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(7) ABSTRACT

An anthracene-based compound is represented by Formula 1
as below:

<Formula 1>
Roar Rz Ralas
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wherein Ar, R, to Ry, Ry toR,5, L, L,, al to a3, b1, b2,nl,
n2, ml, m2, ol and o2 are as defined in the specification. An
organic light-emitting device includes the anthracene-based
compound.
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ANTHRACENE-BASED COMPOUNDS AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0094888,
filed on Aug. 9, 2013, in the Korean Intellectual Property
Office, and entitled: “Anthracene-Based Compounds and
Organic Light-Emitting Device Including The Same,” is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to an anthracene-based com-
pound and an organic light-emitting device including the
anthracene-based compound.

[0004] 2. Description of the Related Art

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

[0006] A typical OLED has a structure including a sub-
strate, and an anode, a hole transport layer (HTL), an emis-
sion layer (EML), an electron transport layer (ETL), and a
cathode which are sequentially stacked on the substrate. In
this regard, the HTL, the EML, and the ETL are organic thin
films formed of organic compounds.

[0007] An operating principle of an OLED having the
above-described structure is as follows.

[0008] Whenavoltage is applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL, and electrons injected from the cathode move to the
EML via the ETL. The holes and electrons recombine in the
EML to generate excitons. When the excitons drop from an
excited state to a ground state, light is emitted.

SUMMARY

[0009] Embodiments are directed to an anthracene-based
compound represented by Formula 1 below:

Ra R Ralas

e |
R 7l :I | lnl_\
[Ar (Lz)m]oz \/\/\/ k/\

e
3

[0010]

[0011] Ar is an electron transport moiety selected from a
substituted or unsubstituted C,-C, , heterocycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, and a substituted or unsubstituted C,-Cg, heteroaryl
group, excluding a substituted or unsubstituted carbazolyl
group;

[0012] R, to Ry, and R, to R,; are each independently
selected from a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an

wherein, in Formula 1,
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amino group, a carboxyl group, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted C,-Cs,
alkenyl group, a substituted or unsubstituted C,-C,, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, cycloalkyl group, a sub-
stituted or unsubstituted C;-C,,, cycloalkenyl group, a substi-
tuted or unsubstituted C4-C;, aryl group, a substituted or
unsubstituted C,-C;, aryloxy group, a substituted or unsub-
stituted C4-C,,, arylthio group, a substituted or unsubstituted
C,-C o heterocycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, and a substituted or unsub-
stituted C,-C;, heteroaryl group;

[0013] al to a3 are each independently an integer of 0 or 2;
[0014] b1 is an integer from O to 3;
[0015] b2 is an integer from O to 4;
[0016] L, and L, are each independently selected from a

substituted or unsubstituted C;-C,, cycloalkylene group, a
substituted or unsubstituted C,-C, , cycloalkenylene group, a
substituted or unsubstituted C4-Cy, arylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkenylene
group, and a substituted or unsubstituted C,-Cg, het-
eroarylene group;

[0017] nl and n2 are each independently an integer from 0
to 3;
[0018] m1 and m2 are each independently an integer from

0 to 3, where m1+m?2 is equal to an integer of 1 or greater;

[0019] ml+bl=4, and m2+b2=3; and
[0020] o1 and 02 are each independently an integer from 1
to 3.
[0021] Ar may be selected from:
[0022] 1)a pyridyl group, a pyrazinyl group, a pyrimidyl

group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group. a benzofuranyl group,
a dibenzofuranyl group, a benzothiophenyl group, a
dibenzothiophenyl group, and a triazinyl group;

[0023] ii)apyridyl group, a pyrazinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl

<Formula 1>

group, a benzoimidazoly! group. a benzofuranyl group,
a dibenzofuranyl group, a benzothiophenyl group, a
dibenzothiophenyl group, and a triazinyl group, each
substituted with at least one of a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, and a t-butyl
group;

[0024] 1ii) a pyridyl group, a pyrazinyl group, a pyrim-
idyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phenanthridinyl group, an
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acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a benzofuranyl group,
a dibenzofuranyl group, a benzothiophenyl group, a
dibenzothiophenyl group, and a triazinyl group, each
substituted with at least one of a phenyl group, a naph-
thyl group, a pyridyl group, and a quinolinyl group; and

[0025] iv) a pyridyl group, a pyrazinyl group, a pyrim-
1dyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazoly! group, a benzofuranyl group,
a dibenzofuranyl group, a benzothiophenyl group, a
dibenzothiophenyl group, and a triazinyl group, each
substituted with at least one of a phenyl group, a naph-
thyl group, a pyridyl group, and a quinolinyl group that
are substituted with at least one of a deuterium atom,
—F, a hydroxyl group, a cyano group, a nitro group, a
methyl group, an ethyl group, an n-propyl group, a t-bu-
tyl group, a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group.

[0026] Ar may be selected from:

[0027] 1)apyridyl group, a pyrimidyl group, a quinolinyl
group, a phenanthrolinyl group, a benzoimidazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and a triazinyl group;

[0028] 1ii) a pyridyl group, a pyrimidyl group, a quinoli-
nyl group, a phenanthrolinyl group, a benzoimidazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and a triazinyl group, each substituted with at
least one of a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group; and

[0029] iii) a pyridyl group, a pyrimidyl group, a quino-
linyl group, a phenanthrolinyl group, a benzoimidazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and a triazinyl group, each substituted with at
least one of a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group that are substituted with at
least one of a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group.

[0030] Ar may be selected from the groups represented by

Formulae 2-1 to 2-12 below:
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[0031] wherein, in Formulae 2-1 to 2-12,

[0032] Z,, to 7,4 are each independently selected from:

[0033] i) a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a pyridyl group, and a quinolinyl group; and

[0034] 1i) a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a pyridyl group, and a quinolinyl group, each
substituted with at least one of a phenyl group, a 1-naph-
thyl group, a 2-naphthyl group, a pyridyl group, and a
quinolinyl group,
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3
[0035] cl to c14 are each independently an integer from _continued
0to 2, and @9
[0036] * indicates a binding site to L, or an anthracene
core.
[0037] Ar may be selected from the groups represented by
Formulae 3-1 to 3-14 below:
310
3@ @
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y N
! [0038] wherein, in Formulae 3-1 to 3-14,
[0039] Z,,,7Z,;,and Z,, are each independently selected
@7 from:
N [0040] 1) a phenyl group, a 1-naphthyl group, a 2-naph-
thy! group, a pyridyl group, and a quinolinyl group; and
=N [0041] 1i) a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a pyridyl group, and a quinolinyl group, each
* substituted with a phenyl group,

333 [0042] c9 and c10 are each independently an integer
from 0 to 2, and
[0043] * indicates a binding site to L, or an anthracene
core.
[0044] R, to R, in Formula 1 may each be independently
selected from:
[0045] 1) a hydrogen atom, a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, a t-butyl
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group, a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group; and

[0046] 1ii) a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group, each substituted with at
least one of a deuterium atom, —F, a hydroxyl group, a
cyano group. a nitro group, a methyl group, an ethyl
group, an n-propyl group, and a t-butyl group.

[0047] R, to R, in Formula 1 may be each independently
selected from a deuterium atom, —F, a cyano group, a nitro
group, a methyl group, a t-butyl group, a phenyl group, a
naphthyl group, a pyridyl group, and a quinolinyl group.

[0048] R, toR,; in Formula 1 may each be independently
selected from:

[0049] 1) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridyl group, a quinolinyl group, an isoquino-
linyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group;

[0050] 1ii) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridyl group, a quinolinyl group, an isoquino-
linyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group, each substituted with at least one of
adeuterium atom,—F, a hydroxyl group, a cyano group,
anitro group, a methyl group, an ethyl group, an n-pro-
pyl group, a t-butyl group, a phenyl group, a naphthyl
group, a pyridyl group, and a quinolinyl group; and

[0051] 1iii) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridyl group, a quinolinyl group, an isoquino-
linyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group, each substituted with at least one of
amethyl group, a t-butyl group, a phenyl group, a naph-
thyl group, a pyridyl group, and a quinolinyl group that
are substituted with at least one of a deuterium atom,
—F, a hydroxyl group, a cyano group, a nitro group, a
methyl group, and a t-butyl group.

[0052] R,,toR,;inFormula 1 may each be independently
selected from the groups represented by Formulae 2-1to 2-12
and Formulae 4-1 to 4-3 below:
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[0053] wherein, in Formulae 2-1 to 2-12, and Formulae
4-1t04-3,

[0054] Z,,toZ,e, andY |, toY,4are each independently
selected from:

[0055] i) —F, a cyano group, a nitro group, a methyl
group, a t-butyl group, a phenyl group, and a pyridyl
group; and

[0056] 1ii) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, a t-butyl group, a
phenyl group, and a pyridyl group,

[0057] cltocl4, and dl to d4 are each independently an
integer from 0 to 2, and

[0058] * indicates a binding site to L., or an anthracene
core.

[0059] R,,toR,;in Formula 1 may each be independently
selected from groups represented by

[0060] Formulae 3-1 to 3-14 and Formulae 5-1 to 5-4
below:
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5@
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E3

[0061] wherein, in Formulae 3-1 to 3-14 and Formulae
5-1to0 5-4,
[0062] Z7,,,753,754,Y5,andY |, are each independently

selected from:

[0063] 1) —F, a cyano group, a nitro group, a methyl
group, a t-butyl group, a phenyl group, and a pyridyl
group; and

[0064] 1ii) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, a t-butyl group, a
phenyl group, and a pyridyl group,

[0065] 9 and c10 are each independently an integer
from 0 to 2, and

[0066] * indicates a binding site to L, or an anthracene
core.

[0067] L, andL, in Formula 1 may each be independently
selected from:

[0068] 1) a phenylene group, a naphthylene group, an
anthracenyl group, a chrysenylene group, and a pyre-
nylene group; and

[0069] 1ii) a phenylene group, a naphthylene group, an
anthracenyl group, a chrysenylene group, and a pyre-
nylene group, each substituted with at least one selected
from:

[0070] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, and a
C,-C,, alkyl group;

[0071] aC,-C,, alkyl group substituted with at least one
selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or
a salt thereof, and a phosphoric acid group or a salt
thereof;

[0072] a C,-C,; aryl group, and a C,-C,, heteroaryl
group; and

[0073] a C,-C,; aryl group, and a C,-C,, heteroaryl
group, each substituted with at least one selected from a

Feb. 12, 2015

deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl
group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C,-Cq, alkoxy group, a C4-C,, aryl group, and a
C,-C¢ heteroaryl group.

[0074] L, and L, in Formula 1 may each be independently

selected from:

[0075] 1) a phenylene group, an anthracenyl group, a
chrysenylene group, and a pyrenylene group; and

[0076] ii) a phenylene group, an anthracenyl group, a
chrysenylene group, and a pyrenylene group, each sub-
stituted with at least one selected from:

[0077] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, a sec-butyl group, an iso-a butyl group,
and a tert-butyl group; a phenyl group, a naphthyl group,
a pyridyl group, and a triazinyl group; and a phenyl
group, a naphthyl group, a pyridyl group, and a triazinyl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, a methyl group, an ethyl group, an n-pro-
pyl group, an iso-propyl group, an n-butyl group, a sec-
butyl group, an iso-a butyl group, and a tert-butyl group.

[0078] nl and n2 may both be 0.

[0079] ml may be 1, and m2 may be 0.

[0080] ol and 02 may each be independently 1 or 2.
[0081] The anthracene-based compound of Formula 1 is a

compound represented by one of

[0082] Formulae 1a(l) to 1a(5), 1b(1) to 1b(3), 1¢(1) to
1e(3) and 1d(1) below:

<Formula la(l)>

<Formula 1a(2)>
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-continued -continued

<Formula 1a(3)> <Formula 1b(2)>

<Formula 1b(3)>
Ry

<Formula la(4)> N

W,

<Formula le(1)>

<Formula 1a(5)>

<Formula le(2)>

Ry

Ar

SOORRS,

CN

Any

<Formula 1e(3)>
Ry

N
<Formula 16(1)> | p,
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-continued -continued
<Formula 1d(1)> 3@ 8

[0083] wherein, in Formulae 1a(1) to 1a(5), 1b(1) to
1b(3), 1¢(1) to 1¢(3), and 1d(1),

[0084] Ar, Ar,, and Ar, are each independently selected 3@
from the groups represented by Formulae 3-1 to 3-14: N
)
N
\

i@
Zy7
/ | @ indicates text missing or illegible when filed
Sy * i®@n
32 1
*
Z N7 )
| |_(Zzs)c9
\ x
3003 3@z
*
N;\y
@i
X
N
1®13
(N4
@ S
*
3PS5 *
o
(0]

336 *
@ @ indicates text missing or illegible when filed
[0085] Z,,, Z5,and Z,, are each independently selected
from:
[0086] 1) a phenyl group, a 1-naphthyl group, a 2-naph-
3@7 thyl group, a pyridyl group, and a quinolinyl group; and

[0087] 1ii) a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a pyridyl group, and a quinolinyl group, each
substituted with a phenyl group,

[0088] c9 and c10 are each independently an integer
from 0 to 2,

[0089] * indicates a binding site to an anthracene core,

* * L
88/ e 8 s
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[0090] R, to R,, R,,, and R,, are each independently
selected from a deuterium atom, —F, a cyano group, a
nitro group, a methyl group, a t-butyl group, a phenyl
group, a naphthyl group, a pyridyl group, and a quino-
linyl group, and

[0091] R, is selected from the groups represented by
Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3 below:
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[0092] wherein, in Formulae 2-1 to 2-12, and Formulae
4-11t04-3,

[0093] 7, toZ,s andY, toY,are each independently
selected from:

[0094] 1) —F, a cyano group, a nitro group, a methyl
group, a t-butyl group, a phenyl group, and a pyridyl
group; and

[0095] ii) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, a t-butyl group, a
phenyl group, and a pyridyl group,

[0096] cl tocl4, anddl to d4 are each independently an
integer from 0 to 2, and

[0097] * indicates a binding site to an anthracene core.
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[0098] The anthracene-based compound of Formula 1 may
be one selected from Compounds 1 to 102 below:
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101

Ry,

[0099] Embodiments are also directed to an organic light-
emitting device including a first electrode, a second electrode
disposed opposite to the first electrode, and an organic layer
disposed between the first electrode and the second electrode
and including an emission layer, wherein the organic layer
includes at least one of the anthracene-based compounds of
Formula 1 above.

Rpar Rz Rgas

102

this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0105] In the drawing FIGURES, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements throughout.
[0106] According to an embodiment, there is provided an
anthracene-based compound represented by Formula 1
below:

<Formula 1>

PPN |

Ar— (L) } 2 W\/

[0100] The organic laver may 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. The hole transport region may include at
least one of a hole injection layer, a hole transport layer, a
functional layer having both hole injection and hole transport
capabilities, a buffer layer, an electron blocking layer. The
electron transport region includes at least one of'a hole block-
ing layer, an electron transport layer, and an electron injection
layer.

