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PYRENE-BASED COMPOUND AND
ORGANIC LIGHT-EMITTING DIODE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0033082,
filed on Mar. 27, 2013, in the Korean Intellectual Property
Office, and entitled: “Pyrene-Based Compound and Organic
Light-Emitting Diode Including the Same,” is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relates to a pyrene-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 devices, may have advantages such as wide
viewing angles, excellent contrast, quick response, high
brightness, excellent driving voltage characteristics, and a
may provide multicolored images.

SUMMARY

[0006] Embodiments are directed to a pyrene-based com-
pound and an organic light-emitting diode including the
samie.

[0007] The embodiments may be realized by providing a
pyrene-based compound represented by Formula 1, below:

<Formula 1>
A
\
O o
An—N Q
\
Ary
[0008] wherein, in Formula 1, A is a substituted or unsub-

stituted C,-C,,, heteroaromatic group including at least one
nitrogen (N); and Ar,, Ar,, and Ar; are each independently a
substituted or unsubstituted phenyl group or a substituted or
unsubstituted naphthyl group.

[0009] A may be selected from a substituted or unsubsti-
tuted pyridinyl group, a substituted or unsubstituted pyrim-
idinyl group, a substituted or unsubstituted triazinyl group, a
substituted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyridazinyl group, a substituted or unsubsti-
tuted isoindolyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted indazolyl group, a sub-
stituted or unsubstituted isoquinolinyl group, a substituted or
unsubstituted quinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted quinoxali-
nyl group, a substituted or unsubstituted quinazolinyl group,
a substituted or unsubstituted cinnolinyl group, and a substi-
tuted or unsubstituted 1,10-phenanthrolinyl group.
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[0010]
idinyl group, a triazinyl group, a pyrazinyl group, a pyridazi-
nyl group, an isoindolyl group, an indolyl group, an indazolyl
group, an isoquinolinyl group, a quinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a cinnolinyl group,
and a 1,10-phenanthrolinyl group; or a pyridinyl group, a
pyrimidinyl group, a triazinyl group, a pyrazinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, an isoquinolinyl group, a quinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a cinnolinyl group,
and a 1,10-phenanthrolinyl group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid or a salt thereof, a C,-C, alkyl
group, a C,-Cg,, alkenyl group, a C,-Cg, alkynyl group, and a
C,-Cy, alkoxy group, a C,-Cg, alkyl group, a C,-Cg, alkenyl
group, a C,-Cg, alkynyl group, and a C,-C, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, and a phosphoric acid or a salt thereof,
a C;-C,, cycloalkyl group, a C5-C, heterocycloalkyl group,
a C,-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C¢-Cgy, aryl group, a C4-Cg, aryloxy group, a C4-Ce,
arylthio group, and a C,-Cq, heteroaryl group, a C5-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C;-C,, heterocycloalkenyl group, a
Ce-Ceoaryl group, a C-Cyq aryloxy group, a C4-Cg, arylthio
group, anda C,-C, heteroaryl group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-C,, alkyl group, a C,-C, alkenyl group, a
C,-C, alkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthraceny! group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, and an isoquinolinyl
group, or —Si(Q;)(Q,,)(Q13), in which Q,, to Q5 are each
independently a C,-C, alkyl group, aC,-C, alkoxy group, a
Cs-C aryl group, or a C,-Cy, heteroaryl group.

[0011] A may be a group represented by one of Formulae
2A to 2K below:

A may be selected from a pyridinyl group, a pyrim-

Formula 2A

R4
N
R ~ R
Ry
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Formula 2B
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R, A Rs
R,
Formula 2C
R
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Formula 2D
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Formula 2E
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Formula 2H
Rs
Ry
i
)\ &
Ry N R3
R,
Formula 21
AN NNNS
Ul
Ry
O
7N
Ry Ry
R;
Formula 2J
Rs
N
Ry /N
Ry Ry
R;
Formula 2K

[0012] wherein, in Formulae 2A to 2K, R, to R, are each
independently selected from a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
asulfonic acid or a salt thereof, a C, -Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-Cy, alkynyl group, and a C,-C,, alkoxy
group; aC,-Cg,alkyl group, a C,-Cgp alkenyl group, a C,-Cy,
alkynyl group, and a C,-Cy, alkoxy group, each substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a phosphoric acid or a salt thereof; a C5-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,,, heterocycloalkenyl group, a
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Cs-Ceo aryl group, a C,-C, aryloxy group, a C-Co, arylthio
group, and a C,-C, heteroaryl group; a C,-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C;-C, , heterocycloalkenyl group, a C4-C aryl
group, a C¢-Cy, aryloxy group, a C4-C, arylthio group, and
a C,-C, heteroaryl group, each substituted with at least one
of a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cy, alkynyl
group, a C,-C,, alkoxy group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolinyl group, and an isoquinolinyl group;
and —Si(Q, )(Q,,)(Q, ), in which Q,, to Q,; are each inde-
pendently a C,-C, alkyl group, a C,-C, alkoxy group, a
Cs-Cogp aryl group, or a C,-Cy, heteroaryl group.

[0013] R, to R, may eachindependently be selected from a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a C,-C,, alkyl group; a C,-C,, alkyl group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, and a phosphoric acid or a salt thereof; a
Cs-C, ¢ aryl group, and a C,-C 4 heteroaryl group; a C-C 4
aryl group or a C,-C, ; heteroaryl group, each substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-C,, alkyl group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolinyl group, and an isoquinolinyl group;
and —Si(Q, )(Q,,)(Q, ), in which Q,, to Q,, are each inde-
pendently a C,-C,, alkyl group, a C,-C, aryl group, or a
C,-C, ¢ heteroaryl group.

[0014] R, to R, may eachindependently be selected from a
hydrogen atom, a deuterium atom, F, Cl, Br, I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, and
a hexyl group; a phenyl group, a naphthyl group, and an
anthracenyl group; and a phenyl group, a naphthyl group, and
an anthracenyl group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a methyl group,
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an ethyl group, a propyl group, a butyl group, a pentyl group,
ahexyl group, phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, and a phenylcarba-
zolyl group.

[0015] A may have a structure selected from one of the
following structures:

N X N\/\
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-continued

[0016] Ar,, Ar,, and Ar; may each independently be
selected from a phenyl group and a naphthyl group; and a
phenyl group and a naphthyl group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, and a C,-C, alkoxy group, a C,-Cq,
alkyl group, a C,-Cg, alkenyl group, a C,-C, alkynyl group,
and a C,-C, alkoxy group, each substituted with at least one
of a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof, a C5-C,,, cycloalkyl group,
a C5-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C,,, heterocycloalkenyl group, a C4-Cq, aryl
group, a C¢-Cg, aryloxy group, a C4-Cy, arylthio group, and
a C,-Cq, heteroaryl group, a C,-C,, cycloalkyl group, a
C;-C, heterocycloalkyl group, aC,-C, , cycloalkenyl group,
a C4-Cy, heterocycloalkenyl group, a C4-Cg, aryl group, a
Cs-Ceo aryloxy group, a C4-Cg arylthio group, and a C,-Cg,
heteroaryl group, each substituted with at least one of a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a C,-C, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cgo alkoxy group, a phenyl group, a naphthyl group, an
anthracenyl group, a fluorenyl group, a dimethylfluorenyl
group, a diphenylfluorenyl group, a carbazolyl group, a phe-
nylcarbazolyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, and an isoquinolinyl group, and —Si(Q, ;)
(Q,2)(Qy3), in which Q,, to Q5 are each independently a
C,-Cg, alkyl group, a C -C, alkoxy group, a C,-Cg, aryl
group, or a C,-Cg, heteroaryl group.

[0017] Ar,, Ar,, and Ar; may each independently be
selected from a phenyl group and a naphthyl group; and a
phenyl group and a naphthyl group, each substituted with at
least one of a deuterium atom, F, Cl, Br, I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof and a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, and a
hexyl group, a phenyl group, a naphthyl group, and an anthra-
cenyl group, and a phenyl group, a naphthyl group, and an
anthracenyl group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
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hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
ahexyl group, phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, and a phenylcarba-
zolyl group.

[0018]
tures:

559%
5
> o
s

Ar, may be selected from one of the following struc-
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_continued [0019] Ar, and Ar; may each independently be selected
from one of the following structures:
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-continued

5"
5 54

CN

[0020] Ar, may be a substituted or unsubstituted phenyl
group or a substituted or unsubstituted a naphthyl group, and
Ar, and Ary are a substituted or unsubstituted phenyl group.

[0021] Thepyrene-based compound may be represented by
one of Formulae 1A, 1B, or 1C, below:

<Formula 1A>

7, 73
A
\
Q N )
713 Z11 Q
N

Zis
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<Formula 1B>
7, 7
A Z
\ 4
N
Ziz  ZIn Q 7 y
Z4 N
721
Zss Zn
Zy Zy
Zys Zy

<Formula 1C>
Z, 73
O “

A
\
O N
Zy3 71 Q
Zg Zs
N
721
Zp
7y 7y
Zys Ly

[0022] wherein, in Formulae 1A, 1B, and 1C, A is a substi-
tuted or unsubstituted C,-C;, heteroaromatic group including
at least one nitrogen (N); and Z, to Z, Z,, to Z, 5 and Z,, to
7,5 are each independently selected from a hydrogen atom, a
deuterium atom, F, Cl, Br, I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
a sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, and a hexyl group; a phenyl
group, a naphthyl group, and an anthracenyl group; and a
phenyl group, a naphthyl group, and an anthracenyl group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, phenyl
group, a naphthyl group, an anthracenyl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group and a phenylcarbazolyl group.
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[0023] A may be represented by one of Formulae 2A to 2K,

below:

Ry
NN
R, / R;
Ry
i)
R ~ R

/?—%EF

De
Z

R,
R;
N7
)\ =
R, N R,
R¢
N
R A
R, R;
R¢
N
R 7
Ry
R;

Formula 2A

Formula 2B

Formula 2C

Formula 2D

Formula 2E

Formula 2F
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Formula 2G
Re
N7
a R
R3
Formula 2H
Rs
Ry
N Y
)\ F
R; N R;
R
Formula 21
L]
Ry
/ Rs
Ry Ry
R;
Formula 27
Rs
N"/;vr
Ry | > N
Ry Ry
R;
Formula 2K

[0024] wherein, in Formulae 2A to 2K, R, to R, are each
independently selected from a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
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group, a hydrazone group, a carboxyl group or a salt thereof,
a sulfonic acid or a salt thereof, and a C,-C, , alkyl group; a
C,-Cg, alkyl group substituted with at least one of a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
asulfonic acid or a salt thereof, and a phosphoric acid or a salt
thereof; a C4-C, ¢ aryl group and a C,-C, ; heteroaryl group; a
Cs-C, ¢ aryl group and a C,-C, ¢ heteroaryl group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a C,-C,, alkyl group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
1dinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolinyl group, and an isoquinolinyl group;
and —Si(Q, )(Q;,)(@Q,3), in which Q, , to Q,; are each inde-
pendently a C,-C,, alkyl group, a C,-C,qaryl group, or a
C,-C, heteroaryl group.

