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(57) ABSTRACT

Provided are an amine-based compound and an organic light-
emitting diode including the same. The amine-based com-
pound is represented by Formula 1 or Formula 2 below:
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AMINE-BASED COMPOUND AND ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0023569, filed on
Mar. 5, 2013, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to an
amine-based compound and an organic light-emitting diode
including the same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), which are
self-emitting diodes, have advantages such as wide viewing
angles, good contrast, quick response, high brightness. good
driving voltage characteristics, and an ability to provide mul-
ticolored images.

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

[0007] An operating principle of an OLED having the
above-described structure is as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode move to the emission layer via the hole trans-
port layer, and electrons injected from the cathode move to
the emission layer via the electron transport layer. The holes
and electrons (carriers) recombine in the organic EML to
generate excitons. When the excitons drop from an excited
state to a ground state, light is emitted.

[0008] Korean Patent Publication No. 10-2012-0052993
provides examples of aromatic amine derivatives and sug-
gests that binding of a benzene ring bound to a carbazole
group at a para position leads to a low-voltage driving. In
addition, when a benzene ring is bound at that para position,
a driving voltage of the organic EL device is reduced. This
may be because charge mobility is increased by expansion of
a conjugated system.

[0009] According to Korean Patent Publication No.
10-2012-0052993, of Formula (I1I), the following Formula
(IIT") appears to be preferred:

[Formula I1T']
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[0010] In Formula (I1I", X, R>,R% R, n, q, 1, and s are as
defined in the Korean Patent Publication No. 10-2012-
0052993.

[0011] However, as disclosed in the present specification, it
is found that when a benzene ring bound to a carbazole group
of an aromatic amine derivative binds only at a para position,
such as those according to Korean Patent Publication No.
10-2012-0052993, efficiency and lifespan of a diode are
reduced.

SUMMARY

[0012] Aspects of embodiments of the present invention are
directed toward an amine-based compound which prevents or
reduces a decrease in efficiency and/or lifespan of a diode,
without substantially increasing a driving voltage.

[0013] Embodiments of the present invention are directed
to an amine-based compound and an organic light-emitting
diode including the same.

[0014] According to an embodiment of the present inven-
tion, an amine-based compound represented by Formula 1 or
Formula 2 below is provided:

<Formula 1>

Zy //le
Z]g’zll
<Formula 2>
Z52~753
A
21 224
Ry

Z]{\ //Zu

73 L12

[0015] InFormulaeland2,7Z,,isNorC(R,,),Z,,isNor
C(R,5), 7,318 Nor CR,5), Z,,is Nor C(R,,), Z,5 is N or
CR,5), Z,5is Nor CRyg), Z,,is Nor C(R,,), Z,5 s N or
C(Ryg), Z1018 Nor CR,g), Z,q 15 N or C(R,y), Z,, 18 N or
C(R,)), 75,18 NorC(R,,), Z,5isNor C(R,5),and Z,, is N or
C(R,,). Ar, and Ar, are each independently selected from a
C,-C, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
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group, a C4-Cy, aryl group, and a C,-C, heteroaryl group;
and a C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C5-C, , cycloalkenyl group, a C5-C, ; heterocycloalk-
enyl group, a C4-Cgy, aryl group, and a C,-Cy, 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,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-C,, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C;-C, , heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C4-C, aryloxy group, a C4-Co, arylthio
group, and a C,-Cg, heteroaryl group. R, and R, are each
independently selected from a C,-C4, alkyl group, a
C,-Cgpalkenyl group, a C,-Cy, alkynyl group, and a C,-Cy,
alkoxy group; a C,-C, alkyl group, a C,-C, alkenyl group,
a C,-Cy, alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a phosphoric acid or a salt thereof, a C;-C,,
cycloalkyl group, a C,-C, ; heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cyo aryl group, a C,-Cy aryloxy group, a C,-C, arylthio
group, and a C,-Cg, heteroaryl group; a C,-C,,, cycloalkyl
group, a C;-C, , heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C5-C, , heterocycloalkenyl group, a C4-Cy,, aryl
group, and a C,-Cg, heteroaryl group; and a C;-C,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a C;-C,,
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-Cyo aryl group, and a C,-Cg,, heteroaryl group, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-Cgralkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a C4-C,,, cycloalkyl group, a C5-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C;-C,, heterocycloalkenyl group, a C4-Cg, aryl group, a
Cs-Cyo aryloxy group, a C,-Cy, arylthio group, and C,-Cy,
heteroaryl group. R, R,, and R}, to R, are each indepen-
dently selected from a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg, alkyl
group, a C,-C,, alkenyl group, a C,-C, alkynyl group, and a
C,-Cgo alkoxy group; a C,-Cy, alkyl group, a C,-Cy, alkenyl
group, a C,-C,, alkynyl group, and a C,-C, alkoxy group,
each substituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C;-C,,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cep aryl group, a C,-C, aryloxy group, a C4-Cy arylthio
group, and a C,-C, heteroaryl group; a C5-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C5-C, heterocycloalkenyl group, a C¢-Cg, aryl
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group, and a C,-C, heteroaryl group; a C,-C,,, cycloalkyl
group, a C;-C,, heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C;-C | , heterocycloalkenyl group, a C4-Cy, aryl
group, anda 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, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-Cg alkenyl group, a C,-Cg, alkynyl group, a C,-Cq,
alkoxy group, a C;-C, , cycloalkyl group, a C;-C | ; heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-C,, aryl group, a C-Cy, aryloxy
group, a Cy-Cg, arylthio group, and a C,-Cg, heteroaryl
group; and —N(Q,)(Q,5), —Si(Q,3)(Q1.)(Q;s), and
—B(Q,¢)(Q,;) (wherein Q,, and Q, , are each independently
selected from a C,-C, alkyl group, a C,-Cy, alkoxy group, a
C¢-Cyo aryl group, and a C,-C o, heteroaryl group). p and q are
each independently an integer of 1 to 4.

[0016] In one embodiment, in Formulae 1 and 2, Z,; is
CRy ), 21518 CR,), 2,318 CR;), Z1,is C(R ), Zy5 is
CRys), Zys s CRyg), Z17 18 CRy5), 215 18 CRyg), Zyo 18
C(Ryo), Zag is CRyp), Z) 18 C(Ryy), Z5; 18 C(Ry,), Z5 18
C(R»3), and 7, is C(R,.).

[0017] In one embodiment, in Formulae 1 and 2, Ar; and
Ar, are each independently selected from phenyl, pentalenyl,
indenyl, naphthyl, azulenyl, heptalenyl, indacenyl, acenaph-
thyl, fluorenyl, spiro-fluorenyl, phenalenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl, chryse-
nyl, naphthacenyl, picenyl, perylenyl, pentaphenyl, hexace-
nyl, pyrrolyl, imidazolyl, pyrazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, isoindolyl, indolyl, indazolyl, puri-
nyl, quinolinyl, benzoquinolinyl, phthalazinyl, naphthyridi-
nyl, quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl,
phenanthridinyl, acridinyl, phenanthrolinyl, phenazinyl, ben-
zooxazolyl, benzoimidazolyl, furanyl, benzofuranyl,
thiophenyl, benzothiophenyl, thiazolyl, isothiazolyl, ben-
zothiazolyl, isoxazolyl, oxazolyl, thiazolyl, tetrazolyl, oxa-
diazolyl, triazinyl, benzooxazolyl, dibenzofuranyl, diben-
zothiophenyl, and benzocarbazolyl; and phenyl, pentalenyl,
indenyl, naphthyl, azulenyl, heptalenyl, indacenyl, acenaph-
thyl, fluorenyl, spiro-fluorenyl, phenalenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl, chryse-
nyl, naphthacenyl, picenyl, perylenyl, pentaphenyl, hexace-
nyl, pyrrolyl, imidazolyl, pyrazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, isoindolyl, indolyl, indazolyl, puri-
nyl, quinolinyl, benzoquinolinyl, phthalazinyl, naphthyridi-
nyl, quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl,
phenanthridinyl, acridinyl, phenanthrolinyl, phenazinyl, ben-
zooxazolyl, benzoimidazolyl, furanyl, benzofuranyl,
thiophenyl, benzothiophenyl, thiazolyl, isothiazolyl, ben-
zothiazolyl, isoxazolyl, oxazolyl, thiazolyl, tetrazolyl, oxa-
diazolyl, triazinyl, benzooxazolyl, dibenzofuranyl, diben-
zothiophenyl, and benzocarbazolyl, 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, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a C,-C, aryl group, and a C,-C,,
heteroaryl group.

[0018] In one embodiment, in Formulae 1 and 2, Ar; and
Ar, are each independently selected from phenyl, naphthyl,
fluorenyl, spiro-fluorenyl, phenanthrenyl, anthracenyl, fluo-
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ranthenyl, triphenylenyl, pyrenyl, chrysenyl, pyridinyl,
pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl,
quinolinyl, benzoquinolinyl, quinoxalinyl, quinazolinyl, cin-
nolinyl, carbazolyl, and triazinyl; and phenyl, naphthyl, fluo-
renyl, spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl, triphenylenyl, pyrenyl, chrysenyl, pyridinyl,
pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl,
quinolinyl, benzoquinolinyl, quinoxalinyl, quinazolinyl, cin-
nolinyl, carbazolyl, and triazinyl, 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, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, phenyl, naphthyl, fluorenyl, spiro-fluo-
renyl, phenanthrenyl, anthracenyl, fluoranthenyl, triphenyle-
nyl, pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl.

[0019] In one embodiment, in Formulae 1 and 2, Ar, and
Ar, are each independently selected from a group represented
by one of Formulae 3-1 to 3-20 below:

Formula 3-1
* :
Formula 3-2
Formula 3-3
* i
Formula 3-4
*
Formula 3-5
*
Formula 3-6

*®
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-continued
Formula 3-7
) O
Forrmula 3-8
* Q
Formula 3-9

Formula 3-10

ey

*
®
Formula 3-11
*

Formula 3-12
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-continued
Formula 3-13

Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19
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-continued
* QQ

where * represents a binding site to a corresponding N of
Formula 1 or Formula 2.

[0020] Inoneembodiment, in Formulae 1 and2,R, and R,
are each independently selected from a C,-C,, alkyl group; a
C,-C, alkyl group, each substituted with at least one selected
from a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a hitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid or
a salt thereof, phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl: phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenanthre-
nyl, anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl, chry-
senyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
isoindolyl, indolyl, quinolinyl, benzoquinolinyl, quinoxali-
nyl, quinazolinyl, cinnolinyl, carbazolyl, and triazinyl; and
phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl, chryse-
nyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, isoin-
dolyl, indolyl, quinolinyl, benzoquinolinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, and triazinyl, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, phenyl, naphthyl, fluorenyl,
spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoranthenyl,
triphenylenyl, pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyri-
midinyl, pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, carba-
zolyl, and triazinyl.

[0021] 1Inoneembodiment, in Formulae 1 and 2, R, and R,
are each independently selected from methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, and a group represented by one of
Formulae 3-1 to 3-20 above, where * represents a binding site
to a corresponding fluorene carbon of Formula 1 or Formula
2.