[0101] The anthracene-based compound may be present in
the electron transport region.

BRIEF DESCRIPTION OF THE DRAWING

[0102] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0103] FIG. 1 illustrates a schematic cross-sectional view
of a structure of an organic light-emitting device according to
an embodiment.

DETAILED DESCRIPTION

[0104] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that

L

DA
R{)b‘)

\()@NM

Ri2)e1

S

[0107] In Formula 1, Ar is an electron transport moiety
selected from a substituted or unsubstituted C,-C, , heterocy-
cloalkyl group, a substituted or unsubstituted C,-C, , hetero-
cycloalkenyl group, and a substituted or unsubstituted C,-C,
heteroaryl group, excluding a substituted or unsubstituted
carbazolyl group.

[0108] Ar in Formula 1 above excludes a substituted or
unsubstituted carbazolyl group. According to some embodi-
ments, the anthracene-based compound of Formula 1 may be
a compound in which only one carbazolyl group is linked to
an anthracene core directly or via L., and L,. For example,
such a compound may be provided where R, 1o R are groups
other than carbazolyl groups and ol is 1.

[0109] In some embodiments, Ar in Formula 1 may be
selected from a substituted or unsubstituted pyrrolyl group, a
substituted or unsubstituted imidazolyl group, a substituted
or unsubstituted pyrazolyl group, a substituted or unsubsti-
tuted pyridyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted pyrimidyl group, a sub-
stituted or unsubstituted pyridazinyl group, a substituted or
unsubstituted isoindolyl group, a substituted or unsubstituted
indolyl group, a substituted or unsubstituted indazolyl group,
a substituted or unsubstituted purinyl group, a substituted or
unsubstituted quinolinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted iso-
quinolinyl group, a substituted or unsubstituted phthalazinyl
group, a substituted or unsubstituted naphthyridinyl group, a
substituted or unsubstituted quinoxalinyl group. a substituted
or unsubstituted quinazolinyl group, a substituted or unsub-
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stituted cinnolinyl group, a substituted or unsubstituted
phenanthridinyl group, a substituted or unsubstituted acridi-
nyl group, a substituted or unsubstituted phenanthrolinyl
group, a substituted or unsubstituted phenazinyl group, a
substituted or unsubstituted benzoxazolyl group, a substi-
tuted or unsubstituted benzoimidazolyl group, a substituted
or unsubstituted furanyl group, a substituted or unsubstituted
benzofuranyl group, a substituted or unsubstituted dibenzo-
furanyl group, a substituted or unsubstituted thiophenyl
group, a substituted or unsubstituted benzothiophenyl group,
a substituted or unsubstituted dibenzothiophenyl group, a
substituted or unsubstituted thiazolyl group, a substituted or
unsubstituted isothiazolyl group, a substituted or unsubsti-
tuted benzothiazolyl group, a substituted or unsubstituted
isoxazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted triazolyl group, a sub-
stituted or unsubstituted tetrazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted triazinyl group, and a substituted or unsubstituted ben-
zoxazolyl group, but is not limited thereto.

[0110] Insome other embodiments, ArinFormula | may be
selected from:
[0111] 1) a pyrrolyl group, an imidazolyl group, a pyridyl

group, a pyrazinyl group, a pyrimidyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a phena-
zinyl group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group, a dibenzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group; and

[0112] 1ii) a pyrrolyl group, an imidazolyl group, a pyridyl
group, a pyrazinyl group, a pyrimidyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a phena-
zinyl group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group, a dibenzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, a carboxyl group, a
substituted or unsubstituted C,-C,, alkyl group, a substituted
orunsubstituted C,-C,, alkenyl group, a substituted orunsub-
stituted C,-C,,, alkynyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C;-Cs,
cycloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C,, aryl
group, a substituted or unsubstituted C4-C,,, aryloxy group, a
substituted or unsubstituted C,-C,, arylthio group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl group,
and a substituted or unsubstituted C,-C,,, heteroaryl group.

[0113]

[0114] 1) a pyridyl group, a pyrazinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzofuranyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group;

For example, Arin Formula 1 may be selected from:
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[0115] i) a pyridyl group, a pyrazinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzofuranyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group, each substituted with at least one of a
deuterium atom, —F, a hydroxyl group, a cyano group, a nitro
group, amethyl group, an ethyl group, an n-propyl group, and
a t-butyl group;

[0116] 1iii) a pyridyl group, a pyrazinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzofuranyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group, each substituted with at least one of a
phenyl group, a naphthyl group, a pyridyl group, and a quino-
linyl group; and

[0117] iv) a pyridyl group, a pyrazinyl group, a pyrimidyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzofuranyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
and a triazinyl group, each substituted with at least one of a
phenyl group, a naphthyl group, a pyridyl group, and a quino-
linyl group that are substituted with at least one of a deuterium
atom, —F, a hydroxyl group, a cyano group, a nitro group, a
methyl group, an ethyl group, an n-propyl group, a t-butyl
group, a phenyl group, a naphthyl group, a pyridyl group, and
a quinolinyl group.

[0118] As another example, Ar in Formula 1 may be
selected from:
[0119] 1) a pyridyl group, a pyrimidy!l group, a quinolinyl

group, a phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a tri-
azinyl group;

[0120] ii) a pyridyl group, a pyrimidyl group, a quinolinyl
group, a phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a tri-
azinyl group, each substituted with at least one of a phenyl
group, a naphthyl group, a pyridy!l group, and a quinolinyl
group; and

[0121] 1iii) a pyridyl group, a pyrimidyl group, a quinolinyl
group, a phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a tri-
azinyl group, each substituted with at least one of a phenyl
group, a naphthyl group, a pyridyl group, and a quinolinyl
group that are substituted with at least one of a phenyl group,
a naphthyl group, a pyridyl group, and a quinolinyl group.
[0122] As another example, Ar in Formula 1 may be
selected from the groups represented by Formulae 2-1 to 2-12
below:

2®1
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[0123]
[0124]

[0125] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a pyridyl group, and a quinolinyl group; and

[0126] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a pyridyl group, and a quinolinyl group, each substi-
tuted with at least one of a phenyl group, a 1-naphthyl group,
a 2-naphthyl group, a pyridyl group, and a quinolinyl group,

[0127] cltocl4 may beeachindependently an integer from
0to 2, and

[0128]
core.

[0129] As still another example, Ar in Formula 1 may be
selected from the groups represented by Formulae 3-1 to 3-14
below:

In Formulae 2-1 to 2-12,

7,10 7,4 may be each independently selected from

* may indicate a binding site to L, or an anthracene
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[0130] In Formulae 3-1 to 3-14,

[0131] Z,,, 7,5 and Z,, may be each independently
selected from

[0132] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a pyridyl group, and a quinolinyl group; and

[0133] 1ii) aphenyl group, a 1-naphthyl group, a 2-naphthyl
group, a pyridyl group, and a quinolinyl group, each substi-
tuted with a phenyl group,

[0134] 9 and c10 may be each independently an integer
from 0 to 2, and

[0135] * may indicate a binding site to L, or an anthracene
core.

[0136] InFormulalabove,R, toR;,andR, toR,; may be
each independently selected from a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, a carboxyl group, a substituted
or unsubstituted C,-C;, alkyl group, a substituted or unsub-
stituted C,-C;, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted C,-C,,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group. a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted orunsubstituted C4-C,, aryl
group, a substituted or unsubstituted C4-C,,, aryloxy group, a
substituted or unsubstituted C¢-Cs, arylthio group, a substi-
tuted or unsubstituted C,-C |, heterocycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl group,
and a substituted or unsubstituted C,-C,, heteroaryl group.
[0137] Insomeembodiments, R, to R;inFormula 1 may be
each independently selected from:

[0138] i) a hydrogen atom, a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, a methyl group,
an ethyl group, an n-propyl group, a t-butyl group, a phenyl
group, a naphthyl group, a pyridyl group, and a quinolinyl
group; and

[0139] 1ii) a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group, each substituted with at least
one of a deuterium atom, —F, a hydroxyl group, a cyano
group, a nitro group, a methyl group, an ethyl group, an
n-propyl group, and a t-butyl group.

[0140] Insome other embodiments, R, to R, in Formula 1
may be each independently selected from a deuterium atom,
—F, a cyano group, a nitro group, a methyl group, a t-butyl
group, a phenyl group, a naphthyl group, a pyridyl group, and
a quinolinyl group.

[0141] Forexample, R,, to R, in Formula 1 may be each
independently selected from:

[0142] 1) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, an anthryl group, a pyrrolyl
group, an imidazolyl group, a pyridyl group, a pyrazinyl
group, a pyrimidyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl 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 furanyl
group, a benzofuranyl group, a dibenzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group;

[0143] 1ii) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, an anthryl group, a pyrrolyl
group, an imidazolyl group, a pyridyl group, a pyrazinyl
group, a pyrimidyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a dibenzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group, each substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a C,-C,, alkyl
group, a C,-C,, aryl group, and a C,-C,, heteroaryl group;
and

[0144] iii) a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, an anthryl group, a pyrrolyl
group, an imidazolyl group, a pyridyl group, a pyrazinyl
group, a pyrimidyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a dibenzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group, each substituted
with at least one of a C,-C5, alkyl group, a C4-Csq aryl group,
and a C,-C; heteroaryl group that are each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, a car-
boxyl group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkenyl group, a
substituted or unsubstituted C,-C;, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C5-C;, cycloalkenyl group, a substituted or
unsubstituted C,-C,, aryl group, a substituted or unsubsti-
tuted C4-C,, aryloxy group, a substituted or unsubstituted
C¢-Cs, arylthio group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted C,-C,
heterocycloalkenyl group, and a substituted or unsubstituted
C,-C5, heteroaryl group.

[0145] As anotherexample, R, toR,;inFormula | may be
each independently selected from:

[0146] 1) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridy! group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group;

[0147] 1ii) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridy! group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one of a deuterium atom,
—F, ahydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, a t-butyl group, a
phenyl group, a naphthyl group, a pyridyl group, and a quino-
linyl group; and
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[0148] iii) a phenyl group, a naphthyl group, a fluorenyl
group, a pyridyl group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one of a methyl group, a
t-butyl group, a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group that are substituted with at least
one of a deuterium atom, —F, a hydroxyl group, a cyano
group, a nitro group, a methyl group, and a t-butyl group.

[0149] As still another example, R, to R, in Formula 1
may be each independently selected from groups represented
by Formulae 2-1 to 2-12 and Formulae 4-1 to 4-3 below:
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[0150] In Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3,

[0151] Z,, to Z,s, and Y, to Y may be each indepen-
dently selected from

[0152] 1)—F, acyano group, a nitro group, a methyl group,
a t-butyl group, a phenyl group, and a pyridyl group; and

[0153] ii) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, at-butyl group, a phenyl
group, and a pyridyl group,

[0154] cl to cl4, and d1 to d4 may be each independently
an integer from 0 to 2, and

[0155] * may indicate a binding site to L, or an anthracene
core.

[0156] As still another example, R, to R, in Formula 1
may be each independently selected from the groups repre-
sented by Formulae 3-1 to 3-14 and Formulae 5-1 to 5-4
below:

31
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[0157] In Formulae 3-1 to 3-14 and Formulae 5-1 to 5-4,
[0158] Z,,, 755, Z4. Y5, and Y|, may be each indepen-
dently selected from:

[0159] 1)—F, acyano group, a nitro group, a methyl group,
a t-butyl group, a phenyl group, and a pyridyl group; and
[0160] 1ii) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, at-butyl group, a phenyl
group, and a pyridyl group,

[0161] c9 and c10 may be each independently an integer
from 0 to 2, and

[0162] *may indicate a binding site to L, or an anthracene
core.
[0163] InFormula 1, al to a3, which indicate the numbers

of R, to Ry, respectively, may be each independently an inte-
ger from 0to 2. When all of al to a3 are 0, this indicates that
an anthracene ring is substituted with none of R, to R,.
[0164] In Formula 1, b1, which indicates the number of
R,,s, may be an integer from 0 to 3. When bl is 0, this
indicates that the carbazole ring is not substituted with R .
[0165] In Formula 1, b2, which indicates the number of
R,5s, may be an integer from 0 to 4. When b2 is 0, this
indicates that the carbazole ring is not substituted with R 5.
[0166] For example, bl and b2 in Formula 1 may be each
independently an integer of 0 or 1.

[0167] In Formula 1 above, L, and L, may be each inde-
pendently selected from a substituted or unsubstituted C5-C,
cycloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, a substituted or unsubstituted C4-Cy,
arylene group, a substituted or unsubstituted C,-C, , hetero-
cycloalkylene group, a substituted or unsubstituted C,-C,,,
heterocycloalkenylene group, and a substituted or unsubsti-
tuted C,-Cg, heteroarylene group.

[0168] Forexample, L, and L, in Formula 1 above may be
each independently selected from a substituted or unsubsti-
tuted phenylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted azulenylene group, a substituted
or unsubstituted heptalenylene group, a substituted or unsub-
stituted indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted spiro-fluore-
nylene group, a substituted or unsubstituted phenalenylene
group, a substituted or unsubstituted phenanthrenylene
group, a substituted or unsubstituted anthracenylene group, a
substituted or unsubstituted fluoranthenylene group, a substi-
tuted or unsubstituted triphenylenylene group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted imidazolylene group, a substituted or unsubsti-
tuted pyrazolylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted pyridazinylene group, a
substituted or unsubstituted isoindolylene group, a substi-
tuted or unsubstituted indolylene group, a substituted or
unsubstituted indazolylene group, a substituted or unsubsti-
tuted purinylene group, a substituted or unsubstituted quino-
linylene group, a substituted or unsubstituted benzoquinoli-
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nylene group, a substituted or unsubstituted phthalazinylene
group, a substituted or unsubstituted naphthyridinylene
group, a substituted or unsubstituted quinoxalinylene group,
a substituted or unsubstituted quinazolinylene group, a sub-
stituted or unsubstituted cinnolinylene group, a substituted or
unsubstituted carbazolylene group, a substituted or unsubsti-
tuted phenanthridinylene group, a substituted or unsubsti-
tuted acridinylene group, a substituted or unsubstituted
phenanthrolinylene group, a substituted or unsubstituted
phenazinylene group, a substituted or unsubstituted benzox-
azolylene group, a substituted or unsubstituted benzimida-
zolylene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted benzofuranylene group,
a substituted or unsubstituted thiophenylene group, a substi-
tuted or unsubstituted benzothiophenylene group, a substi-
tuted or unsubstituted thiazolylene group, a substituted or
unsubstituted isothiazolylene group, a substituted or unsub-
stituted benzothiazolylene group, a substituted or unsubsti-
tuted isoxazolylene group, a substituted or unsubstituted
oxazolylene group, asubstituted or unsubstituted triazolylene
group, a substituted or unsubstituted tetrazolylene group, a
substituted or unsubstituted oxadiazolylene group, a substi-
tuted or unsubstituted triazinylene group, a substituted or
unsubstituted benzoxazolylene group, a substituted or unsub-
stituted dibenzopuranylene group, a substituted or unsubsti-
tuted dibenzothiophenylene group, and a substituted or
unsubstituted benzocarbazolylene group, but are not limited
thereto.

