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(57) ABSTRACT

A heterocyclic compound represented by one of Formulae
1-4 below and an organic light-emitting device including an
organic layer that includes the heterocyclic compound. The
heterocyclic compounds have excellent light-emitting char-
acteristics and excellent electron transporting characteristics,
and thus may be used as electron injecting materials or elec-
tron transporting materials suitable for all-color fluorescent
and phosphorescent devices, such as red, green, blue, and
white fluorescent and phosphorescent devices. In particular,
the heterocyclic compounds are efficiently used as light-emit-
ting materials of green, blue, and while fluorescent devices.
By using the heterocyclic compounds, organic light-emitting
devices having high efficiency, low driving voltage, high
brightness, and long lifespan may be prepared.
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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
CONTAINING THE SAME

CLAIM OF PRIORITY

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0083558, filed on Aug. 22,2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a heterocyclic com-
pound represented by Formula 1 and an organic light-emit-
ting device including the heterocyclic compound.

[0004] 2. Description of the Related Art

[0005] Light-emitting devices are self-emission type dis-
play devices and have a wide viewing angle, a high contrast
ratio, and a short response time. Due to these characteristics,
light-emitting devices are drawing more attention. Such light-
emitting devices can be roughly classified into inorganic
light-emitting devices that include emission layers (EMLs)
containing inorganic compounds, and organic light-emitting
devices that include EMLs containing organic compounds.
Specifically, organic light-emitting devices have higher
brightness, lower driving voltages, and shorter response times
than inorganic light-emitting devices, and can render multi-
colored displays. Thus, much research into such organic
light-emitting devices has been conducted. Generally, an
organic light-emitting device has a stack structure including
an anode, a cathode, and an organic EML interposed therebe-
tween. However, a hole injection layer (HIL) and/or a hole
transport layer (HTL) may further be stacked between the
anode and the organic EML, and/or an electron transport
layer (ETL) may further be stacked between the organic EML
and the cathode. In other words, an organic light-emitting
device may have a stack structure of anode/HTL/organic
EML/cathode or a stack structure of anode/HTL/organic
EML/ETL/cathode.

[0006] As a material for the organic EML, an anthracene
derivative has been used.

[0007] However, organic light-emitting devices including
such a known organic emission material do not have satisfac-
tory life span, efficiency, and power consumption character-
istics, thereby improvement in this regard still being neces-

sary.
SUMMARY OF THE INVENTION

[0008] The present invention provides a heterocyclic com-
pound having excellent electrical characteristics, charge
transporting capabilities, and light-emission capabilities.
[0009] The present invention also provides an organic
light-emitting device including the heterocyclic compound.
[0010] The present invention also provides a flat panel dis-
play device including the organic light-emitting device.

[0011] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 1 below.
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Formula 1

Ry R; . g

[0012] InFormula 1, R, R,, R;, Ry, R, and R, are each
independently a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a cyano group, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted C5-C60
aryl group, an amino group substituted with a C5-C60 aryl
group, a substituted or unsubstituted C3-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group, and

A and B are each independently a substituted or unsubstituted
heteroaromatic condensed polycyclic group selected from the
group consisting of substituted or unsubstituted dibenzofu-
ran, substituted or unsubstituted dibenzothiophene, substi-
tuted or unsubstituted carbazole, substituted or unsubstituted
indazole, and substituted or unsubstituted fluorene.

[0013] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 2 below.

Formula 2

Ris

[0014] In Formula 2, R, to R and R, to R, are each
independently a lone pair electron, a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
or unsubstituted C1-C60 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C3-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—, —N(R,,}—,
—C(R4yR)— —CRy— or —8—,

optionally, R, and R, R,,, or R,5; 0r R, and R, Ry, o
R,, may be connected to each other to form a ring, and

R, to R, are each independently a lone pair electron, a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C5-C60 aryl group, an
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amino group substituted with a C5-C60 aryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group.
[0015] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 3 below.

Formula 3

[0016] In Formula 3, R, to R, and R, to R,5 are each
independently a lone pair electron, a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
or unsubstituted C1-C60 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C35-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—, —N(R,,)}—,
—CRyRp)— —CRyy=, or —8—,

optionally, R,; and R0, R, |, or R,5; 0r Ry and Ry, R, or
R, may be connected to each other to form a ring, and

R, to Ry, are each independently a lone pair electron, a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C5-C60 aryl group, an
amino group substituted with a C5-C60 aryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group.
[0017] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 1 below.

Formula 4

[0018] In Formula 4, R, to Ry and R;, to Rys are each
independently a lone pair electron, a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
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or unsubstituted C1-C50 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C35-C30 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—, —N(R,)}—,
—C(R4R4p)— —CRy —, or —S5—,

optionally, R, and Ry, Ry, or Ry55 0r Ry, and Ry, Ry, o
R,, may be connected to each other to form a ring, and

[0019] R,,to R,, are each independently a lone pair elec-
tron, a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted C1-C50
alkyl group, a substituted or unsubstituted C5-C60 aryl
group, an amino group substituted with a C5-C50 aryl group,
a substituted or unsubstituted C3-C60 heteroaryl group, or a
substituted or unsubstituted C6-C60 condensed polycyclic
group.

[0020] InFormulae 2,3,and4,R; toRs, R qt0R 5, Rynt0
R,s, and R, to R;5 are each independently selected from the
group consisting of a lone pair electron, a hydrogen atom, a
heavy hydrogen atom, a halogen atom, a cyano group, a
substituted or unsubstituted C1-C20 alkyl group, and one of
Formulae 2a to 2j below.
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-continued

2h

[0021] In Formulae 2a to 2j, Q; is —C(Rs0)Rs5,)—,
N(Rs,)—, —N(-*)-, —S—, or —O0—;

Y,, Y, and Y, are each independently —N—, —N(-*)-,
—S—,—0—, or—CR;3)—;

7., 75, Ar 5, Ar 5, Rsg, Rsp, Rss, and Re; are each indepen-
dently selected from the group consisting of'a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted C5-C20
aryl group, a substituted or unsubstituted C3-C20 heteroaryl
group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen atom, a cyano group, a nitro
group, a hydroxy group, and a carboxy group;

Ary; is selected from the group consisting of a substituted or
unsubstituted C1-C20 alkylene group, a substituted or unsub-
stituted C5-C20 arylene group, and a substituted or unsubsti-
tuted C3-C20 heteroarylene group;

p is an integer from 1 to 10;

r is an integer from 0 to 5; and

* 1s a binding site.

[0022] In Formulae 2, 3, and 4, R,, R5, Rs, R, Ry, Ry5,
Ri3 Rys, Ryps Rop Ross Ros Ryg, Ryps Ry, and Ry may be
each independently a hydrogen atom or a heavy hydrogen
atom. The compounds represented by Formulae 2, 3, and 4
may be symmetrical compounds.

[0023] In Formulae 2, 3, and 4, R,, R;, Rs, R¢, Ry, Rys,
Ri5 Rys, Ry Ropy Roy Rosy Ryg, Ry, Ry, and Ry, may be
each independently a hydrogen atom or a heavy hydrogen
atom, and

R, R, Ry, Ry Rogs Ry, Ry, and Ry may be each inde-
pendently selected from the group consisting of a lone pair
electron, a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted C1-C20
alkyl group, and one of Formulae 2a to 2j below.
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Z Y, Z
i
YZW/W
*

Arpa

/
*— AN
\
Arpz

2d

\
2g
| \ \Yl
2h
= 1
o) o
P
\*
2i
=
o2 : N
AN o

[0024] In Formulae 2a to 2j, Q; 15 —C(Rsp)(Rs;)—,
7N(R52)77 7N('*)'7 7Sia or 40*:

Y,,Y,, and Y5 are each independently —N—, —N(-*)-,
7877 7077 or 7C(R53)77

7y, 7., Ar 5, Ar, 5, R, Rs ), Rss, and Ry, are each indepen-
dently selected from the group consisting of a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted C5-C20
aryl group, a substituted or unsubstituted C3-C20 heteroaryl
group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen atom, a cyano group, a nitro
group, a hydroxy group, and a carboxy group;

Ar,, is selected from the group consisting of a substituted or
unsubstituted C1-C20 alkylene group, a substituted or unsub-
stituted C5-C20 arylene group, and a substituted or unsubsti-
tuted C3-C20 heteroarylene group;

p is an integer from 1 to 10; r is an integer from 0 to 5; and *
is a binding site.

[0025] In Formulae 2, 3, and 4, R,, R5, Rs, R, Ry, Ry 5,
Ris Rys, Royy Rz Ross Rosy Ryg, Ry Rz, and Ry, may be
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each independently a hydrogen atom or a heavy hydrogen
atom, R, R*, R, 1, R,,, Ryg, Rus, Ry, and Ry 5 may be each
independently selected from the group consisting of a lone
pair electron, a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a cyano group, a substituted or unsubstituted
C1-C20 alkyl group, and one of Formulae 2a to 2j below and

the compounds represented by Formulae 2, 3, and 4 may be
symmetrical compounds.
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[0026] In Formulae 2a to 2j, Q, is —C(Rso)Rs;)—,
7N(R52)75 7N('*)'s 787; or 40*:

Y,,Y,, and Y, are each independently —N(-*)-, —S—,
—O0—, or —C(Rs3)=;

7y, 7., Ar 5, Ar, 5, R, Rs ), Rss, and Ry, are each indepen-
dently selected from the group consisting of a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted C5-C20
aryl group, a substituted or unsubstituted C3-C20 heteroaryl
group, a substituted or unsubstituted C6-C20 condensed
polycyclic group, a halogen atom, a cyano group, a nitro
group, a hydroxy group, and a carboxy group;

Ar, , is selected from the group consisting of a substituted or
unsubstituted C1-C20 alkylene group, a substituted or unsub-
stituted C5-C20 arylene group, and a substituted or unsubsti-
tuted C3-C20 heteroarylene group;

p is an integer from 1 to 10; r is an integer from 0 to 5; and *
is a binding site.

[0027] The heterocyclic compound of Formula 1 may be
one of the following compounds.

6A

10Fa
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-continued

3Ga

11Ga
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-continued
4Gb

OMe

According to an aspect of the present invention, there is
provided an organic light-emitting device including a first
electrode; a second electrode; and an organic layer interposed
between the first electrode and the second electrode,
wherein the organic layer includes a first layer including the
heterocyclic compound represented by Formula 1.

[0028] The first layer may include a hole injection layer
(HIL), ahole transport layer (HTL), a functional layer having
both hole injecting and hole transporting capabilities, an
emission layer (EML), an electron injection layer (EIL), an
electron transport layer (ETL), or a functional layer having
both electron injecting and electron transporting capabilities.
[0029] The first layer may be an EML, and the heterocyclic
compound of Formula 1 may be used as a fluorescent host or
a fluorescent dopant.

[0030] The organic layer may include an EML, a HTL, and
an ETL, and the first layer may be an EML, wherein the EML
may further include an anthracene compound, an arylamine
compound, or a styryl compound.

[0031] The organic layer may include an EML, a HTL, and
an ETL, and the first layer may be an EML, wherein one of the
red, green, blue, and white layers of the EML may further
include a phosphorescent compound.