[0022] In one embodiment, in Formulae 1 and 2, R;, R,
and R, to R,, are each independently selected from a hydro-
gen atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amine group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
saltthereof, a sulfonic acid or a salt thereof, a phosphoric acid
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, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, phenyl,
naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl, anthra-
cenyl, fluoranthenyl, triphenylenyl, pyrenyl, chrysenyl,

Formula 3-20
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pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl,
indolyl, quinolinyl, benzoquinolinyl,  quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, and triazinyl; phenyl,
naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl, anthra-
cenyl, fluoranthenyl, triphenylenyl, pyrenyl, chrysenyl,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl,
indolyl, quinolinyl, benzoquinolinyl,  quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, and triazinyl; and phe-
nyl, naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl, chryse-
nyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, isoin-
dolyl, indolyl, quinolinyl, benzoquinolinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, and triazinyl, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, phenyl, naphthyl, fluorenyl,
spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoranthenyl,
triphenylenyl, pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyri-
midinyl, pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, carba-
zolyl, and triazinyl.

[0023] In one embodiment, in Formulae 1 and 2, R;, R,
andR |, to R,, are each independently selected from a hydro-
gen atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, and a C,-C,, alkyl group.

[0024] In one embodiment, in Formulae 1 and 2, R;, R,,
andR,, to R,, are each independently selected from a hydro-
gen atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, and a group represented by one of Formulae 3-1 to
3-20 above, where represents a binding site to a correspond-
ing position on the amine-based compound represented by
Formula 1 or Formula 2.

[0025] Inoneembodiment, in Formulae 1 and 2, the amine-
based compound is selected from one of Compounds 1 to 96
as shown in the detailed description below.

[0026] According to a further embodiment, an amine-based
compound represented by Formula 1A or Formula 2A below
is provided:

<Formula 1A>
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-continued

<Formula 2A>

[0027] In Formulae 1A and 2A, p and q are each indepen-
dently selected from an integer of 1 to 4; Ar, and Ar, are each
independently selected from a group represented by one of
Formulae 3-1 to 3-20 above, where * represents a binding site
to a corresponding position on the amine-based compound
represented by Formula 1A or Formula 2A; R, and R, are
each independently selected from a C,-C,, alkyl group and a
group represented by one of Formulae 3-1 to 3-20 above,
where * represents a binding site to a corresponding position
on the amine-based compound represented by Formula 1A or
Formula 2A; R,, R, and R,; 10 R,, are each independently
selected from a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, and a group represented by one of Formulae 3-1 to
3-20 above, where * represents a binding site to a correspond-
ing position on the amine-based compound represented by
Formula 1A or Formula 2A.

[0028] Inoneembodiment,in Formulae 1Aand2A, R4, R,
and R, to R,, are hydrogen atoms.

[0029] According to another enbodiment of the present
invention, provided is an organic light-emitting diode includ-
ing: a first electrode; a second electrode on the first electrode;
and an organic layer between the first electrode and the sec-
ond electrode and including an emission layer, wherein the
organic layer includes at least one amine-based compound
according to Formulae 1 or 2.

[0030] In one embodiment, the organic layer includes a
hole transporting region between the first electrode and the
emission layer, the hole transporting region including at least
one selected from a hole injection layer, ahole transport layer,
afunctional layer having a hole injection capability and a hole
transport capability, a buffer layer, and an electron blocking
layer; and an electron transporting region between the emis-
sion layer and the second electrode, the electron transporting
region including at least one selected from a hole blocking
layer, an electron transport layer, and an electron injection
layer.

[0031] In one embodiment, the hole transporting region
includes the amine-based compound according to Formulae 1
or2,
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[0032] In one embodiment, the hole transporting region
further includes a p-dopant.

[0033] In one embodiment, the hole transporting region
includes ahole transport layer, the hole transport layer includ-
ing the amine-based compound according to Formulae 1 or 2.

[0034] In one embodiment, the emission layer includes a
host and a dopant, the dopant including an organometallic
compound, which includes at least one selected from Ir, Pt,
Os, Ti, Zr, Hf, Eu, Tb, and Tm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, together with the
specification, illustrate embodiments of the present inven-
tion, and, together with the description, serve to explain the
principles of the present invention. The above and other fea-
tures of the present invention will become more apparent by
describing in more detail embodiments thereof with reference
to the attached drawings in which:

[0036] FIG. 1 is a schematic view of a structure of an
organic light-emitting diode according to an embodiment of
the present invention; and

[0037] FIG. 2 shows lifespan (@500 cd/m”) data of
Examples 1 to 8 and Comparative Examples 1 to 3.

DETAILED DESCRIPTION

[0038] In the following detailed description, only certain
embodiments of the present invention are shown and
described, by way of illustration. As those skilled in the art
would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. In the context of the
present application, when a first element is referred to as
being “on” a second element, it can be directly on the second
element or it can be indirectly on the second element with one
or more intervening elements interposed therebetween.
Herein, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” Additionally, expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list. Like reference numerals designate like ele-
ments throughout the specification.

[0039] According to an embodiment, an amine-based com-
pound represented by Formula 1 or 2 below is provided:

<Formula 1>
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<Formula 2>

=7
25

I\
Z34

[0040] Inoneembodiment, in Formulae 1 and 2,7, is N or
CR,), 7,18 Nor CRy,), Z,51s Nor C(R,5), Z,, s N or
C(R,,), Z51s N or C(Ry5), Z,51is Nor C(R,¢), Z,,1s N or
OR,,), Z,5is Nor C(R5). Z,51s Nor C(R ), Z,,1s N or
C(Rsp), 75, 18 N or CR,)), Z,, 18 N or C(R,,), Z,5 is N or
C(R,3), and 7, is N or C(R,,).

[0041] Forexample, in one embodiment, in Formulae 1 and
2,2,,isC(Ryy), Z15 8 C(Ry ), Z,3 18 C(Ry5), Z,, 18 CRy ),
21518 C(Rys), Z1618 C(Ry6), 217 18 C(Ry7). Z15 35 C(Ry3), Z1o
is C(Ry), Zy 18 CR,), Z,, 18 C(Ry,), Z5, 18 C(Ryy), Zo3 I8
C(Ry3), and 7, is C(Ry4), but Zyy, 253 243, 244, 2,5, 2y,
27 Lig Lio, Log, 251, 2y, 2,5, and Z,,, but embodiments
are not limited thereto.

[0042] Inoneembodiment, A, and Ar, in Formulae 1 and 2
are each independently selected from:

[0043] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C,-C,,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cg, aryl group, and a C,-Cy,
heteroaryl group, and

[0044] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C,-Cg, aryl group, and a C,-Cg,
heteroaryl group, each substituted with at least one selected
from a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nhitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid or
asalt thereof, a C,-Cq, alkyl group, a C,-C,, alkenyl group, a
C,-Cy, alkynyl group, a C,-C,, alkoxy group, a C,-C,,
cycloalkyl group, a C;-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cg aryl group, a C4-Cg aryloxy group, a C4-Cy arylthio
group, and a C,-Cg,, heteroaryl group.

[0045] For example, in one embodiment, Ar, and Ar, in
Formulae 1 and 2 are each independently selected from:
[0046] phenyl, pentalenyl, indenyl, naphthyl, azulenyl,
heptalenyl, indacenyl, acenaphthyl, fluorenyl, spiro-fluore-
nyl, phenalenyl, phenanthrenyl, anthracenyl, fluoranthenyl,
triphenylenyl, pyrenyl, chrysenyl, naphthacenyl, picenyl,
perylenyl, pentaphenyl, hexacenyl, pyrrolyl, imidazolyl,
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pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
isoindolyl, indolyl, indazolyl, purinyl, quinolinyl, benzo-
quinolinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, phenanthridinyl, acridi-
nyl, phenanthrolinyl, phenazinyl, benzooxazolyl, benzoimi-
dazolyl, furanyl, benzofuranyl, thiophenyl, benzothiophenyl,
thiazolyl, isothiazolyl, benzothiazolyl, isoxazolyl, oxazolyl,
thiazolyl, tetrazolyl, oxadiazolyl, triazinyl, benzooxazolyl,
dibenzofuranyl, dibenzothiophenyl, and benzocarbazolyl,
and

[0047] phenyl, pentalenyl, indenyl, naphthyl, azulenyl,
heptalenyl, indacenyl, acenaphthyl, fluorenyl, spiro-fluore-
nyl, phenalenyl, phenanthrenyl, anthracenyl, fluoranthenyl,
triphenylenyl, pyrenyl, chrysenyl, naphthacenyl, picenyl,
perylenyl, pentaphenyl, hexacenyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
isoindolyl, indolyl, indazolyl, purinyl, quinolinyl, benzo-
quinolinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, phenanthridinyl, acridi-
nyl, phenanthrolinyl, phenazinyl, benzooxazolyl, benzoimi-
dazolyl, furanyl, benzofuranyl, thiophenyl, benzothiophenyl,
thiazolyl, isothiazolyl, benzothiazolyl, isoxazolyl, oxazoly],
thiazolyl, tetrazolyl, oxadiazolyl, triazinyl, benzooxazolyl,
dibenzofuranyl, dibenzothiophenyl, and benzocarbazolyl,
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, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a C,-C,, aryl group, and
a C,-C,, heteroaryl group.

[0048] According to another embodiment of the present
invention, Ar, and Ar, in Formulae 1 and 2 are each indepen-
dently selected from:

[0049] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinoliny],
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, and

[0050] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, each substituted with at least one selected from a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, phenyl, naphthyl, fluo-
renyl, spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl, triphenylenyl, pyrenyl, chrysenyl, pyridinyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl, quinoliny],
benzoquinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, car-
bazolyl, and triazinyl.

[0051] According to another embodiment of the present
invention, Ar, and Ar, in Formulae 1 and 2 are each indepen-
dently selected from a group represented by one of Formulae
3-1 10 3-20 below, but Ar, and Ar, are not limited thereto:
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Formula 3-1
* :
Formula 3-2
Formula 3-3
* .4
Formula 3-4
*

S

Formula 3-5

Formula 3-6

Formula 3-7
*

Formula 3-8

%



US 2014/0252327 Al

-continued
Formula 3-9
*
Formula 3-10
*
Formula 3-11
*

Formula 3-12

&

*

Formula 3-13

Formula 3-14

Formula 3-15

*
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Formula 3-16
* Q
Formula 3-17

Formula 3-18

%Og

Formula 3-19

*

Formula 3-20

[0052] *inFormulae 3-1to 3-20 represents a binding site to
a corresponding position on the amine-based compound.
Thus, in the above embodiment, where Ar, and Ar, in For-
mulae 1 and 2 are each independently selected from a group
represented by one of Formulae 3-1 to 3-20 above, * in
Formulae 3-1 to 3-20 represents a binding site to a corre-
sponding N of Formula 1 or Formula 2.

[0053] Inoneembodiment, R, and R, in Formulae 1 and 2
are each independently selected from:

[0054] a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-Cq, alkynyl group, and a C,-C,, alkoxy group, a
C,-Cyoalkyl group, a C,-Cgalkenyl group, a C,-Cy, alkynyl
group, and a C,-Cg, alkoxy group, each substituted with at
least one selected from a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C;-C,, cycloalkyl group,
a C;-C,, heterocycloalkyl group, a C,-C,, cycloalkenyl
group, a C;-C,, heterocycloalkenyl group, a C;-Cg, aryl
group, a C¢-Cg, aryloxy group, a C-Cy, arylthio group, and
a C,-Cg, heteroaryl group,

[0055] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C, , het-
erocycloalkenyl group, a C4-Cg, aryl group, and C,-Cs,, het-
eroaryl group, and

[0056] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C |, cycloalkenyl group, a C5-C,, het-
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erocycloalkenyl group, a C¢-Cy,, aryl group, and C,-Cs, het-
eroaryl 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,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C,-C |, heterocycloalkyl group, a C,-C
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Cs-Cyp aryl group, a C,-Cy, aryloxy group, a C,-C, arylthio
group, and a C,-C,, heteroaryl group.