[0169] Insomeembodiments, ., and L, inFormulalabove
may be each independently selected from:

[0170] 1) a phenylene group, a naphthylene group, an
anthracenyl group, a chrysenylene group, and a pyrenylene
group; and

[0171] ii) a phenylene group, a naphthylene group, an
anthracenyl group, a chrysenylene group, and a pyrenylene
group, each substituted with at least one selected from a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, and a C,-C,, alkyl group; a C,-C,, alkyl
group substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, and a phosphoric acid group or a salt
thereof; a C4-C ¢ aryl group, and a C,-C, 4 heteroaryl group;
and a C4-C, 4 aryl group, and a C,-C | ; heteroaryl group, each
substituted with at least one selected from a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a
C,-Cgp alkynyl group, a C,-Cg, alkoxy group, a C4-C 4 aryl
group, and a C,-C, 4 heteroaryl group.

[0172] Insome otherembodiments,[.; and L, in Formula 1
may be each independently selected from

[0173] i) a phenylene group, an anthracenyl group, a chry-
senylene group, and a pyrenylene group; and

[0174] 1ii) a phenylene group, an anthracenyl group, a chry-
senylene group, and a pyrenylene group, each substituted
with at least one selected from a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, a
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methyl group, an ethyl group, an n-propyl group, an iso-
propyl group, an n-butyl group, a sec-butyl group, an iso-a
butyl group, and a tert-butyl group; a phenyl group, a naphthyl
group, a pyridyl group, and a triazinyl group; and a phenyl
group, a naphthyl group, a pyridyl group, and a triazinyl
group, each substituted with at least one of a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, a sec-butyl group, an iso-a
butyl group, and a tert-butyl group.

[0175] Insome other embodiments, [, and [, in Formula 1
may be each independently selected from a phenylene group,
an anthracenyl group, a chrysenylene group, and a pyrenylene
group, but are not limited thereto.

[0176] In Formula 1 above, nl and n2, which indicate the
numbers of L;s and L s, respectively, may be each indepen-
dently an integer from O to 3.

[0177] For example, nl and n2 in Formula 1 may be each
independently an integer of 0 or 1, but are not limited thereto.

[0178] As another example, nl and n2 in Formula 1 may be
both an integer of 0, but are not limited thereto.

[0179] In Formula 1 above, ml and m2, which each indi-
cates the number of CN groups, may be each independently
an integer from 0 to 3, wherein m1+m2 may be an integer of
1 or greater. In Formula 1, both m1 and m2 may not be 0,
which means that the carbazole ring is substituted with at least
one CN group.

[0180] Forexample, m! in Formula 1 may be an integer of
1, and m2 may be an integer of 0, but embodiments of the
preset invention are not limited thereto.

[0181] For another embodiment, m1 in Formula 1 may be
an integer of 0, and m2 may be an integer of 1, but embodi-
ments are not limited thereto.

[0182] InFormulal,ml+bl may beequal to 4, and m2+b2
may be equal to 3.

[0183] In Formula 1 above, ol and 02 may be each inde-
pendently an integer from 1 to 3.

[0184] For example, ol and 02 in Formula 1 may be each
independently an integer of 1 or 2.

[0185] As another example, ol and 02 in Formula | may
both be an integer of 1.

[0186] In some embodiments, the anthracene-based com-
pound of Formula 1 above may be a compound represented
by one of Formulae 1a(1) to 1a(5), 1b(1) to 1b(3), 1c(1), and
1¢(2) below:

<Formula 1a(1)>
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<Formula 1a(2)> <Formula 1b(1)>

<Formula 1a(3)>

<Formula 1b(3)>
Ry
N
Ry |
<Formula 1a(4)>
Ar CN
Ry

<Formula le(1)>

<Formula 1a(5)>

<Formula 1e(2)>

Ry

Ar

SO ORAS

CN

An
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-continued -continued
<Formula 1¢(3)> 37
X
/ N
3-8
3-9
3-10
[0187] In Formulae 1a(l)to 1a(5), 1b(1)to 1b(3), 1c(1) to
1¢(3), and 1d(1), 3-11
[0188] Ar, Ar,, and Ar, may be each independently selected
from groups represented by one of Formulae 3-1 to 3-14:
31
Z 312
o
N £l
32
]
™ 3-13
33
3-14
34

35 [0189] In Formulae 3-1 to 3-14,
[0190] Z,,, Z,;, and Z,, may be each independently
selected from
[0191] 1) a phenyl group, a 1-naphthyl group, a 2-naphthyl
group, a pyridyl group, and a quinolinyl group; and
[0192] 1ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl
3-6 group, a pyridyl group, and a quinolinyl group, each substi-
tuted with a phenyl group,
[0193] ¢9 and c10 may be each independently an integer
from 0 to 2,
[0194] * may indicate a binding site to an anthracene core,
[0195] R, to R;, R,;, and R, may be each independently
selected from a deuterium atom, —F, a cyano group, a nitro
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group, a methyl group, a t-butyl group, a phenyl group, a
naphthyl group, a pyridyl group, and a quinolinyl group, and

[0196] R,, may beselected from the groups represented by
Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3 below:

2-1
Z1a
&
|
~\\N,/J
2-2
%\ilﬁ@u)a
Q*m/)\\N4J
2-3
/%(213)53
NN
2.4
RSER
(Z§>=N N=/ (Zl4)c4
2-5
/ N
e
D8N
Z16)cs \
Zy
2-6
F N
| \>7218
AN
Z19)er \
2-7
XN
[ | \>—Zzo
PN
Zn)es \
73
2-8
N/\N
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2-11
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(Z25)e11
7\ | j\7
(Zag)era \*
o 2-12
(Z27)e13
7\ ?
(Zg)e14 \*
41
(Y<)d1
’ad
/ﬁ *
|
AN
42
Z "—\(le)dz
NN
43

[0197]

[0198] Z,, to Z,,, and Y|, to Y, may be each indepen-
dently selected from

[0199] 1)—F, acyano group, a nitro group, a methyl group,
a t-butyl group, a phenyl group, and a pyridyl group; and

[0200] 1i) a methyl group, a phenyl group, and a pyridyl
group, each substituted with at least one of —F, a cyano
group, a nitro group, a methyl group, at-butyl group, a phenyl
group, and a pyridyl group,

[0201] cl to c14, and d1 to d4 may be each independently
an integer from 0 to 2, and

[0202]

[0203] In some other embodiments, the anthracene-based
compound of Formula 1 above may be one selected from
Compounds 1 to 102 below, but is not limited thereto:

In Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3,

* may indicate a binding site to an anthracene core.



US 2015/0041773 Al Feb. 12, 2015
37




US 2015/0041773 Al

Feb. 12, 2015

11



US 2015/0041773 Al Feb. 12, 2015
39

-continued




Feb. 12, 2015

US 2015/0041773 Al

40

-continued

25

<
i




US 2015/0041773 Al
41

-continued

9,
Hfaf
oo

9
oI AR e

O )
oY

Feb. 12, 2015

31

32

33

35

. -
Y oY



US 2015/0041773 Al

NC

42

-continued

Feb. 12, 2015

36

37

39

40



US 2015/0041773 Al

43

-continued

43

Feb. 12, 2015

41

Vo)



US 2015/0041773 Al

44

-continued

Feb. 12, 2015

46

47

50



US 2015/0041773 Al

45

-continued
51

Feb. 12, 2015

52

54

56



US 2015/0041773 Al

46

-continued

Feb. 12, 2015

58

59

60



US 2015/0041773 Al

47

-continued

Feb. 12, 2015

62

64

66



US 2015/0041773 Al Feb. 12, 2015
48

-continued

68

)

A

I

¢




US 2015/0041773 Al

49

-continued

Feb. 12, 2015



US 2015/0041773 Al

50

-continued

Feb. 12, 2015

81

83

85



US 2015/0041773 Al Feb. 12, 2015




US 2015/0041773 Al Feb. 12, 2015

\ 7/



US 2015/0041773 Al
53

Feb. 12, 2015

-continued

101

Bgeeigee
Ry,

[0204] The anthracene-based compound of Formula 1
above may have effective electron transport and injection
capabilities. An organic light-emitting device including the
anthracene-based compound of Formula 1 as an electron
transport material may have an improved efficiency and an
improved lifetime.

[0205] In particular, the anthracene-based compound of
Formula 1 above may include at least one —CN substituted in
acarbazole ring, as illustrated in Formula 1' below. The —CN
group may induce a string dipole moment in a direction
indicated by a double arrow in Formula 1'. The nitrogen atom
in the —CN group may form a coordinate bond with a metal
ion present in an electron injection layer. In an organic light-
emitting device including the anthracene-based compound of
Formula 1 above, electrons may be more effectively injected
from a cathode to an emission layer.

Substitution site

/\I/\/\ /
11 [ (Lllnl
AN A

Ry

W,

C

102
O NCN
) A

If the anthracene ring were to be linked to the nitrogen atom
at the 9-position of the carbazole ring, a conjugate structure
between the anthracene ring and the carbazole ring might not
be maintained, such that the carbazole ring might not serve as
an electron donor.

[0207] The anthracene-based compound of Formula 1
above may include a heterogeneous atom such as N, O, or S
with higher electronegativity than a carbon (C) atom. Accord-
ingly, the anthracene-based compound of Formula 1 above
may have high electrical stability when electrons are trans-
ported from a cathode to an emission layer, due to the high
electronegativity of the heterogeneous atom.

[0208] The anthracene-based compound of Formula 1
above may have a low-symmetric structure, and thus may
form a more amorphous organic layer. and consequently may
improve the stability of the organic light-emitting device.

<Formula 1>

Dipole moment

=

Ar—(Lo)n \_CN
\/W (
[0206] In the anthracene-based compound of Formula 1 [0209] The carbon atom at the 6-position of the carbazole

above, an anthracene ring may be linked to a position of a
carbazole ring other than the 9-position of the carbazole ring,
and thus may maintain a conjugate structure with the carba-
zole ring. The carbazole ring may serve as an electron donor.

electronically may be prone to form radicals. However, due to
the substitution of —CN at the 6-position of the carbazole
ring as illustrated in Formula 1" below, the anthracene-based
compound of Formula 1 may be electronically stable.

<Formula 1>
Rl 6th Carbon

N

7

Ar— (L) 7
AN

Lo

/

CN

W,
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[0210] The anthracene-based compound of Formula 1
above may be synthesized using an organic synthesis method.
A synthesis method of the anthracene-based compound of
Formula 1 above may be understood by those of skill in the art
with reference to the examples that will be described below.

[0211] At least one of the anthracene-based compounds of
Formula 1 above may be used between a pair of electrodes in
an organic light-emitting device, for example, in ahole trans-
port region of the organic light-emitting device. For example,
at least one of the anthracene-based compounds of Formula 1
above may be used as an electron transport material.

[0212] According to another embodiment, an organic light-
emitting device may include a first electrode, a second elec-
trode disposed opposite to the first electrode, and an organic
layer disposed between the first electrode and the second
electrode, wherein the organic layer includes at least one of
the anthracene-based compounds of Formula 1 described
above.

[0213] As used herein, the phrase “wherein the organic
layer includes at least one anthracene-based compound”
refers to the organic layer including one of the anthracene-
based compounds of Formula 1 above, or the organic layer
including at least two different anthracene-based compounds
of Formula 1 above.

[0214] In some implementations, the organic layer may
include only Compound 1 above, as an example, as the
anthracene-based compound. In this regard, Compound 1
may be present in the electron transport layer of the organic
light-emitting device. In other implementations, the organic
layer may include Compounds 1 and 2, as examples, as the
anthracene-based compound. In this regard, Compound 1 and
Compound 2 may be present in the same layer (for example,
an ETL) or in different layers (for example, a first ETL and a
second ETL, respectively).

[0215] The organic layer may 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. The hole transport region may include at
least one of a hole injection layer, a hole transport layer, a
functional layer (hereinafter, a “H-functional layer”) having
both hole injection and hole transport capabilities, a buffer
layer, and an electron blocking layer. The electron transport
region may include at least one of a hole blocking layer, an
electron transport layer, and an electron injection layer.

[0216] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers disposed between the
first and second electrodes of the organic light-emitting
device.

[0217] FIG. 1 illustrates a schematic sectional view of an
organic light-emitting device 100 according to an embodi-
ment. Hereinafter, a structure of an organic light-emitting
device according to an embodiment and a method of manu-
facturing the same will now be described with reference to
FIG. 1.

[0218] Referring to FIG. 1, the organic light-emitting
device 100 includes a first electrode 120, an organic layer 130,
and a second electrode 140. The organic light-emitting device
100 may further include a substrate 110.
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[0219] Thesubstrate 110, which may be a suitable substrate
for use in OLEDs. For example, the substrate 110 may be a
glass substrate or a transparent plastic substrate with excel-
lent mechanical strength, thermal stability, transparency, sut-
face smoothness, ease of handling, and water resistance.

[0220] The first electrode 120 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate 110. When the first electrode 120 constitutes an anode,
amaterial having a high work function may be used as the first
electrode-forming material to facilitate hole injection. The
first electrode 120 may be a reflective electrode or a transmis-
sive electrode. Transparent and conductive materials such as
ITO, 170, Sn0,, and ZnO may be used to form the first
electrode. The first electrode 120 may be formed as a reflec-
tive electrode using magnesium (Mg), aluminum (Al), alu-
minum-lithivm (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), or the like.

[0221] The first electrode 120 may have a single-layer
structure or a multi-layer structure including at least two
layers. For example, the first electrode 120 may have a three-
layered structure of ITO/Ag/ITO.

[0222] The organic layer 130 may be disposed on the first
electrode 120. The organic layer 130 may include an emission
layer (EML) 133.

[0223] The organic layer 130 may include a hole transport
region between the first electrode 120 and the EML 133. The
hole transport region may include at least one layer selected
from a hole injection layer (HIL) 131, a hole transport layer
(HTL) 132, a functional layer having both hole injection and
transport capabilities (hereinafter, referred to as a H-func-
tional layer), and an electron blocking layer.

[0224] Theorganic layer 130 may include an electron trans-
port region between the EML 133 and the second electrode
140. The electron transport region may include at least one
layer selected from an electron transport layer 134, an elec-
tron injection layer 130, and a hole blocking layer.

[0225] The HIL 131 may be formed on the first electrode
120 by a suitable method, for example, including vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition, or the like.

[0226] When the HIL 131 is formed using vacuum deposi-
tion, vacuum deposition conditions may vary depending on
the compound that is used to form the HIL and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
1078 torr to about 1072 torr, and a deposition rate of about 0.01
to about 100 A/sec.

