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FIG.2

A first electrode is formed by depositing or sputtering a material for
forming the first electrode having a high work functionona
substrate.

l

A HIL may be formed on the first electrode by vacuum deposition,
spin coating, casting, Langmuir Blodgett (LB) deposition, or the
like.

Y

A HTL may be formed on the HIL using various methods, for
example by vacuum deposition, spin coating, casting, and LB
deposition.

v

An EML may be formed on the HTL using various methods, for
example, vacuum deposition, spin coating, casting, and LB
deposition.

¥

When the EML includes a phosphorescent dopant, an HBL may be
formed on the EML

v

An ETL is formed on the EML (or HBL) using various methods, for
example, by vacuum deposition, spin coating, casting, or the like.

An EIL, which facilitates injection of electrons from the cathode,
may be formed on the ETL.

A 4

A second electrode may be formed on the EIL using, for example,
vacuum deposition, sputtering, or the like.
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1
HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
COMPRISING THE SAME

CLAIM OF PRIORITY

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0064076, filed on 29 Jun. 2011 in the
Korean intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heterocyclic compound
represented by Formula 1 below and an organic light-emitting
device including the heterocyclic compound.

Formula |

2. Description of the Related Art

Light-emitting devices are self-emission type display
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
containing inorganic compounds, and organic light-emitting
devices that include emission layers containing organic com-
pounds.

Specifically, organic light-emitting devices have higher
luminance, 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.

Typically, an organic light-emitting device has a stack
structure including an anode, a cathode and an organic emis-
sion layer between the anode and the cathode. However, a
hole injection layer, a hole transport layer, an electron trans-
port layer, or an electron injection layer may further be
stacked between the anode and the organic emission layer, or
between the organic emission layer and the cathode. In other
words, an organic light-emitting device may have an anode/
hole transport layer/organic emission layer/cathode structure
or an anode/hole transport layer/organic emission layer/elec-
tron transport layer/cathode structure.

As a material for the organic emission layer, an anthracene
derivative has been used. However, organic light-emitting
devices including such a known organic emission material do
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not have satisfactory life span, efficiency, and power con-
sumption characteristics. Therefore improvement in these
properties is still necessary.

SUMMARY OF THE INVENTION

The present invention provides a heterocyclic compound
having excellent electrical stability, high charge transporting
capability, excellent light-emitting ability, high glass transi-
tion temperature, and excellent anti-crystallization proper-
ties.

The present invention also provides an organic light-emit-
ting device including the heterocyclic compound.

The present invention also provides a flat panel display
device including the organic light-emitting device.

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

Formula |

wherein R, toR, ; are each independently a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted C2-C60
alkenyl group, a substituted or unsubstituted C2-C60 alkynyl
group, a substituted or unsubstituted C3-C60 cycloalkyl
group, a substituted or unsubstituted C1-C60 alkoxy group, a
substituted or unsubstituted C5-C60 aryloxy group, a substi-
tuted or unsubstituted C5-C60 arylthio group, a substituted or
unsubstituted C5-C60 aryl group, an amino group substituted
with a C5-C60 aryl group or a C3-C60 heteroaryl group, a
substituted or unsubstituted C3-C60 heteroaryl group, a sub-
stituted or unsubstituted C6-C60 condensed polycyclic
group, a halogen atom, a cyano group, a nitro group, a
hydroxy group, or a carboxy group.

In Formula 1, R, to Ry are each independently a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano group,
a substituted or unsubstituted C1-C20 alkyl group, or one of
Formulae 2a to 2i below:

2a
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3
-continued
2b
N dh I
\/\/
2¢c

/
*—(‘Arll‘),—N\
Az,

wherein Q, is a linking group represented by —C(R,,)
Rys)— —NR;g)— —S— or—0—;

Y,, Y, and Y; are each independently a linking group
represented by —N— or —C(R,,)—;

Z,, 25, Ar,5, Ar 5, R4, R s, Ry, and R, are each inde-
pendently a hydrogen atom, a heavy hydrogen atom, a sub-
stituted or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or unsubsti-
tuted C3-C20 heteroaryl group, a substituted or unsubstituted
C6-C20 condensed polycyclic group, ahalogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene group,
or a substituted or unsubstituted C3-C20 heteroarylene
group;
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p is an integer from 1 to 12;
q is an integer from 1 to 12;
r is an integer from O to 5; and

* is a binding site.

In Formula 1, R, to Ry are each independently a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano group,
amethyl group, an ethyl group, a propyl group, a butyl group,
a t-butyl group, a pentyl group, or one of Formulae 3a to 3m
below:

3a
3b
3c
3d
3e
3f
N
[
N\(N
*
3g
/*
O N
3h
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5
-continued
3i
| \
1
)
3j
L0
3k
/Aflz
* N
\
' Argz
31
3m

wherein Ar, , and Ar, ; are each independently a substituted
or unsubstituted C5-C20 aryl group, a substituted or unsub-
stituted C3-C20 heteroaryl group, or a substituted or unsub-
stituted C6-C20 condensed polycyclic group;

ris an integer from 0 to 2; and

* is a binding site.

In Formula 1, R4 to Ry and R, to R, 5 are each indepen-
dently a hydrogen atom or a heavy hydrogen atom, and R, is
—X,—N(Ar, Ar, ) that is a substituted C5-C60 aryl group, a
substituted C3-C60 heteroaryl group, or a substituted C6-C60
condensed polycyclic group; or

Rgto R,y R;, and R, ; are each independently a hydrogen
atom or aheavy hydrogen atom, andR |, is—X,—N(Ar, Ar,)
that is a substituted C5-C60 aryl group, a substituted C3-C60
heteroaryl group or a substituted C6-C60 condensed polycy-
clic group,

wherein X, is a divalent linking group represented by
—(Ar;),—, wherein Ar; is a substituted or unsubstituted
C5-C60 arylene group, a substituted or unsubstituted C3-C60
heteroarylene group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group, and n is an integer from
1to 10;

the Ar;’s are the same or different;

at least two adjacent Ar,’s are fused or linked to each other
via a single bond; and
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6

Ar, and Ar, are each independently one of Formulae 4a to
4d below:

4b

4c

4d

wherein Q, is a linking group represented by —C(R,,)
R;s9)— —NRg)— —S— or—O0—;

Y,, Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

Z,,7Z,, Ry, Ris, Rig, and R, are each independently 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-C20 condensed polycyclic group, ahalogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 8; and

* is a binding site.

