyrimidinyl group, and
a triazinyl group;

a phenyl group, a naphthyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group, each substi-
tuted with at least one selected from a deuterium, —F,
—Cl,—Br,—1I, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
and —Si(Q5,)(Q5,)(Q;;); and

—SiQQ2)(Qx).

wherein Q, to Q5 and Q5 to Q;; are each independently
selected from a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a naphthyl group.

11. The condensed cyclic compound of claim 1, wherein

Ar, and Ar, are each independently selected from a group
represented by any one of Formula 5-1 to Formula 5-42,
and

R, to R, are each independently selected from a group
represented by Formula 2, a hydrogen, a deuterium, —F,
—Cl,—Br,—1I, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric

Apr. 28,2016

acid and a salt thereof, a C,-C,, alkyl group, a C,-C,
alkoxyl group, and the group represented by any one of
Formula 5-1 to Formula 5-42:

Formula 5-1
" Z31es
| b
/
Formula 5-2
*
XN
| (Zs)a
a4
Formula 5-3
*
N
| T
yaa
Formula 5-4
*
Va I X
Ty —A
Formula 5-5
*
|—(Z31)e9
Formula 5-6
®
/ | \ \
Z31)es
Formula 5-7
Zs1)es
Formula 5-8
(Z31)es
Formula 5-9

L31)e4

Z32)es
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(Zs2)es

Formula 5-10

Formula 5-11

Formula 5-12

Formula 5-13

Formula 5-14

Formula 5-15

Formula 5-16

157

(Z31)e3

-continued
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Formula 5-17

Formula 5-18

Formula 5-19

Formula 5-20

Formula 5-21

Formula 5-22

Formula 5-23

Formula 5-24

Formula 5-25
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-continued -continued
Formula 5-26 Formula 5-37
" \/fZSI)eS N/\/\
| N wzsl)es
) rFavas
N Formula 5-38
Formula 5-27 T XY
" N, Be | Zs)
\\/ 31/e6
\( x> N F F
N, N Formula 5-39
Va
Formula 5-28 | Zaes
| Y Z31)es N/\/\*
A / ‘ Formula 5-40
N I N
* | (Z31)es
Formula 5-29 Y N/\*
| N N Zan) Formula 5-41
T (Z31)et AN
N
AN\ (Z31)e6
| A aNy
Formula 5-30 Formula 5-42
(= S
[ _
(Z3Det Z31)ess
/ / / N/\*
Formula 5-31 wherein in Formulae 5-1 to 5-42,
AN N\ Y;,i 0,8, C(Z23)(Zs4)s N(Zs5), or Si(Z;6)(Z57);
| ) Z;, to Z,, are each independently selected from a hydro-
NP A gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
| amidino group, a hydrazine group, a hydrazone group, a
Formula 5.3 carboxylic acid or a salt thereof, a sulfonic acid or a salt
N thereof, a phosphoric acid or a salt thereof, a C,-C,,
\1/\\ , alkyl group, a C,-C,, alkoxy group, a phenyl group, a
| 31)es naphthyl group, a fluorenyl group, a spiro-fluorenyl
s group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
¥ pyrenyl group, a chrysenyl group, a pyridinyl group, a
Formula 5-33 pyrazinyl group, a pyrimidinyl group, a pyndazinyl
NN Y group, a quinolinyl group, an isoquinolinyl group, a
| (Z31)es quinoxalinyl group, a quinazolinyl group, a carbazolyl
av group, and a triazinyl group,
€2is 1 or2, €3 is an integer selected from 1, 2, and 3, e4 is
* an integer selected from 1, 2, 3, and 4, e5 is an integer
Formula 5-34 selected from 1, 2, 3, 4, and 5, €6 is an integer selected
M from 1,2, 3, 4, 5, and 6, 7 is an integer selected from 1,
| - %ies 2,3,4,5,6,and 7, €9 is an integer selected from 1, 2, 3,
N
aYa 4,5,6,7,8,and 9, and * Indicates a binding site to a
neighboring atom.
* 12. The condensed cyclic compound of claim 1, wherein
N Formula 5-35 A, and Ar, are each independently selected from a group
represented by any one of Formula 6-1 to Formula 6-29,
Z31)es and
. R, toR,, are each Independently selected from:
Formula 5-36 a group represented by Formula 2, a hydrogen, a deute-

rium, —F, —Cl, —Br, —1, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid and a salt thereof, a C, -C,, alkyl group,
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a C,-C, alkoxyl group, a phenyl group, a naphthyl _continued
group, a pyridinyl group, a pyrimidinyl group, and a Formula 6-12
triazinyl group:

Formula 6-1

%

Formula 6-13

Formula 6-2

Formula 6-14
Formula 6-3

%

@}
Z,

Formula 6-4

%

/
/

%

sEexe
Fodkd

\

Formula 6-15
Formula 6-5

Formula 6-6

Formula 6-7

4
/

Formula 6-16

*_/_(
\Z>\/z
*.yn

ata

Formula 6-8

Si(CH;);
Formula 6-17

Formula 6-9

Formula 6-10
Formula 6-18

Formula 6-19

3 g

Formula 6-11

*

§

§4o°
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-continued
Formula 6-20 Formula 6-29

9

>

wherein * in Formulae 6-1 to 6-29 indicates a binding site
Formula 6-21 to a neighboring atom.
13. The condensed cyclic compound of claim 1, wherein
the condensed cyclic compound is represented by any one
of Formulae 1-1 to 1-4:

Formula 1-1
Ar
Formula 6-22 ©) N/
al™
\
An
Formula 6-23
Formula 1-2
Formula 6-24 /Ar1
La—N,
\
Ary
Formula 6-25
Formula 1-3
Ry Rg /Arl
A{3 Rs Ry Lpa—N
/N L2 An
Ary R
Formula 6-26
Ri Rip
Formula 6-27 Formula 1-4
Ars
\N (L) Re
a2
/
Ary
RS AI]
Formula 6-28 /
LDa—N
Arn,
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wherein in Formulae 1-1 to 1-4, descriptions of L,, a2, Ar;,
and Ar, are the same as those of L,, al, Ar;, and Ar,,
respectively.

14. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is represented by any one
of Formulae 1-1(1) to 1-1(4):

Apr. 28,2016

group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C;-C,,
alkoxy group, a phenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, and a triazinyl
group,

L, and L, are each independently selected from a group

Formula 1-1(1) represented by any one of Formula 4-1 to Formula 4-28,
al and a2 are each independently 0 or 1, and

A, to Ar, are each independently selected from a group

represented by any one of Formula 6-1 to Formula 6-29:

Ar
Formula 4-1
\ * N
Ar, |
/ \ "
Formula 4-2
*,
AN
Formula 1-1(2)
N\/ \*’
Formula 4-3
®
* / \*r
Formula 4-4
*
\(\
N/ A
Formula 1-1(3) " Formula 4-5
\“\*’
Formula 4-6
*\[S);
| ya
Formula 4-7
* O i
Formula 1-1(4) O
Formula 4-8
*\é\
Ex
Formula 4-9
SN
wherein in Formulae 1-1(1) to 1-1(4), descriptions of L,, . S |

a,, Ar,, and Ar, are the same as those of L, al, Ar, and
Ar,, respectively.

15. The condensed cyclic compound of claim 13, wherein

R, to R, and R¢to R, , are each a hydrogen,

R, is selected from a hydrogen, a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
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Formula 4-10

Formula 4-11

Formula 4-12

Formula 4-13

Formula 4-14

Formula 4-15

Formula 4-16
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Formula 6-8
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Formula 6-25

Formula 6-26

Formula 6-27

Formula 6-28

Formula 6-29

16. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is selected from Com-
pounds 1 to 189 and 1A to 164A below:
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‘ 17. An organic light-emitting device comprising:
a first electrode;
a second electrode facing the first electrode; and
an organic layer between the first electrode and the second
electrode, the organic layer comprising an emission
N S layer, and further comprising at least one of the con-
densed cyclic compounds of claim 1.
18. The organic light-emitting device of claim 17, wherein
the first electrode is an anode,
the second electrode is a cathode, and
the organic layer comprises:
a hole transport region between the first electrode and
the emission layer, the hole transport region compris-
ing at least one selected from a hole injection layer, a
hole transport layer, a buffer layer, and an electron
blocking layer, and
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an electron transport region between the emission layer
and the second electrode, the electron transport region
comprising at least one selected from a hole blocking
layer, an electron transport layer, and an electron
injection layer,
wherein at least one selected from the hole transport region
and the emission layer comprises the condensed cyclic
compound.
19. The organic light-emitting device of claim 17, wherein
the condensed cyclic compound is in the emission layer
and the emission layer further comprises a host.
20. The organic light-emitting device of claim 18, wherein
the hole transport region comprises the hole transport layer,
and each of the hole transport layer and the emission
layer comprises the condensed cyclic compound,
wherein the condensed cyclic compound in the hole trans-
port layer is different from the condensed cyclic com-
pound in the emission layer.
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