[0025] R,toR,,Z,t07,,7, 107, sand Z,, to Z,s may each

independently be a hydrogen atom, a F atom, a cyano group,
or a phenyl group.

[0026] The pyrene-based compound may be one of Com-
pounds I to 96, below:
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95

7
AN

93

96

N O
94

an organic light-emitting diode including a first electrode; a

Q [0027] Theembodiments may also be realized by providing

C second electrode facing the first electrode; and an organic
layer between the first electrode and the second electrode and
N including an emission layer, wherein the organic layer
includes the pyrene-based compound according to an

embodiment.
[0028] The organic layer may further include a hole trans-

Q portation region between the first electrode and the emission
layer, the hole transportation region including at least one of
ahole injection layer, a hole transportation 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 transportation region between the emission layer
and the second electrode, the electron transportation region
including at least one of a hole blocking layer, an electron
transportation layer, and an electron injection layer.

[0029] The pyrene-based compound may be in the emis-
sion layer, and a fluorescent dopant that emits light according
to a fluorescence emission mechanism, the emission layer
further including a host.
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[0030] The host may include at least one of an anthracene-
based compound represented by Formula 400, below, or an
anthracene-based compound represented by Formula 401,
below:

<Formula 400>

N (Arpis)
/X
ARy — (AR ) (Aryy)g—Ary3
/
\ /\(Arus)j

<Formula 401>

[0031] wherein, in Formulae 400 and 401, Ar,,, and Ar,,,
are each independently a substituted or unsubstituted C4-Cy,
arylene group; Ar, 5 to Ar;,, and Ar,,, to Ar,,5 are each
independently a substituted or unsubstituted C,-C,, alkyl
group or a substituted or unsubstituted C4-Cq, aryl group;
Ar,cand Ar, - are each independently a C, -C, ; alkyl group;
and g, h, 1, j, k, and 1 are each independently an integer of 0 to
4.

BRIEF DESCRIPTION OF THE DRAWING

[0032] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawing in which:

[0033] FIG. 1illustrates a cross-sectional view of the struc-
ture of an organic light-emitting diode according to an
embodiment.

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ing; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.

[0035] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
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only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0036] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0037] A pyrene-based compound according to an embodi-
ment may be represented by Formula 1, below.

<Formula 1>

[0038] InFormula 1, ring A may be a substituted or unsub-
stituted C,-C,,, heteroaromatic group including at least one
nitrogen (N).

[0039] InFormula 1-1, Arln an implementation, A may be
selected from a substituted or unsubstituted pyridinyl group,
a substituted or unsubstituted pyrimidinyl group, a substi-
tuted or unsubstituted triazinyl group, a substituted or unsub-
stituted pyrazinyl group, a substituted or unsubstituted
pyridazinyl group, a substituted or unsubstituted isoindolyl
group, a substituted or unsubstituted indolyl group, a substi-
tuted or unsubstituted indazolyl group, a substituted or unsub-
stituted isoquinolinyl group, a substituted or unsubstituted
quinolinyl group, a substituted ot unsubstituted phthalazinyl
group, a substituted or unsubstituted quinoxalinyl group, a
substituted or unsubstituted quinazolinyl group, a substituted
or unsubstituted cinnolinyl group, or a substituted or unsub-
stituted 1,10-phenanthrolinyl.

[0040] For example, A may be selected from:

[0041] a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a pyrazinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, an indazolyl group, an isoquinolinyl
group, a quinolinyl group, a phthalazinyl group, a quinoxali-
nyl group, a cinnolinyl group, and a 1,10-phenanthrolinyl
group; and

[0042] a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a pyrazinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, an indazolyl group, an isoquinolinyl
group, a quinolinyl group, a phthalazinyl group, a quinoxali-
nyl group, a cinnolinyl group, and a 1,10-phenanthrolinyl
group, each substituted with at least one of:

[0043] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group, a
C,-Cqoalkynyl group, and a C,-Cq, alkoxy group,

[0044] 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 of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
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group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a phosphoric acid or a salt thereof,

[0045] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp aryloxy
group, a C4-Cq, arylthio group, and a C,-Cg, heteroaryl
group,

[0046] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-Cgaryl group, a Cy-Cq, aryloxy
group, a Cg-Cyuarylthio group, and a C,-Cy, heteroaryl
group, each substituted with at least one of a deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a C,-Cy, alkyl group, a C,-Cg,
alkenyl group, a C,-Cq, alkynyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolinyl
group, and an isoquinolinyl group, and

[0047] —Si(Q,)(Q:2)(Q5) (in which Q,, to Q,; are each

independently a C,-C, alkyl group, a C,-C¢, alkoxy group, a
Cs-Cy, aryl group, or a C,-C, heteroaryl group).

[0048] In an implementation, A in Formula 1 may be rep-
resented by one of Formulae 2A to 2K below, in which the
broken line represents a bonding location with Formula 1.

Formula 2A

/

Formula 2B

Formula 2C

R
R

1

1

-continued

R;
N R,

Rs
Ry

R

i
N
|

N

|

Ry

Rg
X
Vi
2 R;
N
R.
R A~ ;
R3
I\i AN
R
1 VP .
Ry Ry
R;
Rs
A
Z
R,

b

&

Pees

Oct. 2,2014

Formula 2D

Formula 2E

Formula 2F

Formula 2G

Formula 2H
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Formula 2K

[0049] R, to R, in Formulae 2A to 2K may each indepen-
dently selected from:

[0050] ahydrogen atom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a
C,-Cyoalkynyl group, and a C,-Cg, alkoxy group;

[0051] a C,-C, alkyl group, a C,-C,, alkenyl group, a
C,-Cgpalkynyl group, and a C,-Cg, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group. an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a phosphoric acid or a salt thereof;

[0052] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Caryl group, a C¢-Cq, aryloxy
group, a C4-Cq, arylthio group, and a C,-Cg, heteroaryl
group;

[0053] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cp aryloxy
group, a C4-Cg, arylthio group, and a C,-Cg, heteroaryl
group, each substituted with at least one of a deuterium atom,
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a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a C,-Cy, alkyl group, a C,-Cq,
alkenyl group, a C,-Cy, lkynyl group, a C,-Cq, alkoxy
group, pheny! group, a naphthyl group, an anthracenyl group,
a fluorenyl group, a dimethylfluorenyl group, a diphenylfluo-
renyl group, a carbazolyl group, a phenylcarbazolyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group, and
an isoquinolinyl group; and

[0054] 7Si(Q11)(Q12)(Q13) (in which Q11 to Q13 are each
independently a C,-C, alkyl group, a C,-C, alkoxy group, a
CsCqo Lyl group, or a C,-C, heteroaryl group).

[0055] In an implementation, R, to R, in Formulae 2A to
2K may each independently be selected from:

[0056] ahydrogen atom, adeuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a C,-C,, alkyl group;

[0057] aC,-C, alkyl group substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid or a salt thereof, and a phosphoric
acid or a salt thereof}

[0058]
[0059] aC,-C,;aryl group and a C,-C, ¢ heteroaryl group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a C,-C, alkyl group, phenyl group, a
naphthyl group, an anthracenyl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, and an isoquinolinyl
group; and

[0060] —Si(Q,)(Q12)(Q,5) (in which Q, to Q,; are each
independently a C,-C, , alkyl group, a C4-C, saryl group, ora
C,-C,¢ heteroaryl group), but are not limited thereto.

[0061] For example, R, to R, in Formulae 2A to 2K may
each independently be selected from:

[0062] a hydrogen atom, a deuterium atom, F, CI, Br, I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a phosphoric acid or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, and a hexyl group;

aC-C, s aryl group and a C,-C ¢ heteroaryl group;

[0063] a phenyl group, a naphthyl group, and an anthrace-
nyl group; and
[0064] a phenyl group, a naphthyl group, and an anthrace-

nyl group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
a sulfonic acid or a salt thereof, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, pheny! group, a naphthyl group, an anthracenyl group,
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a fluorenyl group, a dimethylfluorenyl group, a diphenylftuo-
renyl group, a carbazolyl group, and a phenylcarbazolyl

group.
[0065] According to an embodiment, A in Formula 1 may

have one of the following structures, in which the broken line
represents a bonding location with Formula 1.
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-continued

[0066] Ar,, Ar,, and Ar; in Formula 1 may each indepen-
dently be selected from a substituted or unsubstituted phenyl
group and a substituted or unsubstituted a naphthyl group.
[0067] For example, Ar,, Ar, and Ary in Formula 1 may
each independently be selected from:

[0068] a phenyl group and a naphthyl group; and

[0069] a phenyl group and a naphthyl group, each substi-
tuted with at least one of:

[0070] a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-C,, alkyl group, a C,-C, alkenyl group, a
C,-Cg Jkynyl group, and a C,-Cy, alkoxy group,

[0071] a C,-C,, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg alkynyl group, and a C,-Cy, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a phosphoric acid or a salt thereof,

[0072] a C5-C,q cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Co, aryloxy
group, a C,-C, arylthio group, and a C,-Cg, heteroaryl
group,

[0073] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C;-C,, het-
erocycloalkenyl group, a C4-Cgyoaryl group, a Ce-Cy aryloxy
group, a Cyz-Cgoarylthio group, and a C,-Cg, heteroaryl
group, each substituted with at least one ofa deuterium atom,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a C,-C, alkyl group, a C,-Cg,,
alkenyl group, a C,-Cq, alkynyl group, a C,-Cg, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a diphe-
nylfluorenyl group, a carbazolyl group, a phenylcarbazolyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolinyl
group, and an isoquinolinyl group, and

[0074]  —Si(Q,,)(Q;2)(Qy3) (in which Qy, to Q, ; are each
independently a C,-C, alkyl group, a C,-C, alkoxy group, a
Cs-Ceoaryl group, or a C,-Cg, heteroaryl group).

[0075] For example, Ar,, Ar, and Ar, in Formula 1 may
each independently be selected from:

[0076] a phenyl group and a naphthyl group; and

[0077] a phenyl group and a naphthyl group, each substi-
tuted with at least one of:

[0078] a deuterium atom, F, Cl, Br, I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
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group, a hydrazine group, a hydrazone group, a carboxyl _continued
group or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof and a methyl group, an ethyl

group, a propyl group, a butyl group, a pentyl group, and a

hexyl group,

[0079] a phenyl group, a naphthyl group, and an anthrace-

nyl group, and

[0080] a phenyl group, a naphthyl group, and an anthrace-

nyl group, each substituted with at least one of a deuterium : .

atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt thereof,
a sulfonic acid or a salt thereof, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, pheny! group, a naphthyl group, an anthracenyl group,
a fluorenyl group, a dimethylfluorenyl group, a diphenylfluo-
renyl group, a carbazolyl group, and a phenylcarbazolyl

group.
[0081] In an implementation, Ar, in Formula 1 may have
one of the following structures, in which the broken line
represents a bonding location with Formula 1.
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-continued -continued

i E i :F i F
[0082] Inanimplementation, Ar, and Ar, in Formula 1 may
each independently have one of the following structures, in
which the broken line represents a bonding location with
Formula 1.
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[0083] InFormula 1, Ar, may be a substituted or unsubsti-

tuted phenyl group or a substituted or unsubstituted a naph-

F thyl group, and Ar, and Ary may each independently be a
substituted or unsubstituted phenyl group.