[0227] When the HIL 131 is formed using spin coating, the
coating conditions may vary depending on the compound that
is used to form the HIL and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2,000 rpm to about 5,000
rpm. A temperature at which heat treatment is performed to
remove a solvent after coating may be in the range of about
80° C. to about 200° C.

[0228] A material for forming the HIL 131 may be a suit-
able hole injecting material. Examples of the hole injecting
material include N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-
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tolyl-amino)-phenyl]-biphenyl-4,4'-diamine (DNTPD),
phthalocyanine compound such as copper phthalocyanine,
4,4' 4" -tris(3-methylphenylphenylamino)triphenylamine
(m-MTDATA),  N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine (NPB), 4.4'4"-tris(N,N-diphenylamino)tripheny-
lamine) (TDATA), 4,4',4"-tris[2-naphthyl(phenyl)amino]
triphenylamine) (2-TNATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/'DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (PANI/CSA), or
polyaniline)/poly(4-styrenesulfonate (PANI/PSS).

qQ
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[0229] The thickness of the HIL 131 may be about 100 A to
about 10,000 A, and in some implementations, may be from
about 100 A to about 1,000 A. When the thickness of the HIL,
131 is within these ranges, the HIL may have good hole
injecting ability without a substantial increase in driving volt-
age.

[0230] The HIL 131 may further include a p-dopant, in
addition to such a HIL material as described above, to have
improved conductivity. Examples of the p-dopant include
quinone derivatives such as tetracyanoquinonedimethane
(TCNQ),  2.3,5,6-tetrafluoro-tetracyano-1,4-benzoquino-
nedimethane (F4TCNQ), or the like; metal oxides such as
tungsten oxide, molybdenum oxide, and the like; and cyano-
containing compounds such as Compound 100 below.

<Compound 100>

CN
NC
B
N N CN
P4
I\i N CN
N
NC 7
CN

[0231] When the HIL 131 further includes such a p-dopant
as described above, the p-dopant may be homogeneously
dispersed or inhomogeneously distributed in the HIL 131.

[0232] Then, the HTL 132 may be formed on the HIL, 131
by a suitable method, for example, vacuum deposition, spin
coating, casting, Langmuir-Blodgett (LB) deposition, or the
like. When the HTL 132 is formed using vacuum deposition
or spin coating, the conditions for deposition and coating may
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be similar to those for the formation of the HIL 131, though
the conditions for the deposition and coating may vary
depending on the material that is used to form the HTL 132.

[0233] Examples of suitable hole transport materials
include carbazole derivatives, such as N-phenylcarbazole or
polyvinylcarbazole, N,N'-bis(3-methylphenyl)-N,N-diphe-
nyl-[1,1-biphenyl]-4,4'-diamine, 4,4',4"-tris(N-carbazolyl)
triphenylamine (TCTA), and N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine) (NPB).

TFD

JollieUe
pollioa e

Q

NPB

[0234] The thickness of the HTL 132 may be from about 50
A to about 2,000 A, and in some implementations, may be
from about 100 A to about 1,500 A. When the thickness of the
HTL 132 is within these ranges, the HTL 132 may have good
hole transporting ability without a substantial increase in
driving voltage.

[0235] The H-functional layer (having both hole injection
and hole transport capabilities) may include at least one mate-
rial from each group of the above-listed hole injection layer
materials and hole transport layer materials. The thickness of
the H-functional layer may be from about 500 A to about
10,000 A, and in some embodiments, may be from about 100
A to about 1,000 A. When the thickness of the H-functional
layer is within these ranges, the H-functional layer may have
good hole injection and transport capabilities without a sub-
stantial increase in driving voltage.

[0236] In some implementations, at least one of the HIL
131, HTL 132, and H-functional layer may include at least
one of a compound of Formula 300 below and a compound of
Formula 350 below:
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<Formula 300>

Rsg

<Formula 350>

J

22

[0237] InFormulae300and350, Ar, ., Ar,,, Ar,,, and Ar,,
may be each independently a substituted or unsubstituted
C5-Cy, arylene group.

[0238] In Formula 300, e and f may be each independently
an integer from 0 to 5, for example, may be 0, 1, or 2. For
example, e may be 1, and f may be 0.

[0239] In Formulae 300 and 350 above, Ry, to Rsg, Rg; t0
Rgo, and R, and R, may be each independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a substituted or unsubsti-
tuted C,-Cg, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-C,
alkynyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C;-Cg, cycloalkyl
group, a substituted or unsubstituted C5-Cg, aryl group, a
substituted or unsubstituted C5-Cy, aryloxy group, or a sub-
stituted or unsubstituted C;-Cg, arylthio group. In some
embodiments, Ry, to Rsg, Rg; to Reg, Ry, and R, may be
each independently one of a hydrogen atom; a deuterium
atom; a halogen atom; a hydroxyl group; a cyano group; a
nitro group; an amino group; an amidino group; a hydrazine;
ahydrazone; a carboxy] group or a salt thereof; a sulfonic acid
group or a salt thereof; a phosphoric acid group or a salt
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thereof; a C,-C,,, alkyl group (for example, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group, 301
a hexyl group, or the like); a C,-C,, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, or the like); a C,-C,
alkyl group and a C,-C |, alkoxy group, each substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nhitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, and a
phosphoric acid group or a salt thereof; a phenyl group; a
naphthyl group; an anthryl group; a fluorenyl group; a pyrenyl
group; and a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, and a pyrenyl group that are substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,
alkyl group, and a C,-C,, alkoxy group.

%
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[0240] In Formula 300, Ry, may be one of a phenyl group,
a naphthyl group, an anthryl group, a biphenyl group, a
pyridyl group; and a phenyl group, a naphthyl group, an
anthryl group, a bipheny! group, and a pyridyl group, each
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a substituted
or unsubstituted C,-C,, alkyl group, and a substituted or
unsubstituted C,-C,, alkoxy group.

>
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[0241] In an embodiment the compound of Formula 300
may be a compound represented by Formula 300A below:

<Formula 300A>
Rsy
\
N

&

>

[o9)
S
K

P
s

[0242] In Formula300A, R, Ry, R, and Ryg may be as
defined above.

>

o) 2%@

[0243] In some non-limiting embodiments, at least one of
the HIL, HTL, and H-functional layer may include at least
one of compounds represented by Formulae 301 to 320
below:
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320

[0244] At least one of the HIL 131, HTL 132, and H-func-
tional layer may further include a p-dopant to have improved
conductivity, in addition to a suitable hole injecting material,
hole transport material, and/or material having both hole
injection and hole transport capabilities as described above.

[0245] For example, the p-dopant may be a quinine deriva-
tives, a metal oxide, or compounds with a cyano group.
Examples of the p-dopant are quinone derivatives such as
tetracyanoquinonedimethane (TCNQ), 2,3.5,6-tetrafluoro-
tetracyano-1,4-benzoquinonedimethane (F4-TCNQ), or the
like; metal oxides such as tungsten oxide, molybdenum
oxide, or the like; and cyano-containing compounds such as
Compound 200 below.

61
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<Compound 200>
CN
NC
TH\N
N N CN
I I Va
N N CN
Lz N
<F4-TCNQ>
F F
NC CN
NC CN
F F
[0246] When the HIL 131, HTL 132, or H-functional layer

further includes a p-dopant, the p-dopant may be homoge-
neously dispersed or inhomogeneously distributed in the
layer.

[0247] A buffer layer (not shown) may be disposed
between at least one of the HIL 131, HTL 132, and H-func-
tional layer, and the EML 133. The buffer layer may compen-
sate for an optical resonance distance of light according to a
wavelength of the light emitted from the EML 133, and thus
may increase efficiency. The buffer layer may include a suit-
able hole injecting material or hole transporting material. In
some other embodiments, the buffer layer may include the
same material as one of the materials included in the HIL 131,
HTL 132, and H-functional layer that underlie the buffer
layer.

[0248] The EML 133 may be formed on the HTL 132,
H-functional layer, or buffer layer by vacuum deposition, spin
coating, casting, Langmuir-Blodget (LLB) deposition, or the
like. When the EML 133 is formed using vacuum deposition
or spin coating, the deposition and coating conditions may be
similar to those for the formation of the HIL 131, though the
conditions for deposition and coating may vary depending on
the material that is used to form the EML 133.

[0249] The EML 133 may include a suitable light-emitting
material. For example, the EML 133 may include a suitable
host and a suitable dopant.

[0250] Examples of a suitable host include Algs, 4.4'-N,N'-
dicarbazole-biphenyl (CBP), poly(n-vinylcarbazole) (PVK),
9,10-di(naphthalene-2-yl)anthracene (DNA), TCTA, 1,3,5-
tris(N-phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-bu-
tyl-9,10-di-2-naphthylanthracene (TBADN), E3, distyry-
larylene (DSA), dmCBP (see a formula below), and
Compounds 501 to 509 below.
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507

508

509

506 [0251] In some embodiments, an anthracene-based com-

Q pound represented by Formula 400 below may be used as the

host.

<Fomula 400>

N\ (Arygs);
5

Arpy—(Arn (Aryy)g—Ar g

(Ary16);

[0252] In Formula 400, Ar, , and Ar, ,, are each indepen-
dently a substituted or unsubstituted C4-Cg,, arylene group;
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Ar, 5 to Ar,, ; are each independently a substituted or unsub- _continued
stituted C, -C,, alkyl group, or a substituted or unsubstituted
C-Cgp aryl group; and g, h, I, and j are each independently an
integer from 0 to 4.

[0253] In some embodiments, Ar,;, and Ar, , in Formula
400 may be each independently a phenylene group, a naph-
thylene group, a phenanthrenylene group, or a pyrenylene
group; or a phenylene group, a naphthylene group, a phenan-
threnylene group, a fluorenyl group, or a pyrenylene group,
each substituted with at least one of a phenyl group, a naph-
thyl group, and an anthryl group.

[0254] In Formula 400 above, g, h, I, and j may be each
independently 0, 1, or 2.

[0255] In some embodiments, Ar,,; to Ar,,, in Formula
400 may be each independently one of a C,-C,, alkyl group
substituted with at least one of a phenyl group, a naphthyl
group, and an anthryl group: a phenyl group; a naphthyl
group; an anthryl group; a pyrenyl group; a phenanthrenyl
group; a fluorenyl group; a phenyl group, anaphthyl group, an
anthryl group, a pyrenyl group, a phenanthrenyl group, and a
fluorenyl group, each substituted with at least one of a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or asalt thereof, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-C, alkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, and a fluorenyl group; and

O’QQ

[0256] For example, the anthracene-based compound of
Formula400 above may be one of the compounds represented
by the following formulae:

*

3
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-continued -continued

[0257] In some embodiments, an anthracene-based com-
pound represented by Formula 401 below may be used as the
host.

<Formula 401>

I l l Q / BN (Arps)y

[0258] Ar,,, 10 Ar,,; in Formula 401 above have the same
definition as Ar,, of Formula 400 above, and thus detailed
descriptions thereof will not be repeated here.

[0259] Ar,,,and Ar,,, in Formula 401 above may be each
independently a C,-C,, alkyl group, for example, a methyl
group, an ethyl group, or a propyl group.

[0260] InFormula 401,k and 1 may be each independently
an integer from 0 to 4, for example, 0, 1, or 2.

[0261] For example, the anthracene compound of Formula
401 above may be one of the compounds represented by the
following formulae:

=
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-continued -continued

’ [0262] When the organic light-emitting device is a full
Q color organic light-emitting device, the
O [0263] EML 133 may be patterned into a red emission
layer, a green emission layer, and a blue emission layer.
O ' [0264] Atleast one of the red EML, the green EML, and the

bluee EML may include a dopant below
(ppy=phenylpyridine).

[0265] Examples of the blue dopant include compounds
represented by the following formulae:

les]

(F2ppy)Ir(tmd) Ir(dfppz)3
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[0266] Examples ofthe red dopant include compounds rep- _continued
resented by the following formulae: — Q —
S N
Z2aN 0
N7\
N
(0]
Ir(BT),(acac)

I

P

r(pig)s

./
L
o |N/ K
A
- —1
Ir(pq)z(acac)

BtpyIr{acac)

/|N/

/

Ir(2-pha)s

DCM
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-continued
CN
D1
t-Bu
D2
[0267] Examples of the green dopant include compounds
represented by the following formulae:
D3
Ir(ppy)s
D4
® 9
N 0= N
N/ ™
N\ / e
D5
. -2 — =3
Ie(ppy)aacac) Ir(mpyp)s
HC  CH N
N
D6

[0268] Examples ofthe dopant that may be used in the EML
133 include Pd complexes or Pt complexes represented by the
following formulae:
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D17 D22
D18
D23
D19

N N D24
/> <\
N, N
i
o N0 o 0

D20

Pt D25

s/ \s —o, 0—
S
D21 VRN
N N

D26
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__ D27 D33
O
Pt::: 0 o] ',Pt\ o]
Ne—e N N
/ \_/ \
\_/ _ _
D28 D34
/' \
—N.
20
—N
\ /
D29
/ \
=N, D35
::Pt N
—N
\W
D30
/ \
—.
CPt N D36
_N'
\ /
D3l
O: D37
D32
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-continued -continued
D38 D43
S
[
N
N
E\
S
D39
/ \ D44
—N..
Pt N
D40
D45
D41
D46
Bu’
A N%
L
\/
Pt
N7 N \N/
)
D42 Bu
D47
0. O
NZ
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D48
D49
D350

F;C

[0269] Examples of the dopant that may be used in the EML
133 include Os complexes represented by the following for-
mulae:

Os(fppz)2(CO)

Feb. 12, 2015

-continued

Os(fptz),(PPhyMe),

C3Fy

—N 7z
\ PhMe,

Na N P Naw
N
\N/Il’ \N Xy

| PhMe, |
F N==
CsFy
Os(hptz),(PPh Me; ),

[0270] When the EML 133 includes both a host and a
dopant, an amount of the dopant may be from about 0.01 wt
% to about 15 wt % based on 100 wt % of the EML, as an
example.

[0271] A thickness of the EML 133 may be about 200 A to
about 700 A. When the thickness of the EML 133 is within
these ranges, the EML 133 may have good light emitting
ability without a substantial increase in driving voltage.

[0272] When the organic light-emitting device is a full
color organic light-emitting device, the EML 133 may be
patterned into a red EML, a green EML, and a blue EML
corresponding to red, green, and blue sub-pixels, respec-
tively.
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[0273] 1In some embodiments, the EML 133 may have a _continued

multi-layered structure including a red EML, a green EML, <Compound 101>
and a blue EML stacked upon one another to emit white light,
or may have a single layer structure including a red light-
emitting material, a green light-emitting material, and a blue
light-emitting material. An organic light-emitting device
including such an EML may further include a red color filter,
ared color filter, and a blue color filter to emit full-color light.