In Formula 1, Rg to Rg and R, to R, 5 are each indepen-
dently a hydrogen atom or a heavy hydrogen atom, and R, is
—X,—N(Ar, Ar,) that is a substituted C5-C60 aryl group, a
substituted C3-C60 heteroaryl group, or a substituted C6-C60
condensed polycyclic group; or

RgtoR, 4, R, and R, ; are each independently a hydrogen
atom or aheavy hydrogen atom, and R, ; is —X,—N(Ar, Ar,)
that is a substituted C5-C60 aryl group, a substituted C3-C60
heteroaryl group or a substituted C6-C60 condensed polycy-
clic group,

wherein X, is a divalent linking group represented by
—(Ar;),,—, wherein Ar; is a substituted or unsubstituted
C5-C60 arylene group, a substituted or unsubstituted C3-C60
heteroarylene group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group, and n is an integer from
1to 10;

the Ar;’s are the same or different;

at least two adjacent Ar;’s are fused or linked to each other
via a single bond; and
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Ar, and Ar, are each independently represented by one of
Formulae 5a to 51 below:

Sa
Z3
7, 74
7 Zs
5b
N
1
/
Sc
S
L
|
/
sd
O
w
|
/
Se
O
1
/
5f
zz\er\rzl
NYN
5g
NYN
5h
A | NTZI
X

5i

wherein Z, to Zs are each independently a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a cyano group, a
substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, a substituted or
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unsubstituted C5-C20 aryl group, a substituted or unsubsti-
tuted C3-C20 heteroaryl group, or a substituted or unsubsti-
tuted C6-C20 condensed polycyclic group; and

* is a binding site.

In Formula 1, R, or R, are each independently X,—N
(Ar,Ar,) thatis a substituted C5-C60 aryl group, a substituted
C3-C60 heteroaryl group, or a substituted C6-C60 condensed
polycyclic group,

wherein Ar, and Ar, are each independently a substituted
or unsubstituted C3-C50 cycloalkyl group, a substituted or
unsubstituted C5-C60 aryloxy group, a substituted or unsub-
stituted C5-C60 arylthio group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;
and

X, is a divalent linking group represented by —(Ar;),—,
wherein Ar, is one of Formulae 6a to 6e, and the Ar;’s are the
same or different; and at least two adjacent Ar,’s are fused or
linked to each other via a single bond:

6a
/(Zl)p
~
N
|
A
6b
»Z1) (Z2)g
AR
*_I 3
P a4
6
»Zy) ¢
f\\ Ql
0
A~ \y(zz)q
— N
. 6d
Y
p<zl>—{/\
SN
be
1
v

wherein Q, is a linking group represented by —C(R,,)
Rys)— —NR)—, —S— or —O—;

Y., Ys and Y, are each independently a linking group
represented by —O—, —S—, —N—or —C(R,,)—;

7., 75, R4 Ris5, Ry, and R, are each independently 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-C20 condensed polycyclic group, a halogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 4;

q is an integer from 1 to 4; and

* is a binding site.

In Formula 1, R, or R, are each independently X,—N
(Ar, Ar,) thatis a substituted C5-C60 aryl group, a substituted
C3-C60 heteroaryl group, or a substituted C6-C60 condensed

polycyclic group,
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wherein Ar, and Ar, are each independently a substituted
or unsubstituted C3-C50 cycloalkyl group, a substituted or
unsubstituted C5-C60 aryloxy group, a substituted or unsub-
stituted C5-C60 arylthio group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;
and

X, is one of Formulae 7a to 7k below:

Ta

7b

Tc

7d

Te

N 7"
)
\ /

* 7g
XN/
\ /3

. 7h
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-continued

wherein * is a binding site.
The heterocyclic compound of Formula 1 may be repre-

sented by Formula 2 or Formula 3 below:

Ry

Rs

7i

7j

7k

<Formula 2>

<Formula 3>
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wherein R, to R are each independently a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted C2-C60
alkenyl group, a substituted or unsubstituted C2-C60 alkynyl
group, a substituted or unsubstituted C3-C60 cycloalkyl
group, a substituted or unsubstituted C1-C60 alkoxy group, a
substituted or unsubstituted C5-C60 aryloxy group, a substi-
tuted or unsubstituted C5-C60 arylthio group, a substituted or
unsubstituted C5-C60 aryl group, an amino group substituted
with a C5-C60 aryl group or a C3-C60 heteroaryl group, a
substituted or unsubstituted C3-C60 heteroaryl group, a sub-
stituted or unsubstituted C6-C60 condensed polycyclic
group, a halogen atom, a cyano group, a nitro group, a
hydroxy group, or a carboxy group;

Ar, and Ar, are each independently a substituted or unsub-
stituted C3-C50 cycloalkyl group, a substituted or unsubsti-
tuted C5-C60 aryloxy group, a substituted or unsubstituted
C5-C60 arylthio group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;

X, is a divalent linking group represented by —(Ar;),—,
wherein Ar; may be a substituted or unsubstituted C5-C60
arylene group, a substituted or unsubstituted C3-C60 het-
eroarylene group, or a substituted or unsubstituted C6-C60
condensed polycyclic group, and n is an integer from 1 to 10;

the Ar,’s are the same or different; and

at least two adjacent Ar;’s are fused or linked to each other
via a single bond.

In Formulae 2 and 3, R, to R are each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C20 alkyl
group, or one of Formulae 2a to 2i below:

2a

2b

2¢c

2d

2e
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-continued
2f
T —
74 w @1p
2g
2h
2i
Arpa,
/
*—('AIU‘)TN\
Aryz

wherein Q, is a linking group represented by —C(R,,)
Ri5)— —NR,5)— —S—, or —O—;

Y,, Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

Z,, Z,, Ar;,, Ar;5, Ri4, Ris, R, and R, are each inde-
pendently a hydrogen atom, a heavy hydrogen atom, a sub-
stituted or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or unsubsti-
tuted 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, or a carboxy group;

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene group,
or a substituted or unsubstituted C3-C20 heteroarylene
group;

p is an integer from 1 to 12;

q is an integer from 1 to 12;

r is an integer from O to 5; and

* is a binding site.