[0032] The first layer may be a blue EML.

[0033] The first layer may be a blue EML, and the hetero-
cyclic compound of Formula 1 may be used as a blue dopant.
[0034] The organic layer may include a HIL, a HTL, a
functional layer having both hole injecting and hole trans-
porting capabilities, an EML, ahole blocking layer (HBL), an
ETL, an EIL, or a combination of at least two thereof.
[0035] At least one of the HIL, the HTL, and the functional
layer having both hole injecting and hole transporting capa-
bilities may further include a charge-generating material.
[0036] The ETL may include an electron-transporting
organic material and a metal-containing material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawing in which:

[0038] FIG. 1 illustrates an organic light-emitting device
according to an embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0039] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0040] Anthracene derivatives are widely known as mate-
rials for forming an organic emission layer (EML). PBD,
PF-6P, and PyPySPyPy, as well as Alg3, are also widely
known as materials for forming an electron transport layer
(ETL). For example, an organic light-emitting device manu-
factured using a compound of phenylanthracene dimer or
trimer is widely known. However, such organic light-emitting
devices have a narrow energy gap and lower blue-light color
purity since two or three oligomeric species of anthracene are
linked by conjugation.

[0041] In addition, such compounds are highly vulnerable
to oxidation and thus are liable to produce impurities, neces-
sitating purification. In order to overcome these drawbacks,
organic light-emitting devices manufactured using an
anthracene compound including a substituent of naphthalene
at 1,9 position or using a diphenylanthracene compound
including a substituent of an aryl group at m-position of the
phenyl group have been introduced. However, these organic
light-emitting devices have lower light-emission efficiency.
[0042] Inaddition, organic light-emitting devices manufac-
tured using a naphthalene-substituted monoanthracene
derivative have been introduced. However, the compound has
alow light-emission efficiency of about 1 cd/A, and thus such
organic light-emitting devices are not suitable for practical
use. Organic light-emitting devices manufactured using com-
pounds having a phenylanthracene structure have been intro-
duced. However, these compounds are substituted with an
aryl group at m-position, and thereby having a low light-
emission efficiency of about 2 cd/A in spite of excellent
thermal resistance.

[0043] The present invention will now be described in more
detail.
[0044] According to an embodiment of the present inven-

tion, a heterocyclic compound represented by Formula 1
below is provided.

[Formula 1]

'
'
H ’
Ry R3 b S

[0045] In Formula 1, R;, R,, Ry, R,, Ry, and R are each
independently a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a cyano group, a substituted or unsubstituted
C1-C60 alky! group, a substituted or unsubstituted C5-C60
aryl group, an amino group substituted with a C5-C60 aryl
group, a substituted or unsubstituted C3-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group, and

A and B are each independently a substituted or unsubstituted
heteroaromatic condensed polycyclic group selected from the
group consisting of substituted or unsubstituted dibenzofu-
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ran, substituted or unsubstituted dibenzothiophene, substi-
tuted or unsubstituted carbazole, substituted or unsubstituted
indazole, and substituted or unsubstituted fluorene.

[0046] According to an embodiment of the present inven-
tion, a heterocyclic compound represented by Formula 2 is
provided.

Formula 2

Ris

[0047] In Formula 2, R, to Ry and R,, to R, are each
independently a lone pair electron, a hydrogen atom. a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
or unsubstituted C1-C60 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C5-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—,
—C(R4yRp)— —CRy— or —8—,
optionally, R, and Ry, R,,, or R,5; 0r R and Ry, Ry, or
R,, may be connected to each other to form a ring,

R,, to R, are each independently a lone pair electron, a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C5-C60 aryl group, an
amino group substituted with a C5-C60 aryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group.
[0048] According to an embodiment of the present inven-
tion, a heterocyclic compound represented by Formula 3 is
provided.

—NRuo)—

Formula 3
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[0049] In Formula 3, R, to Ry and R, to R,s are each
independently a lone pair electron, a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
or unsubstituted C1-C60 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C5-C60 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—, —N(R,,)—,
—C(R4Ru)— —CRy— or —8—,

optionally, R,5 and R, R4y, or Rys; 0r Ry and Ry, Ry, o
R,, may be connected to each other to form a ring,

R,, to R, are each independently a lone pair electron, a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C60 alkyl
group, a substituted or unsubstituted C5-C60 aryl group, an
amino group substituted with a C5-C60 aryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group.
[0050] According to an embodiment of the present inven-
tion, a heterocyclic compound represented by Formula 4 is
provided.

Formula 4

[0051] In Formula 4, R, to Ry and R, to Ry are each
independently a lone pair electron, a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a cyano group, a substituted
or unsubstituted C1-C50 alkyl group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C5-C30 aryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted C6-C60
condensed polycyclic group,

X, to X, are each independently —O—, —N(R,}—,
—CR4Rp)— —CRyy=, 0r —8—,

optionally, R,s and R, R, or R,,; or Ry, and R, Ry, or
R,, may be connected to each other to form a ring,

R, to Ry, are each independently a lone pair electron, a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C50 alkyl
group, a substituted or unsubstituted C5-C60 aryl group, an
amino group substituted with a C5-C50 aryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group.
[0052] The heterocyclic compounds of Formulae 1 and 4
according to the current embodiment of the present invention
may be suitable as a material for forming an EML, an ETL, or
an electron injection layer (EIL) of an organic light-emitting
device.
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[0053] An organic light-emitting device manufactured
using one of the compounds of Formulae 1 to 4 has high
durability when stored or operated.

[0054] Substituents in the compounds of Formulae 2, 3, and
4 will now be described in detail.

[0055] InFormulae2,3,and4,R, toR,, R o0 R 5, Ry t0
R,s, and R, to R55 may be each independently selected from
the group consisting ofa lone pair electron, a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a cyano group, a
substituted or unsubstituted C1-C20 alkyl group, and one of
Formulae 2a to 2j below.

2b

2d

2g

2h
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-continued
(Z)p
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[0056] In Formulae 2a to 2j, Q, is —C(Rso)(Rs;)—,
—NRs,)— —N(-*)-,—S— or —O0—Y,,Y,,and Y, are
each independently —N—, —N(-*)-, —S—, —O—, or
—C(Rs3)—=; 7,725, Ar, 5, Ar,,Rs0, Rs1, Rs5, and Ry; are each
independently selected from the group consisting of a hydro-
gen atom, a heavy hydrogen atom, a substituted or unsubsti-
tuted C1-C20 alkyl group, a substituted or unsubstituted
C5-C20 aryl group, a substituted or unsubstituted C3-C20
heteroaryl group, a substituted or unsubstituted C6-C20 con-
densed polycyclic group, a halogen atom, a cyano group, a
nitro group, a hydroxy group, and a carboxy group; Ar,, is
selected from the group consisting of a substituted or unsub-
stituted C1-C20 alkylene group, a substituted or unsubsti-
tuted C5-C20 arylene group, and a substituted or unsubsti-
tuted C3-C20 heteroarylene group; p is an integer from 1 to
10; r is an integer from O to 5; and * is a binding site.

[0057] In Formulae 2, 3, and 4, R,, R;, Rs, R, Ry, Rys,
Ry5 Rys, Rops Ropy Rogs Rosy Rag, Ry, Ry, and Ry may be
each independently a hydrogen atom or a heavy hydrogen
atom. The compounds represented by Formulae 2, 3, and 4
may be symmetrical compounds.

[0058] Thesymmetrical compound refers to acompound in
which substituents on opposite sides with respect to the center
are the same. For example, in Formula 2, R, and R, are the
same, R, and R, are the same, R ; and R, are the same, and
X, and X, are the same.

[0059] In Formulae 2, 3, and 4, R,, R5, Rs, R, R g, Ry5,
Ry Rys, Roys Rog, Ros Ros, Ry, Ry, Rys, and Ry, are each
independently a hydrogen atom or a heavy hydrogen atom,
and R;, Ry, R}, R4, Rog, Ras, Ry, and Ry are each inde-
pendently selected from the group consisting of a lone pair
electron, a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted C1-C20
alkyl group, and one of Formulae 2a to 2j below.
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[0060] In Formulae 2a to 2j, Q, is —C(Rs0)Rs5,)—,
—N(R5,)—, —N(-*)-,—S— or —0—;Y,, Y,,and Y, are
each independently —N—, —N(-*)-, —S—, —O—, or
—C(Rs3)—=: Zy, Z,, Arpy, Arys, Ry, Rsy. Ry, and Ry are
each independently selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C5-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, a substituted or unsubstituted
C6-C20condensed polycyclic group, a halogen atom, acyano
group, a nitro group, a hydroxy group, and a carboxy group;
[0061] Ar,, is selected from the group consisting of a sub-
stituted or unsubstituted C1-C20 alkylene group, a substi-
tuted or unsubstituted C5-C20 arylene group, and a substi-
tuted or unsubstituted C3-C20 heteroarylene group;

p is an integer from 1 to 10;

r is an integer from 0 to 5; and

* is a binding site.

[0062] In Formulae 2, 3, and 4, R,, R5, Rs, R¢, Ry, Ry5,
Ria Rys, Ryps Rogy Ross Rosi Rygs Ry, Ry, and Ry, may be
each independently a hydrogen atom or a heavy hydrogen
atom, and R, Ry, R;;. Ry4, Rygs Ryss Ry, and Ry may be
each independently selected from the group consisting of a
lone pair electron, a hydrogen atom, a heavy hydrogen atom,
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ahalogen atom, a cyano group, a substituted or unsubstituted
C1-C20 alkyl group, and one of Formulae 2a to 2j below.

[0063] Thecompounds represented by Formulae 2,3, and 4
may be symmetrical compounds.

Ja
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[0064] In Formulae 2a to 2j, Q; is —C(Rs0)Rs5,)—,
—NRsz)— —N(-#)-,—S— or —0—=Y,.Y,,and Y; are
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each independently —N—, —N(-*)-, —S—, —O—, or
—CRs3)=:Z,, Z,, Ar,,, Arj5, Rsq, Ry, R, and Ry are
each independently selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C5-C20 aryl group, a substituted or unsubstituted
C3-C20 heteroaryl group, a substituted or unsubstituted
C6-C20condensed polycyclic group, ahalogen atom, a cyano
group, a nitro group, a hydroxy group, and a carboxy group;
Ar,, 1s selected from the group consisting of a substituted or
unsubstituted C1-C20 alkylene group, a substituted or unsub-
stituted C5-C20 arylene group, and a substituted or unsubsti-
tuted C3-C20 heteroarylene group;

p is an integer from 1 to 10;

r is an integer from 0 to 5; and

* is a binding site.

[0065] Hereinafter, substituents described with reference
to Formulae 1 to 4 will now be described in detail. In this
regard, the numbers of carbon atoms in substituents are pre-
sented only for illustrative purposes and do not limit the
characteristics of the substituents.

[0066] The unsubstituted C1-C60 alkyl group used herein
may be linear or branched. Examples of the alkyl group may
include, but are not limited to, methyl, ethyl, propyl, isobutyl,
sec-butyl, pentyl, iso-amyl, hexyl, heptyl, octyl, nonanyl, and
dodecyl. At least one hydrogen atom of the alkyl group may
be substituted with a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C1-C10 alkyl
group, a C1-C10 alkoxy group, a C2-C10 alkenyl group, a
C2-C10 alkynyl group, a C6-C16 aryl group, or a C4-C16
heteroaryl group.