[0274] The ETL 134 may be formed on the EML 133 by a
suitable method, for example, vacuum deposition, spin coat-
ing, casting, or the like. When the ETL 134 is formed using
vacuum deposition or spin coating, the deposition and coating
conditions may be similar to those for the formation of the
HIL 131, though the deposition and coating conditions may
vary depending on the compound that is used to form the ETL
134. A material for forming the ETL 134 may be an
anthracene-based compound of Formula 1 above able to sta-
bly transport electrons injected from an electron injecting
electrode (cathode).

[0275] For example, the ETL 134 may further include a
suitable electron transport material. Examples of materials
for forming the ETL 134 include a quinoline derivative, such
as tris(8-quinolinolate)aluminum (Alqg,), 3-(biphenyl-4-yl)-
5-(4-tert-butylphenyl)-4-phenyl-4H-1,2 4-triazole ~ (TAZ),
bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-biphenyl)
(Balg), beryllium bis(benzoquinolin-10-olate (Bebg,), 9,10-
di(naphthalene-2-yl)anthracene (ADN), Compound 101,
Compound 102, and Bphen.

<Compound 102>

BAIg

[0276] The thickness of the ETL 134 may be from about
100 A to about 1,000 A, and in some implementations, may
be from about 150 A to about 500 A. When the thickness of
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the ETL 134 is within these ranges, the ETL 134 may have
satisfactory electron transport ability without a substantial
increase in driving voltage.

[0277] In some embodiments the ETL 134 may further
include a metal-containing material, in addition to a suitable
electron-transporting organic compound. The metal-contain-
ing material may include a lithium (Li) complex. Examples of
the Li complex include lithium quinolate (Liq) and Com-
pound 203 below:

<Compound 203>

N....

[0278] TheEIL 135, which facilitates injection of electrons
from the cathode, may be formed on the ETL 134. A suitable
electron-injecting material may be used to form the EIL 135.
[0279] Examples of materials for forming the EIL 135
include LiF, NaCl, CsF, Li,O, and BaO. The deposition and
coating conditions for forming the EIL 135 may be similar to
those for the formation of the HIL, though the deposition and
coating conditions may vary depending on the material that is
used to form the EIL 135.

[0280] The thickness of the EIL 135 may be from about 1 A
to about 100 A, and in some embodiments, may be from about
3 Atoabout 90 A. When the thickness of the EIL 135 is within
these ranges, the EIL 135 may have satisfactory electron
injection ability without a substantial increase in driving volt-
age.

[0281] The second electrode 140 may be disposed on the
organic layer 130. The second electrode 140 may be a cathode
as an electron injection electrode. A material for forming the
second electrode 140 may be a metal, an alloy, an electro-
conductive compound that has a low work function, or a
mixture thereof. The second electrode 140 may be formed of
lithium (L1), magnesium (Mg), aluminum (Al), aluminum
(AD-lithium (Li), calcium (Ca), magnesium (Mg)-indium
(In), magnesium (Mg)-silver (Ag), or the like, and may be
formed as a thin film type transmission electrode. In some
implementations, to manufacture a top-emission light-emit-
ting device, the transmission electrode may be formed of
indium tin oxide (ITO) or indium zinc oxide (IZ0).

[0282] When a phosphorescent dopant is used in the EML
133, a HBL may be formed between the HTL 132 and the
EML 133 or between the H-functional layer and the EML. 133
by using vacuum deposition, spin coating, casting, Langmuir-
Blodgett (LB) deposition, or the like, in order to prevent
diffusion of triplet excitons or holes into the ETL, 134. When
the HBL is formed using vacuum deposition or spin coating,
the conditions for deposition and coating may be similar to
those for the formation of the HIL 131, although the condi-
tions for deposition and coating may vary depending on the
material that is used to form the HBL. A suitable hole-block-
ing material may be used. Examples of hole-blocking mate-
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rials include oxadiazole derivatives, triazole derivatives, and
phenanthroline derivatives. For example, bathocuproine
(BCP) represented by the following formula may be used as a
material for forming the HBL.

BCP

[0283] The thickness of the HBL, may be from about 20 A
to about 1,000 A, and in some implementations, may be from
about 30 A to about 300 A. When the thickness of the HBL is
within these ranges, the HBL may have improved hole block-
ing ability without a substantial increase in driving voltage.

[0284] Although the organic light-emitting device of FIG. 1
1s described above, embodiments are not limited thereto.

[0285] As used herein, the term “unsubstituted C;-Cj,
alkyl group” (or “C,-C,, alkyl group”) refers to a linear or
branched C,-C, alkyl group, such as a methyl group, an ethyl
group, a propyl group, an isobutyl group, a sec-butyl group, a
pentyl group, an iso-amyl group, or a hexyl group. The sub-
stituted C,-C;, alkyl group may be a C,-C, alkyl group of
which at least one hydrogen atom is substituted with one
selected from a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C;, alkyl group, a
C,-Csy alkenyl group, a C,-Cy, alkynyl group, and a C,-Cy,
alkoxy group, a C,-C,, alkyl group, a C,-C,, alkenyl group,
a C,-Cs, alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, and a phosphoric acid group or a salt thereof, a
C,-Cy, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C¢-Cgyg aryl group, a C4-Cp aryloxy group, a Co-Cog
arylthio group, and a C,-C, heteroaryl group, a C5-C,
cycloalkyl group, a C,-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-C aryl group, a C,-C g aryloxy group, a C4-Co arylthio
group, anda C,-C,, heteroaryl group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C4, alkenyl group, a C,-C;, alkynyl group, a C,-Cs,
alkoxy group, a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridyl group, a pyrimidyl group, a pyrazinyl group,
a pyridazinyl group, a triazinyl group, a quinolyl group, and
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an isoquinolyl group, and —N(Q,;)(Q;,), and —Si(Q,;)
(Q,)(Qy5) (where Q, | and Q,, may be each independently a

Cs-Ceo aryl group or a C,-C, heteroaryl group; and Q, 5 to
Q,s may be each independently a C,-Cg, alkyl group, a
C,-C¢o alkoxy group, a C4-C, aryl group, or a C,-Cy, het-
eroaryl group.

[0286] As used herein, the term “unsubstituted C,-C,,
alkoxy group” (ora “C,-C,, alkoxy group”) refers to a group
represented by —OA, wherein A is an unsubstituted C,-C;,
alkyl group described above. Examples of the unsubstituted
C,-C5, alkoxy group include a methoxy group, an ethoxy
group, and an isopropyloxy group. At least one of the hydro-
gen atoms in the alkoxy group may be substituted with the
substituents described above in conjunction with the substi-
tuted C,-C;, alkyl group.

[0287] As used herein, the term “unsubstituted C,-C,, alk-
enyl group” (or a “C,-C,, alkenyl group”) refers to a C,-Cs,
alkyl group having at least one carbon-carbon triple bond in
the center or at a terminal thereof. Examples of the alkenyl
group include an ethenyl group, a propenyl group, a butenyl
group, and the like. At least one hydrogen atom in the unsub-
stituted C,-C,, alkenyl group may be substituted with those
substituents described above in conjunction with the substi-
tuted C,-C;, alkyl group.

[0288] As used herein, the term “unsubstituted C,-Cs,
alkynyl group” (or a “C,-C,, alkynyl group”) refers to a
C,-C5, alkyl group having at least one carbon-carbon triple
bond in the center or at a terminal thereof. Examples of the
unsubstituted C,-Cg, alkynyl group (or a C,-Cg, alkynyl
group) include an ethenyl group, a propynyl group, and the
like. At least one hydrogen atom in the alkynyl group may be
substituted with those substituents described above in con-
Junction with the substituted C,-C,, alkyl group.

[0289] As used herein, the term “unsubstituted C;-Cs,
cycloalkyl group” refers to a cyclic, monovalent C,-C5, satu-
rated hydrocarbon group. Examples of the unsubstituted
C;-C4, cycloalkyl group include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
and a cyclooctyl group. At least one hydrogen atom in the
cycloalkyl group may be substituted with those substituents
described above in conjunction with the substituted C,-C;,
alkyl group.

[0290] As used herein, the term “unsubstituted C;-Cj,
cycloalkenyl group” refers to a nonaromatic, cyclic unsatut-
ated hydrocarbon group with at least one carbon-carbon
double bond. Examples of the unsubstituted C;-Cg, cycloalk-
enyl group include a cyclopropenyl group, a cyclobutenyl
group, a cyclopentenyl group, a cyclohexcenyl group, a
cycloheptenyl group, a 1,3-cyclohexadienyl group, a 1,4~
cyclohexadienyl group, a 24-cycloheptadienyl group, and a
1,5-cyclooctadienyl group. At least one hydrogen atom in the
cycloalkenyl group may be substituted with those substitu-
ents described above in conjunction with the substituted
C,-C5, alkyl group.

[0291] As used herein, the term “unsubstituted C4-Cy aryl
group” refers to a monovalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms including at
least one aromatic ring. The term “unsubstituted C¢-Cg,
arylene group” refers to a divalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms including at
least one aromatic ring. When the aryl group and the arylene
group have at least two rings, they may be fused to each other
via a singlebond. At least one hydrogen atom in the aryl group
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and the arylene group may be substituted with those substitu-
ents described above in conjunction with the C,-Cg,, alkyl
group.

[0292] Examples ofthe substituted or unsubstituted C4-Cg,
aryl group include a phenyl group, a C,-C,, alkylphenyl
group (e.g., an ethylphenyl group), a C,-C,, alkylbiphenyl
group (e.g., an ethylbiphenyl group), a halophenyl group
(e.g., an o-, m- or p-fluorophenyl group and a dichlorophenyl
group), a dicyanophenyl group, a trifluoromethoxyphenyl
group, an o-, m- or p-tolyl group, an o-, m- or p-cumenyl
group, a mesityl group, a phenoxyphenyl group, a (a,o-dim-
ethylbenzene)pheny! group, a (N,N'-dimethyl Jaminophenyl
group, a (N,N'-diphenyl)aminophenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, a halonaphthyl
group (e.g., a fluoronaphthyl group), a C,-C, , alkylnaphthyl
group (e.g., a methylnaphthyl group), a C,-C, , alkoxynaph-
thyl group (e.g., a methoxynaphthyl group), an anthracenyl
group, an azulenyl group, a heptalenyl group, an acenaphth-
ylenyl group, a phenalenyl group, a fluorenyl group, an
anthraquinolinyl group, a methylanthracenyl group, a
phenanthryl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, an ethyl-chrysenyl group, a picenyl group, a
perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a
hexaphenyl group, hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a pyranthrenyl group, and an
ovalenyl group. Examples of the substituted C4-Cg, aryl
group may be inferred based on those of the unsubstituted
Cs-Cgo aryl group and the substituted C,-C;, alkyl group
described above. Examples of the substituted or unsubstituted
Ce-Cq arylene group may be inferred based on those
examples of the substituted or unsubstituted C4-Cy, aryl
group described above.

[0293] As used herein, the term “C,-C,, heterocycloalkyl
group” refers to a C2-C10 monovalent saturated cyclic hydro-
carbon group including at least one of N, O, P, and S as a
ring-forming atom. Examples of the C,-C, , heterocycloalkyl
group include tetrahydrofuran and tetrahydropyran. At least
one hydrogen atom in the heterocycloalkyl group may be
substituted with those substituents described above in con-
junction with the substituted C,-C,, alkyl group.

[0294] As used herein, the term “unsubstituted C,-C,, het-
erocycloalkenyl group” refers to a non-aromatic, cyclic
unsaturated hydrocarbon group including at least one of N, O,
Pand S as aring-forming atom and at least one carbon double
bond. At least one hydrogen atom in the heterocycloalkenyl
group may be substituted with those substituents described
above in conjunction with the substituted C,-C5,, alkyl group.

[0295] As used herein, the term “unsubstituted C,-C,, het-
eroaryl group” refers to a monovalent carbocyclic aromatic
system having at least one aromatic ring and at least one of the
heteroatoms selected from the group consisting of N, O, P,
and S as a ring-forming atom. The unsubstituted C,-C, het-
eroarylene group may be a divalent carbocyclic aromatic
system having at least one aromatic ring and at least one of the
heteroatoms selected from the group consisting of N, O, P,
and S. When the heteroaryl group and the heteroarylene
group have at least two rings, the two rings may be fused to
eachother viaasingle bond. Atleast one hydrogen atom in the
heteroaryl group and the heteroarylene group may be substi-
tuted with those substituents described with reference to the
C,-Cg alkyl group.
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[0296] Non-limiting examples of the unsubstituted C,-Cg, _continued
heteroaryl group include a pyrazolyl group, an imidazolyl
group, an oxazolyl group, a thiazolyl group, a triazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridaziny! group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a quinolinyl group, an

isoquinolinyl group, a benzoimidazolyl group, an imidazopy- N o
ridinyl group. and an imidazopyrimidinyl group. Examples of
the substituted C,-Cy, heteroarylene group may be inferred
based on those examples of the substituted or unsubstituted
C,-Cy, arylene group described above.
1-3

[0297] As used herein, the term “substituted or unsubsti-
tuted C4-C,, aryloxy group” refers to —OA, (where A, is a
substituted or unsubstituted Cq4-C;, aryl group described
above). The term “substituted or unsubstituted C,-C,,
arylthiol group” refers to —SA; (where A, is a substituted or
unsubstituted C-C,,, aryl group described above).

[0298] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

L4
N
Synthesis Example 1 >

Synthesis of Compound 2

j |
l

EXAMPLES

[0299] o

st
&
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1) Synthesis of Intermediate I-1

[0300] 5.02g(30mmol)of 9H-carbazole, 4.71 g (30 mmol)
of bromobenzene, 1.14 g (18 mmol) of copper powder, and
6.22 g (45 mmol) of K,CO; were dissolved in 80 mL of
o-dichlorobenzene, and stirred at about 180° C. for about 24
hours. The resulting reaction solution was cooled down to
room temperature, and 60 mL of water was added thereto,
followed by extraction three times with 50 mL of ethyl
acetate. An organic layer was collected and was dried using
magnesium sulfate to evaporate the solvent. The residue was
separated and purified using silica gel column chromatogra-
phy to obtain 5.47 g of Intermediate I-1 (Yield: 75%). This
compound was identified using liquid chromatography-mass
spectroscopy (LC-MS).

[0301] C,H,,N: M* 243.10
2) Synthesis of Intermediate I-2
[0302] After 5.47 g (22.5 mmol) of Intermediate I-1 was

completely dissolved in 80 mL of CH,Cl, to obtain a solution,
4.00 g (22.5 mmol) of N-bromosuccinimide was added
thereto and stirred at room temperature for about 12 hours.
The resulting reaction solution was cooled down to room
temperature, and 60 mL of water was added thereto, followed
by extraction three times with 50 mL of CH,Cl,. An organic
layer was collected and was dried using magnesium sulfate to
evaporate the solvent. The residue was recrystallized using
methanol to obtain 6.16 g of Intermediate I-2 (Yield: 85%)
This compound was identified using LC-MS.