In Formulae 2 and 3, R, to R are each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a methyl group, an ethyl group, a propyl group,
a butyl group, a t-butyl group, a pentyl group, or one of
Formulae 3a to 3m below:

3a

3b
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-continued

3c

3d

3e

3f

3g

3h

3i

3j

3k

-
I3
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-continued
31
* ‘
3m

*

7N ’
A

wherein Ar, , and Ar | ; are each independently a substituted
or unsubstituted C5-C20 aryl group, a substituted or unsub-
stituted C3-C20 heteroaryl group, or a substituted or unsub-
stituted C6-C20 condensed polycyclic group;

r is an integer from O to 2; and

* is a binding site.

In Formulae 2 and 3, Ar, and Ar, are each independently
one of Formulae 4a to 4d below:

4a
(Z1)p

@
TN
W @iy

/\(QJ
L
I /ﬁ@p

\

I

Zz Yl Z],
i
YZW/SQ

*

/

\

4b

/

\

X

4d

wherein Q, is a linking group represented by —C(R,,)
(Rls)is 7N(R16)7s —S— or—0—

Y., Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

Z,, 75, R 4 R;5, Ry, and Ry, are each independently 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-C20 condensed polycyclic group, a halogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 8; and

* is a binding site.
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In Formulae 2 and 3, Ar, and Ar, are each independently
one of Formulae 5a to 51 below:

Sa
Z3
7 Z4
Z; Zs
5b
7N
B
&
5S¢
AN S
|
|
P
5d
0
w
|
p
Se
S
T
s5f
ZZTNYZI
NYN
5g
NYN
Sh

5i

wherein Z, to Zs are each independently a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a cyano group, a
substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, a substituted or
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unsubstituted C5-C20 aryl group, a substituted or unsubsti-
tuted C3-C20 heteroaryl group, or a substituted or unsubsti-
tuted C6-C20 condensed polycyclic group; and

* is a binding site.
InFormulae 2 and 3, Ar, is one of Formulae 6a to 6e below:

6a
(Z1)y
A
I
F
6b
AZ) (Z2)q
ARG
A
6c
o2
f\\ Ql
A~ \yaz)q
— N
. 6d
p<zl>—:k/\
S
be
*?//Y;;\YS
v~

wherein Q, is a linking group represented by —C(R,,)
Rys)— —NRg)— —S— or —O—;

Y., Y5 and Y, are each independently a linking group
represented by —O—, —S—, —N—or —C(R,,)—;

7., 75, R4 Ris5, Ry, and R, are each independently 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-C20 condensed polycyclic group, a halogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 4;
q is an integer from 1 to 4; and
* is a binding site.

InFormulae 2 and 3, X, is one of Formulae 7a to 7k below:

Ta

7b
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_continued The heterocyclic compound of Formula 1 may be one of
7c the compounds below:

7d N

Te O\ O
N

20

2

w o
*\_ N\N

\ / 2 %0 N

- 7% >

7
,
N

Ti

7\ \ .
* &
X
50 \
- Q>
. (]
M
60 |
\ N

65 |

wherein * is a binding site.
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According to another 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.

The first layer may include a hole injection layer, a hole
transport layer, a layer having both hole injecting and hole
transporting capabilities, an emission layer, an electron injec-
tion layer, an electron transport layer, or a layer having both
electron injecting and electron transporting capabilities.

The first layer may include a hole injection layer, a hole
transport layer, a layer having both hole injecting and hole
transporting capabilities, an emission layer, an electron injec-
tion layer, an electron transport layer, or a layer having both
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electron injecting and electron transporting capabilities,
wherein the first layer further includes a charge-generating
material.

The first layer may be formed of the heterocyclic com-
pound by using a wet process.

According to another aspect of the present invention, there
is provided a flat panel display device including the organic
light-emitting device, wherein a first electrode of the organic
light-emitting device is electrically connected to a source
electrode or a drain electrode of a thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

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:

FIG. 1 illustrates an organic light-emitting device accord-
ing to an embodiment of the present invention.

FIG. 2 shows a method of manufacturing an organic light-
emitting device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will now be described
more fully with reference to the accompanying drawing, in
which an exemplary embodiment of the invention is shown.

For example, an organic light-emitting device manufac-
tured using a compound of phenylanthracene dimer or trimer,
as a material for forming an emission layer, 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 conju-
gation. In addition, such compounds are highly vulnerable to
oxidation and thus are liable to produce impurities, necessi-
tating purification. In order to overcome these drawbacks,
organic light-emitting devices manufactured using an
anthracene compound including naphthalene substituted for
anthracene at 1,9 position or using a diphenylanthracene
compound including an aryl group substituted for a phenyl
group at m-position have been introduced. However, these
organic light-emitting devices have a lower light-emission
efficiency.

In addition, organic light-emitting devices manufactured
using a naphthalene-substituted monoanthracene derivative
have been introduced. However, the compound has a low
light-emission efficiency of about 1 c¢d/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 also been
introduced. However, these compounds are substituted with
an aryl group at m-position, and thereby having a low light-
emission efficiency of about 2 c¢d/A in spite of excellent
thermal resistance.

The present invention will now be described in more detail.

According to an embodiment of the present invention, a
heterocyclic compound represented by Formula 1 below is
provided.
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<Formula 1>

In Formula 1, R, to R,; may be each independently a
hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C2-C60 alkenyl group, a substituted or unsubstituted
C2-C60 alkynyl group, a substituted or unsubstituted C3-C60
cycloalkyl group, a substituted or unsubstituted C1-C60
alkoxy group, a substituted or unsubstituted C5-C60 aryloxy
group, a substituted or unsubstituted C5-C60 arylthio group,
a substituted or unsubstituted C5-C60 aryl group, an amino
group substituted with a C5-C60 aryl group or a C3-C60
heteroaryl group, a substituted or unsubstituted C3-C60 het-
eroaryl group, a substituted or unsubstituted C6-C60 con-
densed polycyclic group, a halogen atom, a cyano group, a
nitro group, a hydroxy group, or a carboxy group.