[0084] In an implementation, the pyrene-based compound

F represented by Formula 1 may be represented by Formula

1-1, below.
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<Formula 1-1>

LA
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Ary—N Q
\
Ar;
[0085] InFormulal-1,Ar ,Ar,, andAr, may bethe sameas

described with respect to Formula 1, and A is shown as a
partially formed heterocyclic ring.

[0086] According to an embodiment, the pyrene-based
compound may be represented by one of Formulae 1A, 1B, or
1C, below.

<Formula 1A>

Z, 73
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-continued
<Formula 1C>
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[0087] A inFormulae 1A, 1B, and 1C may be as described
above with respect to Formula 1. For example, A in Formulae
1A, 1B, and 1C may be represented by one of Formulae 2A to
2K, above.

[0088] Z,t0Z7,.7,, t07,5,and Z,, to Z,5 in Formulae 1A,
1B, and 1C may each independently be selected from a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
pyrazinyl group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, an isoquinolinyl group, a
quinolinyl group, a phthalazinyl group, a quinoxalinyl group,
a cinnolinyl group, and a 1,10-phenanthrolinyl group. Each
may be substituted with at least one of 1) a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a C,-Cy, alkyl group, a C,-Cg,
alkenyl group, a C,-C, alkynyl group, and a C, alkoxy
group; ii) a C;-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-Cy, alkynyl group, and a C,-Cy, alkoxy group, each sub-
stituted with at least one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, and a phosphoric acid or a salt thereof; iii) a
C;-C, cycloalkyl group, a C4-C,  heterocycloalkyl group, a
C,-Cy, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C-Cgy, aryl group, a C4-Cy, aryloxy group, aC4-Cy,
arylthio group and a C,-Cg, heteroaryl group; iv) a C;-C,
cycloalkyl group, a C5-C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,,, heterocycloalkenyl group, a
Cs-Cg aryl group, a C,-C, aryloxy group, a C4-Cy, arylthio
group and a C,-C, heteroaryl group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
C,-Cgoalkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthraceny! group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a carba-
zolyl group, a phenylcarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, and an isoquinolinyl
group; and v) —Si(Q;,)(Q1,)(Qy3) (in which Q,, to Q,; are
each independently a C,-C,, alkyl group, a C,-C, alkoxy
group, a C¢-Cy, aryl group, or a C,-Cy, heteroaryl group).
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[0089] Forexample,7Z,t07,,7, 07,5, and Z,, to Z,5 in _continued

Formulae 1A, 1B and 1C may each independently be selected 3
from a phenyl group and a naphthyl group. Each may substi- —

tuted with at least one of 1) a hydrogen atom, a deuterium
atom, F, Cl, Br, I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof and a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, and a hexyl group; ii) a phenyl
group, a naphthyl group, and an anthracenyl group; and iii) a
phenyl group, a naphthyl group and an anthracenyl group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a phenyl
group, a naphthyl group, an anthracenyl group, a fluorenyl
group, a dimethylfluorenyl group, a diphenylfluorenyl group,
a carbazolyl group, and a phenylcarbazolyl group.

[0090] According to an embodiment, the pyrene-based
compound may be represented by Formula 1A, 1B, or 1C, A
may be represented by one of Formulae 2A to 2K, and R, to
Re,Z,t07,, 7,107 s and Z,, to Z,; may each independently
be a hydrogen atom, a F atom, a cyano group, or a phenyl
group in the Formula 1A, 1B, and 1C.

[0091] According to another embodiment, the pyrene-
based compound may be one of Compounds 1 to 96 illus- T
trated below.
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[0092] The pyrene-based compound represented by For-
mula 1 may have, as a substituent of two amino groups, A,
Ar,, Ar,, and Ar;, which are described above. In this regard,
A may be aheteroaromatic group including atleastone N, and
Ar,, Ar, and Ar; may each be a substituted or unsubstituted
phenyl group or a substituted or unsubstituted naphthyl
group. Accordingly, the pyrene-based compound may be a
heteroaromatic group in which only one (e.g., A) of four
substituents (e.g., A, Ar, Ar, and Ar;) of two amino groups
has a hetero atom (e.g., nitrogen) as a ring element. Accord-
ingly, the pyrene-based compound may emit blue light with
excellent color purity characteristics. For example, an organic
light-emitting diode including the pyrene-based compound
represented by Formula 1 may provide blue light with high
color purity of which a y coordinate is 0.11 or less.

[0093] Although not limited to a particular theory, in the
case of an organic light-emitting diode including, as a dopant
of an emission layer, a compound (for example, Compound B
which will be describe below) that has the same structure as
the pyrene-based compound represented by Formula 1 except
that two or more of four substituents of two amino groups are
heteroaromatic groups, energy transition from an anthracen-
based host to the dopant in the emission layer may not suffi-
ciently occur and thus, performance of the organic light-
emitting diode during operation may be rapidly decreased.

[0094] Also, two amino groups of the pyrene-based com-
pound represented by Formula 1 may be different from each
other. Thus, the pyrene-based compound represented by For-
mula 1 may be asymmetric. Accordingly, a film including the
pyrene-based compound represented by Formula 1 may have
high amorphous properties, and thus, the film including the
pyrene-based compound represented by Formula 1 may have
high electric stability. Thus, an organic light-emitting diode
using the pyrene-based compound represented by Formula 1
may provide high brightness at low current.

[0095] Accordingly, an organic light-emitting diode
employing the pyrene-based compound of Formula 1 may
provide excellent electric characteristics (e.g., a low driving
voltage, ahigh current density, a long lifespan, or the like) and
excellent color purity characteristics.
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[0096] The pyrene-based compound represented by For-
mula 1 may be synthesized by using suitable organic synthe-
sis methods. Such synthesis methods of a pyrene-based com-
pound may be seen by referring to examples below.

[0097] One or more of the pyrene-based compound of For-
mula 1 may be used between a pair of electrodes of an organic
light-emitting diode. For example, one or more of the pyrene-
based compound may be used in an emission layer.

[0098] Accordingly, provided is an organic light-emitting
diode according to an embodiment including: a first elec-
trode; a second electrode facing the first electrode; and an
organic layer interposed between the first electrode and the
second electrode, wherein the organic layer includes one or
more pyrene-based compounds described above.

[0099] The wording that“(an organic layer) includes at
least one pyrene-based compound” used herein means that
“(an organic layer) may include one pyrene-based compound
represented by Formula 1 or two or more pyrene-based com-
pounds represented by Formula 1 being different from each
other”.

[0100] For example, the organic layer may include only
Compound 3 as the pyrene-based compound. In this regard,
Compound 3 may exist in an emission layer of the organic
light-emitting diode. According to another embodiment, the
organic layer may include Compound 3 and Compound 6 as
the pyrene-based compound. In this regard, Compound 3 and
Compound 6 may exist in an identical layer (for example,
Compound 3 and Compound 6 may exist in an emission
layer), or in different layers (for example, Compound 3 exists
in an emission layer and Compound 6 exists in a hole trans-
port layer.)

[0101] The organic layer may include at least one layer
selected from a hole injection layer, a hole transport layer, a
functional layer having a hole injection function and a hole
transport function (hereinafter referred to as “H-functional
layer™), a buffer layer, an electron blocking layer, an emission
layer, a hole blocking layer, an electron transport layer, an
electron injection layer, and/or a functional layer having an
electron transport function and an electron injection function
(hereinafter referred to as “E-functional layer”).

[0102] The term “organic layer” used herein refers to a
single layer and/or a plurality of layers disposed between a
first electrode and a second electrode of an organic light-
emitting diode.

[0103] The organic layer may include an emission layer,
and the emission layer may include one or more pyrene-based
compounds described above.

[0104] The pyrene-based compound included in the emis-
sion layer may act as a dopant. For example, the pyrene-based
compound may act as a fluorescent dopant. An emission layer
including the pyrene-based compound may emit blue light. In
this regard, the emission layer may further include a host.

[0105] The host may include at least one compound
selected from an anthracene-based compound represented by
Formula 400 below and an anthracene-based compound rep-
resented by Formula 401 below:
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<Formula 400>

N\ (Arys)
/X
AR 4= (AR D)y (A-rlll)g_AIlB
Y,
\ /\(Arns)j

[0106] InFormula400,Ar,,, andAr,,, may each indepen-
dently be a substituted or unsubstituted C4-Cy, arylene group;
Ar,,; to Ar, , may each independently be a substituted or
unsubstituted C,-C,, alkyl group or a substituted or unsub-
stituted Cy-Cq, aryl group; and g, h, 1, and j may each inde-
pendently be an integer of 0 to 4.

[0107] For example, Ar,,, and Ar,,, in Formula 400 may
each independently be selected from a phenylene group, a
naphthylene group, a phenanthrenylene group, or a pyre-
nylene group; and a phenylene group, a naphthylene group, a
phenanthrenylene group, a fluorenyl group, and a pyrenylene
group, each substituted with at least one of a phenyl group, a
naphthyl group, and an anthracenyl group.

[0108] g,h,1,and]inFormula 400 may each independently
be 0, 1, or 2.

[0109] Ar,,; to Ar,,, in Formula 400 may each indepen-
dently be selected froma C,-C, , alkyl group, each substituted
with at least one of a phenyl group, a naphthyl group, and an
anthracenyl group; a phenyl group, a naphthyl group, an
anthracenyl group, a pyrenyl group, a phenanthrenyl group
and a fluorenyl group; and a phenyl group, a naphthyl group,
an anthracenyl group, a pyrenyl group, a phenanthrenyl
group, and a fluorenyl group, each substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof;, a C,-Cg, alkyl group,
a C,-Cy, alkenyl group, a C,-Cy, alkynyl group, a C,-Cq,
alkoxy group, a phenyl group, a naphthyl group, an anthra-
cenyl group, a pyrenyl group,

| Q’QQ

[0110] a phenanthrenyl group, a fluorenyl group, and

[0111] For example, the anthracene-based compound rep-
resented by Formula 400 may be one of the following com-
pounds:

48
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-continued

<Formula 401>

[0112] Ar,,,t0Ar,,sinFormula401 may be understood by
referring to the description presented in connectionto Ar, |5 in
Formula 400.