[0067] The unsubstituted C2-C60 alkenyl group used
herein refers to a hydrocarbon chain having at least one car-
bon-carbon double bond within or at a terminal of the unsub-
stituted alkyl group. Examples of the C2-C60 alkenyl group
include ethenyl, propenyl, and butenyl. At least one hydrogen
atom of the alkenyl group may be substituted with the same
substituent groups as described above in connection with the
alkyl group.

[0068] The unsubstituted C2-C60 alkynyl group used
herein refers to a hydrocarbon chain having at least one car-
bon-carbon triple bond within or at a terminal of the alkyl
group. Examples of the unsubstituted C2-C60 alkynyl group
include acetylene, propylene, phenylacetylene, naphthy-
lacetylene, isopropylacetylene, t-butylacetylene, and diphe-
nylacetylene. At least one hydrogen atom ofthe alkynyl group
may be substituted with the same substituent groups as
described above in connection with the alkyl group.

[0069] The unsubstituted C3-C60 cycloalkyl group used
herein refers to a C3-C60 cyclic alkyl group wherein at least
one hydrogen atom in the cycloalkyl group may be substi-
tuted with the same substituent group described above in
connection with the C1-C60 alkyl group.

[0070] Theunsubstituted C1-C60alkoxy group used herein
is a group having a structure of —OA wherein A is an unsub-
stituted C1-C60 alkyl group as described above. Examples of
the C1-C60 alkoxy group include methoxy, ethoxy, propoxy,
isopropyloxy, butoxy, and pentoxy. At least one hydrogen
atom of the alkoxy group may be substituted with the same
substituent groups as described above in connection with the
alkyl group.
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[0071] The unsubstituted C5-C60 aryl group used herein
refers to a carbocyclic aromatic system containing at least one
ring. At least two rings may be fused to each other or linked to
each other by a single bond. The term ‘aryl’ refers to an
aromatic system, such as phenyl, naphthyl, or anthracenyl. At
least one hydrogen atom in the aryl group may be substituted
with the same substituent groups described with reference to
the C1-C60 alkyl group.

[0072] Examples of the substituted or unsubstituted
C5-C60 aryl group include a phenyl group, a C1-C10 alky-
Iphenyl group (forexample, ethylphenyl group), a halophenyl
group (for example, 0-, m-, and p-fluorophenyl group, and
dichlorophenyl group), a cyanophenyl group, a dicyanophe-
nyl group, a trifluoromethoxyphenyl group, a biphenyl group,
ahalobiphenyl group, a cyanobiphenyl group, a C1-C10 alkyl
biphenyl group, a C1-C10 alkoxybiphenyl group, an o-, m-,
and p-toryl group, an o-, m-, and p-cumenyl group, a mesityl
group, a phenoxyphenyl group, an (o,c-dimethylbenzene)
phenyl group, an (N,N'-dimethyl)aminophenyl group, an
(N,N'-diphenyl)aminophenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a halonaphthyl group (for
example, fluoronaphthyl group), a C,-C,, alkylnaphthyl
group (for example, methylnaphthyl group), a C,-C,, alkox-
ynaphthyl group (for example, methoxynaphthyl group), a
cyanonaphthyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthylenyl group, a phe-
nalenyl group, a fluorenyl group, an anthraquinolyl group, a
methylanthryl group, a phenanthryl group, a triphenylene
group, apyrenyl group, a chrycenyl group, an ethyl-chrysenyl
group, a picenyl group, a perylenyl group, a chloroperylenyl
group, a pentaphenyl group, a pentacenyl group, a tetraphe-
nylenyl group, a hexaphenyl group, a hexacenyl group, a
rubicenyl group, a coronelyl group, a trinaphthylenyl group,
a heptaphenyl group, a heptacenyl group, a pyranthrenyl
group, and an ovalenyl group.

[0073] The unsubstituted C3-C60 heteroaryl group used
herein includes one, two or three hetero atoms selected from
the group consisting of N, O, P and S. At least two rings may
be fused to each other or linked to each other by a single bond.
Examples of the unsubstituted C4-C60 heteroaryl group
include a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl group,
an oxadiazolyl group, a pyridinyl group, a pyridazinyl group,
a pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group, and
a dibenzothiophene group. In addition, at least one hydrogen
atom in the heteroaryl group may be substituted with the same
substituent groups described above with reference to the
C1-C60 alkyl group.

[0074] The unsubstituted C5-C60 aryloxy group used
herein refers to a group represented by —OA,, wherein A, is
a C5-C60 aryl group. Examples of the aryloxy group include
a phenoxy group. At least one hydrogen atom in the aryloxy
group may be substituted with the same substituent groups
described with reference to the C1-C60 alkyl group.

[0075] The unsubstituted C5-C60 arylthio group used
herein refers to a group represented by —SA |, wherein A, is
a C5-C60 aryl group. Examples of the arylthio group include
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a benzenethio group and a naphthylthio group. At least one
hydrogen atom in the arylthio group may be substituted with
the substituent groups described with reference to the C1-C60
alkyl group.

[0076] The unsubstituted C6-C60 condensed polycyclic
group is a substituent including at lest two rings wherein at
least one aromatic ring and/or at least one non-aromatic ring
are fused to each other. The condensed polycyclic group is
distinguished from the aryl group or heteroaryl group since
the condensed polycyclic group does not have an aromaticity.

[0077] Examples of the heterocyclic compound according
to the current embodiment may include Compounds 1A to 14
Gb shown in the following Tables 1 and 2. However, the
heterocyclic compound according to the current embodiment
is not limited thereto.

[0078] The heterocyclic compound according to an
embodiment of the present invention may be prepared by
using known Sonogashira coupling, Suzuki coupling, and
cyclization. The method of preparing the heterocyclic com-
pound will be described in more detail with reference to the
synthesis examples below.

Br—R, TMS——R, >
H———R,
Rz I
H———2R,
Br BB —
Sonogashira
coupling
[ Ry
Ry

/
R,—B(OH), or R,—3B

0]
Br Br
Suzuki
coupling
/-
Ry
R,
v
Ry Ry — =
Cyclization
J
Ry
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[0079] According to an embodiment of the present inven-
tion, an organic light-emitting device includes: a first elec-
trode; a second electrode; and an organic layer interposed
between the first electrode and the second electrode, wherein
the organic layer includes a first layer including the hetero-
cyclic compound described above.

[0080] The first layer may include a hole injection layer
(HIL), ahole transport layer (HTL), a functional layer having
both hole injecting and hole transporting capabilities, an
EML, an EIL, an ETL, or a functional layer having both
electron injecting and electron transporting capabilities.
[0081] Alternatively, the first layer may be an EML, and the
heterocyclic compounds of Formulae 1-4 may be used as a
fluorescent host or a fluorescent dopant.

[0082] The organic layer of the organic light-emitting
device may include an EML, an HTL, and an ETL. The first
layer may be the EML, and the EML may further include an
anthracene compound, an arylamine compound, or a styryl
compound, all of which are well known.

[0083] At least one hydrogen atom of the anthracene com-
pound, the arylamine compound, and the styryl compound
may be substituted with the same substituent groups
described above with reference to the C1-C60 alkyl group.
The arylamine indicates a C5-C60 arylamine group.

[0084] The organic layer of the organic light-emitting
device may include an EML, an HTL, and an ETL. The first
layer may be the EML, and at least one of the red, green, blue,
and white layers of the EML may further include a known
phosphorescent compound.

[0085] The first layer of the organic light-emitting device
may be a blue EML. If the first layer of the organic light-
emitting device is a blue EML, the above describe heterocy-
clic compound may be used as a blue dopant.

[0086] Meanwhile, the first electrode may be an anode, and
the second electrode may be a cathode, but the reverse is also
possible.

[0087] For example, the organic light-emitting device
according to the current embodiment may have a structure of
first electrode/HIL/EML/second electrode, a structure of first
electrode/HIL/HTL/EML/ETL/second electrode, or a struc-
ture of first electrode/HIL/HTL/EML/ETL/EIL/second elec-
trode. The organic light-emitting device may also have a
structure of first electrode/single layer having both hole
injecting and hole transporting capabilities/ EML/ETL/sec-
ond electrode, or a structure of first electrode/single layer
having both hole injecting and hole first electrode/HIL/HTL/
EML/single layer having both electron injecting and electron
transporting capabilities/second electrode.

[0088] The organic light-emitting device according to the
current embodiment may be a top-emission type organic
light-emitting device or a bottom-emission type organic light-
emitting device.

[0089] The organic layer of the organic light-emitting
device may include a HIL, a HTL, a functional layer having
both hole injecting and hole transporting capabilities, an
EML, a hole blocking layer (HBL), an ETL, an EIL, or a
combination of at least two thereof, but is not limited thereto.
At least one of the HIL, the HTL, and the functional layer
having both hole injecting and hole transporting capabilities
may further include a charge-generating material in addition
to the heterocyclic compound according to an embodiment of
the present invention, known hole injecting materials, and
known hole transporting materials, in order to improve con-
ductivity of the layers.
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[0090] The charge-generating material may be a p-dopant.
Examples of the p-dopant include a quinone derivative such
as tetracyanoquinonedimethane (TCNQ) and 2,3,5,6-tet-
rafluoro-tetracyano-1,4-benzoquinonedimethane
(F4TCNQ); a metal oxide such as tungsten oxide and molyb-
denum oxide; and a cyano group-containing compound such
as Compound 100 below, but are not limited thereto.

[0091] Transporting capabilities/ EML/ETL/EIL/second
electrode. The organic light-emitting device may also have a
structure of first electrode/HTL/EML/single layer having
both electron injecting and electron transporting capabilities/
second electrode, a structure of first electrode/HIL/EML/
single layer having both electron injecting and electron trans-
porting capabilities/second electrode, or a structure of

Compound 100

CN
NC
)
N N CN
P
I\i N CN
N
NC 7
CN

[0092] If the HIL, the HTL, or the functional layer having
both hole injecting and hole transporting capabilities further
includes the charge-generating material, the charge-generat-
ing material may be homogeneously or non-homogeneously
dispersed between the layers, or a variety of modifications
may be possible.

[0093] The ETL of the organic light-emitting device may
include an electron-transporting organic compound and a
metal-containing material. Examples of the electron-trans-
porting compound include anthracene-based compounds
such as 9,10-di(naphthalene-2-yl)anthracene) (ADN), and
Compounds 101 and 102 below, but are not limited thereto.
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Compound 102
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[0094] The metal-containing material may include a Ti
complex. Examples of the Li complex include lithium quino-
late (LiQ) or Compound 103 below, but are not limited

X

thereto.
Compound 103
i )
¢~ N \.---Li
[0095] Hereinafter, a method of manufacturing an organic

light-emitting device according to an embodiment of the
present invention will be described with reference to FIG. 1.
Referring to FIG. 1, the organic light-emitting device accord-
ing to the present embodiment includes a substrate (not
shown), a first electrode (anode), a HIL, a HTL, an EML, an
ETL, an EIL, and a second electrode (cathode).