[0057] Forexample, in one embodiment, R, and R, in For-
mulae 1 and 2 are each independently selected from:

[0058] a C,-C,, alkyl group,

[0059] 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, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinoliny],
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl,

[0060] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, and

[0061] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinoliny],
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, each substituted with at least one selected from a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, phenyl, naphthyl, fluo-
renyl, spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl, triphenylenyl, pyrenyl, chrysenyl, pyridinyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl, quinoliny],
benzoquinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, car-
bazolyl, and triazinyl, but embodiments are not limited
thereto.

[0062] According to an embodiment of the present inven-
tion, R, and R, in Formulae 1 and 2 are each independently
selected from methyl, ethyl, propyl, butyl, pentyl, hexyl, hep-
tyl, and a group represented by one of Formulae 3-1 to 3-20
above, but embodiments are not limited thereto.

[0063] In one embodiment, in Formulae 1 and 2, R;, R,
and R, to R,, are each independently selected from:

[0064] ahydrogenatom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-Cg, alkyl group, a
C,-Cg alkenyl group, a C,-C,, alkynyl group, and a C,-Cg,
alkoxy group,
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[0065] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg, alkynyl group, and a C,-Cy, alkoxy group, each sub-
stituted with at least one selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C;-C,,
cycloalkyl group, a C;-C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cgo aryl group, a C,-C aryloxy group, a C4-Co arylthio
group, and a C,-C, heteroaryl group,

[0066] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C¢-Cqyy aryl group, and C,-Cg, het-
eroaryl group,

[0067] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Cq, aryl group, and a C,-Cq,
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, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid or
a salt thereof, a C,-Cgpalkyl group, a C,-Cyyalkenyl group, a
C,-Cgo alkynyl group, a C,-Cg, alkoxy group, a C5-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C;-C,,, heterocycloalkenyl group, a
C¢-Cyo aryl group, a C-Cy, aryloxy group, a C¢-Cy, arylthio
group, and a C,-C, heteroaryl group, and

[0068] —N(Q;)Q,»), —Si(Q13)(QL)(Qy5) and
—B(Q,6)(Q;;), wherein Q,, to Q,, are each independently
selected from a C,-Cg, alkyl group, a C,-C, alkoxy group, a
C¢-Cy, aryl group, and a C,-C, heteroaryl group.

[0069] Forexample, in one embodiment, R;, R,. andR;; to
R,, in Formulae 1 and 2 are each independently selected
from:

[0070] ahydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof. and a C,-C, alkyl group,
[0071] 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, hydrazine, hydrazone, a carboxyl group or a
saltthereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl,

[0072] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, and

[0073] phenyl, naphthyl, fluorenyl, spiro-fluorenyl,
phenanthrenyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzoquinolinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, and triazi-
nyl, each substituted with at least one selected from a deute-
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rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, phenyl, naphthyl, fluo-
renyl, spiro-fluorenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl, triphenylenyl, pyrenyl, chrysenyl, pyridinyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl, quinoliny],
benzoquinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, car-
bazolyl, and triazinyl, but embodiments are not limited
thereto.

[0074] According to another embodiment of the present
invention, Ry, R,, and R, toR,, in Formulae 1 and 2 are each
independently selected from a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, and a
C,-C,, alkyl group, but embodiments are not limited thereto.

[0075] According to another embodiment of the present
invention, Ry, R,, and R, | toR,, in Formulae 1 and 2 are each
independently selected from a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, and a group repre-
sented by one of Formulae 3-1 to 3-20 above, but embodi-
ments are not limited thereto.

[0076] According to one embodiment of the present inven-
tion, R; and R, in Formulae 1 and 2 are linked to each other to
form a saturated or an unsaturated ring.

[0077] In Formulae 1 and 2, p represents a number of R,
groups and may be an integer of 1 to 4. In embodiments in
which p is 2 or more, one or more of the R, groups may be
identical to, or different from each other. q represents a num-
ber of R, groups and may be an integer of 1 to 4. In embodi-
ments in which q is 2 or more, one or more of the R, groups
may be identical to or different from each other.

[0078] According to an embodiment of the present inven-

tion, the amine-based compound is represented by Formulae
1A or 2A below:

<Formula 1A>

Sep. 11,2014

-continued

<Formula 2A>

[0079] R, to R, R, toR,,, Ar,, Ar,, p, and q in Formulae
1A and 2A are as already described above with reference to
R, to Ry, Ry, to Ry, Ary, Ars, p, and q of Formulae 1 and 2.

[0080] For example, in one embodiment, in Formulae 1A
and 2A:
[0081] Ar, and Ar, are each independently selected from a

group represented by one of Formulae 3-1 to 3-20 above;

[0082] R, and R, are each independently selected from a
C,-C,, alkyl group and a group represented by one of For-
mulae 3-1 to 3-20 above;

[0083] R, 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, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, and a group represented by one of Formulae 3-1 to
3-20 above; and

[0084] p and q are each independently selected from an
integer of 1 to 4, but embodiments are not limited thereto.

[0085] According to an embodiment of the present inven-
tion, each of R;, R, and R, to R,, in Formulae 1A and 2A is
a hydrogen atom, but embodiments are not limited thereto.

[0086] According to an embodiment of the present inven-
tion, the amine-based compound is represented by Formula 2
or 2A, but embodiments are not limited thereto.
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[0087] The amine-based compound may be selected from
Compounds 1 to 96 below:
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[0088] According to aspects of embodiments of the present
invention, in Formulae 1 and 2, because a first benzene ring is
bound to a carbazole-based ring at a first carbon in the first
benzene ring, and is bound to a second benzene ring at a meta
position of the first benzene ring, with respect to the first
carbon (i.e. the second benzene ring and the carbazole-based
ring are meta to one another about the first benzene ring, see
Formula 1" and Formula 2', below), in contrast to a structure in
which the second benzene ring and the carbazole-based ring
are para to one another about the first benzene ring, a com-
pound represented by Formula 1 or 2 may have lower HOMO
energy levels (based on calculated values) and may have a
decreased hole mobility. Accordingly, because hole mobility
is typically faster than electron mobility, hole mobility and
electron mobility may be balanced in an emission layer of an

organic light-emitting diode having a hole transporting
region, which includes a compound represented by Formula 1
or Formula 2, between an anode and the emission layer. In
addition, leakage of electrons injected to a second electrode
(cathode) from an emission layer to a hole transport layer may
be prevented or reduced. Accordingly, when the compound
represented by Formula 1 or Formula 2 is included in a hole
transporting region of an organic light-emitting diode, the
organic light-emitting diode may have improved efficiency
and/or lifespan.

[0089] In Formula 1' and Formula 2' below, the first ben-
zene ring and the second benzene ring described above are
referred as “a first benzene” and “a second benzene”, respec-
tively.
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<Formula 1"
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[0090] Accordingly, an organic light-emitting diode

including the amine-based compound represented by For-
mula 1 or 2 may have improved efficiency, brightness, and/or
lifespan.

[0091] The amine-based compound represented by For-
mula 1 or 2 may be synthesized by referring to the following
examples described later.

[0092] The amine-based compound of Formula 1 or For-
mula 2 may be used between a pair of electrodes of an organic
light-emitting diode. For example, the amine-based com-
pound may be used in at least one of a hole injection layer, a
hole transport layer, and a functional layer having a hole
injection capability and a hole transport capability.

[0093] Accordingly, in another embodiment, an organic
light-emitting diode is provided including: a first electrode; a
second electrode on the first electrode; and an organic layer
between the first electrode and the second electrode, the
organic layer including an emission layer and at least one
amine-based compound represented by Formula 1 or For-
mula 2. For example, the organic layer may include one
amine-based compound represented by Formula 1 or For-
mula 2, or may include two or more different amine-based
compounds represented by Formula 1 and/or Formula 2.
[0094] For example, the organic layer may include only
Compound 1 as the amine-based compound. By way of
example, Compound 1 may be in a hole transport layer of the
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organic light-emitting diode. According to another embodi-
ment of the present invention, the organic layer includes
Compound 1 and Compound 2 as the at least one amine-based
compound. In one embodiment, Compound 1 and Compound
2 may be in a same layer (for example, Compound 1 and
Compound 2 both being in the hole transport layer), or in
different layers (for example, Compound 1 being in the hole
transport layer and Compound 2 being in the emission layer).

[0095] The organic layer may include a hole transporting
region between the first electrode and the emission layer, the
hole transporting region including at least one of a hole injec-
tion layer, a hole transport layer, a functional layer having a
hole injection capability and a hole transport capability, a
buffer layer, and an electron blocking layer.

[0096] The organic layer may further include an electron
transporting region between the emission layer and the sec-
ond electrode, the electron transporting region including at
least one of a hole blocking layer, an electron transport layer,
and an electron injection laver.

[0097] The amine-based compound may be in the hole
transporting region. The hole transporting region may further
include a p-dopant. The hole transporting region may include
a hole transport layer that contains the amine-based com-
pound.

[0098] Theterm “organic layer” as used herein may refer to
a single layer or to a plurality of layers, between a first
electrode and a second electrode of an organic light-emitting
diode.

[0099] FIG. 1 is a schematic sectional view of an organic
light-emitting diode 10 according to an embodiment of the
present invention. Hereinafter, the structure of an organic
light-emitting diode according to an embodiment of the
present invention and a method of manufacturing the organic
light-emitting diode 10, including an amine-based com-
pound, according to an embodiment of the present invention
are described in connection with FIG. 1.

[0100] A substrate 11, which may be any substrate suitable
for use in OLEDs, and may be a glass substrate or a transpar-
ent plastic substrate with a suitable mechanical strength, ther-
mal stability, transparency, surface smoothness, ease of han-
dling, and/or water resistance.

[0101] A first electrode 13 may be formed by depositing or
sputtering a material for the first electrode on the substrate 11.
When the first electrode 13 is an anode, the material for the
first electrode may be selected from materials with a high
work function to ease hole injection. The first electrode 13
may be a reflective electrode or a transmission electrode. The
material for the first electrode may be a transparent material
with high conductivity, and examples of such a material
include indium tin oxide (ITO), indium zinc oxide (1Z0), tin
oxide (SnQ,), and zinc oxide (Zn0). In embodiments in
which magnesium (Mg), aluminum (Al), aluminum-lithium
(Al—Li), calcium (Ca), magnesium-indium (Mg—In), mag-
nesium-silver (Mg—Ag), or the like is used, the first elec-
trode 13 may be used as a reflective electrode.

[0102] The first electrode 13 may have a single-layer struc-
ture or a multi-layer structure including at least two layers.
For example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO, but the structure of the first elec-
trode 13 is not limited thereto.

[0103] The organic layer 15 (which may include one or
more layers as already described above) may be on the first
electrode 13.

[0104] For example, the organic layer 15 may include a
hole injection layer, a hole transport layer, a buffer layer, an
emission layer, an electron transport layer, and/or an electron
injection layer.
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[0105] A hole injection layer (HIL) may be formed on the
first electrode 13 by using various suitable methods, such as
vacuum deposition, spin coating, casting, and Langmuir-
Blodgett (LB) deposition.

[0106] In embodiments in which the HIL is formed using
vacuum deposition, vacuum deposition conditions may vary
according to a compound that is used to form the HIL and a
desired structure and thermal properties of the HIL to be
formed. For example, vacuum deposition may be performed
at a temperature of about 100° C. to about 500° C., a pressure
of about 107 torr to about 107> torr, and a deposition rate of
about 0.01 to about 100 A/sec. However, the deposition con-
ditions are not limited thereto.