[0303] C,gH,,BrN: M*321.0
3) Synthesis of Intermediate 1-3
[0304] 6.16 g (19.1 mmol) of Intermediate I-2 and 2.57 g

(28.7 mmol) of CuCN were dissolved in 70 mL of dimethyl-
formamide (DMF) and stirred at about 150° C. for about 24
hours. The resulting reaction solution was cooled down to
room temperature, and 60 mL of ammonia water and 60 mL
of water were added thereto, followed by extraction three
times with 50 mL of CH,Cl,. An organic layer was collected
and was dried using magnesium sulfate to evaporate the sol-
vent. The residue was separated and purified using silica gel
column chromatography to obtain 4.71 g of Intermediate I-3
(Yield: 92%). This compound was identified using LC-MS.

[0305] C,,H,,N,: M*268.1
4) Synthesis of Intermediate 1-4
[0306] After 4.71 g (17.6 mmol) of Intermediate 1-3 was

completely dissolved in 80 mL of

[0307] CH,CI, to obtain a solution, 3.13 g (17.6 mmol) of
N-bromosuccinimide was added thereto and stirred at room
temperature for about 8 hours. 60 mL of water was added to
the resulting reaction solution, followed by extraction three
times with 50 mL of CH,Cl,. An organic layer was collected
and was dried using magnesium sulfate to evaporate the sol-
vent. The residue was recrystallized using methanol to obtain
5.81 g of Intermediate 1-4 (Yield: 95%) This compound was
identified using LC-MS.

[0308] C,,H,;BrN,: M* 346.0
5) Synthesis of Compound I-5
[0309] 5.81 g(16.7 mmol) of Intermediate [-4, 0.68 g (0.84

mmol) of Pd(dppf),Cl,, and 4.92 g (50.1 mmol) of KOAc
were dissolved in 80 mL of dimethyl sulfoxide (DMSO) and
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stirred at about 150° C. for about 24 hours. The resulting
reaction solution was cooled down to room temperature, and
100 mL of water was added thereto, followed by extraction
three times with 50 mL of CH,Cl,. An organic layer was
collected and was dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified using
silica gel column chromatography to obtain 4.61 g of Inter-
mediate 1-5 (Yield: 70%). This compound was identified
using LC-MS.

[0310] C,,H, ,BrN,: M* 522.1

6) Synthesis of Compound I-6

[0311] 4.61 g(11.7 mmol) of Intermediate [-5, 5.90 g (17.6
mmol) of 9,10-dibromo-anthracene, 0.68 g (0.59 mmol) of
Pd(PPhs),, and 4.85 g (35.1 mmol) of K,CO; were dissolved
in 60 mL of THF and 30 mL of H,O, and stirred at about 80°
C. for about 12 hours. The resulting reaction solution was
cooled down to room temperature, followed by extraction
three times with 30 mL of water and 30 mL of ethyl acetate.
An organic layer was collected and was dried using magne-
sium sulfate to evaporate the solvent. The residue was sepa-
rated and purified using silica gel column chromatography to
obtain 4.59 g of Compound I-6 (Yield: 75%). This compound
was identified using LC-MS.

[0312] C,sH,,BN,0,: M* 394.2

7) Synthesis of Compound 2

[0313] 4.59 g(8.78 mmol) of Intermediate [-6, 1.08 g (8.78
mmol) of 3-pyridyl boronic acid, 0.51 g (0.44 mmol) of
Pd(PPh,),, and 3.64 g (26.3 mmol) of K,CO; were dissolved
in 60 mL of THF and 30 mL of H,O, and stirred at about 80°
C. for about 12 hours. The resulting reaction solution was
cooled down to room temperature, followed by extraction
three times with 30 mL of water and 30 mL of ethyl acetate.
An organic layer was collected and was dried using magne-
sium sulfate to evaporate the solvent. The residue was sepa-
rated and purified using silica gel column chromatography to
obtain 3.21 g of Compound 2 (Yield: 70%). This compound
was identified using mass spectroscopy/fast atom bombard-
ment (MS/FAB) and 'H nuclear magnetic resonance (NMR).

[0314] C,4H,,N, caled: 521.19, found: 521.20
[0315] 'H NMR 8=9.08 (d, 1H), 8.60 (dd, 1H), 8.45 (d,

1H), 8.27-8.24 (m, 1H), 8.01-7.90 (m, 6H), 7.65-7.58 (m,
2H), 7.52-7.47 (m, 4H), 7.39-7.27 (m, 7H)

Synthesis Example 2

Synthesis of Compound 9

[0316] 3.41¢g(Yield: 68%) of Compound 9 was obtained in
the same manner as in the synthesis of Compound 2, except
that 2-quinolyl boronic acid, instead of 3-pyridyl boronic acid
used to obtain Compound 2, was used. This compound was
identified using MS/FAB and "H NMR.

[0317] C,,H,5N; caled: 571.20, found: 571.21

[0318] 'H NMR 8=8.47-8.45 (m, 1H), 8.31 (d, 1H), 8.27-
8.24 (m, 2H), 8.13-8.10 (m, 1H), 8.00-7.96 (m, 3H), 8.87 (d,
1H), 7.82-7.78 (m, 1H), 7.69-7.60 (m, 3H), 7.53-7.46 (m,
6H), 7.42-7.37 (m, 2H), 7.34-7.25 (m, 4H)
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Synthesis Example 3

Synthesis of Compound 14

[0319] 3.63 g(Yield: 66%) of Compound 14 was obtained
in the same manner as in the synthesis of Compound 2, except
that 2-bromo-dibenzothiophene, instead of bromobenzene
used to obtain Intermediate 1-1, was used. This compound
was identified using MS/FAB and 'H NMR.

[0320] C,,H,sN,S caled: 627.18, found: 627.20

[0321] 'H NMR 8=9.06 (d, 1H), 8.58 (dd, 1H), 8.50 (d,
1H), 8.25-8.22 (m, 1H), 8.12 (d, 1H), 8.05 (d, 1H), 7.99-7.91
(m, 5H), 7.86 (d, 1H), 7.81 (d, 1H), 7.70-7.54 (m, 4H), 7.46-
7.30 (m, 8H)

Synthesis Example 4

Synthesis of Compound 18

[0322] 3.76 g (Yield: 70%) of Compound 18 was obtained
in the same manner as in the synthesis of Compound 2, except
that 2-bromo-dibenzofuran, instead of bromobenzene used to
obtain Intermediate I-1, was used. This compound was iden-
tified using MS/FAB and 'H NMR.

[0323] C,,H,sN,0 caled: 611.20, found: 611.21

[0324] 'HNMR 8=8.79 (dd, 2H), 8.50 (dd, 1H), 8.28 (dd,
1H), 7.92-7.85 (m, 4H), 7.79-7.75 (m, 2H), 7.71-7.62 (m,
7H), 7.53 (t, 1H), 7.40-7.27 (m, 7H)

Synthesis Example 5

Synthesis of Compound 24

[0325] 3.66 g (Yield: 67%) of Compound 24 was obtained
in the same manner as in the synthesis of Compound 2, except

Br O

/_:\Hr
;B .
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that 5-[1,10]-phenanthroline boronic acid, instead of 3-py-
ridyl boronic acid used to obtain Compound 2, was used. This
compound was identified using MS/FAB and 'H NMR.

[0326] C,H,(N, caled: 622.22, found: 622.23

[0327] 'H NMR §=9.12 (dd, 1H), 9.00 (d, 1H), 8.63 (d,
1H), 8.46-8.44 (m, 1H), 8.25-8.23 (m, 2H), 8.13 (s, 1H),
7.88-7.79 (m, 5H), 7.69-7.58 (m, 4H), 7.52-7.47 (m, 4H),
7.40-7.25 (m, 6H)

Synthesis Example 6

Synthesis of Compound 28

[0328] Compound 28 was obtained in the same manner as
in the synthesis of Compound 2, except that 1-phenyl-1H-
benzimidazole-2-yl boronic acid, instead of 3-pyridyl
boronic acid used to obtain Compound 2, was used. This
compound was identified using MS/FAB and ‘H NMR.

[0329] C,,H,,N, caled: 636.23, found: 636.22

[0330] 'HNMR =8.48-8.45 (m, 1H),8.33 (d, 1H),8.31 (d,
1H), 8.23-8.21 (m, 1H), 7.93 (dd, 2H), 7.87 (d, 1H), 7.81 (d,
1H), 7.63 (d, 111), 7.60-7.43 (m, 14H), 7.40-7.34 (m, 1H),
732721 (m, 4H)

Synthesis Example 7

Synthesis of Compound 32

[0331]

o

0

CN

1-8
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-continued

9,
/N

—N

I-8

Synthesis of Intermediate 1-7

[0332] 5.30 g (Yield: 77%) of Compound I-7 was obtained
in the same manner as in the synthesis of Compound I-6,
except that 2-bromo naphthalene, instead of bromobenzene
used to obtain Compound I-1, was used. This compound was
identified using L.C-MS.

[0333] C,,H,,BrN,: M* 572.1

2) Synthesis of Intermediate I-8

[0334] 5.30g(9.24 mmol) of Intermediate [-7, 0.38 g (0.46
mmol) of Pd(dppf),Cl,, and 2.72 g (27.7 mmol) of KOAc
were dissolved in 70 mL of dimethyl sulfoxide (DMSO), and
stirred at about 150° C. for about 24 hours. The resulting
reaction solution was cooled down to room temperature, and
100 mL of water was added thereto, followed by extraction
three times with 50 mL of CH,Cl,. An organic layer was
collected and was dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified using
silica gel column chromatography to obtain 4.13 g of Inter-
mediate 1-8 (Yield: 72%). This compound was identified
using LC-MS.

[0335] C,;H,;;BN,O,: M* 6203

3) Syathesis of Compound 32

[0336] 3.33 g(Yield: 69%) of Compound 32 was obtained
in the same manner as in the synthesis of Compound 2, except
that Intermediate -8 and 2-bromo-4,6-diphenyl pyrimidine,
instead of Intermediate I-6 and 3-pyridyl boronic acid used to
obtain Compound 2, respectively, were used. This compound
was identified using MS/FAB and "H NMR.

[0337] C,3H;,N, caled: 724.26, found: 724.27

[0338] 'H NMR 6-8.51-8.49 (m, 1H), 8.35-8.32 (m, 4H),
8.28-8.24 (m, 3H), 7.98 (s, 1H), 7.90 (d, 1H), 7.86-7.83 (m,
2H), 7.68-7.48 (m, 16H), 7.44-7.41 (m, 1H), 7.31-7.27 (m,
3H)

Synthesis Example 8

Synthesis of Compound 39

[0339] 3.36 g (Yield: 65%) of Compound 39 was obtained
in the same manner as in the synthesis of Compound 32,
except that bromobenzene, instead of 2-bromo naphthalene
used to obtain Intermediate 1-7, and 2-chloro-4,6-dinaphtha-
lene-2-yl-[1,3,5]triazine, instead of 2-bromo-4,6-diphenyl
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pyrimidine used to obtain Compound 32, were used. This
compound was identified using MS/FAB and 'H NMR.

[0340] C, H,;Ns caled: 775.27, found: 775.25

[0341] 'H NMR 8=8.90 (d, 2H), 8.75 (d, 2H), 8.45 (dd,
1H), 8.25 (d, 2H), 8.23 (d, 1H), 8.16 (dd, 2H), 8.12 (d, 2H),
8.03 (dd, 2H), 7.88-7.86 (m, 3H), 7.70-7.46 (m, 14H), 7.34-
7.25 (m, 2H)

Synthesis Example 9

Synthesis of Compound 45

[0342]

N B(OH)
\ / ’

w
=
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1) Synthesis of Intermediate I-9
[0343] 500 g (15.0 mmol) of 9-bromo-2-phenyl-an-

thracene, 1.84 g (15.0 mmol) of 4-pyridyl boronic acid, 0.87
g (0.75 mmol) of Pd(PPh,),, and 6.22 g (45.0 mmol) of
K,CO; were dissolved in 60 mL of THF and 30 mL of H,O,
and stirred at about 80° C. for about 12 hours. The resulting
reaction solution was cooled down to room temperature, fol-
lowed by extraction three times with 30 mL of water and 30
mL of ethyl acetate. An organic layer was collected and was
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column
chromatography to obtain 3.48 g of Compound [-9 (Yield:
70%). This compound was identified using LC-MS.

[0344] C,H N: M*331.1
2) Synthesis of Intermediate I-10
[0345] After 3.48 g (10.5 mmol) of Intermediate 1-9 was

completely dissolved in 80 mL of CH,Cl, to obtain a solution,
1.87 g (10.5 mmol) of N-bromosuccinimide was added to the
solution and stirred at room temperature for about 12 hours.
60 mL of water was added to the resulting reaction solution,
followed by extraction three times with 50 mL of CH,Cl,. An
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organic layer was collected and was dried using magnesium
sulfate to evaporate the solvent. The residue was recrystal-
lized using methanol to obtain 3.75 g of Intermediate 1-10
(Yield: 87%). This compound was identified using LC-MS.

[0346] C,H,,BrN: M* 409.1
3) Synthesis of Compound 45
[0347] 3.82 g(Yield: 70%) of Compound 457 was obtained

in the same manner as in the synthesis of Intermediate 1-6,
except that Intermediate 1-10, instead of 9,10-dibromo-an-
thracene to obtain Intermediate I-6, was used. This compound
was identified using MS/FAB and "H NMR.