[0096] First, the first electrode is formed by depositing or
sputtering a material for forming the first electrode having a
high work function on a substrate. The first electrode may
constitute an anode or a cathode. The substrate may be any
substrate commonly used in organic light-emitting devices,
and may (SnQ,), zinc oxide (Zn0), aluminum (Al), silver
(Ag), magnesium (Mg), or the like, which has excellent con-
ductivity, and may form a transparent or reflective electrode.
[0097] Then, a HIL may be formed on the first electrode by
vacuum deposition, spin coating, casting, Langmuir Blodgett
(LB) deposition, or the like.

[0098] When the HIL is formed using vacuum deposition,
the deposition conditions may vary according to a compound
that is used to form the HIL, and the structure and thermal
characteristics of the HIL to be formed. For example, the
deposition conditions may include a deposition temperature
of 100 to 500° C., a vacuum pressure of 10~*to 1073 torr, and
a deposition rate of 0.01 to 100 A/sec.

[0099] When the HIL is formed using spin coating, coating
conditions may vary according to a compound that is used to
form the HIL, and the structure and thermal properties of the

49
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HIL to be formed. For example, the coating conditions may
include a coating speed of about 2,000 rpm to about 5,000
rpm, and a thermal treatment temperature of about 80° C. to
about 200° C., wherein the thermal treatment is for removing
a solvent after coating.

[0100] The HIL may be formed of any material that is
commonly used to form a HIL.

[0101] Examples of the material include a phthalocyanine
compound such as copperphthalocyanine, 4,4',4"-tris (3-me-
thylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2T-NATA, polyaniline/dodecylbenzene sulfonic
acid (Pani’'DBSA), poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonicacid (Pani/CSA), and (polyaniline)/poly(4-styrene-
sulfonate (PANI/PSS), but are not limited thereto include, for
example, a glass substrate or a transparent plastic substrate
with excellent mechanical strength, thermal stability, trans-
parency, surface smoothness, ease of handling, and water
resistance. The material for forming the first electrode may be
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
m-MTDATA

%
A
SRS

.

TDATA
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_continued When the HTL has a thickness within the above range, the
HTL may have excellent hole transporting characteristics
without a substantial increase in driving voltage.

[0106] Then, the EML may be formed on the HTL using
various methods, for example, vacuum deposition, spin coat-
ing, casting, and LB deposition. When the EML is formed
using vacuum deposition or spin coating, the deposition or
coating conditions may be similar to those applied to form the
HIL, although the deposition and coating conditions may
vary according to a material that is used to form the EML.

[0107] The EML may include the heterocyclic compound
described above. In particular, the heterocyclic compound
may be used as a host or a dopant. The EML may be formed
using a variety of well-known light-emitting materials instead
of the heterocyclic compound. Alternatively, the EML may
also be formed using a well-known host and a dopant. The
dopant for forming the EML may include either a fluorescent
dopant or a phosphorescent dopant, which are widely known
in the art.

[0108] Examples of the host include Alg3, 4,4'-N,N'-dicar-
bazole-biphenyl (CBP), poly(n-vinylcarbazole) (PVK), 9,10-
IT-NATA di(naphthalene-2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-
[0102] The thick £ the HIL be about 100 1 phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,
¢ thickness ot the may be abou 0 10-di(naphtha-2-yl)anthracene ~ (TBADN), E3, and

10,000 A, and for example, 100 to 1,000 A. When the HIL has distyrylarylene (DSA), bur are not limited thereto.

a thickness within the above range, the HIL, may have excel-
lent hole injection characteristics without an increase in driv-
ing voltage.

[0103] Then, the HTL may be formed on the HIL using
various methods, for example by vacuum deposition, spin

5

-

o &
%éﬂl@

coating, casting, and LB deposition. When the HTL is formed N N
using vacuum deposition or spin coating, the deposition or _ l
coating conditions may be similar to those applied to form the N N

HIL, although the deposition or coating conditions may vary

according to a material used to form the HTL.

[0104] Alternatively, known HTL materials may be used.

Examples of such HTL materials include, but are not limited

to, carbazole derivatives such as N-phenylcarbazole or poly- N Xy
vinylcarbazole, and amine derivatives having an aromatic

condensed ring, such as NPB and N,N'-bis(3-methylphenyl)-

N, N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD).

TPD

OC

8

NPB
{000 o
b 92059505,
[0105] The HTL may have a thickness of about 50 A to E3

about 1,000 A, for example, about 100 A to about 600 A.
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-continued [0110] Examples of known green dopants include Ir(ppy),
(where “ppy” denotes phenylpyridine), [r(ppy),(acac), Ir(m-
M PYD)s, and C545T, but are not limited thereto.
“
PVK

[0109] Examples of well-known red dopants include plati-
num(Il) octaethylporphyrin (PtOEP), Ir(piq);, Btp,Ir(acac),
and DCJTB, but are not limited thereto.

PtOEP
Ir(ppy)3
8
00— PAN
/ /\ Ir
L , L A,

Ir(ppy)a(acac) Ir(mpyp)3
Ir(piq);
Btpslr(acac)

[0111] Meanwhile, examples of the blue dopant include the
heterocyclic compound represented by Formula 1. Alterna-
tively, examples of well-known blue dopants include F,Irpic,
(F5 ppy),Ir(tmd), Ir(dfppz)s, ter-fluorene, 4,4'-bis(4-dipheny-
laminostyryl)biphenyl (DPAVBI), and 2,5,8,11-tetra-t-butyl
pherylene (TBPe), but are not limited thereto.
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Fslrpic

(F2ppy)lr(tmd)

DPAVBI TBP

[0112] Theamount of the dopant may be in a range of about
0.1 to about 20 parts by weight, for example, about 0.5 to
about 12 parts by weight, based on 100 parts by weight of the
EML material (which is equivalent to the total weight of the
host and the dopant). When the amount of the dopant is within
the above range, concentration quenching may be substan-
tially prevented.

[0113] The EML may have a thickness of about 100 A to
about 1,000 A, for example, about 200 A to about 600 A.
When the EML has a thickness within the above range, the
EML may have excellent light-emitting characteristics with-
out a substantial increase in driving voltage.

[0114] When the EML includes a phosphorescent dopant,
an HBL (not shown in FIG. 1) may be formed on the EML in
order to prevent diffusion of triplet excitons or holes into the
ETL. In this case, the HBL may be formed of any material that
is commonly used to form a HBL, without limitation.
Examples of such HBL materials include oxadiazole deriva-
tives, triazole derivatives, phenathroline derivatives, Balg,
and BCP.
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Ix(dippz)3

OA®

[0115] The HBL may have a thickness of about 50 A to
about 1,000 A, for example, about 100 A to about 300 A.
When the thickness of the HBL is within the range described
above, the HBL may have excellent hole blocking character-
istics without a substantial increase in driving voltage.

[0116] Then, the ETL is formed on the EML (or HBL)
using various methods, for example, by vacuum deposition,
spin coating, casting, or the like. When the ETL is formed
using vacuum deposition or spin coating, the deposition or
coating conditions may be similar to those applied to form the
HIL, although the deposition and coating conditions may
vary according to the material that is used to form the ETL.

[0117] The electron transporting material may include the
heterocyclic compound described above. Alternatively, the
ETL may be formed of any material that is widely known in
the art. Examples of electron transporting materials include
quinoline derivatives, such as tris(8-quinolinolate)aluminum
(Alg3), TAZ, or Balg, but are not limited thereto.
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[0118] The ETL may have a thickness of about 100 A to
about 1,000 A, for example, about 100 A to about 500 A.
When the ETL has a thickness within the above range, the
ETL may have excellent electron transporting characteristics
without a substantial increase in driving voltage.

[0119] In addition, the EIL, which facilitates injection of
electrons from the cathode, may be formed on the ETL.
[0120] Alternatively, well-known materials, such as LiF,
NaCl, CsF, Li,O, or BaO, may be used to form the EIL. The
deposition or coating conditions for forming the EIL may be
similar to those applied to form the HIL, although the depo-
sition and coating conditions may vary according to the mate-
rial that is used to form the EIL.

[0121] TheEIL may have a thickness of about 1 A to 100 A,
for example, about 5 A to about 90 A. When the EIL has a
thickness within the above range, the EIL may have excellent
electron injecting characteristics without a substantial
increase in driving voltage.

[0122] Finally, the second electrode may be formed on the
EIL using, for example, vacuum deposition, sputtering, or the
like. The second electrode may constitute a cathode or an
anode. The material for forming the second electrode may
include a metal, an alloy, or an electrically conductive com-
pound which has alow work function, or a mixture thereof. In
this regard, the second electrode may be formed of lithium
(L1), magnesium (Mg), aluminum (Al), aluminum (Al)-
lithium (L), calcium (Ca), magnesium (Mg)-indium (In),
magnesium (Mg)-silver (Ag), or the like. In addition, in order
to manufacture a top-emission type organic light-emitting
device, atransparent cathode formed of a transparent material
such as ITO or IZO may be used as the second electrode.
[0123] The organic light-emitting device according to the
current embodiment may be included in various types of flat
panel display devices, such as a passive matrix organic light-
emitting display device or an active matrix organic light-
emitting display device. In particular, when the organic light-
emitting device is applied to an active matrix organic light-
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emitting display device including a thin-film transistor, the
first electrode formed on the substrate may function as a pixel
electrode, electrically connected to a source electrode or a
drain electrode of the thin-film transistor. Moreover, the
organic light-emitting device may also be applied to a flat
panel display device having a double-sided screen.

[0124] According to anembodiment, an organic light-emit-
ting device may include a plurality of organic layers, wherein
at least one of the organic layers may be formed of the het-
erocyclic compound of the embodiments of the present appli-
cation by using a deposition method or a wet method of
coating a solution of the heterocyclic compound of the
embodiments of the present application.

[0125] Hereinafter, one or more embodiments will be
described in detail with reference to the following examples.
However, theses examples are not intended to limit the pur-
pose and scope of the invention.