The heterocyclic compounds of Formula 1 according to an
embodiment of the present invention may be suitable as a
material for forming an emission layer, an electron transport
layer, or an electron injection layer of an organic light-emit-
ting device. The heterocyclic compound of Formula 1 having
a heterocyclic group in the molecule thereof has a high glass
transition temperature (Tg) or a high melting point due to an
introduction of the heterocyclic group. Thus, the heterocyclic
compound has high thermal resistance against Joule’s heat
generated in an organic layer, between organic layers, or
between an organic layer and a metallic electrode when light
emission occurs, and has high durability in a high-tempera-
ture environment.

An organic light-emitting device manufactured using the
heterocyclic compound of Formula 1 has high durability
when stored or operated. In addition, due to the inclusion of a
substituent such as an aryl group or heteroaryl group, molecu-
lar layers formed as thin films may be maintained in good
condition, thereby improving the characteristics of the
organic light-emitting device.

In the heterocyclic compound according to the current
embodiment, a nitrogen atom (N) is directly bonded to carbon
at position 1 of pyrene. When an electric field that is applied
to a device and excites the molecule of the heterocyclic com-
pound into an excited state such as a radial anion or radical
cation, the heterocyclic compound is stabilized by resonance
of the nitrogen atom, so that the lifespan of the heterocyclic
compound is increased in the device. In addition, unshared
electron pair of the nitrogen are added to m-electrons of the
pyrene backbone. As a result, light-emitting efficiency may
be increased due to not only t—m* transition but also rt—m*
transition.
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Substituents of the compound of Formula 1 will now be
described in more detail.

According to an embodiment of the present invention, in
Formula 1, R, to Ry may be each independently a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano group,
a substituted or unsubstituted C1-C20 alkyl group, or one of
Formulae 2a to 2i below:

@) 2a
Up
(%/\
|
F
2b
NN
T T2y
W
N 20
X—U
sl
| ﬁ
A~ T\,
2d
Z> Y VA
\“/ Y
Yz\(Ys
. 2e
/
XN
|
dZr 2
%(ZI»
2f
PO/ —\ S i
/I =y @y
2g
2h
2i
/Arlz
*‘(‘Aru—)TN\
Ary;

In Formulae 2a to 21, Q, is a linking group represented by
—CR )R, 5)—, —NR,5)— —S—, or —O0—;
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Y,, Y, and Y5 are each independently a linking group
represented by —N—or —C(R,,)—;

Z,,Z,, Ar,, Ar 5, R ,, R,5, and R, 4 are each indepen-
dently a hydrogen atom, a heavy hydrogen atom, a substituted
or unsubstituted C1-C20 alkyl group, a substituted or unsub-
stituted 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, or a carboxy group;

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene group,
or a substituted or unsubstituted C3-C20 heteroarylene
group;

p is an integer from 1 to 12;

q is an integer from 1 to 12;

r is an integer from O to 5; and

* is a binding site.

According to an embodiment of the present invention, in
Formula 1, R, to R5; may be each independently a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a cyano group,
amethyl group, an ethyl group, a propyl group, a butyl group,
a t-butyl group, a pentyl group, or one of Formulae 3a to 3m
below:

3a

3b

3¢

3d

3e

3f
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-continued
3g
/
N
3h
3i
o8
T
/ '
3j
L0
3k
/Arlz
* N
\
v Arpz
31
3m

N
A

Formulae 3ato 3m, Ar, , and Ar, ; are each independently a
substituted or unsubstituted C5-C20 aryl group, a substituted
or unsubstituted C3-C20 heteroaryl group, or a substituted or
unsubstituted C6-C20 condensed polycyclic group;

r is an integer from O to 2; and

* is a binding site.

According to an embodiment of the present invention, in
Formulal,R toRsand R, to R, ; may be each independently
a hydrogen atom or a heavy hydrogen atom, and R, may be
—X,—N(Ar, Ar,) that is a substituted C5-C60 aryl group, a
substituted C3-C60 heteroaryl group, or a substituted C6-C60
condensed polycyclic group.

Alternatively, Rgto R, , R, , and R, ; may be each indepen-
dently a hydrogen atom or a heavy hydrogen atom, and R,
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may be —X,—N(Ar, Ar,) that is a substituted C5-C60 aryl
group, a substituted C3-C60 heteroaryl group, or a substituted
C6-C60 condensed polycyclic group.

In this regard, X, may be a divalent linking group repre-
sented by —(Ar;),—, wherein Ar, may be a substituted or
unsubstituted C5-C60 arylene group, a substituted or unsub-
stituted C3-C60 heteroarylene group, or a substituted or
unsubstituted C6-C60 condensed polycyclic group, and n is
an integer from 1 to 10.

The Ar;’s may be the same or different.

At least two adjacent Ar;’s may be fused or linked to each
other via a single bond.

Ar, and Ar, are each independently one of Formulae 4a to
4d below:

4a

4b

4c

4d

In Formulae 4a to 4d, Q, is a linking group represented by
_C(R14)(R15)_s _le 6)_5 —S— or—0—;

Y,, Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

Z,s 75, R, 4, Ris, Rig, and R, are each independently 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-C20 condensed polycyclic group, ahalogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 8; and

* is a binding site.

According to an embodiment of the present invention, in
Formula 1,R to Rgand R, to R ; may be each independently
a hydrogen atom or a heavy hydrogen atom, and R, may be
—X,;—N(Ar, Ar,) that is a substituted C5-C60 aryl group, a
substituted C3-C60 heteroaryl group, or a substituted C6-C60
condensed polycyclic group.

Alternatively, Rq to R}, R, 5, and R, ; may be each inde-
pendently a hydrogen atom or a heavy hydrogen atom, and
R,, may be —X,—N(Ar, Ar,) that is a substituted C5-C60
aryl group, a substituted C3-C60 heteroaryl group, or a sub-
stituted C6-C60 condensed polycyclic group.

In this regard, X, may be a divalent linking group repre-
sented by —(Ar;),—, wherein Ar; may be a substituted or
unsubstituted C5-C60 arylene group, a substituted or unsub-
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stituted C3-C60 heteroarylene group, or a substituted or
unsubstituted C6-C60 condensed polycyclic group, and n is
an integer from 1 to 10.

The Ar,’s may be the same or different.