[0348] C,,H,,N; caled: 597.22, found: 597.23

[0349] 'H NMR 5=8.84-8.82 (m, 2H), 8.38-8.36 (m, 1H),
8.25-8.23 (m, 1H), 7.98 (dd, 1H), 7.89-7.85 (m, 2H), 7.80-7.
72 (m, 6H), 7.65-7.61 (m, 3H), 7.52-7.47 (m, 6H), 7.42-7.26
(m, SH)

Synthesis Example 10

Synthesis of Compound 64

[0350]

Br
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-continued

1) Synthesis of Intermediate I-11

[0351] After 5.45 g (34.5 mmol) of 3-bromo pyridine was
dissolved in 60 mL of THF, 13.8 mL (34.5 mmol, 2.5M in
hexane) of nBuli was slowly dropwise added thereinto at
about -78° C., and stirred for about 1 hour. 433 g (15.0
mmol) of 2-bromo-4a,9a-dihydro-anthraquinone was slowly
dropwise added into the resulting reaction solution and stirred
at room temperature for about 12 hours. 60 mL of water was
added to the resulting reaction solution, followed by extrac-
tion three times with 50 mL of ethy] acetate. An organic layer
was collected and was dried using magnesium sulfate to
evaporate the solvent. The residue was mixed with 22.4 g (135
mmol) of K1, 21.3 g (165 mmol) of Na,H,PO,.H,O and 50
mL of acetic acid, and stirred at about 120° C. for about 1
hour. The resulting reaction solution was cooled down to
room temperature, and 60 mL of water was added thereto and
filtered. The residue was separated and purified using silica
gel column chromatography to obtain 5.05 g of Intermediate
1-11 (Yield: 82%). This compound was identified using LC-
MS

[0352] C,,H,sBrN,: M* 410.1
2) Synthesis of Compound 64

[0353] 4.57 g (Yield: 62%) of Compound 64 was obtained
in the same manner as in the synthesis of Intermediate 1-6,
o]
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except that Intermediate I-11, instead of 9,10-dibromo
anthracene used to obtain Intermediate 1-6, was used. This
compound was identified using MS/FAB and ‘H NMR.
[0354] C,,H,¢N, caled: 598.22, found: 598.21

[0355] 'H NMR 8=9.10-9.08 (d, 2H), 8.61-8.59 (m, 2H),
8.31-8.22 (m, 4H), 8.16 (dd. 1H), 8.00-7.90 (m, 3H), 7.85 (d,
1H), 7.74-7.71 (m, 2H), 7.63 (d, 1H), 7.52-7.47 (m, 4H),
7.42-7.35 (m, 4H), 7.32-7.26 (m, 2H)

Synthesis Example 11

Synthesis of Compound 68

[0356] Compound 68 was obtained in the same manner as
in the synthesis of Compound 64, except that Intermediate
A-1, instead of Intermediate I-11 used to obtain Compound

64, was used. ]
<Intermediate A-1>

Br

x

&

[0357] C,,H;;N; caled: 673.25, found: 673.26

[0358] 'HNMR 8=9.02 (dd, 1H), 8.64 (dd, 1H), 8.31-8.28
(m, 2H), 8.15 (d, 1H), 8.09-8.05 (m, 2H), 7.98 (d, 1H), 7.91
(d, 1H), 7.87 (d, 1H), 7.83-7.80 (m, SH), 7.72 (dd, 1H),
7.65-7.59 (m, 2H), 7.52-7.47 (m, 9H), 7.41-7.37 (m, 2H),
7.32-7.25 (m, 2H)

Synthesis Example 12

Synthesis of Compound 76
[0359]

Br
‘ ‘
Br

[¢]

112

B
400
Br

/ B(CH),
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1) Synthesis of Intermediate I-12

[0360] 6.18 g (Yield: 70%) of Intermediate I-10 was
obtained in the same manner as in the synthesis of Interme-
diate 1-12, except that 2,6-dibromo-4a,9a-dihydro-an-
thraquinone and bromonaphthalene, instead of 2-bromo-4a,
9a-dihydro-anthraquinone and 3-bromo pyridine used to
obtain Intermediate I-11, respectively, were used. This com-
pound was identified using LC-MS.

[0361] C,,H,,Br,: M* 586.0

2) Synthesis of Intermediate I-13

[0362] 6.18 g (10.5 mmol) of Intermediate 1-12, 1.29 g
(10.5 mmol) of 2-pyridyl boronic acid, 0.61 g (0.53 mmol) of
Pd(PPhs),, and 4.35 g (31.5 mmol) of K,CO; were dissolved
in 60 mL of THF and 30 mL of H,O, and stirred at about 80°
C. for about 12 hours. The resulting reaction solution was
cooled down to room temperature, followed by extraction
three times with 30 mL of water and 30 mL of ethyl acetate.
An organic layer was collected and was dried using magne-
sium sulfate to evaporate the solvent. The residue was sepa-
rated and purified using silica gel column chromatography to

obtain 4.19 g of Compound I-13 (Yield: 68%). This com-
pound was identified using L.C-MS.
[0363] C,,H,,BrN: M*585.1

3) Synthesis of Compound 76

[0364] 3.59 g (Yield: 65%) of Compound 76 was obtained
in the same manner as in the synthesis of Compound 64,
except that Intermediate 1-13, instead of Intermediate 1-11
used to obtain Compound 64, was used. This compound was
identified using MS/FAB and ‘H NMR.

[0365] C, H,sN, caled: 773.28, found: 773.26

[0366] 'H NMR 8=9.04 (d, 1H), 8.72 (dd, 1H), 8.40 (d,
2H), 8.35 (d, 1H), 8.31-8.26 (m, 3H), 8.18 (d, 1H), 8.06 (d,
1H),7.95 (d, 1H), 7.86-7.82 (m, 3H), 7.77-7.68 (m, 7H), 7.63
(d, 1H), 7.57 (dd, 2H), 7.50-7.47 (m, 4H), 7.36-7.25 (m, 4H),
7.20-7.15 (m, 1H), 7.06-7.02 (m, 2H)

Synthesis Example 13

Synthesis of Compound 79

[0367] Compound 79 was obtained in the same manner as
in the synthesis of Compound 64, except that Intermediate
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A-2 represented by the following formula, instead of Inter- _continued
mediate I-11 used to obtain Compound 64, was used. This
compound was identified using MS/FAB and 'H NMR.

<Intermediate A-2>

Br Q Br
v .

I-16

[0368] CsgH;N; caled: 773.28, found: 773.30

N
CN
[0369] 'HNMR 8=9.01 (dd, 1H), 8.64 (dd, 11}, 8.31-8.22 O
(m, 3H),8.09-8.07 (m, 411), 7.97-7.83 (m, 11H),7.72 (d, 1), 7/ \ O O
- O

7.65-7.47 (m, 12H), 7.34-7.26 (m, 2H)

Synthesis Example 14

Synthesis of Compound 98 %

[0370] 1) Synthesis of Intermediate I-14
[0371] 20.0 g (50.0 mmol) of 2,7-dibromo-9-phenyl-9H-

column chromatography to obtain 6.08 g of Intermediate I-14
(Yield: 35%). This compound was identified using LC-MS.
[0372] C,,H,,BrN,: M* 346.0

2) Synthesis of Intermediate I-15

carbazole, and 4.48 g (50.0 mmol) of CuCN were dissolved in
120 mL of DMF, and stirred at about 150° C. for about 24
hours. The resulting reaction solution was cooled down to

room temperature, and 60 mL of ammonia water and 60 mL

of water were added thereto, followed by extraction three

N, times with 60 mL, of CH,Cl,. An organic layer was collected

Br Br — and was dried using magnesium sulfate to evaporate the sol-
vent. The residue was separated and purified using silica gel

[0373] 6.08 g (17.5 mmol) of Intermediate 1-14, 0.71 g

(0.88 mmol) of Pd(dppf),Cl,, and 5.16 g (52.5 mmol) of

KOACc were dissolved in 80 mL of DMSO, and stirred at about

150° C. for about 24 hours. The resulting reaction solution

X was cooled down to room temperature, and 100 mL of water

was added thereto, followed by extraction three times with 50

Br cNoTT mL of CH,Cl,. An organic layer was collected and was dried

using magnesium sulfate to evaporate the solvent. The resi-

due was separated and purified using silica gel column chro-

I-14 matography to obtain 5.17 g of Intermediate I-15 (Yield:

75%). This compound was identified using LC-MS.
[0374] C,sH,;BN,O,: M* 394.2
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3) Synthesis of Intermediate I-16

[0375] 4.80 g (Yield: 70%) of Intermediate I-16 was
obtained in the same manner as in the synthesis of interme-
diate I-6, except that Intermediate I-15, instead of Intermedi-
ate I-5 used to obtain Compound 1-6, was used. This com-
pound was identified using LC-MS.

[0376] C, H,;BrN,: M* 522.1
4) Synthesis of Compound 98
[0377] 3.44 g (Yield: 72%) of Compound 98 was obtained

in the same manner as in the synthesis of Compound 2, except
that Intermediate 1-16, instead of Intermediate 1-6 used to
obtain Compound 2, was used. This compound was identified
using MS/FAB and 'H NMR.

[0378] C,5H,5N; caled: 521.19, found: 521.18

[0379] 'H NMR 8=0.00 (dd, 1H), 8.48-8.43 (m, 2H), 8.33-
8.28 (m, 2H), 8.22 (dd, 1H), 8.03-7.99 (m, 3H), 7.90-7.86 (m,
2H), 7.68 (d, 1H), 7.59 (d, 1H), 7.54-7.52 (m, SH), 7.47-7.43
(m, 2H), 7.39-7.37 (m, 4H). 7.31-7.27 (m, 1H)

Synthesis Example 15

Synthesis of Compound 99

[0380] Compound 99 was obtained in the same manner as
in the synthesis of Compound 2, except that Intermediate I-16
and 8-quinolinyl boronic acid, instead of Intermediate I-6 and
3-pyridyl boronic acid used to obtain Compound 2, respec-
tively, were used. This compound was identified using
MS/FAB and ‘H NMR.

[0381] C,,H,sN; caled: 571.20, found: 571.21

[0382] 'HNMR 8=9.00 (dd, 1H), 8.48-8.43 (m, 2H), 8.33-
8.28 (m, 2H), 8.22 (dd, 1H), 8.03-7.99 (m, 3H), 7.90-7.86 (m,
2H),7.68 (d, 1H), 7.59 (d, 1H), 7.54-7.52 (m, SH), 7.47-7.43
(m, 2H), 7.39-7.37 (m, 4H), 7.31-7.27 (m, 1H)

Synthesis Example 16

Synthesis of Compound 102

[0383] Compound 102 was obtained in the same manner as
in the synthesis of Compound 2, except that Intermediate I-16
and 2-dibenzofuranyl boronic acid, respectively instead of
Intermediate 1-6 and 3-pyridyl boronic acid used to obtain
Compound 2, were used. This compound was identified using
MS/FAB and 'H NMR.

[0384] C,,H,N,O caled: 610.20, found: 610.19

[0385] H NMR 8=8.39-8.37 (m, 1F), 8.03-8.95 (m, 4H),
7.93-7.90 (m, 2H), 7.80 (dd, 1H), 7.76-7.73 (m, 2H), 7.71-7.
67 (m, 3H), 7.59 (d, 1H), 7.55-7.51 (m, 5H), 7.43 (dd, 1H),
737727 (m, 6H)

Example 1

[0386] To manufacture an anode, a Corning 15 Q/cm?®
(1200 A) ITO glass substrate was cut to a size of 50 mmx50
mmx0.7 mm and then sonicated in isopropyl alcohol and pure
water each for five minutes, and then cleaned by irradiation of
ultraviolet rays for 30 minutes and exposure to ozone for
about 10 minutes. The resulting glass substrate was loaded
into a vacuum deposition device.
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[0387] Then, 4,4'4"-tris[2-naphthyl(phenyl)amino]triph-
enylamine (2-TNATA) was vacuum-deposited on the ITO
glass substrate to form a HIL having a thickness of 600 A, and
4 4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl ~ (NPB)
was then vacuum-deposited on the HIL to form a HTL having
a thickness of 300 A.

[0388] Subsequently, 9,10-di-naphthalene-2-yl-an-
thracene (ADN) as a host and 4,4'-bis[2-(4-(N,N-dipheny-
lamino )phenyl)vinyl]biphenyl (DPAVBI) as a dopant were
co-deposited on the HTL in a weight ratio 0f 98:2 to form an
EML having a thickness of about 300 A.

[0389] Then, Compound 2 was vacuum-deposited on the
EML to form an ETL having a thickness of about 300 A, and
then LiF was vacuum-deposited on the ETL to form an EIL
having a thickness of about 10 A. Then, Al was vacuum-
deposited on the EIL to form a cathode having a thickness of
about 3000 A, thereby completing the manufacture of an
organic light-emitting device.

Example 2

[0390] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
9, instead of Compound 2, was used to form the ETL.

Example 3

[0391] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
14, instead of Compound 2, was used to form the ETL.

Example 4

[0392] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
18, instead of Compound 2, was used to form the ETL.

Example 5

[0393] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
24, instead of Compound 2, was used to form the ETL.

Example 6

[0394] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
32, instead of Compound 2, was used to form the ETL.

Example 7

[0395] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
39, instead of Compound 2, was used to form the ETL.

Example 8§

[0396] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
45, instead of Compound 2, was used to form the ETL.
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Example 9

[0397] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
64, instead of Compound 2, was used to form the ETL.

Example 10

[0398] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
76, instead of Compound 2, was used to form the ETL.

Example 11

[0399] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
98, instead of Compound 2, was used to form the ETL.

Comparative Example 1

[0400] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Alqs, instead
of Compound 2, was used to form the ETL.

Comparative Example 2

[0401] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
X below, instead of Compound 2, was used to form the ETL.

90
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<Compound X>
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Comparative Example 3

[0402] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
Y below, instead of Compound 2, was used to form the ETL.

<Compound Y>
QQ O O -

Evaluation Example

[0403] Driving voltages, current densities, luminance, effi-
ciency, and emission colors of the organic light-emitting
devices of Examples 1 to 9 and Comparative Examples 1 and
3 were measured using a PR650 (Spectroscan) Source Mea-
surement Unit (available from Photo Research, Inc.). The
results are shown in Table 1. In Table 1, half lifetime indicates
the time in hours (hr) taken until an initial luminance (as-
sumed as 100%) measured at a current density of about 100
mA/cm, was reduced to 50%.)

TABLE 1

Driving  Current

voltage  demsity =~ Luminance Efficiency Emission Half lifetime
Example ETL material Vi (mAlem?)  (cd/m?) (cd/A) color  (hr @ 100 mA/em?)
Example 1  Compound 2 4.70 50 3,820 7.95 blue 650 hr
Example 2 Compound 9 4.95 50 3,505 7.76 blue 617hr
Example 3 Compound 14 5.50 50 3,570 6.76 blue 585 hr
Example4  Compound 18 5.06 50 3,600 7.60 blue 622 hr
Example 5  Compound 24 5.32 50 3,315 6.83 blue 562 hr
Example 6  Compound 32 5.46 50 3.260 6.97 blue 596 hr
Example 7 Compound 39 5.63 50 3,570 6.72 blue 625 hr
Example 8  Compound 45 5.18 50 3,685 7.50 blue 598 hr
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TABLE 1-continued
Driving  Current
voltage  demsity =~ Luminance Efficiency Emission Half lifetime
Example ETL material (Vi (mA/em?) (cd/m?) (cd/A) color (hr @ 100 mA/cm?)
Example 9  Compound 64 5.07 50 3,720 7.85 blue 638 hr
Example 10 Compound 76 5.25 50 3,610 7.19 blue 603 hr
Example 11 Compound 98 5.02 50 3,480 7.64 blue 617 hr
Comparative Alg3 7.35 50 2,065 413 blue 145 hr
Example 1
Comparative Compound X 5.70 50 3,380 7.05 blue 230 hr
Example 2
Comparative Compound Y 3.36 50 3,060 6.35 blue 527 hr
Example 3
[0404] Referring to Table 1, the organic light-emitting teristics, and/or elements described in connection with other

devices of Examples 1 to 9 were found to have lower driving
voltages, higher luminance, and improved efficiency charac-
teristics, compared to the organic light-emitting devices of
Comparative Examples 1 to 3. The organic light-emitting
devices of Examples 1 to 9 were also found to have improved
lifetime characteristics, compared to the organic light-emit-
ting devices of Comparative Examples 1 to 3.

Rpar Raaz

R3)az

PPN | P

embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope as set forth in the follow-
ing claims.