[0113] Ar,,4and Ar,,, in Formula 401 may each indepen-
dently be a C,-C, , alkyl group (e.g., a methyl group, an ethyl
group, or a propyl group).

[0114] kand 1 in Formula 401 may each independently be
an integer of 0 to 4. For example, k and 1 may each indepen-
dently be 0, 1, or 2.

[0115] For example, the anthracene-based compound rep-
resented by Formula 401 may be one of the following com-
pounds.
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[0116] An organic light-emitting diode employing the
pyrene-based compound of Formula 1 may emit blue light
that satisfies sSRGB standard. Accordingly, the organic light-
emitting diode may be used in a large full-color display
device (e.g., an organic light-emitting display (OLED) TV, or
the like.).

[0117] FIG. 1 illustrates a schematic sectional view of an
organic light-emitting diode 10 according to an embodiment.
Hereinafter, the structure of an organic light-emitting diode
according to an embodiment and a method of manufacturing
a pyrene-based compound according to an embodiment will
be described in connection with FIG. 1.

[0118] A substrate 11, which may be a suitable substrate
that is used for OLEDs, may be e.g., a glass substrate or a
transparent plastic substrate, each with excellent mechanical
strength, thermal stability, transparency, surface smoothness,
ease of handling, and water resistance.
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[0119] A first electrode 13 may be formed by depositing or
sputtering a material for a 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 facilitate hole injection. The first electrode
13 may be a reflective electrode, a semi-transmissive elec-
trode, or a transmissive electrode. For example, when the
organic light-emitting diode is used for a large full-color
display, the second electrode 13 of the organic light-emitting
diode may be a reflective electrode or a semi-transmissive
electrode. The material for the first electrode may be a trans-
parent material with high conductivity, and examples of such
a material may include indium tin oxide (ITO), indium zinc
oxide (1ZO), tin oxide (Sn0,), and zinc oxide (ZnO). When
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
Li), calcium (Ca), magnesium-indium (Mg—In), magne-
sium-silver (Mg—Ag), or the like is used, the first electrode
13 may be used as a reflective electrode.

[0120] 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.

[0121] An organic layer may be disposed of the first elec-
trode 13.
[0122] 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 an electron injection layer.

[0123] Theholeinjection layer (HIL) may be formed on the
first electrode 13 by using various methods, e.g., vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition.

[0124] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
107% torrto about 107> torr, and a deposition rate of about 0.01
to about 100 A/sec.

[0125] When a HIL is formed using spin coating, the coat-
ing conditions may vary according to the compound that is
used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range of about 2,000 rpm to about 5,000
rpm, and a temperature at which heat treatment is performed
to remove a solvent after coating may be in the range of about
80° C. to about 200° C.

[0126] For use as a hole injection material, a suitable hole
injection material may be used. Examples of such a hole
material may include N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-
tolyl-amino)-phenyl]-biphenyl-4,4'-diamine (DNTPD), a
phthalocyanine compound such as copper phthalocyanine,
4,4' A"-tris(3-methylphenylphenylamino)  triphenylamine
(m-MTDATA),  N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine (NPB), TDATA, 2-TNATA, polyaniline/dodecylbenze-
nesulfonic acid (pani/DBSA), poly(3,4-ethylenediox-
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ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS), polya-
niline/camphor sulfonicacid (pani/CSA), or (polyaniline)/
poly(4-styrenesulfonate) (PANI/PSS).

m-MTDATA
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[0127] A thickness of the HIL may be in a range of about
100 A to about 10,000 A, e.g., about 100 A to about 1,000 A.
When the thickness of the HIL is within these ranges, the HIL
may have satisfactory hole injection ability without a substan-
tial increase in driving voltage.

[0128] Then, a hole transportation layer (HTL) may be
formed on the HIL. by using vacuum deposition, spin coating,
casting, Langmuir-Blodgett (LB) deposition, or the like.
When a HTL is formed using vacuum deposition 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 HTL.

[0129] A material that is used to form the HTL may be a
suitable hole transport material. Examples of the material that
is used to form the HTL may include a carbazol derivative,
such as N-phenylcarbazol or polyvinylcarbazol; N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine
(TPD); 4,4'4"-tris(N-carbazoly])triphenylamine (TCTA),
and alpha (ct)-NPD.

Soof

TFD

alpha (a)-NPD

[0130] A thickness of the HTL may be in a range of about
50 A to about 20,000 A, e.g., about 100 A to about 1,500 A,
When the thickness of the HTL is within these ranges, the
HTL may have satisfactory hole transporting ability without
a substantial increase in driving voltage.

[0131] The H-functional layer (a functional layer having a
hole injection ability and a hole transport ability) may include
one or more materials selected from the materials for the HIL
and the materials for the HTL. A thickness of the H-functional
layer may beina range of about 100 A to about 10,000 4, e.g.,
about 100 A to about 1,000 A. When the thickness of the
H-functional layer is within these ranges, the H-functional
layer may have satisfactory hole injection and transport char-
acteristics without a substantial increase in driving voltage.
[0132] Also, at least one layer selected from the hole injec-
tion layer, the hole transport layer, and the H-functional layer
may include at least one selected from a compound repre-
sented by Formula 300 below and a compound represented by
Formula 350 below:

<Formula 300>
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[0133] Ar,, and Ar,, in Formula 300 may each indepen-
dently be asubstituted or unsubstituted C,-C, arylene group.
[0134] For example, Ar;; and Ar,, may be each indepen-
dently selected from:

[0135] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, an
acenaphthylene group, a fluorenylene group, a phenalenylene
group, a phenanthrenylene group, an anthracenylene group, a
fluorantenylene group, a triphenylenylene group, a pyre-
nylene group, a chrysenylenylene group, a naphthacenylene
group, a pycenylene group, a perylenylene group and a pen-
tacenylene group; and

[0136] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, an
acenaphthylene group, a fluorenylene group, a phenalenylene
group, a phenanthrenylene group, an anthracenylene group, a
fluorantenylene group, a triphenylenylene group, a pyre-
nylene group, a chrysenylenylene group, a naphthacenylene
group, a pycenylene group, a perylenylene group and a pen-
tacenylene group, each substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic 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,
cycloalkenyl group, a C;-C,, heterocycloalkyl group, a
C,-C, heterocycloalkenyl group, a C-Cy, aryl group, a
Cs-Cgp aryloxy group, a C4-Cgq arylthio group, and a C,-Cg,
heteroaryl group.

[0137] e and fin Formula 300 may each independently be
an integer of 0 to 5, or 0, 1, or 2. In an implementation, e may
be 1 and f may be 0.

[0138] Rs, to Ry, Ry to Ry, and R, to R, in Formulae
300 and 350 may each independently be selected from a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
saltthereof, a substituted or unsubstituted C, -C, alkyl group,
a substituted or unsubstituted C,-Cq, alkenyl group, a substi-
tuted or unsubstituted C,-Cy, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-Cq, cycloalkyl group, a substituted or unsubstituted
Cs-Cyo aryl group, a substituted or unsubstituted C,-C, ary-
loxy group, and a substituted or unsubstituted C,-C,,, arylthio
group.

[0139] Forexample, Ry, to Rgq, Ry 0 Ryo, and R, 0 R,
may each independently be selected from:

[0140] ahydrogen atom, a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
salt thereof, a C,-C,, alkyl group (for example, a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, or a hexyl group), and a C,-C,, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, ot the like);

[0141] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, and a phosphoric acid or a salt thereof;
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[0142] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0143] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each substi-
tuted with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxyl group or a salt thereof, a sulfonic acid or a
saltthereof, aC,-C,, alkyl group,and a C,-C,, alkoxy group,
and is not limited thereto.

[0144] Rs,, Ar,,, and Ar,, in Formulae 300 and 350 may
each independently be selected from a phenyl group, a naph-
thyl group, an anthracenyl group, biphenyl group, and a
pyridyl group; and a phenyl group, a naphthyl group, an
anthracenyl group, biphenyl group, and a pyridyl group, each
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic acid
or a salt thereof, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C,-C,, alkoxy
group.

[0145] Inanimplementation, the compound represented by
Formula 300 may be represented by Formula 300A below.

<Formula 300A>
Rs;

\
N

&

Re,

Re

[0146] Rs,, Rg,, Re, and Ry, in Formula 300A are already
described in detail above.

[0147] For example, at least one layer selected from the
HIL, the HTL, and the H-functional layer may include at least
one selected from Compounds 301 to 320. In an implemen-

tation, these layers may instead or additionally include other
compounds:
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[0148] At least one layer selected from the hole injection
layer, the hole transport layer, and the H-functional layer may
further include, in addition to suitable hole injection materi-
als, suitable hole transport materials, and/or suitable materi-
als having a hole injection function and a hole transport

function, a charge-generating material to help increase con-
ductivity of the corresponding layer.

[0149] The charge-generating material may be, e.g., a
p-dopant. The p-dopant may be one of quinine derivatives,
metal oxides, and compounds with a cyano group, but is not
limited thereto. Non-limiting examples of the p-dopant are a
quinone derivative, such as tetracyanoquinonedimethane
(TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoquino-
nedimethane (F4-CTNQ); a metal oxide, such as tungsten
oxide or molybdenium oxide; and a cyano group-containing
compound, such as Compound 200 below.

<Compound 200>
NC

CN

NC

NC CN

F F
<F4-TCNQ>
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[0150] When the HIL, the HTL, or the H-functional layer
further includes a charge-generating material, the charge-
generating material may be homogeneously dispersed or non-
homogeneously distributed in the HIL, the HTL, or the
H-functional layer.

[0151] A buffer layer may be disposed between the EML
and at least one of the HIL, the HTL, and the H-functional
layer. The buffer layer may help compensate for an optical
resonance distance of light according to a wavelength of the
light emitted from an emission layer, and thus may help
increase efficiency. The butter layer may include suitable hole
injecting materials or hole transporting materials. In an
implementation, the buffer layer may include the same mate-
rial as one of the materials included in the HIL, the HTL, and
the H-functional layer that are disposed under the buffer layer.

[0152] Then, an emission layer (EML) may be formed on
the HIL, the HTL, or the H-functional layer by, e.g., vacuum
deposition, spin coating, casting, [.B deposition, or the like.
When the EML is formed using vacuum deposition 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 EML.

[0153] The EML may include one or more of the pyrene-
based compounds described above.

[0154] The pyrene-based compound included in the EML
may act as a dopant (e.g., a blue fluorescent dopant). For
example, the EML may further include, in addition to the
pyrene-based compound, a host.

[0155] As the host, Alq,, 4,4'-N,N'-dicarbazol-biphenyl
(CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalen-
2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-phenylbenzimi-
dazole2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-
yl) anthracene (TBADN), E3, distyryl arylene (DSA),
dmCBP (illustrated below), Compounds 501 to 509 below, or
the like may be used.