[0107] In embodiments in which the HIL is formed using
spin coating, the coating conditions may vary according to a
compound that is used to form the HIL and a desired structure
and thermal properties of the HIL to be formed. For example,
the coating rate may be in a range of about 2000 rpm to about
5000 rpm, and a temperature at which heat treatment is per-
formed to remove a solvent after coating may be in a range of
about 80° C. to about 200° C. However, the coating conditions
are not limited thereto.

[0108] According to some embodiments any material suit-
able for use as a hole injection material in an organic light-
emitting diode may be used for the HIL. Examples of the hole
injection material include N,N'-diphenyl-N,N'-bis-[4-(phe-
nyl-m-tolyl-amino)-phenyl]-biphenyl-4.4'-diamine
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine, 4,4'4"-tris (3-methylphenylphenylamino jtriph-
enylamine (m-MTDATA) (shown below), N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPB), TDATA (shown
below), 2-TNATA (shown below), polyaniline/dodecylben-
zenesulfonic acid (pani/DBSA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS), polya-
niline/camphor sulfonic acid (pani/CSA), and (polyaniline)/
poly(4-styrenesulfonate) (PANI/PSS), but are not limited
thereto.

m-MTDATA
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[0109] Insome embodiments, the HIL includes the amine-
based compound represented by Formulae 1 or 2, however a
material for forming the HIL is not limited thereto.

[0110] A thickness of the HIL may be in a range of about
100 A to about 10000 A, for example, about 100 A to about
1000 A. In embodiments in which the thickness of the HIL is
within these ranges, the HIL. may have good hole injection
characteristics without a substantial increase in a driving
voltage.

[0111] A hole transport layer (HTL) may be formed on the
HIL by using vacuum deposition, spin coating, casting, LB
deposition, or the like. In embodiments in which the HTL is
formed using vacuum deposition or spin coating, the deposi-
tion and coating conditions may be similar to those for the
formation of the HIL, though the deposition and coating
conditions may vary according to a compound that is used to
form the HTL.
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[0112] As ahole transport material, the amine-based com-
pound represented by Formulae 1 or 2 described above may
be used.

[0113] A thickness of the HTL may be in a range of about
50 A to about 20000 A, for exaniple, about 100 A to about
1500 A. In embodiments in which the thickness of the HTL is
within these ranges, the HTL may have good hole transport
characteristics without a substantial increase in a driving
voltage.

[0114] A functional layer having a hole injection ability
and a hole transport ability, also referred to herein as an
“H-functional layer”, may also be included in the organic
layer. The H-functional layer may include one or more mate-
rials selected from the materials for the HIL and the materials
for the HTL, but is not limited thereto. A thickness of the
H-functional layer may be in a range of about 100 A to about
10,000 A, for example, about 100 A to about 1,000 A. In
embodiments in which the thickness of the H-functional layer
is within these ranges, the H-functional layer may have good
hole injection and transport characteristics without a substan-
tial increase in a driving voltage.

[0115] In some embodiments, the H-functional layer
includes the amine-based compound represented by Formu-
lae 1 or 2. However, a material for forming the H-functional
layer is not limited thereto.

[0116] At least one of the HIL, HTL, and H-functional
layer may further include a charge-generating material to
increase conductivity of a layer, in addition to the hole inject-
ing material, the hole transport material, and/or the material
having both hole injection and hole transport capabilities as
described above.

[0117] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be selected from
quinine derivatives, metal oxides, and compounds with a
cyano group, but is not limited thereto. Non-limiting
examples of the p-dopant include a quinone derivative, such
as tetracyanoquinonedimethane (TCNQ) or 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinonedimethane (F4-
TCNQ) (shown below); ametal oxide, such as tungsten oxide
or molybdenium oxide; and a cyano group-containing com-
pound, such as Compound 200 (shown below).

<Compound 200>

CN
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[0118] In embodiments in which the hole injection layer,
the hole transport layer, and/or the H-functional layer further
include a charge-generating material, the charge-generating
material may be homogeneously dispersed or non-homoge-
neously distributed in the hole injection layer, the hole trans-
port layer, and/or the H-functional layer.

[0119] A buffer layer may be between the emission layer
and at least one of the HIL, the HTL, and the H-functional
layer. The buffer layer may compensate for an optical reso-
nance distance of light according to a wavelength of the light
emitted from the emission layer, and thus may increase effi-
ciency. The buffer layer may include any hole injecting mate-
rials or hole transporting materials suitable for use in an
organic light-emitting diode. In some embodiments, the
buffer layer includes a same material as those included in the
HIL, HTL, and/or H-functional layer.

[0120] The emission layer (EML) may be formed on the
HTL, the H-functional layer, or the buffer layer by vacuum
deposition, spin coating, casting, LB deposition, or the like.
In embodiments in which the EML is formed using vacuum
deposition or spin coating, the deposition and coating condi-
tions may be similar to those for the formation of the HIL,
though the conditions for deposition and coating may vary
according to a material that is used to form the EML.

[0121] The EML may include a host and a dopant. The
dopant may include a fluorescent dopant and/or a phospho-
rescent dopant. For example, the phosphorescent dopant may
include an organometallic complex including iridium (Ir),
platinum (Pt), osmium (Os), titanium (Ti), zirconium (Zr),
hafnium (Hf), europium (Eu), terbium (Tb), or thulium (Tm).

[0122] Inembodiments in which the organic light-emitting
diode is a full color organic light-emitting diode, the EML
may be patterned into a red EML, a green EML, and a blue
EML. According to another embodiment of the present inven-
tion, the EML includes a stack structure of two or more of a
red EML, a green EML, and a blue EML to emit white light.
However, the structure of the EML is not limited thereto.

[0123] Atleast one of the red EML, the green EML, and the
blue EML may include one or more dopants such as those
illustrated below (ppy=phenylpyridine).

[0124] For example, the compounds illustrated below may
be used as a blue dopant, but the blue dopant is not limited
thereto:
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[0125] As a further example, the compounds illustrated _continued

below may be used as a red dopant, but the red dopant is not — — —
limited thereto. For example, DCM or DCJTB may be used as
the red dopant.
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Me [0127] Additional examples of dopants that may be
DeM included in the EML include complexes such as those illus-

trated below, but are not limited thereto:

D1
t-Bu

D2
[0126] As a further example, the compounds illustrated
below may be used as a green dopant, but the green dopant is
not limited thereto. For example, C545T may be used as the
green dopant.

D3

Ir(ppy)s
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[0128] Additional non-limiting examples of dopants that Os(hptz)y(PPAMes)s .
may be included in the EML include the Pt complexes illus-
trated below:
[0129] In embodiments in which the EML includes both a
host and a dopant, an amount of the dopant may be from about
CFs 0.01 parts to about 15 parts by weight based on 100 parts by
weight of the host. However, the amount of the dopant is not
limited to this range.

N [0130] A thickness of the EML may be in a range of about
100 A to about 10,000 A, for example, about 200 A to about
y 600 A. In embodiments in which the thickness of the EML is

within these ranges, the EML may have improved light emit-
ting ability without a substantial increase in driving voltage.
[0131] Anelectrontransportlayer (ETL) may be formed on
the EML using various methods. Examples include vacuum
deposition, spin coating, casting, and the like. In embodi-
Os(fppz)(CO); ments in which the ETL is formed using vacuum deposition
or spin coating, the deposition and coating conditions may be
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similar to those for the formation of the HIL, though the
conditions for deposition and coating may vary according to
amaterial that is used to form the ETL. The material used for
the ETL may be any one of various electron transporting
materials suitable to stably transport electrons injected from
an electron injection electrode (cathode). Non-limiting
examples of the material for the ETL include a quinoline
derivative, tris(8-quinolinolate)aluminum (Algq3), TAZ,
Balg, beryllium bis(benzoquinolin-10-olate) (Bebq2), and
ADN (some of which are shown below), as well as Com-
pound 201 and Compound 202 below.

2

|

N

TAZ

BAlq

<Compound 201>
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[0132] A thickness of the ETL may be in a range of about
100 A to about 1000 A, for example, about 150 A to about 500
A. In embodiments in which the thickness of the ETL is
within these ranges, the ETL may have good electron trans-
porting ability without a substantial increase in driving volt-
age.

[0133] The ETL may further include a metal-containing
material, in addition to an electron transporting inorganic
material.

[0134] The metal-containing material may include a
lithium (Li) complex. Non-limiting examples of the Li com-
plex include lithium quinolate (LiQ) and Compound 203
below:

<Compound 203>
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<LiQ>

Li'\o

[0135] An EIL, which in some embodiments facilitates
injection of electrons from the cathode, may be formed on the
ETL. Any suitable electron-injecting material may be used to
form the EIL.

[0136] Non-limiting examples of materials for forming the
EIL include LiF, NaCl, CsF, Li,0, and BaO. The deposition
conditions of the EIL. may be similar to those used to form the
HIL, although the deposition conditions may vary according
to a material that is used to form the EIL.

[0137] A thickness of the EIL may be in a range of about 1
A to about 100 A, for example, about 3 A to about 90 A. In
embodiments in which the thickness of the EIL is within these
ranges, the EIL may have good electron injection ability
without a substantial increase in driving voltage.

[0138] A second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode, which is
an electron injection electrode. A metal for forming the sec-
ond electrode may be a metal, an alloy, an electrically con-
ductive compound, which all have a low-work function, or a
mixture thereof. In this regard, the second electrode 17 may
be formed of lithium (L1), magnesium (Mg), aluminum (Al),
aluminum (Al)-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 embodiments, to manufacture a top-emission light-
emitting diode, the transmission electrode may be formed of
indium tin oxide (ITO) or indium zinc oxide (IZ0).

[0139] An organic light-emitting diode according to an
embodiment of the present invention has been described
herein with reference to FIG. 1. However, the organic light-
emitting diode is not limited thereto.

[0140] Inaddition, in embodiments in which a phosphores-
cent dopant is used in the EML, a triplet exciton or a hole may
diffuse to an electron transport layer. To prevent or reduce the
diffusion, a hole blocking layer (HBL) may be formed
between the ETL and the EML by vacuum deposition, spin
coating, casting, LB deposition, or the like. In embodiments
in which the HBL is formed using vacuum depaosition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the HBL. Any hole-blocking material
suitable for use in an organic light-emitting diode may be
used. Non-limiting examples of hole-blocking materials
include oxadiazole derivatives, triazole derivatives, and
phenanthroline derivatives. For example, BCP illustrated
below may be used as the hole-blocking material.

39
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[0141] A thickness of the HBL may be in a range of about
20 A to about 1000 A, for example, about 30 A to about 300
A. In embodiments in which 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.
[0142] The groups described above in connection with For-
mulae 1,2, 1A, and 2A (e.g. Z,,—7,4, R, toR,, R, 10 R,,,
Ar,, Ar,, p, and q) are described here in more detail.