What is claimed is:

1. An anthracene-based compound represented by Formula
1 below:

<Formula 1>

Dn
[AI_(LZ))’[Z}OZ \/\/\/ Unl k\/\

[0405] By way of summation and review, one or more
embodiments include an anthracene-based compound, and a
high-quality organic light-emitting device including the
anthracene-based compound. As described above, according
to the one or more of the above embodiments an anthracene-
based compound having improved stability, electrical char-
acteristics, and chemical characteristics is provided. An
organic light-emitting device including the anthracene-based
compound of Formula 1 may have high efficiency, low driv-
ing voltage, high luminance, and long lifetime.

[0406] 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 embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0407] While one or more 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.
[0408] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-

R
Ri2)p1

wherein, in Formula 1,

Ar is an electron transport moiety selected from a substi-
tuted or unsubstituted C,-C, , heterocycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, and a substituted or unsubstituted C,-C,, het-
eroaryl group, excluding a substituted or unsubstituted
carbazolyl group;

R, to R;, and R, to R, ; are each independently selected
from a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, a carboxyl group, a substituted or unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkenyl group, a substituted or unsubsti-
tuted C,-C,;, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C5-Cs, cycloalkyl group, a substituted or
unsubstituted C;-Cs,, cycloalkenyl group, a substituted
or unsubstituted C4-C;, aryl group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C,-C,, arylthio group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C,-C, , heterocycloalkenyl group,
and a substituted or unsubstituted C,-C,, heteroaryl
group;

al to a3 are each independently an integer of 0 or 2;

b1 is an integer from 0 to 3;

b2 is an integer from 0 to 4;

L, and L, are each independently selected from a substi-
tuted or unsubstituted C5-C,, cycloalkylene group, a
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substituted or unsubstituted C;-C,, cycloalkenylene
group, a substituted or unsubstituted Cq-Cg, arylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkylene group, a substituted or unsubstituted C,-C, ,
heterocycloalkenylene group, and a substituted or
unsubstituted C,-Cy, heteroarylene group;

nl and n2 are each independently an integer from 0 to 3;

m1l and m2 are each independently an integer from 0 to 3,
where m1+m?2 is equal to an integer of 1 or greater;

ml+bl1=4, and m2+b2=3; and

ol and o2 are each independently an integer from 1 to 3.

2. The anthracene-based compound as claimed in claim 1,

wherein Ar is selected from:

1) a pyridyl group, a pyrazinyl group, a pyrimidyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquino-
linyl group, a phenanthridinyl group, an acridinyl group,
a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzo-
furanyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group;

ii) a pyridyl group, a pyrazinyl group, a pyrimidyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquino-
linyl group, a phenanthridinyl group, an acridinyl group,
a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzo-
furanyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group, each
substituted with at least one of a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, and a t-butyl
group;

1ii) a pyridyl group, a pyrazinyl group, a pyrimidyl group,
a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a
benzoimidazolyl group, a benzofuranyl group, a diben-
zofuranyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group, each substi-
tuted with at least one of a phenyl group, a naphthyl
group, a pyridyl group, and a quinolinyl group; and

1v) a pyridyl group, a pyrazinyl group, a pyrimidyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquino-
linyl group, a phenanthridinyl group, an acridinyl group,
a phenanthrolinyl group, a phenazinyl group, a ben-
zoimidazolyl group, a benzofuranyl group, a dibenzo-
furanyl group, a benzothiophenyl group, a diben-
zothiophenyl group, and a triazinyl group, each
substituted with at least one of a phenyl group, a naph-
thyl group, a pyridyl group, and a quinolinyl group that
are substituted with at least one of a deuterium atom,
—F, a hydroxyl group, a cyano group, a nitro group, a
methyl group, an ethyl group, an n-propyl group, a t-bu-
tyl group, a phenyl group, a naphthyl group, a pyridyl
group, and a quinolinyl group.

3. The anthracene-based compound as claimed in claim 1,

wherein Ar is selected from:

1) a pyridyl group, a pyrimidyl group, a quinolinyl group, a
phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a
triazinyl group;

11) a pyridyl group, a pyrimidyl group, a quinolinyl group,
a phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a
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triazinyl group, each substituted with at least one of a
phenyl group, a naphthyl group, a pyridyl group, and a
quinolinyl group; and

iil) a pyridyl group, a pyrimidyl group, a quinolinyl group,

a phenanthrolinyl group, a benzoimidazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a
triazinyl group, each substituted with at least one of a
phenyl group, a naphthyl group, a pyridyl group, and a
quinolinyl group that are substituted with at least one of
a phenyl group, a naphthyl group, a pyridyl group, and a
quinolinyl group.

4. The anthracene-based compound as claimed in claim 1,
wherein Ar is selected from the groups represented by For-
mulae 2-1 to 2-12 below:
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-continued
29
Il\]/\ X (Z24)
E] | 24/c10
N
s 2-11
(Zas)ens
= /\ ,\,
(Z26)c12 *
2-12

wherein, in Formulae 2-1 to 2-12,

Z,, to 7,4 are each independently selected from:

1) a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a pyridyl group, and a quinolinyl group; and

i) a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
apyridyl group, and a quinolinyl group, each substituted
with at least one of a phenyl group, a 1-naphthyl group,
a 2-naphthyl group, a pyridyl group, and a quinolinyl
group,

cl to c14 are each independently an integer from 0 to 2, and

* indicates a binding site to L, or an anthracene core.

5. The anthracene-based compound as claimed in claim 1,
wherein Ar is selected from the groups represented by For-

mulae 3-1 to 3-14 below:

31
7 |
x™D
N E3
. 32
7 |
™
N
33
Va
X
N
34
x
F
N *
35
N
Z
N

93

Feb. 12,2015
-continued
3-6
AN
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' 37
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3-9

wherein, in Formulae 3-1 to 3-14,

7,4, 753, and 7, are each independently selected from:

1) a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a pyridyl group, and a quinolinyl group; and

ii) aphenyl group, a 1-naphthyl group, a 2-naphthyl group,
apyridyl group, and a quinolinyl group, each substituted
with a phenyl group,
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¢9 and c10 are each independently an integer from 0 to 2,
and

* indicates a binding site to L, or an anthracene core.

6. The anthracene-based compound as claimed in claim 1,
wherein R, to R, in Formula 1 are each independently
selected from:

i) a hydrogen atom, a deuterium atom, —F, a hydroxyl
group, a cyano group, a nitro group, a methyl group, an
ethyl group, an n-propyl group, a t-butyl group, a phenyl
group, a naphthyl group, a pyridyl group, and a quino-
linyl group; and

ii) a phenyl group, a naphthyl group, a pyridy! group, and a
quinolinyl group, each substituted with at least one of a
deuterium atom, —F, a hydroxyl group, a cyano group,
anitro group, a methyl group, an ethyl group, an n-pro-
pyl group, and a t-butyl group.

7. The anthracene-based compound as claimed in claim 1,
wherein R, to R, in Formula 1 are each independently
selected from a deuterium atom, —F, a cyano group, a nitro
group, a methyl group, a t-butyl group, a phenyl group, a
naphthyl group, a pyridyl group, and a quinolinyl group.

8. The anthracene-based compound as claimed in claim 1,
wherein R;; to R;; in Formula 1 are each independently
selected from:

1) a phenyl group, a naphthyl group, a fluorenyl group, a
pyridyl group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group;

ii) a phenyl group, a naphthyl group, a fluorenyl group, a
pyridyl group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one of a deuterium
atom, —F, a hydroxyl group, a cyano group, a nitro
group, a methyl group, an ethyl group, an n-propyl
group, at-butyl group, a phenyl group, a naphthyl group,
a pyridyl group, and a quinolinyl group; and

1i1) a phenyl group, a naphthyl group, a fluorenyl group, a
pyridyl group, a quinolinyl group, an isoquinolinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted with at least one of a methyl
group, a t-butyl group, a phenyl group, a naphthyl group,
a pyridyl group, and a quinolinyl group that are substi-
tuted with at least one of a deuterium atom, —F, a
hydroxyl group, a cyano group, a nitro group, a methyl
group, and a t-butyl group.

9. The anthracene-based compound as claimed in claim 1,
wherein R;; to R ; in Formula 1 are each independently
selected from the groups represented by Formulae 2-1to 2-12
and Formulae 4-1 to 4-3 below:
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-continued
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wherein, in Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3,

7,107, and Y, toY,, are each independently selected
from:

i) —F, a cyano group, a nitro group, a methyl group, a
t-butyl group, a phenyl group, and a pyridyl group; and

ii) a methyl group, a phenyl group, and a pyridyl group,
each substituted with at least one of —F, a cyano group,
a nitro group, a methyl group, a t-butyl group, a phenyl
group, and a pyridyl group,

cl to c14, and d1 to d4 are each independently an integer
from 0 to 2, and

* indicates a binding site to L, or an anthracene core.

10. The anthracene-based compound as claimed in claim 1,
wherein R;, to R,; in Formula 1 are each independently
selected from groups represented by Formulae 3-1 to 3-14
and Formulae 5-1 to 5-4 below:
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96

_continued i) a phenylene group, an anthracenyl group, a chryse-
53 nylene group, and a pyrenylene group, each substituted
with at least one selected from:

a deuterium atom, a halogen atom, a hydroxyl group, a

* cyano group, a nitro group, a methyl group, an ethyl

Y5 Y 54 group, an n-propyl group, an iso-propyl group, an n-bu-

tyl group, a sec-butyl group, an iso-a butyl group, and a

tert-butyl group; a phenyl group, a naphthyl group, a

' * pyridyl group, and a triazinyl group; and a phenyl group,

a naphthyl group, a pyridyl group, and a triazinyl group,

each substituted with at least one of a deuterium atom, a

halogen atom, a hydroxyl group, a cyano group, a nitro

group, a methyl group, an ethyl group, an n-propyl

group, an iso-propyl group, an n-butyl group, a sec-butyl
group, an iso-a butyl group, and a tert-butyl group.

wherein, in Formulae 3-1 to 3-14 and Formulae 5-1 to 5-4,

7217753, 754,Y 5, andY |, are each independently selected
from:

1) —F, a cyano group, a nitro group, a methyl group, a 13. The anthracene-based compound as claimed in claim 1,
t-butyl group, a phenyl group, and a pyridyl group; and wherein nl and n2 are both 0.

ii) a methyl group, a phenyl group, and a pyridyl group,
each substituted with at least one of —F, a cyano group,
a nitro group, a methyl group, a t-butyl group, a phenyl

14. The anthracene-based compound as claimed in claim 1,
wherein m1 is 1, and m2 is 0.

group, and a pyridyl group, 15. The anthracene-based compound as claimed in claim 1,
¢9 and c10 are each independently an integer from 0 to 2, wherein ol and o2 are each independently 1 or 2.
and

.ot o 16. The anthracene-based compound as claimed in claim 1,
indicates a binding site to L, or an anthr.acene. core. wherein the anthracene-based compound of Formula 1 is a
11. The anthracene.-based compound as clalmed inclaim1, compound represented by one of Formulae la(1) to la(5),
wherein L, and L, in Formula 1 are each independently 1b(1) to 1b(3), lc(1) to 1c(3) and 1d(1) below:
selected from:

1) a phenylene group, a naphthylene group, an anthracenyl
group, a chrysenylene group, and a pyrenylene group;
and

ii) a phenylene group, a naphthylene group, an anthracenyl
group, a chrysenylene group, and a pyrenylene group,
each substituted with at least one selected from:

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, and a C,-C,,
alkyl group;

a C,-C,,alkyl group substituted with at least one selected
from a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof;,

aC,-C , aryl group, and a C,-C | , heteroaryl group; and

a C4-C ¢ aryl group, and a C,-C, ¢ heteroaryl group, each
substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -Cg, alkyl group,
a C,-Cq, alkenyl group, a C,-Cy, alkynyl group, a
C,-Cg alkoxy group, a C4-Cy 4 aryl group, and a C,-C ¢
heteroaryl group.

12. The anthracene-based compound as claimed inclaim 1,

wherein [,; and [, in Formula 1 are each independently
selected from:

<Formula 1a(1)>

<Formula 1a(2)>

i)aphenylene group. an anthracenyl group, a chrysenylene
group, and a pyrenylene group; and
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-continued -continued
<Formula 1a(3)> <Formula 1b(2)>
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-continued
<Formula 1d(1)>

Ry

wherein, in Formulae 1a(1) to 1a(5), 1b(1) to 1b(3), 1¢(1)
to 1¢(3), and 1d(1),

Ar, Ar,, and Ar, are each independently selected from the
groups represented by Formulae 3-1 to 3-14:
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-continued

3-9

3-10
3-11
N 11
|_(Z23)c9
N
3-12
&
N N
K T Z2)eto
X
N)
3-13
ES
3-14

wherein, in Formulae 3-1 to 3-14,

7,4, 753, and 7., are each independently selected from:

i) a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
a pyridyl group, and a quinolinyl group; and

ii) a phenyl group, a 1-naphthyl group, a 2-naphthyl group,
apyridyl group, and a quinolinyl group, each substituted
with a phenyl group,

¢9 and c10 are each independently an integer from 0 to 2,

* indicates a binding site to an anthracene core,

R, to R;, R,;, and R,, are each independently selected
from a deuterium atom, —F, a cyano group, a nitro
group, a methyl group, a t-butyl group, a phenyl group,
a naphthyl group, a pyridyl group, and a quinolinyl
group, and

R,, is selected from the groups represented by Formulae
2-11to0 2-12, and Formulae 4-1 to 4-3 below:
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wherein, in Formulae 2-1 to 2-12, and Formulae 4-1 to 4-3,

5 Z,,t0 755, andY |, oY, are each independently selected

from:

1) —F, a cyano group, a nitro group, a methyl group, a
t-butyl group, a phenyl group, and a pyridyl group; and

ii) a methyl group, a phenyl group, and a pyridyl group,
each substituted with at least one of —F, a cyano group,
a nitro group, a methyl group, a t-butyl group, a phenyl
group, and a pyridyl group,

2-6

cl to c14, and d1 to d4 are each independently an integer

57 from 0 to 2, and

* indicates a binding site to an anthracene core.

17. The anthracene-based compound as claimed in claim 1,
wherein the anthracene-based compound of Formula 1 is one
selected from Compounds 1 to 102 below:
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18. An organic light-emitting device comprising: a first
electrode; a second electrode opposite to the first electrode;
and an organic layer between the first electrode and the sec-
ond electrode, the organic layer including an emission layer,

N CN wherein the organic layer includes at least one anthracene-
based compound as claimed in claim 1.
O 19. The organic light-emitting device as claimed in claim
18, whetein:
the organic layer includes 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,

the hole transport region includes at least one of a hole
injection layer, a hole transport layer, a functional layer
having both hole injection and hole transport capabili-
ties, a buffer layer, an electron blocking layer, and

the electron transport region includes at least one of'a hole
blocking layer, an electron transport layer, and an elec-
tron injection layer.

20. The organic light-emitting device as claimed in claim
19, wherein the anthracene-based compound is present in the
electron transport region.
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