=
N

X

N N

TPBI
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[0156] Alternatively, the EML may include as the host at
least one compound selected from an anthracene-based com-
pound represented by Formula 400 below and an anthracene-
based compound represented by Formula 401.

[0157] The organic light-emitting diode may include a blue
sub-pixel that emits blue light, a green sub-pixel that emits
green light, and a red sub-pixel that emits red light. The blue
sub-pixel may include a blue EML that emits blue light, and
the blue EML may include the pyrene-based compound rep-
resented by Formula 1. According to another embodiment,
due to a stack structure including a red EML, a green EML,
and/or_a blue EML, the EML may emit white light.

[0158] Also, the blue EML may further include compounds
illustrated below as the blue dopant, but other materials may
further be included in the blue EML.
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[0159] For example, the red EML of the red sub-pixel may
include compounds illustrated below as a red dopant. In an
implementation, DCM or DCJTB may be used as the red

dopant. B ]
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[0161] Another example of the dopantincluded in the EML
may include a complex below.

D1
t-Bu
D2
DCJITB
[0160] For example, the green EML of the green sub-pixel
may include compounds illustrated below as a green dopant.
In an implementation, a C545T below may be used as a green
dopant.
D3

Ir(ppy)3
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-continued
CF;
D46
Bu!
AN
/Pt
N/ /N N/ |
>_N N
Bu!
D47
D48
D49
D30

Os(hptz),(PPhiMe; ),

[0163] Whenthe EML includes bothahostand a dopant, an
[0162] Another example of the dopant included in the EML amount of the dopant may be from about 0.01 parts to about
may include a Os-complex below. 15 parts by weight, based on 100 parts by weight of the host.
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[0164] A thickness of the EML may be in a range of about
100 A to about 1,000 A, e.g., about 100 A to about 600 A.
When the thickness of the EML is within these ranges, the
EML may have improved luminescent ability without a sub-
stantial increase in driving voltage.

[0165] Next, an electron transport layer (ETL) may be
formed on the EML using a suitable method, e.g., by vacuum
deposition, spin coating, casting, or the like. When the ETL 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 conditions for deposition
and coating may vary according to the material that is used to
form the ETL. A material for an ETL may include suitable
electron transporting materials that stably transport electrons
injected from an electron injection electrode (cathode).
Examples of the material for the ETL may include a quinoline
derivative, such as tris(8-quinolinolate)aluminium (Alq3),
TAZ, Balg, beryllium bis(benzoquinolin-10-olate) (Bebq2),
ADN, Compound 201, and Compound 202.

N—N

BAlq
<Compound 201>
g
A N
| /
Z N
| A
F
)
X
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-continued

[0166] A thickness of the ETL may be in a range of about
100 A to about 1,000 A, e.g., about 150 A to about 500 A.
When the thickness of the ETL is within these ranges, the
ETL may have satisfactory electron transporting ability with-
out a substantial increase in driving voltage.

[0167] The ETL may further include a metal-containing
material, in addition to a suitable electron transporting inor-
ganic material.

[0168] The metal-containing material may include a
lithium (Li) complex. Examples of the Li complex may
include lithivm quinolate (Liq) and Compound 203 below.

Compound 2(3
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[0169] Then, an EIL, which facilitates injection of elec-
trons from the cathode, may be formed on the ETL. A suitable
electron-injecting material may be used to form the EIL.

[0170] Examples of materials for forming the EIL may
include LiF, NaCl, a 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 the material that is used to form the EIL.

[0171] The thickness of the EIL. may be from about 1 A to
about100 A, e.g., may be from about 3 A to about 90 A. When
the thickness of the EIL is within these ranges, the EIL may
have satisfactory electron injection ability without a substan-
tial increase in driving voltage.

[0172] A second electrode 17 may be disposed on the
organic layer 15. The second electrode 17 may be a cathode,
which is an electron injecting electrode. A metal for forming
the second electrode may be a metal, an alloy, an electrically
conductive compound, which have a low-work function, or a
mixture thereof. For example, lithium (i), magnesium (Mg),
aluminum (Al), aluminum (Al)-lithium (Li), calcium (Ca),
magnesium (Mg)-indium (In), magnesium (Mg)-silver (Ag),
or the like may be formed as a thin film to obtain a thin
film-type reflective, semi-reflective, or a transmissive elec-
trode. In an implementation, to manufacture a top-emission
light-emitting device, a transmissive electrode formed of
indium tin oxide (ITO) or indium zinc oxide (IZO) may be
used. When the organic light-emitting diode is used in a large
full-color display device, the second electrode (cathode) may
be a reflective electrode.

[0173] In addition, when a phosphorescent dopant is used
in the EML, a triplet exciton or a hole may diffuse to an ETL.
To prevent the diffusion, a hole blocking layer (HBL) may be
formed between the HTL and the EML or between the
H-functional layer and the EML by vacuum deposition, spin
coating, casting, LB deposition, or the like. When the HBL 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 conditions for deposition
and coating may vary according to the material that is used to
form the HBL. A suitable hole-blocking material may be
used. Examples of hole-blocking materials may include oxa-
diazole derivatives, triazole derivatives, and phenanthroline
derivatives. For example, BCP illustrated below may be used
as the hole-blocking material.

BCP

[0174] A thickness of the HBL may be in a range of about
20 A to about 1,000 A, e.g., about 30 A to about 300 A. When
the thickness of the HBL is within these ranges, the HBL may
have improved hole blocking ability without a substantial
increase in driving voltage.
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[0175] The organic light-emitting diode may be used in a
full color display apparatus, a lamp, or the like. For example,
the organic light-emitting diode may be a full color display
apparatus.

[0176] Accordingly, provided is an organic light-emitting
apparatus according to an embodiment including: a substrate
including a first sub-pixel, a second sub-pixel, and a third
sub-pixel; a first electrode formed in each of the first sub-
pixel, second sub-pixel and third sub-pixel of the substrate; a
second electrode that commonly faces the first electrodes in
the first sub-pixel, the second sub-pixel, and the third sub-
pixel; a first EML that is formed between the first electrode of
the first sub-pixel and the second electrode and emits a first
color light; a second EML that is formed between the first
electrode of the second sub-pixel and the second electrode
and emits a second color light; and a third EML that is formed
between the first electrode of the third sub-pixel and the
second electrode and emits a third color light, wherein the
first EML includes one or more of the pyrene-based com-
pounds described above. According to an embodiment, the
first electrode may be a transmissive electrode or a semi-
transmissive electrode, and the second electrode may be a
reflective electrode. According to another embodiment, the
first electrode may be a reflective electrode, and the second
electrode may be a transmissive electrode or a semi-transmis-
sive electrode.

[0177] A mixed light of the first light, the second light, and
the third light of the organic light-emitting diode may be
white light. Accordingly, the organic light-emitting diode
may be a full-color display apparatus. The first light may be
blue light. Also, the second light may be green light and the
third light may be red light.

[0178] The first EML of the organic light-emitting appara-
tus may include the pyrene-based compound of Formula 1.
Due to the inclusion of the pyrene-based compound, the emit-
ted first color light (blue light) may have excellent color purity
characteristics (e.g., a y color coordinate may be 1.0 or less)
that satisfy NTSC or sRGB standards. Accordingly, the
organic light-emitting apparatus may be used as a large high-
quality TV.

[0179] According to an embodiment, the organic light-
emitting apparatus may be a bottom emission type organic
light-emitting apparatus in which the first electrode is a trans-
missive electrode or a semi-transmissive electrode, and the
second electrode is a reflective electrode.

[0180] According to another embodiment, the organic
light-emitting apparatus may be a top emission type organic
light-emitting apparatus in which the first electrode is a
reflective electrode, and the second electrode is a transmissive
electrode or a semi-transmissive electrode.

[0181] The organic light-emitting apparatus may include
the pyrene-based compound of Formula 1. Due to the inclu-
sion of the pyrene-based compound, blue light having excel-
lent color purity characteristics (e.g., ay color coordinate may
be 1.0 or less) that satisfy a sRGB standard may be emitted.
Accordingly, a complicated resonance structure that compen-
sates for color purity of blue light is not needed, and thus,
manufacturing costs may be reduced.

[0182] The full color display may be used in a television
(TV), a personal computer monitor, a mobile communication
terminal, an MP3 player, a navigation device for use in
vehicles, or the like.

[0183] The unsubstituted C,-Cg, alkyl group (or a C,-Cg,
alkyl group) used herein may be a C,-C, linear or branched
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alkyl group, such as methyl group, ethyl group, propyl group,
isobutyl group, sec-butyl group, pentyl group, iso-amyl
group, or hexyl group, and a substituent of a substituted
C,-Cy, alkyl group may be selected from a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-C4, alkyn” “yl group, and a C,-C,, alkoxy group; a
C,-Cgp alkyl group, a C,-Cy, alkenyl group, a C,-Cg, alkynyl
group, and a C,-C,, alkoxy group, each substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a ahydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, and 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-Ceo aryl group, a C,-C, aryloxy group, a Cy-Co 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
group, a C-Cq, aryloxy group, a C,-Cy, arylthio group, and
a C,-Cy, heteroaryl group, each substituted with at least one
of a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
C,-Cgo alkyl group, a C,-C, alkenyl group, a C,-Cy, alkynyl
group, a C,-C, alkoxy group, a phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dimeth-
ylfluorenyl group, a diphenylfluorenyl group, a carbazolyl
group, a phenylcarbazolyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a triazi-
nyl group, a quinolinyl group, and an isoquinolinyl group;
and —N(Q,,)(Q,,); and —5i1(Q,3)(Q14)(Q,5) (in which Qy,
and Q,, are each independently a C,-C, aryl group, or a
C,-Cgp beteroaryl group, and Q5 to Q5 are each indepen-
dently a C,-Cq, alkyl group, a C,-C,, alkoxy group, a C4-Cy,
aryl group, or a C,-Cg, heteroaryl group).

[0184] The unsubstituted C,-C, alkoxy group (or C,-Cg,
alkoxy group) used herein may have a formula of —OA
(where A is the unsubstituted C,-Cg, alkyl group described
above), and detailed examples thereof are methoxy, ethoxy,
and isopropyloxy, and detailed examples of substituents of
the unsubstituted C, -C, alkoxy group may be understood by
referring to the detailed examples of substituents of the sub-
stituted C,-Cg, alkyl group.

[0185] The unsubstituted C,-Cq, alkenyl group (or C,-Cg,
alkenyl group) used herein may refer to an unsubstituted
C,-Cy, alkyl group having one or more carbon double bonds
at a center or end thereof. Examples of the unsubstituted
C,-Cy, alkenyl group are ethenyl group, prophenyl group,
and butenyl. Detailed examples of substituents of the substi-
tuted C,-Cq, alkenyl groups may be understood by referring
to the detailed examples of substituents of the substituted
C,-Cyg, alkyl group.