Reaction Scheme

Br—R, M§—=—=R, H———=~,
Rs I
H——§,
_— -
Br Br Sonogashira
coupling
[ Ry
R R,—B(OH); or
/ /
R R,—B
\
(¢}

Br BB —m > »
Suzuki
coupling

J -
Ry
R,
o 7
Ry R>
Cyclization
J
Ri
[0126] A compound according to an embodiment of the

present invention was synthesized by using known Sonogash-
ira coupling, Suzuki coupling, and cyclization.
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Representative Synthesis Example 1

Synthesis of Compound 8A

ol Y

[0127]
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1-b

2-a
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8A
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Synthesis of Intermediate 1-a

[0128] 22 g of 3-Todo-9-phenyl-9H-carbazole, 2.8 g (0.04
eq) of Pd(PPh;),, 914 mg (0.08 eq) of Cul were added to a
flask, the flask was vacuumized, and N, gas was added to the
flask. 200 mL of THF was added thereto, and the flask was
stirred. Then, 10 mL (1.2 eq) of triethylamine and 10.0 g (1.2
eq) of TMS-acetylene were slowly added thereto, and the
flask was stirred in a N, atmosphere at room temperature for
2 hours. The solvent was removed using a rotary evaporator,
and the resultant was subjected to extraction twice with 200
ml of Et,O and 150 mL of water. An organic layer was
collected and dried using magnesium sulfate and the solvent
was evaporated. The residue was separately purified using
silica gel column chromatography to obtain 20 g of Interme-
diate I-a (Yield: 99%) The produced compound was identified
using LC-MS. C,;H,;N; Si;: M+ 339.14

Synthesis of Intermediate 1-b

[0129] 4.2 g of Intermediate 1-a was dissolved in S0 mL of
THF, 30 mL (3 eq) of tetrabutylammonium fluoride in THF
(1.0M) was added thereto in drops, and the mixture was
stirred for 30 minutes. 50 mL of water was added thereto, and
the mixture was subjected to extraction three times with 50
mL of ethyl ether. An organic layer was collected and dried
using magnesium sulfate and the solvent was evaporated. The
residue was separately purified using silica gel column chro-
matography to obtain 3.5 g of Intermediate I-b (Yield: 95%)
The produced compound was identified using LC-MS.
C,oH, 3N, M+ 267.10

Synthesis of Intermediate 2-a

[0130] 2.56 g (0.48 eq) of 1.4-dibromo-2,5-diiodo-ben-
zene, 1.06 g (0.07 eq) of Pd(PPh;),, and 350 mg (0.14 eq) of
Cul were added to a flask, the flask was vacuumized, and N,
gas was added to the flask. 50 mL of THF was added thereto,
and the flask was stirred. Then, 4.0 mL (2.2 eq) of triethy-
lamine and 3.5 g (1 eq) of Intermediate 1-b were slowly added
thereto, and the flask was stirred in a N, atmosphere at room
temperature for 2 hours. The solvent was removed using a
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rotary evaporator, 50 mL of water was added thereto, and the
mixture was subjected to extraction three times with SO mL of
ethyl ether. An organic layer was collected and dried using
magnesium sulfate and the solvent was evaporated. The resi-
due was separately purified using silica gel column chroma-
tography to obtain 6.32 g of Intermediate 2-a (Yield: 63%)
The produced compound was identified using L.C-MS.
C,;H,,Br,N,: M+ 766.04

Synthesis of Intermediate 2-c

[0131] 5.0 g of Intermediate 2-a, 3.27 g (2.2 eq) of Com-
pound 2-b (available from Aldrich), 750 mg (0.10 eq) of
Pd(PPh,),, and 9.0 g (10 eq) of K,CO; were dissolved in a
mixture of 100 mL of THF and 30 mL of distilled water. The
mixture was stirred at 120° C. while refluxing for 24 hours.
The mixture was cooled to room temperature and subjected to
extraction three times with 100 mL of water and 100 mL of
diethyl ether. An organic layer was collected and dried using
magnesium sulfate and the solvent was evaporated. The resi-
due was separately purified using silica gel column chroma-
tography to obtain 5.1 g of Intermediate 2-¢ (Yield: 81%) The
produced compound was identified using LC-MS.
CoHLoN,S,: M+ 972.26

Synthesis of Compound 8A

[0132] 3 g of Intermediate 2-c was dissolved in 50 mL of
methylene chloride, and 8.6 mL (40 eq) of trifluoroacetic acid
was slowly added thereto. The mixture was stirred at room
temperature for 1 hour. Then, the mixture was subjected to
extraction three times with 100 mL of water and 100 mL of
diethyl ether. An organic layer was collected and dried using
magnesium sulfate and the solvent was evaporated. The resi-
due was separately purified using silica gel column chroma-
tography to obtain 2.7 g of Compound 8A (Yield: 90%) The
produced compound was identified using LC-MS.
CoH,oN,S,: M+ 972.26

[0133] Compounds 1A to 14 Gb were synthesized in the
same manner as in the synthesis of Compound 8A using the
same molar ratio.

[0134] LC-MSand NMR data of the compounds are shown
in Tables 3 to 18 below.

TABLE 3

number LC-MS NMR

1A CyeHaeSy

M +642,15  8H),7.22 (m, 2H)

8.31 (s, 2H), 8.13-8.12 (d, 4H), 7.86 (d, 2H), 7.82 (d, 2}, 7.78 (d, 2H), 7.48 (d, 41, 7.33-7.31 (m,

2A Oy, N,S, 8.81 (s, 2H), 8.55 (d, 2H), 8.31 (s, 2H), 8.13-8.12 (m, 4H), 7.97 (d, 2H), 7.86 (d, 21), 7.82 (d, 21D),
M +796,20 778 (d, 21), 7.54 (d, 8K), 7.4 (m, 2H), 7.33-7.31 (m, 4H)
3A CsyH3oN,S, 884 (s,4H), 8.31 (s, 2H), 8.13-8.12 (m, 4H), 7.86-7.78 (m, 6H), 7.48 (d, 4H), 7.33-7.31 (m, 8),

M+798,19 7.2 (t,2H)

4A  CBH;0,8, 831 (s,2H),8.13-8.12 (m, 4H), 7.86-7.78 (m, 6H), 7.37 (d, 4H), 7.33-7.32 (m, 4H), 6.83 (d, 4H),

M+702,17 3.73 (s, 6H)

5A CLHAN,S, 9.11 (s, 2H), 8.67 (s, 2H), 8.31 (s, 2H), 8.13-8.12 (m, 4H), 7.87-7.86 (m, 41), 7.82 (d, 2H), 7.78 (d,
M +744,17 2H),7.71 (d, 2H), 7.57-7.50 (m, 4H), 7.33-7.31 (m, 4H)
6A  CuH,N,S, 881 (s, 2H), 8.55 (d, 21), 8.31 (s, 2H), 8.13-8.12 (m, 4H), 7.97 (d, 211), 7.86-7.78 (m, 6H), 7.4 (m,

M+ 644, 14 2H),7.33-7.31 (m, 4H)
831 (s, 210), 8.13-8.12 (m, 4H), 7.86-7.80 (m, 10, 7.40 (5, 2I), 7.33-7.30 (m, 8H)

TA  CsollaeSy
M +754, 09

8A  CyoHoN>S, 831 (s, 2H), 8.13-8.12 (m, 4H), 7.86-7.77 (m, 8H) 7.77-7.30 (m, 22H), 7.08-7.00 (m, 4H)

M +972, 26

9A  CyoHuN,S, 831 (s, 2H), 8.13-8.12 (m, 4H), 7.86-7.77 (m, 8H), 7.77-7.30 (m, 22H), 7.08-7.00 (m, 4H)

M +972, 26

10A  CuH, NS, 831 (s,2H), 8.13-8.12 (m, 45), 7.86-7.78 (m, 6H), 7.33-7.31 (m, 4H), 7.23 (d, 4TL), 7.01 (m, 8IT),
M+976,29  6.62 (m, 41), 6.52-6.46 (m, 121)

@ indicates text missing or illegible when filed
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TABLE 4
number LC-MS NMR
11A @FED0,8, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.86-7.71(m, 8H), 7.49-7.31(m, 12H), 7.19-7.13(m, 4H)
M+ 822.17
12A (@F®0,8, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.86-7.78(m, 6H), 7.49-7(m, 12H), 7.19-13(m, 6H)
M+ 822.17
13A @H2s8, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.0-7.78(m, 14H), 7.53(d, 2H), 7.33-7.31(m, 8H)
M+ 854.12
14A @r®s, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.86-7.74(m, 12H), 7.53(d, 2H), 7.39-7.31(m, 10H)
M+ 854.12
1B @r®@0, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.49-7.13(m, 18H)
M+ 610.19
2B (@FDN,0, 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.97(d, 2H), 7.82(d, 2H), 7.54-7.42(m,
M+ 764.25  14H), 7.19-7.13(m, 4H)
3B C5,HON,O, 8.84(s, 4H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.49-7.13(m, 18H)
M+ 766.24
4B @Fr®@0, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.49-7.13(m, 12H), 6.83(d, 4H), 3.73(s, 6H)
M+ 670.21
5B C5,HONL,O, 9.11(s, 2H), 8.67(s, 2H), &.31(s, 2H), 8.13-8.12(m, 4H), 7.87-7.13(m, 18H)
M+ 712.22
6B C,,H,u N0, 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.97(d, 2H), 7.82(d, 2H), 7.49-7.42(m,
M+ 612.18  6H), 7.19-7.13(m, 4H)

@ indicates text missing or illegible when filed

TABLE 5
number LC-MS NMR
B C5oHDO,S,  8.31(s, 2H), 8.13-8.12(m, 4H), 7.92-7.8(m, 6H), 7.49-7.13(m, 14H)
M+ 722.14
8B (@H,N,0, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.22-8.17(m, 4H), 7.55-7.00(m, 30H)
M+ 940.31
9B (@H,N,0, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.55-7.00(m, 32H)
M+ 940.31
10B @H,N,0, 831(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.49-7.42(m, 4H), 7.23-7.01(m, 16H), 6.62-6.46(m, 16H)
M+ 944.34
11B @r@0, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.71(s, 2H), 7.49-7.42(m, 12H), 7.19-7.13(n, 8H)
M+ 790.21
12B @r®@0, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82(d, 2H), 7.49-7.42(m, 8H) 7.19-7.13(m, 14H)
M+ 790.21
13B (@F®@0,8, 8.31(s, 2H), 8.13-7.78(m, 14H), 7.53-7.13(m, 14H)
M+ 822.17
14B (@F®0,S, 8.31(s, 2H), 8.13-8.12(m, 4H), 7.82-7.74(m, 8H), 7.53-7.13(m, 16H)
M+ 822.17
1C (@FON, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.48-7.32(m, 10H), 3.80(s, 6H)
M+ 538.22
2C (@FON, 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 8.01-7.96(m, 4H), 7.82(d, 2H), 7.54-
M+692.27  7.44(m, 10H), 3.80(s, 6H)

@ indicates text missing or illegible when filed

TABLE 6
number LC-MS NMR
3C (@FON®  8.84(s, 4H), 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.48-7.32(m, 10H), 3.80(s, 6H}
M+ 694.26
4C C,oHON,O, 8.31(s, 2H), 8.13-8.12(m, 4H), 800(s, 2H), 7.82(d, 2H), 7.37(d, 4H), 6.83(d, 4H), 3.80(s, 6H),
M+ 598.24  3.73(s, 6H)
5C C,HON®  9.11(s, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00-7.82(m, 6H), 7.71(d, 2H), 7.57-
M+ 670.24  7.50(m, 4H), 3.80(s, 6H)
6C @H,,N®  8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00-7.97(m, 4H), 7.82(d, 2H), 7.44((m,
M+540.21  2H), 3.80(s, 6H)
7C CoHON,S, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.91-7.80(m, 6H), 7.40-7.31(m, 6H), 3.80(s, 6H)
M+ 650.16
8C @H,N®  8.31(s, 2H), 8.13-8.12(m, 4H), 800(s, 2H), 7.82-7.77(m, 4H), 7.55-7.30(m, 18H), 7.08-7.00(m,
M+ 868.33  4H), 3.80(s, 6H)
oC (@H,N?  8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.55-7.30(m, 18H), 7.08-7.00(m, 6H),
M+ 868.33  3.80(s, 6H)
10C @H,N®  8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.23(d, 4H), 7.01(m, 8H), 6.62-6.46(m,
M+872.36  16H), 3.80(s, 6H)
11C C5oHONLO, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.71(s, 2H), 7.49-7.41(m, 8H), 7.19-
M+ 718.24  7.13(m, 4H), 3.80(s, 6H)
12C CsoHDN,O, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.82(d, 2H), 7.45-7.41(m, 8H), 7.19-7.13(m, 6H),
M+ 718.24  3.80(s, 6H)