At least two adjacent Ar;’s may be fused or linked to each
other via a single bond.

Ar, and Ar, are each independently one of Formulae 5a to
51 below:

Sa
Z3
7, Zs
Zy Zs
5b
7
T
P
5S¢
AN S
|
|
/
5d
x (0]
ol
|
/
Se
S
T
/
5f
ZZ\WNYZI
NYN
S5g
ZZWZI
N\(N
5h
Z, N Z,
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-continued
5i

\

In Formulae 5a to 5i, Z, to Z are each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C5-C20 aryl group, a substituted
or unsubstituted C3-C20 heteroaryl group, or a substituted or
unsubstituted C6-C20 condensed polycyclic group; and

* is a binding site.

According to an embodiment of the present invention, in
Formula 1, R, or R,; may be each independently —X,—N
(Ar, Ar,) thatis a substituted C5-C60 aryl group, a substituted
C3-C60 heteroaryl group, or a substituted C6-C60 condensed
polycyclic group.

In this regard, Ar, and Ar, are each independently a sub-
stituted or unsubstituted C3-C50 cycloalkyl group, a substi-
tuted or unsubstituted C5-C60 aryloxy group, a substituted or
unsubstituted C5-C60 arylthio group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;

X, may be a divalent linking group represented by
—(Ar;),—, wherein Ar; is one of Formulae 6a to 6e, the Ar;’s
may be the same or different, and at least two adjacent Ar;’s
may be fused or linked to each other via a single bond.

6a
(Z1)p

e
(A
»Zy) (Z2)q
IO A

AN

*

*

6b

6c

6d
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-continued
6e

In Formulae 6a to 6e, Q, is a linking group represented by
—CRIR,5)— —NR,o)— —S— 0or —O—;

Y., Ys and Y, are each independently a linking group
represented by —O—, —S—, —N—or —C(R,,)—;

Z,,7,, R, Ris, R, and R, are each independently 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-C20 condensed polycyclic group, a halogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 4;

q is an integer from Ito 4; and

* is a binding site.

According to an embodiment of the present invention, in
Formula 1, R, or R,, may be each independently —X,—N
(Ar, Ar,) thatis a substituted C5-C60 aryl group, a substituted
C3-C60 heteroaryl group, or a substituted C6-C60 condensed
polycyclic group.

In this regard, Ar, and Ar; are each independently a sub-
stituted or unsubstituted C3-C50 cycloalkyl group, a substi-
tuted or unsubstituted C5-C60 aryloxy group, a substituted or
unsubstituted C5-C60 arylthio group, a substituted or unsub-
stituted C5-C60 aryl group, an amino group substituted with
a C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;
and

X, is one of Formulae 7a to 7k below:

Ta

7b

Tc

7d
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In Formulae 7a to 7k, * is a binding site.
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According to an embodiment of the present invention, the
heterocyclic compound of Formula 1 may be represented by
Formula 2 or Formula 3 below:

<Formula 2>

<Formula 3>

In Formulae 2 and 3, R, to R are each independently a
hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C2-C60 alkenyl group, a substituted or unsubstituted
C2-C60 alkynyl group, a substituted or unsubstituted C3-C60
cycloalkyl group, a substituted or unsubstituted C1-C60
alkoxy group, a substituted or unsubstituted C5-C60 aryloxy
group, a substituted or unsubstituted C5-C60 arylthio group,
a substituted or unsubstituted C5-C60 aryl group, an amino
group substituted with a C5-C60 aryl group or a C3-C60
heteroaryl group, a substituted or unsubstituted C3-C60 het-
eroaryl group, a substituted or unsubstituted C6-C60 con-
densed polycyclic group, a halogen atom, a cyano group, a
nitro group, a hydroxy group, or a carboxy group;

Ar, and Ar; are each independently a substituted or unsub-
stituted C3-C50 cycloalkyl group, a substituted or unsubsti-
tuted C5-C60 aryloxy group, a substituted or unsubstituted
C5-C60 arylthio group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C60 aryl group or a C3-C60 heteroaryl group, a substi-
tuted or unsubstituted C3-C60 heteroaryl group, or a substi-
tuted or unsubstituted C6-C60 condensed polycyclic group;

X, is a divalent linking group represented by —(Ar;),—,
wherein Ar; is a substituted or unsubstituted C5-C60 arylene
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group, a substituted or unsubstituted C3-C60 heteroarylene
group, or a substituted or unsubstituted C6-C60 condensed
polycyclic group, and n is an integer from 1 to 10;

the Ar;’s may be the same or different; and

at least two adjacent Ar;’s may be fused or linked to each
other via a single bond.

According to an embodiment of the present invention, in
Formulae 2 and 3, R, to Ry may be each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C20 alkyl
group, or one of Formulae 2a to 2i below:

2a
(Z1)p
(%/\
B
/
2b
I xR
* | (Zl)p
/ /
N zc
U
|
T ﬁ
A~ T\,
2d
7> Y, 7
\( %|/
Yz\st
2e
/
A N
q(ZZ) | Q
/ N @),
2f
« /r R /
4 y— 5y Z1)p
2g
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-continued
/AI 12
—tC A N\
Arps

In Formulae 2a to 2i, Q, is a linking group represented by
—CRIR5)— —NR5)— —S— or —O0O—;

Y,, Y, and Y; are each independently a linking group
represented by —N— or —C(R,,)—;

Z,, 75, Ar,,, Ar,5, Ri,, Ris, R, and R, are each inde-
pendently a hydrogen atom, a heavy hydrogen atom, a sub-
stituted or unsubstituted C1-C20 alkyl group, a substituted or
unsubstituted C5-C20 aryl group, a substituted or unsubsti-
tuted 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, or a carboxy group;

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene group,
or a substituted or unsubstituted C3-C20 heteroarylene
group;

p is an integer from 1 to 12;

q is an integer from 1 to 12;

r is an integer from O to 5; and

* is a binding site.