[0143] The unsubstituted C,-Cq, alkyl group (or C,-Cg,
alkyl group) as used herein may refer to a C,-Cy, linear or
branched alkyl group, such as methyl, ethyl, propyl, isobutyl,
sec-butyl, pentyl, iso-amyl, or hexyl, and the substituted
C,-Cg alkyl group may refer to a group in which at least one
hydrogen of the unsubstituted C,-Cg, alkyl group is substi-
tuted with at least one substituent selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a C,-Cy,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C4-Cy, aryl group, a C,-Cg, heteroaryl group, —N(Q, ;)
(Q12), —S1(Q13)(Q14)(Qy5) and B(Q6)(Q,7). Qy to Qy, are
each independently selected from a hydrogen atom, a C,-Cy,
alkyl group, a C,-a Cg, alkenyl group, a C,-a C, alkynyl
group, aCg-a C,, aryl group, and a C,-a C, heteroaryl group.
[0144] The unsubstituted C,-C, alkoxy group (or C,-Cg,
alkoxy group) as used herein has a formula of —OA (where A
is the unsubstituted C,-Cg, alkyl group described above),
examples of which include methoxy, ethoxy, and isopropy-
loxy. The substituted C,-C, alkoxy group may refer to a
group in which at least one hydrogen atom of the unsubsti-
tuted C,-Cq, alkoxy group is substituted with at least one of
the substituents already described above in connection with
the substituted C,-Cy, alkyl group.

[0145] The unsubstituted C,-Cg, alkenyl group (or C,-Cg,
alkenyl group) as used herein may refer to an unsubstituted
C,-C alkyl group having one or more carbon-carbon double
bonds at one or more positions along a carbon chain of the
unsubstituted C,-Cg, alkyl group. For example, the unsubsti-
tuted C,-Cg, alkenyl group may include a terminal alkene
and/or an internal alkene. Examples of the unsubstituted
C,-Cg, alkenyl group include ethenyl, propenyl, and butenyl.
The substituted C,-Cy, alkenyl group, may refer to a group in
which atleast one hydrogen atom of the unsubstituted C,-Cq,
alkenyl group is substituted with at least one of the substitu-
ents already described above in connection with the substi-
tuted C,-Cy, alkyl group.

[0146] The unsubstituted C,-Cg, alkyny! group (or C,-Cy,
alkynyl group) as used herein may refer to an unsubstituted
C,-Cg, alkyl group having one or more carbon-carbon triple
bonds at one or more positions along a carbon chain of the
unsubstituted C,-C, alkyl group. For example, the unsubsti-
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tuted C,-Cg, alkynyl group may include a terminal alkyne
and/or an internal alkyne. Examples of the unsubstituted
C,-C¢, alkynyl group include ethynyl, propynyl, and the like.
The substituted C,-C, alkynyl group, may refer to a group in
which at at least one hydrogen atom of the C,-Cg, alkynyl
group is substituted with at least one of the substituents
already described above in connection with the substituted
C,-Cyg, alkyl group.

[0147] The unsubstituted C,-Cy, aryl group may refer to a
monovalent group having a carbocyclic aromatic system hav-
ing 6 to 60 carbon atoms, including at least one aromatic ring.
[0148] The unsubstituted C,-Cy, arylene group may refer
to a divalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, including at least one aromatic
ring.

[0149] In embodiments in which the aryl group or the
arylene group includes two or more rings, the rings may be
fused to each other. The substituted C,-Cg, aryl group and the
substituted C4-C, arylene group may each refer to a group in
which at least one hydrogen atom of the C4-Cq, aryl group
and the C4-Cy, arylene group, respectively, are substituted
with at least one of the substituents already described above in
connection with the substituted C,-Cg, alkyl group.

[0150] Non-limiting examples of the substituted and
unsubstituted C4-Cy, aryl group include a phenyl group, a
C,-C,, alkylphenyl group (for example, an ethylphenyl
group), a C,-C , alkylbiphenyl group (for example, an ethyl-
biphenyl group), a halophenyl group (for example, an o-, m-
or p-fluorophenyl group or a dichlorophenyl group), a dicy-
anophenyl group, a trifluoromethoxyphenyl group, an o-, m-,
or p-tolyl group, an o-, m- or p-cumenyl group, a mesityl
group, a phenoxyphenyl group, an (a,c-dimethylbenzene)
phenyl group, an (N,N'-dimethyl)aminophenyl group, an
(N,N'-diphenyl)aminophenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a halonaphthyl group (for
example, a fluoronaphthyl group). a C,-C,, alkylnaphthyl
group (for example, a methylnaphthyl group), a C,-C,,
alkoxynaphthyl group (for example, a methoxynaphthyl
group), an anthracenyl group, an azrenyl group, a heptalenyl
group, an acenaphthylenyl group, a phenalenyl group, a fluo-
renyl group, an anthraquinolinyl group, a methylanthracenyl
group, a phenanthracenyl 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 pentasenyl group, a tetraphenylenyl
group, a hexaphenyl group, a hexacenyl group, a rubicenyl
group, a coroneryl group, a trinaphthylenyl group, a hep-
taphenyl group, a heptaceny! group, a piranthrenyl group, and
an obarenyl group. Examples of the substituted C4-Cg, aryl
group may be further understood by referring to the examples
of the unsubstituted C,-Cg, aryl group and the substituents
described above in connection with the substituted C,-Cg,
alkyl group, with which the C,-Cg, aryl group may be sub-
stituted. Examples of the substituted or unsubstituted C5-Cg,
arylene group may be further understood by referring to
examples of the substituted or unsubstituted C4-Cy, aryl
group.

[0151] The unsubstituted C,-C, heteroaryl group as used
herein may refer to amonovalent group including one or more
aromatic rings having at least one heteroatom selected from
nitrogen (N), oxygen (O), phosphorous (P), and sulfur (S) in
the ring, with carbon atoms as the remaining ring atoms. The
unsubstituted C,-C, heteroarylene group as used herein may
refer to a divalent group including one or more aromatic rings
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having at least one heteroatom selected from nitrogen (N),
oxygen (O), phosphorous (P), and sulfur (S) in the ring, with
carbon atoms as the remaining ring atoms. In embodiments in
which the C,-C, heteroaryl group or the C,-Cg, het-
eroarylene group includes two or more rings, the rings may be
fused to each other. The substituted C,-C, heteroaryl group
and the substituted C,-Cg,, heteroarylene group may each
refer to a group in which at least one hydrogen atom of the
C,-C, heteroaryl group and the C,-C,, heteroarylene group,
respectively, is substituted with one or more of the substitu-
ents already described in connection with the C,-C, alkyl
group.

[0152] Examples of the unsubstituted C,-Cq, heteroaryl
group include a pyrazolyl group, an imidazolyl group, a
oxazolyl group, a thiazolyl group, a triazolyl group, tetra-
zolvl, an oxadiazolyl group, a pyridinyl group, a pytidazinyl
group, a pyrimidinyl group, a triazinyl group, a carbazolyl
group, an indolyl group, a quinolinyl group, an isoquinolinyl
group, a benzoin imidazolyl group, an imidazo pyridinyl
group, and an imidazo pyrimidinyl group. Examples of the
substituted and unsubstituted C,-C, heteroarylene groups
may be understood by referring to the examples of the sub-
stituted or unsubstituted C,-Cg, arylene group.

[0153] The substituted or unsubstituted C4-Cy, aryloxy
group referred to herein, has a formula of —OA, (where A, is
the substituted or unsubstituted C4-Cy, aryl group), and the
substituted or unsubstituted C4-Cy, arylthio group has a for-
mula of —SA; (where A, is the substituted or unsubstituted

Ce-Cyp aryl group).

[0154] Hereinafter, one or more embodiments of the
present invention are described in more detail with reference
to the following examples. However, these examples are not
intended to limit the scope of the present invention.

EXAMPLES

Synthesis of Sub 2(1) to 2(6) Belonging to Sub 2

[0155] Sub 2(1) to Sub 2(6) belonging to Sub 2 were syn-
thesized according to Reaction Scheme 1:

Reaction Scheme 1

el
N,

-0

Pdy(dba)s/PPhy

_—
NaO#-Bu/Toluene
Sub 1-1 reflux

BI—AII

Ar

N

NBS
—_—
Q O .

Sub 1-2
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-continued -continued

Tmsopropyl borate

2 5M n-BuLi/Ether
2N HCI

Sub 1-3

Sub 2

Sub 2(1)
B(OH), Br

Sub 1-4

Br
Pd(PPh3)y/N2aOH
_—
THF/H,0
Br reflux
Br I O

Sub 2(2)
Sub 2-1 Br

~_ PACL(dppfyKOAc
—_—_— -

H oY
9
0

—0 Sub 2(3)

+

O Br

Sub 2-2

Pd(PPh3)y/NaOH O
—_—_—
N

s THE/H,0

reflux

> 9
Br
Sub 2-3
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-continued
Sub 2(4)
Br
N O
Sub 2(5)
Br
N O
Sub 2(6)

o
9

[0156] Ar, and Sub 2-3 in Reaction Scheme 1 for the syn-
thesis of Sub 2(1) to Sub 2(6) are shown in Table 1 below:

TABLE 1

Reaction Scheme 1

Compound Ary Sub 2-3

Sub 2(1) phenyl group 1-bromo-4-iodobenzene
Sub 2(2) 1-naphthyl group 1-bromo-4-iodobenzene
Sub 2(3) biphenyl group 1-bromo-4-iodobenzene
Sub 2(4) phenyl group 1-bromo-3-iodobenzene
Sub 2(5) 1-naphthyl group 1-bromo-3-iodobenzene
Sub 2(6) biphenyl group 1-bromo-3-iodobenzene
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Synthesis of Sub 1-2

[0157] Carbazole (1 eq.) and Sub 1-1 (1.1 eq.) were added
to toluene, and Pd,(dba); (0.05 eq.), PPh, (0.1 eq. ), and NaOt-
Bu (3 eq.) were separately added thereto, and the mixture was
stirred at a temperature of 100° C. for 24 hours while reflux-
ing. Then, extraction was performed thereon with ether and
water, and an organic layer was dried using MgSQO,, and then
condensed. The generated organic material was subjected to
silica gel column chromatography and re-crystallization to
obtain Sub 1-2.

Synthesis of Sub 1-3

[0158] Sub1-2(1eq.) was dissolved in methylenechloride,
and then, N-bromosuccimide (NBS) (1.1 eq.) was slowly
added thereto. The mixture was stirred for 24 hours at room
temperature. When the reaction was finished, 5% HCl was
added thereto, and then, water was added thereto to remove
the residual NBS. Thereafter, extraction was performed
thereon with ether and water, and an organic layer was dried
using MgSO, and then condensed. The generated organic
material was subjected to silica gel column chromatography
and re-crystallization to obtain Sub 1-3.

Synthesis of Sub 1-4

[0159] Sub1-3 (1 eq.) was dissolved in an anhydrous ether,
and the resulting solution was cooled to a temperature of -78°
C., and n-BuLi (2.5M in hexane) (1.1 eq.) was slowly added
drop-wise thereto. The resultant reaction product was stirred
for 30 minutes. Thereafter, the reaction product was cooled to
atemperature of =78° C. and triisopropylborate (1.5 eq.) was
added drop-wise thereto. The resultant mixture was stirred at
room temperature and then, diluted with water and then, 2N
HCI1 was added thereto. When the reaction was finished,
extraction was performed thereon with ethyl acetate and
water, and then, an organic layer was dried using MgSO,. The
generated organic material was subjected to silica gel column
chromatography and re-crystallization to obtain Sub 1-4.

Synthesis of Sub 2-1

[0160] Sub 1-4 (1 eq.) was dissolved in THEF, and then,
1,3-dibromobenzene(1,3-dibromobenzene)(1.1 eq.),
Pd(PPh;), (0.03 eq.), NaOH(3 eq.), and water were added
thereto, and the mixture was stirred while refluxing. When the
reaction was finished, extraction was performed thereon with
ether and water, and then, an organic layer was dried using
MgSO,. The generated organic material was subjected to
silica gel column chromatography and re-crystallization to
obtain Sub 2-1.