[0186] The unsubstituted C,-C, alkynyl group (or C,-Cg,
alkynyl group) used herein refers to an unsubstituted C,-C,
alkyl group having one or more carbon triple bonds at a center
or end thereof. Examples of the unsubstituted C,-Cg, alkynyl
group are ethynyl group, propynyl group, and the like.
Detailed examples of substituents of the substituted C,-Cq,
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alkynyl groups may be understood by referring to the detailed
examples of substituents of the substituted C,-Cg, alkyl
group.

[0187] The unsubstituted C,-C,, cyclo alkyl group used
herein may refer to a cyclic saturated hydrocarbon monova-
lent group, and examples thereof are cyclopropyl group,
cyclobutyl group, cyclopentyl group, cyclohexyl group,
cyclooctyl group, etc. Detailed examples of substituents of
the substituted C;-C,, alkynyl groups may be understood by
referring to the detailed examples of substituents of the sub-
stituted C,-Cy, alkyl group.

[0188] The unsubstituted C,-C,, cycloalkenyl group may
refer to a cyclic unsaturated hydrocarbon group that has one
or more carbon double bonds and is not an aromatic cycle, and
detailed examples thereof are cyclopropenyl group,
cyclobutenyl group, cyclopentenyl group, cyclohexenyl
group, cycloheptenyl group, 1,3-cyclohexadienyl group, 1,4-
cyclohexadienyl group, 2,4-cycloheptadienyl group, and 1,5-
cycloctadienyl. Detailed examples of substituents of the sub-
stituted C5-C,, cycloalkenyl groups may be understood by
referring to the detailed examples of substituents of the sub-
stituted C,-Cg, alkyl group.

[0189] The unsubstituted Cy-Cg, aryl group may be a
monovalent group having a carbocyclic aromatic system hav-
ing 6 to 60 carbon atoms including at least one aromatic ring.
The unsubstituted C4-C,, arylene group may be a divalent
group having a carbocyclic aromatic system having 6 to 60
carbon atoms including at least one aromatic ring. When the
aryl group and or the arylene group have at least two rings,
they may be fused to each other via a single bond. Detailed
examples of substituents of the substituted C,-C, aryl group
and C,-Cg, arylene group may be understood by referring to
the detailed examples of substituents of the substituted
C,-Cy, alkyl group.

[0190] Examples ofthe substituted or unsubstituted C4-Cg,
aryl group may include a phenyl group, a C,-C, , alkylphenyl
group (for example, ethylphenyl group), a C, -C, , alkylbiphe-
nyl group (for example, ethylbiphenyl group), a halophenyl
group (for example, an o-, m- or p-fluorophenyl group, a
dichlorophenyl group), a dicyanophenyl group, a trifluo-
romethoxyphenyl group, o-, m-, and p-tolyl groups, o-, m-
and p-cumenyl groups, a mesityl group, a phenoxyphenyl
group, a (a,a-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, halonaphthyl group (for example, a fluoronaphthyl
group), a C,-C, , alkylnaphthyl group (for example, a meth-
ylnaphthyl group), a C,-C,, alkoxynaphthyl group (for
example, a methoxynaphthyl group), an anthracenyl group,
azrenyl group, an acenaphthylenyl group, a phenalenyl
group, a fluorenyl group, anthraquinolinyl group, a methy-
lanthracenyl group, a phenanthrenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, an ethyl-chrysenyl
group, a picenyl group, perylenyl group, a chloroperylenyl
group, a pentaphenyl group, a pentasenyl group, a tetraphe-
nylenyl group, a hexaphenyl group, a hexacenyl group, a
rubicenyl group, a coroneryl group, a trinaphthylenyl group,
a heptaphenyl group, a heptacenyl group, a piranthrenyl
group, and an obarenyl group Examples of the substituted or
unsubstituted C,-C, arylene group may be easily understood
by referring to examples of the substituted or unsubstituted
Cs-Cy, aryl group.

[0191] The unsubstituted C,-Cg, heteroaryl group used
herein may refer to a monovalent group having a system
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composed of one or more aromatic rings having at least one
hetero atom selected from nitrogen (N), oxygen (O), phos-
phorous (P), and sulfur (S) and carbon atoms as the remaining
ring atoms. The unsubstituted C,-Cy, heteroarylene group
used herein may refer to a divalent group having a system
composed of one or more aromatic rings having at least one
hetero atom selected from nitrogen (N), oxygen (O), phos-
phorous (P), and sulfur (S) and carbon atoms as the remaining
ring atoms. In this regard, when the heteroaryl group and the
heteroarylene group each include two or more rings, the rings
may be fused to each other. Detailed examples of substituents
of the substituted C,-C, heteroaryl group and C,-Cg, het-
eroarylene group may be understood by referring to the
detailed examples of substituents of the substituted C,-Cy,
alkyl group.

[0192] Examples of the unsubstituted C,-C, heteroaryl
group may include a pyrazolyl group, an imidazolyl group, a
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a quinolinyl group, an
isoquinolinyl group, benzoan imidazolyl group, an imidazo
pyridinyl group, and an imidazo pyrimidinyl group.
Examples of the substituted or unsubstituted C,-Cg, het-
eroarylene group may be easily understood by referring to
examples of the substituted or unsubstituted C,-Cg, het-
eroaryl group.

[0193] The substituted or unsubstituted C4-Cgy, aryloxy
group may be represented by —OA, (wherein A, indicates
the substituted or unsubstituted C,-Cy, aryl group), and the
substituted or unsubstituted C4-Cy,, arylthio group may be
represented by —SA, (wherein A, indicates a substituted or
unsubstituted C4-Cq, aryl group).

[0194] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

EXAMPLE

[0195] Intermediates 1 to 14 were synthesized by using
methods disclosed in i) Journal of Medicinal Chemistry,
51(23), 7640-7644, 2008, ii) Synthesis (5), 815-823, 2009,
and iii) Bioorganic & Medicinal Chemistry 19(2), 939-950,
2011, which are incorporated by references herein in their
entirety.

Synthesis Example 1
Synthesis of Compound 4

Synthesis of Intermediate PY'1
[0196]
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-continued
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Intermediate 1

\_/

Intermediate PY1

[0197] Under nitrogen atmosphere, 3.6 g (10 mmol) of
1,6-dibromopyrene, 2.2 g (10 mmol) of Intermediate 1, 287
mg (0.5 mmol) of bis(dibenzylideneacetone)palladium (Pd
(dba),), 303 mg (1.5 mmol) of P(tert-Bu),, and 2.9 g (30
mmol) of sodium t-butoxide were added to 500 ml of toluene,
and then, the mixture was refluxed for 12 hours. When the
reaction was completed, a solvent was removed by evapora-
tion, and then, 500 ml of methylene chloride and 500 ml of
water were respectively added thereto and the mixture was
washed to collect an organic layer which was then dried with
an anhydrous magnesium sulfate. Subsequently, the result
was subjected to recrystallization and silica gel chromatog-
raphy to obtain Intermediate PY1 (1 g, yield of 20%).

Synthesis of Compound 1

[0198]

Intermediate 2

\ﬁ /
'OQ -
=)

Intermediate PY1
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-continued

Compound 4

[0199] Compound 4 (303 mg, yield of 49%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 2 and Intermediate PY1 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0200] MS (MALDI-TOF) m/z: 605 [M]*.
Synthesis Example 2
Synthesis of Compound 7

Synthesis of Intermediate PY?2

[0201]

Br

(O~ £y
Br H/

IntermimteS

¢ )
O
)

Intermediate PY2

[0202] Intermediate PY2 (502 mg, yield of 12%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 3 was used instead of
Intermediate 1.
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Synthesis of Compound 1
[0203]

Intermediate 4

<\ %N
N

6
Intermediate PY?2
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Compound 7

[0204] Compound 7 (298 mg, yield of 48%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 4 and Intermediate PY?2 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0205] MS (MALDI-TOF) m/z: 538 [M]*.
Synthesis Example 3
Synthesis of Compound 8

Synthesis of Compound 8

Intermediate 2
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[0207] Compound 8 (338 mg, yield of 43%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 2 and Intermediate PY?2 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1. MS (MALDI-TOE) m/z: 556 [M]".

Synthesis Example 4
Synthesis of Compound 13

Synthesis of Intermediate PY3

[0208]
i Br
BY O

Intermediate 5
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Intermediate PY3

[0209] Intermediate PY3 (278 mg, yield of 10%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 5 was used instead of
Intermediate 1.

Synthesis of Compound 13
[0210]

O

Intermediate 4
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Compound 13
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[0211] Compound 13 (502 mg, yield of 44%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 4 and Intermediate PY?3 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0212] MS (MALDI-TOF) m/z: 588 [M]*.
Synthesis Example 5
Synthesis of Compound 15
Synthesis of Intermediate PY4
[0213]
i Br
BY O
N—
A
N
/
H
Intermediate 6
N=—
§
\_/
6 N
By O
Intermediate PY4
[0214] Intermediate PY4 (444 mg, yield of 13%) was syn-

thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 6 was used instead of
Intermediate 1.

Synthesis of Compound 15
[0215]

Intermediate 4
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-continued
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Intermediate PY4

Compound 15

[0216] Compound 15 (679 mg, yield of 35%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 4 and Intermediate PY4 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0217] MS (MALDI-TOF) m/z: 588 [M]*.
Synthesis Example 6
Synthesis of Compound 32
Synthesis of Intermediate PY5
[0218]

Br H

Intermediate 7
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-continued

<N
\ /2
Intermediate PYS

[0219] Intermediate PY5 (275 mg, yield of 12%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 7 was used instead of
Intermediate 1.

Synthesis of Compound 32

[0220]

H
Q/
N
Q +

Intermediate 8

N—

§_J
avaa
o2

Intermediate PY3
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[0221] Compound 32 (459 mg, yield of 39%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 8 and Intermediate PY5 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

Compound 32

[0222] MS (MALDI-TOF) m/z: 690 [M]*.
Synthesis Example 7
Synthesis of Compound 35
Synthesis of Intermediate PY6
[0223]

Q
(=)

Br

Intermediate 9

uae
oge

Intermediate PY6
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[0224] Intermediate PY6 (351 mg, yield of 13%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 9 was used instead of
Intermediate 1.

Synthesis of Compound 35

[0225]

Intermediate 8

1

K

@_,

\_/<
oveY
QN

()
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B O
Intermediate PY6

Compound 35

[0226] Compound 35 (672 mg, yield of 46%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 8 and Intermediate PY6 were
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respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0227] MS (MALDI-TOF) m/z: 740 [M]*.
Synthesis Example 8
Synthesis of Compound 44
Synthesis of Intermediate PY7
[0228]

Nﬁﬁ

Intermediate 10

N—

\_/
SOSRYe
o

Intermediate PY7

[0229] Intermediate PY7 (358 mg, yield of 11%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 10 was used instead of
Intermediate 1.