According to an embodiment of the present invention, in
Formulae 2 and 3, R, to R5 may be each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a methyl group, an ethyl group, a propy! group,
a butyl group, a t-butyl group, a pentyl group, or one of
Formulae 3a to 3m below:

3a
I\
3b
I\
* l/
3¢
I\
T ———
A~ \
o 3d
(\l/N
*\
I/ / \
o 3e
N
T T4
NPZ2n
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X

2

*

In Formula 3a to 3m, Ar, , and Ar, ; are each independently
a substituted or unsubstituted C5-C20 aryl group, a substi-
tuted or unsubstituted C3-C20 heteroaryl group, or a substi-
tuted or unsubstituted C6-C20 condensed polycyclic group;
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r is an integer from O to 2; and
* is a binding site.
According to an embodiment of the present invention, in

Formulae 2 and 3, Ar, and Ar, may be each independently one
of Formulae 4a to 4d below:

@0 4a
1
N
U
F
4b
| X
* | (Zl)p
N
/\/ 4c
U
o
' //\B\\\a])p
4d
Z, Y Z,
T Y

In Formulae 4a to 4d, Q, is a linking group represented by
—CR1)R5)— —NR;6)— —S— or —O0—;

Y,, Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

7., 75, Ry, Ri5, Ry, and R, are each independently 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-C20 condensed polycyclic group, a halogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 8; and
* is a binding site.
According to an embodiment of the present invention, in

Formulae 2 and 3, Ar, and Ar, may be each independently one
of Formulae 5a to 5i.

Sa
Z3
7 Z
Zy Zs
*
5b
AN
"
/
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In Formulae 5a to 5i, Z,; to Z are each independently a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
cyano group, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C5-C20 aryl group, a substituted
or unsubstituted C3-C20 heteroaryl group, or a substituted or
unsubstituted C6-C20 condensed polycyclic group; and

* is a binding site.
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According to an embodiment of the present invention, in
Formulae 2 and 3, Ar; is one of Formulae 6a to 6e.

[
(Z1),
N
|
F
6b
»Z1) (Z2)q
AN
AN
6c
»Z1)
Q
S
| N (Z)
F § !
\\*
6d
p(Zl)_:k/\ A
/=
6e

A

Y¢

*\’}{4\3{5
< .

In Formulae 6a to 6e, Q, is a linking group represented by
—CR)R;5)— —NR;6)— —S— or —O0—;

Y,, Y5 and Y, are each independently a linking group
represented by —O, —S, —N—or —C(R,,)—;

Z,,7Z, Ry, Ris, Rig, and R, are each independently 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-C20 condensed polycyclic group, ahalogen atom, a cyano
group, a nitro group, a hydroxy group, or a carboxy group;

p is an integer from 1 to 4;

q is an integer from 1 to 4; and

* is a binding site.

According to an embodiment of the present invention, in
Formulae 2 and 3, X, may be one of Formulae 7a to 7k below.

Ta

7b

Tc
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In Formulae 7a to 7k, * is a binding site.

Hereinafter, substituents described with reference to For-
mulae 1 to 3 will now be described in detail. In this regard, the
numbers of carbon atoms in substituents are presented only
for illustrative purposes and do not limit the characteristics of
the substituents.
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The unsubstituted C1-C50 alkyl group used herein may be
linear or branched. Examples of the alkyl group 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 sub-
stituted 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.

The unsubstituted C2-C60 alkenyl group used herein refers
to a hydrocarbon chain having at least one carbon-carbon
double bond within or at a terminal of the unsubstituted alkyl
group. Examples of the C2-C60 alkenyl group include ethe-
nyl, 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.

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

The unsubstituted C3-C50 cycloalkyl group used herein
refers to a C3-C50 cyclic alkyl group wherein at least one
hydrogen atom in the cycloalkyl group may be substituted
with the same substituent group described above in connec-
tion with the C1-C50 alkyl group.

The unsubstituted C1-C50 alkoxy group used herein is a
group having a structure of —OA wherein A is an unsubsti-
tuted C1-C50 alkyl group as described above. Examples of
the C1-C6-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.

The unsubstituted C5-C60 aryl group used herein refers to
acarbocyclic 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-C50 alkyl group.

Examples of the substituted or unsubstituted C5-C60 aryl
group include a phenyl group, a C1-C10 alkylphenyl group
(for example, ethylphenyl group), a halophenyl group (for
example, 0-, m-, and p-fluorophenyl group, and dichlorophe-
nyl group), a cyanophenyl group, a dicyanophenyl group, a
trifluoromethoxyphenyl group, a biphenyl group, a halobi-
phenyl group, a cyanobiphenyl group, a C1-C10 alkyl biphe-
nyl 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 (a,o-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 C1-C10 alkylnaphthyl
group (for example, methylnaphthyl group), a C1-C10 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, a pyrenyl group, a chrycenyl group, an ethyl-chrysenyl
group, a picenyl group, a perylenyl group, a chloroperylenyl
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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.

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 C3-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-C50 alkyl group.

The unsubstituted C5-C50 aryloxy group is represented by
—OA, wherein A, may be a C5-C50 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-C50 alkyl group.

The unsubstituted C5-C50 arylthio group is represented by
—SA, where A; may be a C5-C50 aryl group. Examples of
the arylthio group include a benzenethio group and a naph-
thylthio group. At least one hydrogen atom in the arylthio
group may be substituted with the same substituent groups
described with reference to the C1-C50 alkyl group.

The unsubstituted C6-C60 condensed polycyclic group is a
substituent including at least two rings wherein at least one
aromatic ring and at least one non-aromatic ring are fused to
each other or a substituent including an unsaturated ring but
not having a conjugation structure. The condensed polycyclic
group is distinguished from the aryl group or heteroaryl group
since the condensed polycyclic group does not have an aro-
maticity.

Examples of the heterocyclic compound of Formula 1
according to the current embodiment of may include Com-
pounds 1 through 158 represented below. However, the het-
erocyclic compound of Formula 1 is not limited thereto.
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An organic light-emitting device according to an embodi-
ment of the present invention includes 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 com-
pound represented by Formula 1 described above.

The first layer including the heterocyclic compound may
be a hole injection layer (HIL), a hole transport layer (HTL),
a layer having both hole injecting and hole transporting capa-
bilities, an electron injection layer (EEL), an electron trans-
port layer (ETL), or a layer having both electron injecting and
electron transporting capabilities.

According to an embodiment of the present invention, the
first layer may be an HIL, an HTL, a layer having both hole
injecting and hole transporting capabilities, an emission layer
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(EML), an EIL, an ETL, or a layer having both electron
injecting and electron transporting capabilities, wherein the
first layer may further include a charge-generating material.