Synthesis of Sub 2-2

[0161] Sub 2-1 (1 eq.) was dissolved in DMF, and then,
bispinacolato diboron (1.1 eq.), PAdCL,(dppf) (0.03 eq.), and
KOAc (3 eq.) were sequentially added thereto, and the mix-
ture was stirred for 24 hours to synthesize aborate compound.
The obtained compound was subjected to silica gel column
chromatography and re-crystallization to obtain Sub 2-2.

Synthesis of Sub 2

[0162] Sub2-2 (1 eq.) was dissolved in THF, and then, Sub
2-3(1.1 eq.), Pd(PPh,), (0.03 eq.), NaOH(3 eq.), and water
were added thereto, and the mixture was stirred while reflux-
ing. When the reaction was finished, extraction was per-
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formed thereon with ether and water, and an organic layer was
dried using MgSQ,. The generated organic material was sub-
jected to silica gel column chromatography and re-crystalli-
zation to obtain Sub 2.

[0163] MS data of Sub 2(1) to 2(6) of Sub 2 are shown in
Table 2 below:

TABLE 2

Compeund FD-MS

Sub 2(1) m/z = 473.08(C oM, BN = 474.39)
Sub 2(2) /2 = 523.09(C4,H,, BN = 524.45)
Sub 2(3) /2 = 549.11(C6H,,BiN = 550.49)
Sub 2(4) /2 = 473.08(C45H,0BiN = 474.39)
Sub 2(5) /2 = 523.09(C4,H,, BN = 524.45)
Sub 2(6) /2 = 549.11(C6H,,BiN = 550.49)

Synthesis of Sub 3(1) to 3(24) Belonging to Sub 3
[0164] Sub 3(1) to Sub 3(24) belonging to Sub 3 were

synthesized according to Reaction Scheme 2:

Reaction Scheme 2

Pdy(dba)y/P(+-Bu)s

Br— Ay, —
NaOzr-Bu/Toluene

Sub 3-2
R" R

QQ
g
]
(D

HN

Sub 3(1)

-continued

LTO o Eh o
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Sub 3(2)

Sub 3(3)

Sub 3(4)
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-continued -continued
Sub 3(5) Sub 3(8)
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-continued -continued
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-continued
Sub 303) Sub 3(24)
HN
[0165] Sub 3-1 and Ar, in Reaction Scheme 2 for the syn-
thesis of Sub 3(1) to Sub 3(24) are shown in Table 3 below:
TABLE 3
Reaction Scheme 2
Compound Ar, Sub 3-1
Sub 3(1) phenyl 9.9-dimethyl-9H-fluorene-2-amine
Sub 3(2) 1-naphthyl
Sub 3(3) 2-naphthyl
Sub 3(4)

%

o O O

#
Sub 3(6) O

*

o O O

#
Sub 3(8) Q
Sub 3(9) phenyl 9.,9-dimethyl-9H-fluorene-2-amine
Sub 3(10) 1-naphthyl
Sub 3(11) 2-naphthyl
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TABLE 3-continued
Reaction Scheme 2

Compound Ar, Sub 3-1
Sub 3(12)

*
Sub 3(13)

*
Sub 3(14) O

*

Sub 3(15)

&
Sub 3(16) Q

Sub 3(17) phenyl O
' I NH,

Sub 3(18) 1-naphthyl
Sub 3(19) 2-naphthy!l
Sub 3(20)

%

Sub 3(21)

Sub 3(22)

Ed

* O
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Reaction Scheme 2

Compound Ar,

Sub 3-1

Sub 3(23)
*
Sub 3(24) Q

[0166] Sub 3-1 (1 eq.), Sub 3-2 (1.1 eq.), Pd,(dba), (0.05
eq.), P(t-Bu); (0.1 eq.), NaOt-Bu (3 eq.), toluene (10.5 mL/1
mmol of starting material) were loaded into a round-bottom
flask, and the reaction was performed at a temperature of 100°
C. When the reaction was finished, extraction was performed
thereon with ether and water, and an organic layer was dried
using MgSO,. The generated organic material was subjected
to silica gel column chromatography and re-crystallization to
obtain Sub 3.

[0167] MS data of Sub 3(1) to 3(24) of Sub 3 are shown in
Table 4 below:
TABLE 4
Compound FD-MS
Sub 3(1) m/z = 285.15(C,H 0N = 285.38)
Sub 3(2) m/z = 335.17(CosT, N = 335.44)
Sub 3(3) m/z = 335.17(Cos 1, N = 335.44)
Sub 3(4) m/z = 361.18(Co; 6N = 361.48)
Sub 3(5) m/z = 411.20(C, 1N = 411.54)
Sub 3(6) m/z = 411.20(C,,F,oN = 411.54)
Sub 3(7) m/z = 411.20(C, N = 411.54)
Sub 3(8) m/z = 411.20(C;, N = 411.54)
Sub 3(9) m/z = 409.18(C;, 1N = 409.52)
Sub 3(10) m/z = 459.20(C 55 JL,.N = 459.58)
Sub 3(11) m/z = 459.20(C 55 H,5N = 459.58)
Sub 3(12) m/z = 485.21(C,H,N = 485.62)
Sub 3(13) m/z = 535.23(C4 HLoN = 535.68)
Sub 3(14) m/z = 535.23(C, JL,oN = 535.68)
Sub 3(15) m/z = 535.23(C4, HLoN = 535.68)
Sub 3(16) m/z = 535.23(C4, HLoN = 535.68)
Sub 3(17) m/z =407.17(C;,H,,N = 407.51)
Sub 3(18) m/z = 457.18(C 55 HL,,N = 457.56)
Sub 3(19) m/z = 457.18(C 51N = 457.56)
Sub 3(20) m/z = 483.20(C5,H,5N = 483.60)
Sub 3(21) m/z = 533.21(C,, N = 533.66)
Sub 3(22) m/z = 533.21(C, H,,N = 533.66)
Sub 3(23) m/z = 533.20(C,, N = 533.66)
Sub 3(24) m/z = 533.21(C,, N = 533.66)
Synthesis Example 1
Synthesis of Compound 2
[0168] Sub 3 (12) (1 eq.), Sub 2(1) (1.1 eq.), Pd,(dba),

(0.05 eq.), P(t-Bu); (0.1 eq.), NaOt-Bu (3 eq.), and toluene
(10.5 mL 11 mmol of starting material) were loaded into a
round-bottom flask, and the reaction was performed at a tem-
perature of 100° C. When the reaction was finished, extrac-

tion was performed thereon with ether and water, and an
organic layer was dried using MgSO,,. The generated organic
material was subjected to silica gel column chromatography
and re-crystallization to obtain Compound 2. The synthesized
compound was identified by MS/FAB and 'H NMR.

[0169] m/z=878.37 (Cy,H,N,=879.10)

[0170] *H NMR (CDCL,, 400 MHz) 8(ppm) 7.13-7.23 (m,
15H), 7.30-7.75 (m, 28H), 7.92 (s, 1H), 8.22 (d, J=7.7 Hz,
1H), 8.43 (d, I=1.3 Hz, 1H)

e
ol

Synthesis Example 2

o™

Synthesis of Compound 8

[0171] Compound 8 was synthesized in the same manner as
in Synthesis Example 1, except that Sub 2(3) was used instead
of Sub 2(1). The synthesized compound was identified by
MS/FAB and 'H NMR.

[0172] m/z=954.40 (C,3H,N,=955.19)

[0173] 'HNMR (CDCI,, 400 MHz) 3(ppm) 7.12-7.79 (m,
45H),7.86 (d, 1=8.5 Hz, 2H), 7.94 (s, 1H), 8.24 (d, I=7.6 Hz,
1H), 8.45 (d, J=1.4 Hz, 1H)



US 2014/0252327 Al Sep. 11,2014
50

[0178] 1m/z=754.33 (Cs,H,,N,=754.96)

§  [0179] 'HNMR (CDCl,, 400 MHz) d(ppm) 1.45 (s, 6H),
7.15 (brs, 211), 7.27-7.34 (m, 8H), 7.39-7.74 (m, 23H), 7.94
(s, 1H), 8.21 (d, J=7.7 Hz, 1H), 8.42 (d, J=1.6 Hz, 11

o
20" |
0 P 2P
e

U 0

Synthesis Example 3

J

Synthesis Example 5
Synthesis of Compound 7
Synthesis of Compound 55

[0174] Cpmpound 7 was synthesized in the same manner as [0180] Compound 55 was synthesized in the same manner
in Synthesis Example 1, except that Sub 3(9) and Sub 2(3) a5 in Synthesis Example 1, except that Sub 3(9) and Sub 2(6)
were used 1nste§d of SUb 3(12)and Sub 2(1)1~ The synthesized  were used instead of Sub 3(12) and Sub 2(1). The synthesized
compound was identified by MS/FAB and "H NMR. compound was identified by MS/FAB and 'H NMR.
[0175] m/z=87837 (C4,H,eN,=879.10) [0181]  m/z-878.37 (Ce;H,eN,=879.10)

. [0182] ‘HNMR (CDCl;, 400 MHz) 8(ppm) 6.97-7.75 (m,
[0176] "HNMR (CDCl,, 400 MHz) 8(ppm) 6.99-7.79 (m,  4111) 7.80-7.87 (m, 3H), 8.18 (d, J=7.6 Hz, 1H), 8.36 (d,
41H),7.86 (d, J=8.5 Hz, 2H), 7.93 (s, 1H), 8.24 (d, J=7.6 Hz, J=1.2 Hz, 1H)
1H), 8.44 (d, J=1.3 Hz, 1H) ’

55

QQ

S
QOOOO? QOO
A “C

Synthesis Example 4 O

Synthesis of Compound 26
Synthesis Example 6
[0177] Compound 26 was synthesized in the same manner )
as in Synthesis Example 1, except that Sub 3(4) and Sub 2(3) Synthesis of Compound 50
were used instead of Sub 3(12) and Sub 2(1). The synthesized [0183] Compound 50 was synthesized in the same manner
compound was identified by MS/FAB and 'H NMR. as in Synthesis Example 1, except that Sub 2(4) was used
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instead of Sub 2(1). The synthesized compound was identi-
fied by MS/FAB and 'H NMR.

[0184] m/z=87837 (C4rH,N,=879.10)

[0185] ‘H NMR (CDCL,, 400 MHz) d(ppm) 7.06-7.76 (m,
43T0), 7.84 (s, 111), 8.18 (d, I=7.7 Hz, 1H), 8.38 (d, I=1.6 Hz.
1H)

50

Synthesis Example 7

Synthesis of Compound 14

[0186] Compound 14 was synthesized in the same manner
as in Synthesis Example 1, except that Sub 2(2) was used
instead of Sub 2(1). The synthesized compound was identi-
fied by MS/FAB and 'H NMR.

[0187] m/z=928.38 (C,,H,N,=929.15)

[0188] 'H NMR (CDCL,, 400 MHz) 8(ppm) 7.01-7.24 (m,
16H), 7.27-7.79 (m, 27H), 7.92 (s, 1H), 8.02-8.10 (m, 2H),
8.25-8.29 (m, 1H), 8.48 (d, I=1.2 Hz, 1H)

Q
Qo‘o

2
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Synthesis Example 8

Synthesis of Compound 5

[0189] Compound 5 was synthesized in the same manner as
in Synthesis Example 12, except that Sub 3(10) was used
instead of Sub 3(12). The synthesized compound was identi-
fied by MS/FAB and 'H NMR.