@ indicates text missing or illegible when filed
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TABLE 7
number LC-MS NMR
13C C5oHDN,S,  8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 4H), 7.92-7.78(m, 8H), 7.53(d, 2H), 7.33-7.31(m, 4H),
M+ 718.24  3.80(s, 6H)
14C C,oHON,O, 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00(s, 2H), 7.86-7.74(m, 8H), 7.53(d, 2H), 7.39-7.31(m, 6H),
M+ 598.24  3.80(s, 6H)
1Da (@FN, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.55-7.00(m, 28H)
M+ 760.29
2Da @H,,N, 8.93(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.97(s, 2H), 7.54-7.00(m, 28H)
M+ 914.34
3Da @H,ND  8.93(s, 2H), 8.84(s, 4H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.54-7.00(m, 28H)
M+ 916.33
4Da (@N,N,0, 8.93(s, 2H), 8.31(s, 2H), &.13-8.12(m, 4H), 7.35-6.83(m, 26H), 3.80(s, 6H)
M+ 820.31
5Da @I®N, 9.11(s, 2H), 8.93(s, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13-8.12{m, 4H), 7.87-7.00(m, 26H)
M+ 862.31
6Da (@FON, 8.93(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.97(d, 2H), 7.55-7.00(m, 20H)
M+ 762.28
7Da (@E®N,S, 8.93(s, 2H), 8.31(s, 2H), &.13-8.12(m, 4H), 7.90-7.80(m, 4H), 7.55-7.00(24H)
M+ 872.23
8Da (@FON, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.77(s, 2H), 7.55-7.00(m, 40H)
M+ 1090.40

@ indicates text missing or illegible when filed

TABLE 8
number LC-MS NMR
9Da  (@HsN,  8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.77(s, 2H), 7.55-7.00(m, 40H)
M+ 1090.40
10Da  (@H,N,  8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.55-7.00(m, 3H), 6.62-6.46{m, 16H)
M+ 1094.43
11Da C,oHuN,O, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.71(s, 2H), 7.55-7.00(m, 30H)
M+ 940.31
12Da C;oHyN,O, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.71(s, 2H), 7.55-7.00(m, 30H)
M+ 940.31
13Da  (@HON,S, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 8.00-7.78(m, 8H), 7.55-7.00(m, 24H)
M+972.26
14Da  CyoHueNLS, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(m, 4H), 7.86-7.74(m, 6H), 7.55-7.00(m, 26H)
M+972.26
Db (@KON, 8.93(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(m, 28H)
M+ 760.29
Db (@HLN,  8.93(d, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.13(s, 2H), 7.97(d, 2H), 7.88(d, 2H), 7.55-7.00(m, 30H)
M+914.34
3Db  (@H,N®  8.93(d, 2H), 8.84(s, 4H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(m, 28H)
M+916.33
Db @H,N,0, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-6.83(m, 26H), 3.73(s, 6H)
M+ 820.31

@ indicates text missing or illegible when filed

TABLE 9
number LC-MS NMR
sDb  (@F®N, 9.11(s, 2H), 8.93(d, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.00(m, 28H)
M+ 862.31
Db (QHON, 8.93(d, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.97(d, 2H), 7.88(d, 2H), 7.55-
M+ 762.28  7.00(m, 20H)
Db (@FEO®N,S, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.90-7.80(m, 6H), 7.55-7.00(m, 24H)
M+ 872.23
8Db  (@HN, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.77(s, 2H), 7.55-7.00(40H)
M+ 1090.40
9Db  (@HN, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(42H)
M+ 1090.40
10Db  (@Hg,N, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(m, 30H), 6.62-6.46(m, 1 6H)
M+ 1094.43
1IDb  CyoHuN,O, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.71(s, 2H), 7.55-7.00(m, 30H}
M+ 940.31
12Db  C;oH,N,O, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(m, 32H)
M+ 940.31
13Db CyoHuN,S,  8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 8.00-7.78(m, 10H), 7.55-7.00(m, 24H)
M+ 972.26
14Db  CyoHuN,S, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.74(m, 4H), 7.55-7.00(m, 30H)
M+ 972.26

@ indicates text missing or illegible when filed
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TABLE 10

number LC-MS NMR

IEa  @I®0,  893(s,2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.55-7.13(m, 20H)
M+ 610.19

2Pa  (@I®N,0, 8.93(s, 2I), 8.81(s, 21T), 8.55(d, 213), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.97(d, 2H), 7.54-7.42(m,

M+ 76425 14H),7.19-7.13(m, 4H)

3Fa  C5,HDN,0, 8.93(s, 2H), 8.84(s, 410), 8.31(s, 2H), 8.13-8.12(d, 41), 7.48-7.13(m, 18H)
M+ 766.24

4Fa  (@I®N,  8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.49-7.13(m, 12H), 6.83(d, 4H), 3.73(s, 6H)
M+ 670.21

SEa  Cs,HDN,0, 9.11(s, 2H), 8.93(s, 2H), 8.67(s, 2), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.87(d, 2H), 7.71(d, 21),

M+ 712.22  7.57-7.42(m, 8H), 7.19-7.13(m, 4H)

6Ea  C,H,N,0, 8.93(s,2H),8.81(s,2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.97(d, 2H), 7.49-7.42(m,

M+ 612.18  6H), 7.19-7.13(m, 4H)

TEa  CsoHDO,S, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.90-7.80(m, 4H), 7.49-7.13(m, 141)
M+ 722.14

8Ea  C,oH,N,0, 8.93(s,2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.77(s, 2H), 7.55-7.00(m, 30H)
M+ 940.31

9Fa  CoHuN,0, 8.93(s, 2H), 8.31(s, 2H), 8 13-8.12(d, 4H), 7.55-7.00(m, 30H)
M+ 940.31

10Ea  C,oH,N,0, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.49-7.01(m, 20H), 6.62-6.46(m, 16H)

M+ 944.34

@ indicates text missing or illegible when filed

TABLE 11
number LC-MS NMR
1IEa @0, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.71(s, 2H), 7.49-7.13(m, 20 H)
M+ 790.21
12Ea  @H®0, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.49-7.13(m, 20 H)
M+ 790.21
13Ba  (@HDO0,S, 8.93(s, 2H), 8.31(s, 2H), 8.13-7.78(m, 12H), 7.53-7.13(m, 14H)
M+ 822.17
14Ea  (@F®PO0,S, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.74(m, 6H), 7.53-7.13(m, 16H)
M+ 822.17
IEb  @K20, 8.93(s, 2H) 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.49-7.13(m, 18H)
M+ 610.19
2Eb  (@FON,0, 8.93(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13 (5, 2H), 7.97-88(m, 4H), 7.54-7.13(m, 18H)
M+ 764.25
3Eb  Cy,HDO,S, 8.91(s, 2H), 8.84(s, 4H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.49-7.13(m, 18H),
M+ 766.24

4Eb  (@I®N,  891(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2), 7.49-7.13(m, 12H), 6.83(d, 4H), 3.73(s, 6H)

M+ 670.21

SEb  CL,HDN,0, 9.11(s, 2H), 8.93(s, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.87-7.42(m, 14H), 7.19-7.13(mm, 4H)

M+ 712.22

6Eb  CyL,,N,0, 8.93(s, 2H), 8.81(s, 2H), 8.55(d, 21), 8.31(s, 21), 8.13 (s, 2H), 7.97-7.88(m, 4H), 7.49-7.13(m, 10H)

M+ 612.18

@ indicates text missing or illegible when filed

TABLE 12
number LC-MS NMR
7Eb C5oHD0,8,  8.93(d, 2H), 8.91(s, 2H), 8.13(s, 2H), 7.90-7.80(m, 6H), 7.49-7.13(m, 14H)
M+ 722.14
8Eb C0H4oN,0, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.77(s, 2H), 7.55-7.00(m, 30H)
M+ 940.31
9Eb CooHaN5O, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.55-7.00(m, 30H)
M+ 940.31
10Eb C,0Hu N0, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.49-7.01(m, 20H), 6.62-6.46(m, 16H)
M+ 944.34
11Eb @r@0, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.71(s, 2H), 7.49-7.13(m, 20H)
M+ 790.21
12Eb @r®@0, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88(d, 2H), 7.49-7.13(m, 22H)
M+ 790.21
13Eb (@FEP0,8, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 8.00-7.78(m, 10H), 7.53-7.13(m, 14H)
M+ 822.17
14Eb (@F®0,8, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.74(m, 8H), 7.53-7.13(m, 16H)
M+ 822.17
1Fa @S, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.78(m, 4H), 7.48-7.22(m, 14H)
M+ 642.15

s  (@ION,0, 893(s, 2H), 8.81(s, 2H), 8.55(d, 21T), 8.31(s, 21L), 8.13-8.12(d, 4H), 7.97-7.78(m,DH), 7.54-
M+ 79620 7.31(m, 14H)

@ indicates text missing or illegible when filed
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TABLE 13
number LC-MS NMR
3Fa C5,HON,O, 8.93(s, 2H), 8.84(s, 4H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.78(m, 4H), 7.48-7.22(m, 14H)
M+ 798.19
4Fa Cy3H300,8, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.78(m, 4H), 7.37-7.31(m, 8H), 6.83(d, 4H),
M+ 702.17  3.73(s, 6H)
5Fa C5,HDNLS,  9.11(s, 2H), 8.93(s, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.31(m, 16H)
M+ 744.17
6Fa CyHo NS, 8.93(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.97-7.78(m, 6H), 7.44-
M+ 644.14  7.31(m, 6H)
7Fa C5oHDS, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.80(m,@H), 7.40-7.31(m, 10H)
M+ 754.09
8TFa CoH4oNoS,  8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.77(m, 6H), 7.55-7.00(m, 26H)
M+ 972.26
9Fa CooHaoNoS,  8.93(s, 2H), 8.31(s, 2H), 8.13-6.12(d, 4H), 7.86-7.77(m, 6H), 7.55-7.00(m, 26H)
M+ 972.26
10Fa C,oHuNSS,  8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.78(m, 4H), 7.33-7.01(m, 16H), 6.62-6.46(m, 16H)
M+ 976.29
11Fa @F®0,8, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.71(m, 4H), 7.48-7.13(m, 18H)
M+ 822.17
12Fa @FED0,8, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.78(m, 4H), 7.49-7.13(m, 18H)
M+ 822.17