Synthesis of Compound 44

[0230]

Intermediate 2
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Compound 44

[0231] Compound 44 (521 mg, yield of 43%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 2 and Intermediate PY7 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0232] MS (MALDI-TOF) mv/z: 606 [M]*.
Synthesis Example 9
Synthesis of Compound 69
Synthesis of Intermediate PY8
[0233]
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Intermediate 11
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Intermediate PY8

[0234] Intermediate PY8 (498 mg, yield of 12%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 11 was used instead of
Intermediate 1.

Synthesis of Compound 69

[0235]
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Intermediate 12
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Intermediate PY8

Compound 69
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[0236] Compound 69 (475 mg, yield of 41%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 12 and Intermediate PY8 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0237] MS (MALDI-TOF) nv/z: 610 [M]*.
Synthesis Example 10
Synthesis of Compound 87
Synthesis of Intermediate PY9
[0238]
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Intermediate 13

Br’ O

Intermediate PY9

[0239] Intermediate PY9 (277 mg, yield of 9%) was syn-
thesized in the same manner as used in synthesizing Interme-
diate PY1, except that Intermediate 13 was used instead of
Intermediate 1.
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Synthesis of Compound 87
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Compound 87

[0241] Compound 87 (535 mg, yield of 47%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 4 and Intermediate PY9 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0242] MS (MALDI-TOF) m/z: 664 [M]".



US 2014/0291646 Al

Synthesis Example 11
Synthesis of Compound 90

Synthesis of Intermediate PY 10

[0243]
6 !
CQQ *
Br
Intermediate 14
Intermediate PY10
[0244] Intermediate PY10 (378 mg, yield of 13%) was

synthesized in the same manner as used in synthesizing Inter-
mediate PY1, except that Intermediate 14 was used instead of
Intermediate 1.

Synthesis of Compound 90

[0245]
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-continued

Intermediate PY14

Compound 90

[0246] Compound 90 (423 mg, yield of 41%) was synthe-
sized in the same manner as used in synthesizing Intermediate
PY1, except that Intermediate 4 and Intermediate PY 14 were
respectively used instead of 1,6-dibromopyrene and Interme-
diate 1.

[0247] MS (MALDI-TOF) m/z: 690 [M]*.
Evaluation Example 1
PL. Spectrum Evaluation
[0248] Compound 7 was dissolved at a concentration of

1x10~°M in CHCl,, and a photoluminecscence (PL) spec-
trum thereof was measured by using ISC PC1 spectroflorom-
eter equipped with a Xenon lamp. The same experiment was
performed with Compound 8 and Compounds A and B below
to obtain PL spectrum maximum wavelengths, and results
thereof are shown in Table 1, below.
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TABLE 1

Compound A Compound 7 Compound 8 Compound B

PL maximum 456 452 437 419
wavelength
(nm)

<Compound A>

<Compound B>

ey

N

O

[0249] Referring to Table 1, it may be seen that Compounds
7 and 8 exhibited better blue color purity characteristics than
Compound A, and Compound B exhibited PL characteristics
with a relatively short wavelength region.

r

/

N

Example 1

[0250] A Corning 15 Qcm? (1,200 A) ITO glass substrate
was cut to a size of 50 mmx 50 mmx0.5 mm, and then, the ITO
glass substrate was sonicated with isopropyl alcohol and pure
water each for 5 minutes, and then cleaned by exposure to UV
light for 30 minutes and to ozone. Then, the ITO glass sub-
strate was mounted on a vacuum deposition apparatus.
[0251] m-MTDATA was deposited on the ITO glass sub-
strate functioning as an anode at a deposition rate of 1 A/sec
to form a hole injection layer having a thickness of 600 A, and
then alpha-NPD was deposited on the hole injection layer at
a deposition rate of 1 A/sec to form a hole transport layer
having a thickness of 300 A.

[0252] Then, Compound 4(dopant) and 9,10-di-naphtha-
lene-2-yl-anthracene (AND, host) were co-deposited on the
hole transport layer at deposition rates of 0.05 A/sec and 1
AJsec, respectively, to form an emission layer having a thick-
ness of 200 A,

[0253] Thereafter, Alq, was deposited on the emission
layer to form an electron transport layer having a thickness of
300 A, and LiF was deposited on the electron transport layer
to form an electron injection layer having a thickness of 10 A,
and then, Al was deposited on the electron injection layer to
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form a second electrode (cathode) having a thickness 0£2,000
A, thereby completing manufacturing of an organic light-
emitting diode.

Example 2

[0254] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 7 was used instead of Compound 4 in forming the
emission layer.

Example 3

[0255] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 8 was used instead of Compound 4 in forming the
emission layer.

Example 4

[0256] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 13 was used instead of Compound 4 in forming
the emission layer.

Example 5

[0257] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 15 was used instead of Compound 4 in forming
the emission layer.

Example 6

[0258] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 32 was used instead of Compound 4 in forming
the emission layer.

Example 7

[0259] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 35 was used instead of Compound 4 in forming
the emission layer.

Example 8

[0260] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 44 was used instead of Compound 4 in forming
the emission layer.

Example 9

[0261] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 69 was used instead of Compound 4 in forming
the emission layer.
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Example 10 Comparative Example B

[0262] An organic light-emitting diode was manufactured

in the same manner as in Example 1, except that as a dopant, [0265] An organic light-emitting diode was manufactured
Compound 87 was used instead of Compound 4 in forming  in the same manner as in Example 1, except that as a dopant,
the emission layer. Compound B was used instead of Compound 4 in forming the

emission layer.
Example 11

[0263] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound 90 was used instead of Compound 4 in forming

the emission layer.
<Compound B>

Comparative Example A

A

[0264] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that as a dopant,
Compound A was used instead of Compound 4 in forming the
emission layer.

T

<Compound A>

N Evaluation Example 2

[0266] Thedriving voltage, current density, brightness, and
a Color coordinate of the organic light-emitting diodes manu-
N factured according to Examples 1 to 11 and a Comparative
Examples A and B were evaluated by using a
PR650Spectroscan Source Measurement Unit. (product of
PhotoResearch Company). Results thereof are shown in
Table 2, below. A IS90 lifespan refers to a time required when
brightness reduces to 90% of its initial brightness.

TABLE 2
Emission Current Driving Color

layer ~ Emission layer Brightness density voltage coordinate

host  dopant edim?)  (cd/A) V) (CIE)
Example 1 ADN  Compound 4 700 12 42 (0.14,0.091)
Example 2 ADN  Compound 7 700 13 41 (0.14,0.099)
Example 3 ADN  Compound & 700 12 43 (0.14,0.085)
Example 4 ADN  Compound 13 700 13 43 {0.14,0.109)
Example 5 ADN  Compound 15 700 13 42 {0.14,0.085)
Example 6 ADN  Compound 32 700 14 44  {0.14,0.095)
Example 7 ADN  Compound 35 700 12 4.3 {0.14,0.108)
Example 8 ADN  Compound 44 700 13 42  {0.14,0.099)
Example 9 ADN  Compound 69 700 12 43 (0.14,0.101)
Example 10 ADN  Compound 87 700 14 42 (0.14,0.102)
Example 11 ADN  Compound 90 700 12 43 (0.14,0.107)
Comparative ADN  Compound A 700 16 46 (0.16,0.20)
Example A
Comparative ADN  Compound B 700 44 6.0  (0.16,0.10)

Example B
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[0267] From Table 1, it may be seen that the organic light-
emitting diodes of Examples 1 to 11 exhibited lower driving
voltages, higher current density, and better color purity char-
acteristics than the organic light-emitting diodes of Compara-
tive Examples A and B.
[0268] An organic light-emitting diode and an organic
light-emitting apparatus each including the pyrene-based
compound according to an embodiment may have a low driv-
ing voltage, a high current density, and excellent color purity
characteristics, and a long lifespan.
[0269] By way of summation and review, an OLED may
have a structure including a substrate, and an anode, a hole
transport layer, an emission layer, 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 may be organic thin films formed of organic
compounds.
[0270] An operating principle of an OLED having the
above-described structure may be as follows. Holes injected
from the anode may move to the emission layer via the hole
transport layer, and electrons injected from the cathode may
move to the emission layer via the electron transport layer.
The holes and electrons (carriers) may recombine in the
organic emission layer to generate excitons. When the exci-
tons drop from an excited state to a ground state, light is
emitted.
[0271] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A pyrene-based compound represented by Formula 1,
below:

<Formula 1>
A
\
O &
Arz—N\ Q
Arz

wherein, in Formula 1,

A is a substituted or unsubstituted C,-C;, heteroaromatic
group including at least one nitrogen (N); and

Ar,, Ar,, and Ar; are each independently a substituted or
unsubstituted phenyl group or a substituted or unsubsti-
tuted naphthyl group.

2. The compound of claim 1, wherein A is selected from a

substituted or unsubstituted pyridinyl group, a substituted or
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unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted triazinyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted isoindolyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
indazolyl group, a substituted or unsubstituted isoquinolinyl
group, a substituted or unsubstituted quinolinyl group, a sub-
stituted or unsubstituted phthalazinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or unsubsti-
tuted quinazolinyl group, a substituted or unsubstituted cin-
nolinyl group, and a substituted or unsubstituted 1,10-
phenanthrolinyl group.

3. The organic light-emitting diode of claim 1, wherein A is

selected from:

a pyridinyl group, a pyrimidiny1 group, a triazinyl group, a
pyrazinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, an indazolyl group, an iso-
quinolinyl group, a quinolinyl group, a phthalazinyl
group, a quinoxalinyl group, a cinnolinyl group, and a
1,10-phenanthrolinyl group; or

a pyridinyl group, a pyrimidinyl group, a triazinyl group, a
pyrazinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, an indazolyl group, an iso-
quinolinyl group, a quinolinyl group, a phthalazinyl
group, a quinoxalinyl group, a cinnolinyl group, and a
1,10-phenanthrolinyl group, each substituted with at
least one of:

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

a C,-Cy, alkyl group, a C,-C, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each substi-
tuted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, and 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, , heterocy-
cloalkenyl group, a C4-C,, aryl group, a Cy-C, aryloxy
group, a C,;-C, arylthio group, and a C,-C, heteroaryl
group,

a C;3-Cyq cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C5-C, , heterocy-
cloalkenyl group, a C4-Cguaryl group, a C¢-Cyq aryloxy
group, a C,-C, arylthio group, and a C,-C, heteroaryl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
or asalt thereof, a sulfonic acid or a salt thereof, aC,-Cy,
alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C,-C, alkoxy group, a phenyl group, a naph-
thyl group, an anthracenyl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a
carbazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group,
and an isoquinolinyl group, or
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—Si(Q,,)(Q,2)(Q,3), in which Q,, to Q,; are each inde- -continued
pendently a C, -Cy,, alkyl group, a C,-C,, alkoxy group,
a Cy-Cy, aryl group, or a C,-Cy heteroaryl group. Formula F
4. The compound of claim 1, wherein A is a group repre-
sented by one of Formulae 2A to 2K below:
R,
e
R
Formula 2A R; e ’
R, Ry
e Rs
R| / R3 Formula 2G
R,
Rg
Formula 2B N \
.
S R
X
I\i N Ry Ry
R 7, Rs
Formula 2H