[0190] m/z=852.35 (CysH,N,=853.06)

[0191] 'HNMR (CDCl,, 400 MHz) 8(ppm) 6.98 (dd, J=8.
3,2.1 Hz, 1H), 7.04 (d, J=8.6 Hz, 2H), 7.09-7.22 (m, 11H),
7.27-7.38 (m, 6H), 7.42-7.66 (m, 17H), 7.70 (dd, I=8.5, 1.7
Hz, 1H). 7.78 (d, ]=8.3 Hz, 1H), 7.87-7.91 (m, 3H), 8.19 (d.

J=7.7 Hz, 1H), 8.39 (d, J=1.6 Hz, 1H)

[0192] Other amine-based compounds represented by For-
mula 1 or Formula 2 may be synthesized in a similar marnner
to that described above, by referring to Sub 2(1) to 2(6), Sub
3(1) to 3(24), and Synthesis Examples 1 to 8.

Comparative Synthesis Example 1
Synthesis of Compound A

[0193]

Compound A

R

g
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[0194] Compound A was synthesized in the same manner
as in Synthesis Example 1, except that Sub 1(1), synthesized
according to the following Reaction Scheme 3, was used
instead of Sub 2(1). The synthesized compound was identi-
fied by MS/FAB and *H NMR.

[0195] m/7z=754.33 (Cs,H,,N,=754.96)

[0196] 'H NMR (CDCl,, 400 MHz) d(ppm) 1.46 (s, 6H),
7.15(dd,J=8.0,1.9Hz, 1H),7.21-7.37 (m, 9H), 7.39-7.76 (m,
22H), 7.80 (d, J=8.2 Hz, 2H), 8.21 (d, J=7.7 Hz, 1H), 8.41 (d,
J=1.3 Hz, 1H)

Reaction Scheme 3

N

+
B(OH),
Sub 1-4(1)
Pd(PPhg)MN&OH
THF/HZO
reflux
Sub 1-5(1)

Br

Sub 1(1)

[0197] Sub 1-4(1) (1 eq.) (the synthesis method for Sub
1-4(1) may be understood by referring to Reaction Scheme 1)
was dissolved in THF, and then, Sub 1-5(1) (1.1 eq.),
Pd(PPh,), (0.03 eq.), NaOH(3 eq.), and water were added
thereto, and the resultant mixture was stirred while refluxing.
When the reaction was finished, extraction was performed
thereon with ether and water, and an organic layer was dried
using MgSO,. The generated organic material was subjected
to silica gel column chromatography and re-crystallization to
obtain Sub 1-1.
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Comparative Synthesis Example 2

Synthesis of Compound B
[0198]

o

Cempound B

O
OO0

[0199] Compound B was synthesized in the same manner
as in Synthesis Example 1, except that Sub 1(1) and Sub 3(4)
were used instead of Sub 2(1) and Sub 3(12). The synthesized
compound was identified by MS/FAB and 'H NMR.

[0200] m/z=878.37 (C4,H,,N.=879.10)

[0201] ‘HNMR (CDCl,, 400 MHz) 8(ppm) 7.07-7.26 (m,
15H), 7.29-7.76 (m, 27H), 7.81 (d, J=8.34 Hz, 2H), 8.21 (d,
J=7.7 Hz, 1H), 8.40 (d, J=1.4 Hz, 1H)

Example 1

[0202] Ananode was prepared by cutting a substrate with a
stack of ITO/Ag/ITO having thicknesses of 70/1000/70 A to
asize of 50 mmx50 mmx0.5 mm, ultrasonically cleaning the
glass substrate using isopropyl alcohol and pure water for 5
minutes each, and then irradiating with UV light for 30 min-
utes and exposing to ozone to clean. Then, this glass substrate
was loaded into a vacuum deposition apparatus.

[0203] Compound 2 was deposited on the ITO of the anode
to form a hole transport layer having a thickness of 1400 A,
and then af3-ADN as a host and Compound 204 as a dopant
were co-deposited on the hole transport layer at a weight ratio
of 97:3 to form an emission layer having a thickness of 200 A.

Compound 204
D
D D
D D
N. CN
F

S
A5

D. D
D D
D
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[0204] Compound 201 and LiQ were co-deposited at a
weight ratio of 1:1 on the emission layer to form an electron
transport layer having a thickness of 360 A, and LiQ was
deposited on the electron transport layer to form an electron
injection layer having a thickness of 5 A, and then Mg and Ag
were deposited at a weight of 90:10 on the electron injection
layer to form a cathode having a thickness of 130 A, thereby
completing manufacturing of an organic light-emitting diode.

Example 2

[0205] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 8
was used instead of Compound 2 in forming the hole transport
layer.

Exaniple 3

[0206] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 7
was used instead of Compound 2 in forming the hole transport
layer.

Example 4

[0207] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 14
was used instead of Compound 2 in forming the hole transport
layer.

Exaniple 5

[0208] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 26
was used instead of Compound 2 in forming the hole transport
layer.

Example 6

[0209] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 55
was used instead of Compound 2 in forming the hole transport
layer.
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Example 7

[0210] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 5
was used instead of Compound 2 in forming the hole transport
layer.

Example 8

[0211] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound 50
was used instead of Compound 2 in forming the hole transport
layer.

Comparative Example 1

[0212] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that NPB was used
instead of Compound 2 in forming the hole transport layer.

Comparative Example 2

[0213] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound A
was used instead of Compound 2 in forming the hole transport
layer.

Comparative Example 3

[0214] An organic light-emitting diode was manufactured
in the same manner as Example 1, except that Compound B
was used instead of Compound 2 in forming the hole transport
layer.

Evaluation Example 1

[0215] The driving voltage, current density, brightness,
power, and color purity of the organic light-emitting diodes
manufactured according to Examples 1 to § and Comparative
Examples 1 to 3 were measured using a Kethley SMU 236 and
a luminance meter PR650. Lifespan data was measured as
shown in FIG. 2, which shows a graph of time versus bright-
ness of the organic light-emitting diodes of Examples 1 to 8
and Comparative Example 3 (@ 500 c¢d/m,)). The brightness
values of FIG. 2 are indicated as % of an initial brightness.

TABLE 5

Hole Driving  Current

transport voltage  density Brightness Power

layer material (V)  (mA/em®)  (ed/A) (Im/'W) CIEx CIEy
Example 1  Compound 2 42 9.6 5.2 3.9 0.145  0.043
Example2  Compound 8 43 7.0 7.2 5.3 0133 0.071
Example3  Compound 7 4.6 9.0 5.5 3.8 0.145  0.044
Example4  Compound 14 42 8.9 5.6 4.2 0.140  0.052
Example 5  Compound 26 41 11.0 4.5 3.5 0.140  0.053
Example 6  Compound 55 47 143 3.5 2.4 0151  0.032
Example7  Compound 5 4.6 9.0 5.5 3.8 0.145  0.044
Example 8  Compound 50 4.6 114 4.4 3.0 0.149  0.036
Comparative NPB 4.1 153 3.2 2.5 0.141  0.049
Example 1:
Comparative Compound A 4.0 10.0 5.0 3.9 0139 0.051

Example 2:
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TABLE 5-continued
Hole Driving  Current
transport voltage  demsity  Brightness Power
layer material (V)  (mA/em?)  (cd/A)  (Im'W) CIEx CIEy
Comparative Compound B 3.9 10.9 4.6 3.7 0.142 0044

Example 3:

»
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TABLE 5-continued
Hole Driving  Current
transport voltage  demsity  Brightness Power
layer material (Vi (mAlem?)  (cd/A)  (Im'W) CIE.x CIEy

sy,
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TABLE 5-continued
Hole Driving  Current
transport voltage  demsity  Brightness Power
layer material (Vi (mAlem?)  (cd/A)  (Im'W) CIE.x CIEy
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TABLE 5-continued
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Hole Driving  Current
transport voltage  demsity  Brightness Power
layer material (Vi (mAlem?)  (cd/A)  (Im/W)

CIE_y

<Compound B>

OOOO
Q \©

)

[0216] From Table 5 and FIG. 2, it was shown that current
density, brightness, power, color purity and/or lifespan of the
organic light-emitting diodes of Examples 1 to 8 are higher
than those of the organic light-emitting diodes of Compara-
tive Examples 1 to 3,and do not have a substantially increased
driving voltage compared to Comparative Examples 1 to 3.

[0217] An organic light-emitting diode including the
amine-based compound according to embodiments of the
present invention may have a low-driving voltage, while also
having an improved efficiency, improved color purity, and/or
longer lifespan, without having a substantially increased driv-
ing voltage.

[0218] While the present invention has been particularly
shown and described with reference to certain embodiments
thereof, it is to be understood that the invention is not limited
to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims, and equivalents thereof. 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 of the present invention.

What is claimed is:

1. An amine-based compound represented by Formula 1 or
Formula 2 below:

<Formula 1>

R Zonzy,
A

\ //223
24

Zlg’ZIZ

-continued

<Formula 2>

4
219\4\ //

Zi— L1

wherein in Formula 1 and Formula 2:

Z,,1sNorC(R,,), Z;51sNor C(R,,), Z,51s Nor C(R, 5),
Z,,1sNorC(R ). Z,5s1sNorC(R5),Z,sisNorC(R ),
Z,71sNorC(R ;). Z,1sNorC(R 5), Z,6is Nor C(R ),
Z5018NorC(R,), Z,,isNorC(R,,), Z,,is NorC(R,,),
75318 Nor C(R,;), and Z,, 1s N or C(R,,);

Ar, and Ar, are each independently selected from:

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,;-C, , cycloalkenyl group, a C,-C, ; hetero-
cycloalkenyl group, a C-Cq aryl group, and a C,-Cg,
heteroaryl group, and

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C5-C, , hetero-
cycloalkenyl group, a C,-Cy, aryl group,anda C,-Co,
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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
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C,-C¢, alkyl group, a C,-C, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cs, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C, , heterocycloalk-
enyl group, a C4-Cq, aryl group, a Cy-Cqq aryloxy
group, a C,-Cy, arylthio group, and a C,-Cg, het-
eroaryl group;
R, and R, are each independently selected from:

a C,-Cq, alkyl group, a C,-Cyqalkenyl group, a C,-Cyq
alkynyl group, and a C,-C, alkoxy group,

a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a phos-
phoric acid or a salt thereof, a C,-C,, cycloalkyl
group, a C;-C,, heterocycloalkyl group. a C5-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, aC-Cyq aryl group, a Cy-Cy, aryloxy group, a
C4-Co arylthio group, and a C,-C, heteroaryl group,

a C,-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C4-C,, cycloalkenyl group, a C5-C, ; hetero-
cycloalkenyl group, a C4-C g, aryl group, anda C,-Cg,
heteroaryl group, and

a C5-C, cycloalkyl group, a C,-C,,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C5-C, , hetero-
cycloalkenyl group, a C,-Cy, aryl group,anda 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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-Cq, alkyl group, a C,-Cgalkenyl group, a C,-Cy,
alkynyl group, a C,-C, alkoxy group, a C5-C,,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C4-C, , heterocycloalk-
enyl group, a C4-Cgp aryl group, a Cg-Ceq aryloxy
group, a C4-Cg, arylthio group, and C,-Cg, heteroaryl
group;

R;, Ry, and Ry; to R,, are each independently selected
from:

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-Cqq alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-Cg, alkoxy group,

aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from a deuterium
atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a phos-
phoric acid or a salt thereof, a C,-C,, cycloalkyl
group, a C;-C,, heterocycloalkyl group, a C5-C,,
cycloalkenyl group, a C;-C,, heterocycloalkenyl
group, aCy-Cgy, aryl group, a Cy-Cy, aryloxy group, a
Cs-Co arylthio group, and a C,-Cy, heteroaryl group,
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a C;-C,, cycloalkyl group, a C,-C,,, heterocycloalkyl
group, a C4-C |, cycloalkenyl group, a C5-C, ; hetero-
cycloalkenyl group, a C4-Cy,, aryl group, and

a C,-Cy, heteroaryl group,

a C5-C,, cycloalkyl group, a C;-C,, heterocycloalkyl

group, a C;-C,; cycloalkenyl group, a C5-C, , heterocy-
cloalkenyl group, a C4-Cq, aryl group, and a C,-Cg,
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, hydrazine, hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg,
alkyl group, a C,-C,, alkenyl group, a C,-C, alkynyl
group, a C,-C,, alkoxy group, a C5-C,, cycloalkyl
group, a C,;-C,, heterocycloalkyl group, a C;-Ciq
cycloalkenyl group, a C,-C,, heterocycloalkenyl group,
a Cg-Cy, aryl group, a C4-Cp aryloxy group, a C-Co
arylthio group, and a C,-C, heteroaryl group, and
—NQi)Q12), —SiQ13)(Q14)(Q15). and —B(Q,¢)
(Q,7), wherein Q,, to Q,, are each independently
selected from a C,-Cy, alkyl group, a C,-Cg, alkoxy
group, a C,-Cg, aryl group, and a C,-C, heteroaryl
group; and

p and q are each independently selected from an integer of

1t0 4.