@ indicates text missing or illegible when filed

TABLE 14
number LC-MS NMR
13Fa @EN, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 8.00-7.78(m, 12H), 7.53-7@1(m, 10H)
M+ 854.12
14Fa (@FON, 8.93(s, 2H), 8.31(s, 2H), 8.13-8.12(d, 4H), 7.86-7.74(m, 10H), 7.53-7.31(m, 12H)
M+ 854.12
1Fb @H2s, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.78(mn, 6H), 7.48-7.22(mm, 14H)
M+ 642.15
2Fb (@I®N,S, 8.93(d, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.97-7.78(m, 8H), 7.54-7.31(m, 14H)
M+ 796.20
3Fb C5,HON,S, 8.93(d, 2H), 8.84(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.78(m, 6H), 7.48-7.22(m, 16H)
M+ 798.97
4Fb @1®@0,5, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.78(m, 6H), 7.37-7.31(m, 8H), 6.83(d, 4H), 3.73(s, 6H)
M+ 702.17
5Fb C5,HON,S,  9.11(s, 2H), 8.93(d, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.87-7.31(m, 18H)
M+ 744.17
6Fb CH5uN5S5  8.93(d, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.97-7.78(m, 8H), 7.44-7.31(m, 6H)
M+ 644.14
7Fb C5oH@s8, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.90-7.78(m, 10H), 7.40-7.30(m, 10H)
M+ 754.09
8Fb CooHaoN5S,  8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.78(m, 8H), 7.55-7.00(m, 26H)
M+ 972.26

@ indicates text missing or illegible when filed

TABLE 15
number LC-MS NMR
9Fb CooHuoNoS,  8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.78(m, 8H), 7.55-7.00(m, 26H)
M+ 972.26
10Fb CoHuuN-S,  8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.78(m, 6H), 7.31-7.01(m, 16H), 6.62-6.46(m, 16H)
M+ 976.29
11Fb (@ED0,8, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.88-7.71(m, 8H), 7.49-7.13(m, 16H)
M+ 822.17
12Fb (@F®0,8, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.74(m, 12H), 7.53-7.31(m, 12H)
M+ 822.17
13Fb @1®s, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 8.00-7.78(14H), 7.53(d, 2H), 7.33-7.31(m, 8H)
M+ 854.12
14Fb @F®s, 8.93(d, 2H), 8.31(s, 2H), 8.13(s, 2H), 7.86-7.78(m, 6H), 7.49-7.13(m, 18H)
M+ 854.12
1Ga C5,HD 8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.61-7.22(m, 16H), 1.80(s, 12H)
M+ 662.30
2Ga @H,N, 8.86(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.97(d, 2H), 7.61-
M+ 816.35  7.24(m, 16H), 1.80(s, 12H)
3Ga @H,,N, 8.86-8.84(d, 6H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.61-7.22(m, 16H), 1.80(s, 12H)

M+ 818.34
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TABLE 15-continued

number LC-MS NMR

4G CsHp0,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.61-7.24(m, 10H), 6.83(d, 41), 3.73(s, 6H),
M+ 72232 1.80(s, 12H)

@ indicates text missing or illegible when filed

TABLE 16

number LC-MS NMR

5Ga (@HyN,  9.11(s, 2H), 8.86(s, 2H), 8.67(s, 2H), 8.31(s, 211), 8.26(s, 2H), 8.13-8.06(m, 4H), 7.87-7.24(m,
M+ 76432 14H), 1.80(s, 12H)

6Ga  CsoHDN,  8.86(s, 2H), 8.81(s, 2H), 8.55(d, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.97(d, 2H), 7.61(d,
M+ 664.29  2H), 7.44-7.24(m, 6H), 1.80(s, 12H)

7Ga  (@E®S,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4}, 7.90-7.80(m, 4H), 7.61(d, 2H), 7.44-7.24(m,
M+ 77424 10H), 1.80(s, 12H)

8Ga (@E®N,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.77-7.00(m, 30H), 1.80(s, 12)

M+ 992.41

9Ga  (@E®N,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.77-7.00(m, 30H), 1.80(s, 12H)
M+ 992.41

10Ga C(@E®N,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.61-7.01(m, 16H), 6.62-6.46(m, 16H), 1.780(s, 12)
M+ 996.44

11Ga  (@HpN,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.71(s, 2H), 7.61-7.13(m, 18H), 1.80(s, 12H)
M+ 842.32

12Ga  (@HLN,  8.86(s, 2H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.71-7.13(m, 20H), 1.80(s, 12H)
M+ 842.32

13Ga  (@I®S,  8.86(s, 21), 8.31-8.26(d, 4H), 8.31-7.24(m, 24H), 1.80(s, 12H)
M+ 874.27

14Ga  (@H,S,  8.86(s, 4H), 8.31-8.26(d, 4H), 8.13-8.06(m, 4H), 7.86-7.24(m, 20H), 1.80(s, 12H)
M+ 874.27

@ indicates text missing or illegible when filed

TABLE 17
number LC-MS NMR

1Gb  C5,1@ 8.81(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.22(m, 16H), 1.80(s, 12H)
M+ 662.30

2Gb  (@HYN, 8.81(m, 4H), 8.55(d, 2H), 8.31(s, 2H), 8.13-7.97(m, 6H), 7.61-7.24(m, 16H), 1.80(s, 12H)
M+ 816.35

3Gb  (@I@N, 8.84-8.81(m, 6H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.22(m, 16H), 1.80(s, 12H)
M+ 818.34

4Gb  C5H40, 8.81(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.24(m, 10H), 6.83(d, 4H), 3.73(s, 6H), 1.80(s, 12H)
M+ 722.32

G (@HLN, 9.11(s, 2H), 8.81(d, 2H), 8.67(s, 2H), 8.31(s, 2H), 8.13-7.44(m, 18H), 7.24(m, 2H), 1.80(s, 12H)
M+ 764.32

6Gb  CsoHON, 8.81(m, 4H), 8.55(d, 2H), 8.31(s, 2H), 8.13-7.97(m, 8H), 7.61(d, 2H), 7.44-7.24(m, 6H), 1.80(s, 12H)
M+ 664.29

7Gb  (@F®S,  881(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.90-7.80(m, 4H), 7.61(d, 2H), 7.44-7.24(m, 10},
M+ 77424 1.80(s, 12H)
8Gb  (@H,N,  881(d, 2H), 8.31(s, 2H), 8.13-802(m, 6H), 7.77-7.00(30H), 1.80(s, 12H)

M+ 992.41
9Gb  (@H,,N,  881(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.00(30H), 1.80(s, 12H)
M+ 992.41
10Gb  @I®N,  881(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.23(m, 18H), 6.62-6.46(16H), 1.80(s, 12H)
M+ 822.17

@ indicates text missing or illegible when filed

TABLE 18
number LC-MS NMR
11Gb @H,,0, 8.81(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.71(s, 2H), 7.61-7.13(m, 18H), 1.80(s, 12H)
M+ 842.32
12Gb (@H,,0, 8.81(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.61-7.13(m, 20H), 1.80(s, 12H)
M+ 842.32
13Gb (@H,5S, 8.81(d, 2H), 8.31(s, 2H), 8.13-7.24(m, 26H), 1.80(s, 12H)
M+ 842.32
14Gb @H,58, 8.81(d, 2H), 8.31(s, 2H), 8.13-8.02(m, 6H), 7.86-7.24(m, 20H), 1.80(s, 12H)
M+ 842.32

@ indicates text missing or illegible when filed
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Example 1
[0135] An anode was prepared by cutting a Corning 15

Q/em?® (1200 A) ITO glass substrate to a size of 50 mmx50
mmx0.7 mm, ultrasonically cleaning the glass substrate using
isopropyl alcohol and pure water for five minutes each, and
then irradiating UV light for 30 minutes and exposing to
ozone to clean. Then, the glass substrate was disposed in a
vacuum deposition apparatus.

[0136] Then, 2-TNATA, which is a known material for
forming a HIL, was vacuum deposited on the glass substrate
to form a HIL having a thickness of 600 A, and then 4,4'-bis
[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB), as a hole
transporting compound, was vacuum deposited on the HIL to
form a HTL having a thickness of 300 A.

o Y

SoVASNS

2-TNATA

NPB

9 O
:

DNA

O O I

Feb. 28,2013

-continued
DPVBI

Then,

[0137] An organic light-emitting device was manufactured
in the same manner as in Example 3, except that Compound
4 Gb was used instead of Compound 10Fa to form the EML.

Example 6

[0138] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that DNA was
used as a blue fluorescent host and Compound 4 Gb was used
as a blue fluorescent dopant form the EML, and Compound
3Ga was used to form the ETL.

Example 7

[0139] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that DNA was
used as a blue fluorescent host and Compound 11Ga was used
as a blue fluorescent dopant to form the EML, and Compound
3Ga was used to form the ETL.

Example 8

[0140] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that DNA was
used as a blue fluorescent host and Compound 10Fa was used
as a blue fluorescent dopant form the EML, and Compound
6A was used to form the ETL.

Comparative Example 1

[0141] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that DNA was
used as a known blue fluorescent host and 1,4-bis-(2,2-diphe-
nylvinyl)biphenyl (DPVBi) was used as a known blue fluo-
rescent dopant to form the EML, and Alq3 was used instead of
Compound 6A to form the ETL.

[0142] When the compound of Formula 1, Formula 2, For-
mula 3 or Formula 4 according to the current embodiments
was used as a host or dopant of the EML and as an electron
transporting material of the organic light-emitting device,
driving voltage of the organic light-emitting device was
reduced by 0.7 V or more, efficiency and lifespan were con-
siderably increased, thereby providing excellent I-V-L char-
acteristics, and brightness was increased compared to the
organic light-emitting device manufactured using DPVBiand
Alg3, which are known material. When the compound
according to the current embodiments was used to form the
ETL of the organic light-emitting devices according to
Examples 1 to 2, driving voltage was reduced by about 1 V,
efficiency was increased by 145%, and lifespan was increased
by 150% compared with the organic light-emitting device
according to Comparative Example 1. When the compound
according to the current embodiments was used as a dopant of
the organic light-emitting devices according to Examples 3 to
5, driving voltage was reduced by about 1V, and efficiency
and lifespan were respectively increased by 150% or more



US 2013/0048955 Al Feb. 28,2013
63
compared with the organic light-emitting device according to stituted with a C5-C50 aryl group, a substituted or
Comparative Example 1. When the compound according to unsubstituted C3-C60 heteroaryl group, ot a substituted
the current embodiments was used to form the ETL and used or unsubstituted C6-C60 condensed polycyclic group,
as a dopant ofthe organic light-emitting devices according to and
Examples 6 to 8, driving voltage was reduced by about 1.4V, . . .
efficiency was increased by 150%, and lifespan was increased Aand B are each 1ndependently a substituted or .unsubstl-
by 170% compared with the organic light-emitting device tuted - heteroaromatic - condensed polycyclic - group
according to Comparative Example 1. Characteristics and selected from the group consisting of substituted or
lifespans of the organic light-emitting devices are shown in unsubstituted dibenzofuran, substituted or unsubstituted
Table 19 below. dibenzothiophene, substituted or unsubstituted carba-
TABLE 19

Dopant or

electron Driving  Current Half-life

transporting voltage  density  Brightness Efficiency span (hr

material (V)  (mA/em?)  (cdim®)  (cd/A)  Color @100 mA/cm?)
Example ]  ETL 6A 6.14 50 2,261 4.52 blue 194 hr
Example2  ETL 3Ga 6.37 50 2,188 4.38 blue 189 hr
Example 3 Dopant 10Fa 6.21 50 2,402 4.80 blue 201 hr
Example 4  Dopant 11Ga 6.57 50 2,336 4.67 blue 187 hr
Example 5 Dopant 4Gb 0.34 50 2,257 451 blue 193 hr
Example 6  Dopant 4Gb 5.96 50 2,234 4.47 blue 205 hr

ETL 3Ga
Example 7 Dopant 11Ga 5.81 50 2,464 4.93 blue 227hr

ETL 3Ga
Example 8  Dopant 10Fa 5.95 50 2,319 4.64 blue 230 hr

ETL 6A
Comparative Dopant DPVBIi 7.35 50 1,490 2.98 blue 120 hr
Example 1  ETL Alg3

[0143] The heterocyclic compounds according to embodi-
ments of the present invention have excellent light-emitting
characteristics and excellent electron transporting character-
istics, and thus may be used as electron injecting materials or
electron transporting materials suitable for all-color fluores-
cent and phosphorescent devices, such as red, green, blue, and
white fluorescent and phosphorescent devices. In particular,
the heterocyclic compounds are efficiently used as light-emit-
ting materials of green, blue, and while fluorescent devices.
By using the heterocyclic compounds, organic light-emitting
devices having high efficiency, low driving voltage, high
brightness, and long lifespan may be prepared.