Formula 2C Rs

| N
R l)w/ R,
Formula 21

R,
[Va VoV aVaVaVyToVy
Formula 2D P
)
R; Rs
NN |
N
)|\ P Ry Ry
Ry N R, y
3
Formula 2J
Formula 2E

Rg

Rs
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-continued

Formula 2K

wherein, in Formulae 2A to 2K, 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, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, a C,;-Cq, alkyl group, a C,-Cy,
alkenyl group, a C,-C, alkynyl group, and a C,-Cy,
alkoxy group;

a C,;-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substi-
tuted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, and a phosphoric acid ora
salt thereof;

a C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C |, cycloalkenyl group, a C5-C |, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C¢-Cy aryloxy
group, a C4-C, arylthio group, and a C,-C 4, heteroaryl
group;

a C;-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C | cycloalkenyl group, a C5-C, , heterocy-
cloalkenyl group, a C¢-Cy,, aryl group, a C¢-Cy, aryloxy
group, a C4-C, arylthio group, and a C,-Cg, heteroaryl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, aC,-Cy,
alkyl group, a C,-Cq, alkenyl group, a C,-Cq, alkynyl
group, a C,-C, alkoxy group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group,
and an isoquinoliny] group; and

—Si(Q,; )(Q5)(Qy3), in which Q,; to Q,; are each inde-
pendently a C,-C,, alkyl group, a C,-C,, alkoxy group,
a C4-Cy, aryl group, or a C,-Cg,, heteroaryl group.

5. The pyrene-based compound of claim 4, wherein R, to

R, are each independently selected from:

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

87
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a C,-Cg, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
and a phosphoric acid or a salt thereof;

a C4-C 4 aryl group, and a C,-C, ¢ heteroaryl group;

a C4-C 5 aryl group or a C,-C,, heteroaryl group, each
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a C,-C,, alkyl
group, phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a
diphenylfluorenyl group, a carbazolyl group, a phenyl-
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, apyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group;
and

—31(Q,1)(Q12)(Qy3), in which Q) to Q,; are each inde-
pendently a C,-C,, alkyl group, a C4-C | aryl group, or
a C,-C, 4 heteroaryl group.

6. The pyrene-based compound of claim 4, wherein R, to

R, are each independently selected from:

ahydrogen atom, a deuterium atom, F, Cl, Br, I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, and a hexyl group,;

a phenyl group, a naphthyl group, and an anthracenyl
group; and

a phenyl group, a naphthyl group, and an anthracenyl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a
penty!l group, a hexyl group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, and a phenylcarbazolyl group.

7. The pyrene-based compound of claim 1, wherein A has

a structure selected from one of the following structures:

N MY Y
]
x
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8. The pyrene-based compound of claim 1, wherein Ar,,
Ar,, and Ar, are each independently selected from:

a phenyl group and a naphthyl group; and

aphenyl group and a naphthyl group, each substituted with
at least one of:

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof, a
C,-Cg alkyl group, a C,-C,, alkenyl group, a C,-Cq,
alkynyl group, and a C,-Cy, alkoxy group,
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a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C, alkoxy group, each substituted
with at least one of a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, and a phosphoric acid or a salt
thereof,

a C5-C,, cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C,-C, , cycloalkenyl group, a C;-C, , heterocy-
cloalkenyl group, a C4-Cg, aryl group, a Ce-C aryloxy
group, a C,;-Cy, arylthio group, and a C,-C, heteroaryl
group,

a C;-Cyq cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C5-C, , heterocy-
cloalkenyl group, a C4-Cgq aryl group, a C-Coq aryloxy
group, a C,;-Cg, arylthio group, and a C,-C, heteroaryl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
or asalt thereof, a sulfonic acid or a salt thereof, aC,-Cy,
alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C,-C, alkoxy group, a phenyl group, a naph-
thyl group, an anthracenyl group, a fluorenyl group, a
dimethylfluorenyl group, a diphenylfluorenyl group, a
carbazolyl group, a phenylcarbazolyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinolinyl group,
and an isoquinolinyl group, and

—Si(Q,)(Q,.XQ,5), in which Q,, to Q, 5 are each inde-
pendently a C,-Cy,, alkyl group, a C,-C,, alkoxy group,

a Cyg-Cg, aryl group, or a C,-C heteroaryl group.

9. The pyrene-based compound of claim 1, wherein Ar,,

Ar,, and Ar; are each independently selected from:

a phenyl group and a naphthyl group; and

a phenyl group and a naphthyl group, each substituted with
at least one of

a deuterium atom, F, Cl, Br, I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof and a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl
group, and a hexyl group,

a phenyl group, a naphthyl group, and an anthracenyl
group, and

a phenyl group, a naphthyl group, and an anthracenyl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
or a salt thereof, a sulfonic acid or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, phenyl group, a naphthyl
group, an anthracenyl group, a fluorenyl group, a dim-
ethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group, and a phenylcarbazolyl group.
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10. The pyrene-based compound of claim 1, wherein Ar, is _continued
selected from one of the following structures:

5898 5
5 S
oee :5

; : f 11. The pyrene-based compound of claim 1, wherein Ar
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and Ar; are each independently selected from one of the
following structures:

595 &»g
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12. The pyrene-based compound of claim 1, wherein Ar, is
asubstituted or unsubstituted phenyl group or a substituted or
unsubstituted a naphthyl group, and Ar, and Ar, are a substi-
tuted or unsubstituted phenyl group.

13. The pyrene-based compound of claim 1, wherein the
pyrene-based compound is represented by one of Formulae
1A, 1B, or 1C, below:

4
¥

Zy

Zys Z1a
72 Z2;

A

/

<Formula 1A>
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wherein, in Formulae 1A, 1B, and 1C,

A 1s a substituted or unsubstituted C,-C,, heteroaromatic
group including at least one nitrogen (N); and

7,07, 7,,t07,5sand 7,, to 7,5 are each independently
selected from:

ahydrogen atom, a deuterium atom, F, Cl, Br, I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, and a hexyl group:;

a phenyl group, a naphthyl group, and an anthracenyl
group; and

a phenyl group, a naphthyl group, and an anthracenyl
group, each substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group
ora salt thereof, a sulfonic acid or a salt thereof, a methyl

751
7x
24

Zys
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<Formula 1B>

A Z 73
\ 24
— )
()
9, :
aal Lo
-

<Formula 1C>

Z 7

\ )
-
Zs Zs

group, an ethyl group, a propyl group, a butyl group, a

pentyl group, a hexyl group, phenyl group, a naphthyl

group, an anthracenyl group, a fluorenyl group, a dim-

ethylfluorenyl group, a diphenylfluorenyl group, a car-
bazolyl group and a phenylcarbazolyl group.

14. The pyrene-based compound of claim 13, wherein A is
represented by one of Formulae 2A to 2K, below:

Formula 2A

Ry
I\i I
R 7 R
R,
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-continued
Formula 2B
I
R, A Rs
R,
Formula 2C
R;
x
P
Rl)\’/
R,
Formula 2D
Rz
NT Y
P
Ry N R;
Formula 2E
Rg
Rs
N7
/
Ry Ry
R; R;
Formula 2F
R¢
N
| N
R 7
Ry Ry
Rs
Formula 2G
R¢
N
.
Rs
Ry Ry
Rz
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-continued
Formula 2H
Rs
Ry
D
)\ Z
R, N R;
R,
Formula 21
]
Ry
/ Rs
Ry Ry
R;
Formula 27
Rs
N‘—‘é
Rl | P N
Ry Ry
R;
Formula 2K

wherein, in Formulae 2A to 2K, 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, a hydrazine group, a hydra-
7one group, a carboxyl group or a salt thereof, a sulfonic
acid or a salt thereof, and a C,-C |, alkyl group;

a C,-Cq, alkyl group substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxyl
group or a salt thereof, a sulfonic acid or a salt thereof,
and a phosphoric acid or a salt thereof;
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aC4-C4 aryl group and a C,-C, 4 heteroaryl group;

a C4-C | aryl group and a C,-C | ; heteroaryl group, each
substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxyl group or a salt
thereof, a sulfonic acid or a salt thereof, a C,-C,; alkyl
group, phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, a dimethylfluorenyl group, a
diphenylfluorenyl group, a carbazolyl group, a phenyl-
carbazolyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group;
and

—S1(Q1)(Q12)(Q,3), in which Q,; to Q,; are each inde-
pendently a C,-C,, alkyl group, a C4-C, saryl group, ora
C,-C 4 heteroaryl group.

15. The pyrene-based compound of claim 14, wherein R,
toR,,Z t0Z,, 7, toZand Z,, to Z,5 are each indepen-
dently a hydrogen atom, a F atom, a cyano group, or a phenyl
group.

16. The pyrene-based compound of claim 1, wherein the
pyrene-based compound is one of Compounds 1 to 96, below:
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17. An organic light-emitting diode, comprising:

a first electrode;

a second electrode facing the first electrode; and

an organic layer between the first electrode and the second
electrode and including an emission layer, wherein the
organic layer includes the pyrene-based compound of
claim 1.

18. The organic light-emitting diode of claim 17, wherein

the organic layer further includes:

ahole transportation region between the first electrode and
the emission layer, the hole transportation region includ-
ing at least one of a hole injection layer, a hole transpor-
tation 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 transportation region between the emission
layer and the second electrode, the electron transporta-
tion region including at least one of a hole blocking
layer, an electron transportation layer, and an electron
injection layer.

Oct. 2,2014

19. The organic light-emitting diode of claim 17, wherein
the pyrene-based compound is:

in the emission layer, and

a fluorescent dopant that emits light according to a fluo-

rescence emission mechanism, the emission layer fur-
ther including a host.

20. The organic light-emitting diode of claim 19, wherein
the host includes at least one of an anthracene-based com-
pound represented by Formula 400, below, or an anthracene-
based compound represented by Formula 401, below:

<Fomula 400>

N\ (Arygs);
/X
Arjg— (A1) (Ary)g—Ar3
/
\ /\(Amé)j

<Fomula 401>

wherein, in Formulae 400 and 401,

Ar,,, and Ar, |, are each independently a substituted or
unsubstituted C4-Cgy, arylene group;

Ar, ;toAr;,sand Ar,, to Ar, 5 are each independently a
substituted or unsubstituted C,-C, ; alkyl group or a sub-
stituted or unsubstituted C4-C, aryl group;

Ar,,s and Ar,, are each independently a C,-C,, alkyl
group; and

2, h, 1, ], k, and 1 are each independently an integer of 0 to
4.

* #* * #* #®
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