The charge-generating material will be described later.

According to an embodiment of the present invention, the
first layer may be an EML, wherein the heterocyclic com-
pound may be used as a host or dopant in the EML, the EML
may further include an anthracene compound, an arylamine
compound, or a styryl compound, or a red, green, blue, or
white layer of the EML may include a phosphorescent com-
pound.

At least one hydrogen atom of the anthracene compound,
the arylheterocyclic compound, or the styryl compound may
be substituted with the same substituent groups described
above with reference to the C1-C50 alkyl group.

The arylamine indicates a C5-C50 arylamine group.

According to an embodiment of the present invention, the
first layer may be a blue EML, and the heterocyclic com-
pound may be used as a blue dopant.

The organic layer of the organic light-emitting device may
include a HIL, a HTL, a 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 layer having both hole injecting and hole trans-
porting capabilities may further include a charge-generating
material in addition to the heterocyclic compound according
to the current embodiment, known hole injecting materials,
and known hole transporting materials, in order to improve
conductivity of the layers. The EML may include a host and
a dopant, wherein the dopant may be a fluorescent dopant or
a phosphorescent dopant, wherein the phosphorescent dopant
may include Ir, Pt, Os, Re, Ti, Zr, Hf, or a combination of at
least two thereof.

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
(FATCNQ); 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:

<Compound 100>

CN
NC
B
N N. CN
P
I\i N CN
N
NC 7
CN

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

The ETL of the organic light-emitting device may include
an electron-transporting organic compound and a metal-con-
taining material. Examples of the electron-transporting
organic compound include anthracene-based compounds
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such as 9,10-di(naphthalene-2-yl)anthracene) (AND), and
Compounds 101 and 102 below, but are not limited thereto.

<Compound 101>

<Compound 102>

The metal-containing material may include a Li complex.
Examples of the Li complex include lithium quinolate (LiQ)
or Compound 103 below, but are not limited thereto.

<Compound 103>

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

For example, the organic light-emitting device according
to the current embodiment may have a structure of first elec-
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trode/HIL/EML/second electrode, a structure of first elec-
trode/HIL/HTL/EML/ETL/second electrode, or a structure
offirst electrode/HIL/HTL/EML/ETL/EIL/second electrode.
The organic light-emitting device may also have a structure of
first electrode/layer having both hole injecting and hole trans-
porting capabilities/ EML/ETL/second electrode, or a struc-
ture of first electrode/layer having both hole injecting and
hole transporting capabilities/EML/ETL/EIL/second elec-
trode. The organic light-emitting device may also have a
structure of first electrode/HTL/EML/layer having both elec-
tron injecting and electron transporting capabilities/second
electrode, a structure of first electrode/HIL/EML/layer hav-
ing both electron injecting and electron transporting capabili-
ties/second electrode, or a structure of first electrode/HIL/
HTL/EMIL/layer having both electron injecting and electron
transporting capabilities/second electrode.

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

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. Refer-
ring to FIG. 1, the organic light-emitting device includes a
substrate (not shown), a first electrode (anode), a HIL,a HTL,
an EML, an ETL, an EIL, and a second electrode (cathode).

First, the first electrode is formed by depositing or sputter-
ing a material for forming the first electrode having a high
work function on a substrate. The first electrode may consti-
tute an anode or a cathode. The substrate may be any substrate
commonly used in organic light-emitting devices, and may
include, for example, a glass substrate or a transparent plastic
substrate with excellent mechanical strength, thermal stabil-
ity, transparency, 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 (Sn0,), zinc oxide (ZnO), aluminum (Al), silver (Ag),
magnesium (Mg), or the like, which has excellent conductiv-
ity, and may form a transparent or reflective electrode.

Then, a HIL. may be formed on the first electrode by
vacuum deposition, spin coating, casting, Langmuir Blodgett
(LB) deposition, or the like.

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 char-
acteristics of the HIL to be formed. For example, the deposi-
tion conditions may include a deposition temperature of
about 100 to about 500° C., a vacuum pressure of about 10~*
to about 107> torr, and a deposition rate of about 0.01 to about
100 A/sec.

When the HIL is formed using spin coating, coating con-
ditions may vary according to a compound that is used to form
the HIL, and the structure and thermal properties of the HIL
to be formed. For example, the coating conditions may
include a coating speed of about 2000 rpm to about 5000 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.

The HIL may be formed of the heterocyclic compound of
Formula 1 or any material that is commonly used to form a
HIL. Examples of the material that can be used to form the
HIL include a phthalocyanine compound such as copper-
phthalocyanine, 4,4'.4"-tris(3-methylphenylphenylamino)
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triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), TDATA, 2T-NATA, polyaniline/
dodecylbenzenesulfonic acid (Pani/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (Pani/CSA), and
polyaniline)/poly(4-styrenesulfonate (PANI/PSS), but are
not limited thereto.
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The thickness of the HIL may be about 100 A to about
10000 A, and for example, about 100 A to about 1000 A.
When the HIL has a thickness within the above range, the HIL,
may have excellent hole injection characteristics without an
increase in driving voltage.

Then, the HTL may be formed on the HIL using various
methods, for example by vacuum deposition, spin coating,
casting, and LB deposition. When the HTL 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 or coating conditions may vary
according to a material used to form the HTL.

The HTL may be formed of the heterocyclic compound of
Formula 1 or any known HTL material. Examples of such
HTL materials include carbazole derivatives such as N-phe-
nylcarbazole or polyvinylcarbazole, and amine derivatives
having an aromatic condensed ring, such as NPB, N,N'-bis
(3-methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-di-
amine (TPD), or the like.

2 -
OO

The HTL may have a thickness of about 50 A to about 1000
A, for example, about 100 A to about 600 A. When the HTL
has a thickness within the above range, the HTL may have
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excellent hole transporting characteristics without a substan-
tial increase in driving voltage.

Then, the EML may be formed on the HTL using various
methods, for example, vacuum deposition, spin coating, cast-
ing, 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.