[0144] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:
1. A compound represented by one of Formulae 1-4:

[Formulal}

B

R, Rs .

Wherein, in Formula 1,R |, R,, R5, R, Rs, and R¢ are each
independently a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a cyano group, a substituted or
unsubstituted C1-C50 alkyl group, a substituted or
unsubstituted C5-C60 aryl group, an amino group sub-

zole, substituted or unsubstituted indazole, and substi-
tuted or unsubstituted fluorene.

[Formula 2]

[Formula 3]
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-continued

[Formula 4]

Wherein, in Formulae 2-4, R, to Rg, R ;5 t0 R 5, Ry 10 Ry
and R, to R, are each independently a lone pair elec-
tron, a hydrogen atom, a heavy hydrogen atom, a halo-
gen atom, a cyano group, a substituted or unsubstituted
C1-C50 alkyl group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C50 aryl group, a substituted or unsubstituted
C3-C60 heteroaryl group, or a substituted or unsubsti-
tuted C6-C60 condensed polycyclic group;

X, to X, are each independently —O—, —N(R,)}—,
—C(R4Ry)—, —CR4;=, or —S—, wherein R,, to
R, are each independently a lone pair electron, a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C50
alkyl group, a substituted or unsubstituted C5-C60 aryl
group, an amino group substituted with a C5-C50 aryl
group, a substituted or unsubstituted C3-C60 heteroaryl
group, or a substituted or unsubstituted C6-C60 con-
densed polycyclic group; and

Wherein, in Formula 2, optionally, R, and R,,. R,;, or
R4y or R and R,q, Ry;, or Ry, are connected to each
other to form a ring;

in Formula 3, optionally, R,; and R4, R4y, or Rys; or Ry
and R4y, R, , or R, are connected to each other to form
aring; and

in Formula 4, optionally, R, and R, R, |, or R,; or Ry,
and R4y, R, ;, or R, are connected to each other to form
aring.

2. The compound of claim 1, wherein the compound is
represented by Formula 2.

3. The compound of claim 1, wherein the compound is
represented by Formula 3.

4. The compound of claim 1, wherein the compound is
represented by Formula 4.

5. The compound of claim 1, wherein, in Formulae 2, 3, and
4, R, to R, Ryp to Ry 5, Ryg to Rys, and Ry, to Ry are each
independently selected from the group consisting of a lone
pair electron, a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a cyano group, a substituted or unsubstituted
C1-C20 alkyl group, and one of Formulae 2a to 2j below:
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2b

2d

U //\Haop

N\
2g
NN
| NS
2h

R
x °d

wherein Q, 18 —C(R,,)(Rs; ) — —NR,)— —N(-%)-,
—S—, or —0—;

Y,,Y,, and Y, are each independently —N—, —N(-¥)-,
8= —0— or —CRs3)=;
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Z,,7,, Ar,,, Ar5, Ry, Rs), Rs,, and Ry, are each inde-
pendently selected from the group consisting ofa hydro-
gen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or
unsubstituted C3-C20 heteroaryl group, a substituted or
unsubstituted C6-C20 condensed polycyclic group, a
halogen atom, a cyano group, a nitro group, a hydroxy
group, and a carboxy group;

Ar, , is selected from the group consisting of a substituted
or unsubstituted C1-C20 alkylene group. a substituted or
unsubstituted C5-C20 arylene group, and a substituted
or unsubstituted C3-C20 heteroarylene group;

p is an integer from 1 to 10,
ris an integer from 0 to 5; and
* is a binding site.

6. The compound of claim 1, wherein the compound is
represented by one of Formulae 2 through 4, and, in Formulae
2,3,and 4, Ry, Ry, Rs, R, Ry, Ry, Rygy Rysy Rojs Ry, R
R,s, Ryo, Ry, Ry5, and R4, are each independently a hydro-
gen atom or a heavy hydrogen atom,

7. The compound of claim 1, wherein the compound is
represented by one of Formulae 2 through 4, and, the com-
pounds represented by Formulae 2, 3, and 4 are symmetrical
compounds.

8. The compound of claim 1, wherein the compound is
represented by one of Formulae 2 through 4, and, in Formulae
27 3: and 47 Rz: RS: RS: R67 RlO: Rlz: 3137 R157 RZI: RZZ: R247
R,s, Ry, Ry, Ry, and R, are each independently a hydro-
gen atom or a heavy hydrogen atom; and

R, R, Ry, Ry Ry, Ry, Ry, and Ry are each indepen-
dently selected from the group consisting of a lone pair
electron, a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a cyano group, a substituted or unsubsti-
tuted C1-C20 alkyl group, and one of Formulae 2a to 2j
below:

2a

2b

2c

2d
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/
X Qg\\
AT N,

\
2g
* _ \ \ Yl
a4
2h

wherein Ql is 4C(R50)(R51)*s *N(Rsz)is 7N(_*)'s
—S—, or —O—;

Y., Y,, and Y; are each independently —N—, —N(-*)-,
—S— —0—, or —CRs3)—;

7y, 7,, Ar 5, Ary5, Rso, Ry, Ry, and Ry are each inde-
pendently selected from the group consisting of a hydro-
gen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or
unsubstituted C3-C20 heteroaryl group, a substituted or
unsubstituted C6-C20 condensed polycyclic group, a
halogen atom, a cyano group, a nitro group, a hydroxy
group, and a carboxy group;

Ar,, 1s selected from the group consisting of a substituted
or unsubstituted C1-C20 alkylene group, a substituted or
unsubstituted C5-C20 arylene group, and a substituted
or unsubstituted C3-C20 heteroarylene group;

p is an integer from 1 to 10;

r is an integer from 0 to 5; and

* is a binding site.

9. The compound of claim 1, wherein the compound is
represented by one of Formulae 2 through 4, and, in Formulae
2,3, and 4, Ry, R3, Ry, R, Ry, Ryoy Rys, Ry, Ry Ros Ry,
R,s, Ry, Ry, Ry, and Ry, are each independently a hydro-
gen atom or a heavy hydrogen atom;

R, R4 Ry, Ry Ryg, Ros, Ry, and Ry are each indepen-

dently selected from the group consisting of a lone pair
electron, a hydrogen atom, a heavy hydrogen atom, a



US 2013/0048955 A1l

halogen atom, a cyano group, a substituted or unsubsti-
tuted C1-C20 alkyl group, and one of Formulae 2a to 2j

below; and

the compounds represented by Formulae 2, 3, and 4 are

symmetrical compounds:

Z1yp
)

Y. \?X

4
9
7, v, 7,
T
Y|2 \(3@

&

Ja

2b

2c

2d

2e

2g

2h

Feb. 28,2013

wherein Q, is —C(Rs0)(Rs;)—, —NRs)— —N(-*)-,
—S— or —0—;

Y,,Y,, and Y, are each independently —N—, —N(-¥)-,
—S— —O0—, or —CRs;)—;

7y, 7, Ar 5, Ar 5, Ry, Ry, Ry, and Ry are each inde-
pendently selected from the group consisting ofa hydro-
gen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or
unsubstituted C3-C20 heteroaryl group, a substituted or
unsubstituted C6-C20 condensed polycyclic group, a
halogen atom, a cyano group, a nitro group, a hydroxy
group, and a carboxy group;

Ar,, 1s selected from the group consisting of a substituted
or unsubstituted C1-C20 alkylene group, a substituted or
unsubstituted C5-C20 arylene group, and a substituted
or unsubstituted C3-C20 heteroarylene group;

p is an integer from 1 to 10;

ris an integer from 0 to 5; and

* is a binding site.

10. The compound of claim 1, wherein the compound is

represented by one of the compounds below:

6A

10Fa
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-continued

3Ga

11Ga
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-continued

4Gb

OMe

11. An organic light-emitting device comprising:
a first electrode;
a second electrode; and

an organic layer interposed between the first electrode and
the second electrode, the organic layer comprising a first
layer comprising the compound of claim 1.

12. The organic light-emitting device of claim 11, wherein
the first layer comprises a hole injection layer, a hole transport
layer, a functional layer having both hole injecting and hole
transporting capabilities, an emission layer, an electron injec-
tion layer, an electron transport layer, or a functional layer
having both electroninjecting and electron transporting capa-
bilities.

13. The organic light-emitting device of claim 11, wherein
the first layer is an emission layer, and the compound is used
as a fluorescent host or a fluorescent dopant.

14. The organic light-emitting device of claim 11, wherein
the organic layer comprises an emission layer, a hole trans-
port layer, and an electron transport layer; and

the first layer is an emission layer, wherein the emission
layer further comprises an anthracene compound, an
arylamine compound or a styryl compound.

15. The organic light-emitting device of claim 11, wherein
the organic layer comprises an emission layer, a hole trans-
port layer, and an electron transport layer; and

the first layer is an emission layer comprising at least one of
ared layer, a green layer, a blue layer and a white layer,
and said at least one of the red, green, blue, and white
layers of the emission layer further comprises a phos-
phorescent compound.

16. The organic light-emitting device of claim 11, wherein
the first layer is a blue emission layer.



US 2013/0048955 A1l

17. The organic light-emitting device of claim 11, wherein
the first layer is a blue emission layer, and the compound is
used as a blue dopant.

18. The organic light-emitting device of claim 11, wherein
the organic layer comprises a hole injection layer, a hole
transport layer, a functional layer having both hole injecting
and hole transporting capabilities, an emission layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, or a combination of at least two thereof.

Feb. 28,2013

19. The organic light-emitting device of claim 18, wherein
atleast one of the hole injection layer, the hole transport layer,
and the functional layer having both hole injecting and hole
transporting capabilities further comprises a charge-generat-
ing material.

20. The organic light-emitting device of claim 18, wherein
the electron transport layer comprises an electron transport-
ing material and a metal-containing material.

* ok %k
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