2. The amine-based compound of claim 1, wherein:
Z,,isC(Ryy), 21518 CRy ), Z,3i8 C(Ry5), Z,,is CRR, ),

Zs %5 CRy5), 216 is CRys).Zy7 %5 CR17),Zss %5 CRy),
21518 C(Ry0), 75618 C(Ryp), 751 8 C(R;1), 75, 18 C(R ),
7,515 C(R,3), and Z,, is C(R,,).

3. The amine-based compound of claim 1, wherein:
Ar, and Ar, are each independently selected from:

phenyl, pentalenyl, indenyl, naphthyl, azulenyl, heptal-
enyl, indacenyl, acenaphthyl, fluorenyl, spiro-fluore-
nyl, phenalenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl,  triphenylenyl,  pyrenyl,  chrysenyl,
naphthacenyl, picenyl, perylenyl, pentaphenyl,
hexacenyl, pyrrolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl,
indolyl, indazolyl, purinyl, quinolinyl, benzoquinoli-
nyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, phenanthridinyl,
acridinyl, phenanthrolinyl, phenazinyl, benzoox-
azolyl, benzoimidazolyl, furanyl, benzofuranyl,
thiophenyl, benzothiophenyl, thiazolyl, isothiazolyl,
benzothiazolyl, isoxazolyl, oxazolyl, thiazolyl, tetra-
zolyl, oxadiazolyl, triazinyl, benzooxazolyl, dibenzo-
furanyl, dibenzothiophenyl, and benzocarbazolyl,
and

phenyl, pentalenyl, indenyl, naphthyl, azulenyl, heptal-
enyl, indacenyl, acenaphthyl, fluorenyl, spiro-fluore-
nyl, phenalenyl, phenanthrenyl, anthracenyl, fluoran-
thenyl,  triphenylenyl,  pyrenyl,  chrysenyl,
naphthacenyl, picenyl, perylenyl, pentaphenyl,
hexacenyl, pyrrolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl,
indolyl, indazolyl, purinyl, quinolinyl, benzoquinoli-
nyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, carbazolyl, phenanthridinyl,
acridinyl, phenanthrolinyl, phenazinyl, benzoox-
azolyl, benzoimidazolyl, furanyl, benzofuranyl,
thiophenyl, benzothiophenyl, thiazolyl, isothiazolyl,
benzothiazolyl, isoxazolyl, oxazolyl, thiazolyl, tetra-
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zolyl, oxadiazolyl, triazinyl, benzooxazolyl, dibenzo- _continued

furanyl, dibenzothiophenyl, and benzocarbazolyl, Formula 34
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 ami-
dino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C4-C,, aryl group,
and a C,-C, heteroaryl group.

. i ) Formula 3-5
4. The amine-based compound of claim 1, wherein:

o

Ar, and Ar, are each independently selected from:

phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, and

Formula 3-6

%

phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, 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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, phenyl,
naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl,
chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-

quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl. )

Formula 3-7

%

Formula 3-8

5. The amine-based compound of claim 1, wherein:
Formula 3-9

Ar, and Ar, are each independently selected from a group
represented by one of Formulae 3-1 to 3-20 below:

Formula 3-1
* :
Formula 3-2
* Formula 3-10
Formula 3-3

&

e
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-continued -continued
Formula 3-11 Formula 3-19

* Q
Formula 3-12 Q

and in Formulae 3-1 to 3-20, * represents a binding site to a
corresponding N of Formula 1 or Formula 2.

Formula 3-20

}%

6. The amine-based compound of claim 1, wherein:
Formula 3-13 .
R, and R, are each independently selected from:

aC,-C,, alkyl group,

a C,-C,, alkyl 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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof,

Formula 3-14 phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl,

%

R

Formula 3-15 phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, and

%

Formula 3-16 phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, each substituted with at least
one selected from a deuterium atom, a halogen atom,

Formula 3-17 a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, phenyl,
naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl,
chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl.

*

*

R

Formula 3-18

7. The amine-based compound of claim 1, wherein:

%

R, and R, are each independently selected from methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, and a group
represented by one of Formulae 3-1 to 3-20 below:
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-continued
Formula 3-1 Formula 3-9
*
Formula 3-2
*
Formula 3-3
Formula 3-10
*
* O
Formula 3-4
*
“\‘ Formula 3-11
*
Formula 3-5
Formula 3-6
Q i Formula 3-12
| .\
* Q
Formula 3-7 Formula 3-13

Formula 3-8
Formula 3-14

* Q

@ @
@ @
)
OO.O
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-continued
Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

*

and in Formulae 3-1 to 3-20, * represents a binding site to a
corresponding fluorene carbon of Formula 1 or Formula 2.

8. The amine-based compound of claim 1, wherein:

R;, 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, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof,
and a C,-C,, alkyl group,

a C;-Cy, 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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof,
phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,

Sep. 11,2014

pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl,

phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, and

phenyl, naphthyl, fluorenyl, spiro-fluorenyl, phenan-
threnyl, anthracenyl, fluoranthenyl, triphenylenyl,
pyrenyl, chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl, 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, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, phenyl,
naphthyl, fluorenyl, spiro-fluorenyl, phenanthrenyl,
anthracenyl, fluoranthenyl, triphenylenyl, pyrenyl,
chrysenyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, isoindolyl, indolyl, quinolinyl, benzo-
quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
carbazolyl, and triazinyl.

9. The amine-based compound of claim 1, wherein:

R;, 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, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, and a C,-Cy,
alkyl group.

10. The amine-based compound of claim 1, wherein:

R;, 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
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, and a group repre-
sented by one of Formulae 3-1 to 3-20 below:

Formula 3-1
* :

Formula 3-2

Formula 3-3
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-continued -continued
Formula 3-4 Formula 3-11

o
:,ﬁ

Formula 3-5
Formula 3-12
O~ (]
Formula 3-6 *
Q OO Formula 3-13
* Q
Formula 3-7
* O

Formula 3-14

Formula 3-8

Formula 3-15

=

Formula 3-9

%
“ O O
%

Formula 3-16

Formula 3-17

Formula 3-10

Formula 3-18

%eg

>



US 2014/0252327 Al Sep. 11,2014
64

-continued R, and R, are each independently selected from a C,-C,,
Formula 3-19 alkyl group and a group represented by one of Formulae

3-1to 3-20 below;
Q R;,R,andR, toR,, are each independently selected from

a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a car-
: boxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, and agroup represented by one of Formulae

3-1to 3-20 below;

Formula 3-20

and in Formulae 3-1 to 3-20, * represents a binding site to a Formula 3-1
corresponding position on the amine-based compound repre-
sented by Formula 1 or Formula 2.

11. The amine-based compound of claim 1, wherein the
amine-based compound is represented by Formula 1A or

C

Formula 3-2
Formula 2A below:
*
<Formula 1A>
Formula 3-3
' i
Formula 3-4
*
Formula 3-5
Formula 3-6
Formula 3-7

wherein in Formulae 1A and 2A: «
p and q are each independently selected from an integer of

1to 4,
Ar, and Ar, are each independently selected from a group

represented by one of Formulae 3-1 to 3-20 below;
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-continued

* Q

&
*

3
g
e

*
E3
*

@
al

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12

Formula 3-13

65
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-continued
Formula 3-14
* I
Formula 3-15
Formula 3-16
* Q
Formula 3-17
* '
Formula 3-18
* Q
Formula 3-19
Formula 3-20

0 |
* Q

and in Formulae 3-1 to 3-20, * represents a binding site to a
corresponding position on the amine-based compound repre-
sented by Formula 1A or Formula 2A.

12. The amine-based compound of claim 11, wherein R,
R, and R, to R,, are hydrogen atoms.

13. The amine-based compound of claim 1, wherein the
amine-based compound is selected from one of Compounds 1
to 96 below:
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-continued -continued

O ()
' 9

14. An amine-based compound represented by Formula 1A
or Formula 2A below:

<Formula 1A>

<Formula 2A>

Ry Roz
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wherein in Formulae 1A and 2A:

p and q are each independently selected from an integer of
1to 4,

Ar, and Ar, are each independently selected from a group
represented by one of Formulae 3-1 to 3-20 below;

R, and R, are each independently selected from a C,-C,,
alkyl group and a group represented by one of Formulae
3-1to 3-20 below;

R;, 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
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cy,
alkyl group, and a group represented by one of Formulae
3-1 to 3-20 below;

Formula 3-1
* :
Formula 3-2
Formula 3-3
* i
Formula 3-4
*
Formula 3-5
Formula 3-6
Formula 3-7
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and in Formulae 3-1 to 3-20, * represents a binding site to a
corresponding position on the amine-based compound repre-
sented by Formula 1A or Formula 2A.

15. An organic light-emitting diode comprising:

a first electrode;

a second electrode on the first electrode; and

an organic layer between the first electrode and the second

electrode, the organic layer comprising an emission
layer and the amine-based compound according to claim
1.

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

a hole transporting region between the first electrode and

the emission layer, the hole transporting region compris-
ing at least one selected from a hole injection layer, a
hole transport layer, a functional layer having a hole
injection capability and a hole transport capability, a
buffer layer, and an electron blocking layer; and

an electron transporting region between the emission layer

and the second electrode, the electron transporting
region comprising at least one selected from a hole
blocking layer, an electron transport layer, and an elec-
tron injection layer.

17. The organic light-emitting diode of claim 16, wherein
the hole transporting region comprises the amine-based com-
pound.

18. The organic light-emitting diode of claim 17, wherein
the hole transporting region further comprises a p-dopant.

19. The organic light-emitting diode of claim 16, wherein
the hole transporting region comprises a hole transport layer,
the hole transport layer comprising the amine-based com-
pound.

20. The organic light-emitting diode of claim 15, wherein
the emission layer comprises a host and a dopant, the dopant
comprising an organometallic compound comprising at least
one selected from Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb, and Tm.

* ok % % ¥

Formula 3-20
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