The EML may include the heterocyclic compound accord-
ing to an embodiment of the present invention. For example,
the heterocyclic compound according to an embodiment of
the present invention may be used as a host or dopant. The
EML may be formed using a variety of well-known light-
emitting materials, in addition to the heterocyclic compound
according to an embodiment of the present invention. Alter-
natively, the EML may also be formed using well-known
hosts and dopants. The dopant for forming the EML may
include either a fluorescent dopant or a phosphorescent
dopant, which are widely known in the art.

Examples of the host include Alq3, 4,4'-N,N'-dicarbazole-
biphenyl (CBP), poly(n-vinylcarbazole) (PVK), 9,10-di
(naphthalene-2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-
phenylbenzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,

10-di(naphtha-2-yl)anthracene =~ (TBADN), E3, and
distyrylarylene (DSA), but are not limited thereto.
N N
P |
N N
N Ny
TBADN
E3
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PVK
Examples of well-known red dopants include platinum(II)

octaethylporphyrin (PtOEP), Ir(piq);, Btp,lr(acac), and
DCITB, but are not limited thereto.

PtOEP

Btp,Ir(acac)
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Ir(mpyp)s

Meanwhile, examples of the blue dopant include the het-
erocyclic compound according to an embodiment of the
present invention, or known blue dopants such as F,Irpic,

Examples of known green dopants include Ir(ppy); (where ¢5 (F,ppy),Ir(tmd), Ir(dfppz);, ter-fluorene, 4,4'-bis(4-dipheny-

“ppy” denotes phenylpyridine), Ir(ppy),(acac), Ir(mpyp)s,
and C545T, but are not limited thereto.

laminostyryl)biphenyl (DPAVBI), and 2,5,8,11-tetra-t-butyl
pherylene (TBPe), but are not limited thereto.
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(F2ppy),Ir(tmd)

DPAVBI

The amount of the dopant may be in a range of about 0.1 to
about 20 parts by weight, or 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 substantially pre-
vented.

The EML may have a thickness of about 100 A to about
1000 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 without a sub-
stantial increase in driving voltage.

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 derivatives, triaz-
ole derivatives, phenathroline derivatives, Balq, and BCP.

The HBL may have a thickness of about 50 A to about 1000
A, for example, about 100 A to about 300 A. When the
thickness of the HBL is within these ranges, diffusion of
triplet excitons or holes into the ETL may be readily pre-
vented without a substantial increase in driving voltage.

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
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Ix(dfppz)3

TPB

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.

A material for forming the ETL may be the heterocyclic
compound according to an embodiment of the present inven-
tion. Alternatively, the ETL may be formed of any material
that is widely known in the art. Examples of electron trans-
porting materials include quinoline derivatives, such as tris
(8-quinolinolate)aluminum (Alg3), TAZ, or BAlq, but are not
limited thereto.

7?{

TAZ
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BAlg

The ETL may have a thickness of about 100 A to about
1000 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.

In addition, the EIL, which facilitates injection of electrons
from the cathode, may be formed on the ETL.

The EIL may be formed using the heterocyclic compound
according to an to embodiment of the present invention or
known materials such as LiF, NaCl, CsF, Li,O, and BaO. 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.

The EIL 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 16 injecting characteristics without a sub-
stantial increase in driving voltage.

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 a low work function, or a mixture thereof. In
this regard, the second electrode may be formed of lithium
(Li), magnesium (Mg), aluminum (Al), aluminum (Al)-
lithium (Li), 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, a transparent cathode formed of a transparent material
such as ITO or IZO may be used as the second electrode.

If the organic layer of the organic light-emitting device
according to an embodiment of the present invention has a
plurality of organic layers, at least one of the organic layers
may be formed ofthe heterocyclic compound according to the
current embodiment by using a deposition method or a wet
process of coating a solution of the heterocyclic compound
according to the current embodiment.

The organic light-emitting device according to the current
embodiment may be applied to various types of flat panel
display devices, such as in 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-
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.

10

15

20

30

35

40

45

50

55

60

=Y
&

120

Hereinafter, the present invention will be described in
detail with reference to synthesis examples of Compounds 2,
11, 24,33, 45, 48, 55, 57, 73, and 82 represented by Formula
2 and Compounds 87, 89, 95, 105, 108, 124, 141, 146, and
158 represented by Formula 3 and other examples. However,
these examples are for illustrative purpose only and are not
intended to limit the scope of the present invention.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 2

Br

Synthesis of Intermediate I-1

4.93 g (20.0 mmol) of 2-pyrene boronic acid, 4.04 g (20.0
mmol) of 2-bromonitrobenzene, 1.15 g (1.0 mmol) of
Pd(PPhs;).,, and 8.29 g (60.0 mmol) of K,CO; were dissolved
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in 60 mL of a THF/H,O (2/1) solution, and the mixture was
stirred at 70° C. for 5 hours. The mixture was cooled to room
temperature, 40 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 to evaporate the solvent. The residue was
separately purified using silica gel column chromatography
to obtain 5.95 g of Intermediate I-1 (Yield: 92%) The pro-
duced compound was identified using LC-MS. C,,H,;NO,
Calc.: 323.1; Measured [M+1] 324.1

Synthesis of Intermediate 1-2

4.85 g (15.0 mmol) of Intermediate I-1 was dissolved in
100 mL of dichloromethane, and 1.75 mL (15.0 mmol) of
bromine (Br,) was gradually added thereto at 0° C. The mix-
ture was stirred at room temperature for 12 hours. 60 mL of
water and 30 mL of a 20% sodium thiosulfate solution were
added thereto. Then, the mixture was subjected to extraction
three times with 80 mL of dichloromethane. An organic layer
was collected and dried using magnesium sulfate to evaporate
the solvent. The residue was separately purified using silica
gel column chromatography and recrystallized using a
dichloromethane/hexane solution to obtain 3.38 g of Interme-
diate I (Yield: 56%) The produced compound was identified
using LC-MS. C,,H,,BrNO, Calc.: 401.0; Measured [M+1]
402.0

Synthesis of Intermediate 1-3

4.02 g (10.0 mmol) of Intermediate 1-2 and 5.77 g (22
mmol) of triphenylphosphine (PPh,) were dissolved in 30 mLL
of 1,2-dichlorobenzene, and the mixture was stirred at 170°
C. for 12 hours. The mixture was cooled to room temperature,
the solvent was removed in a vacuum, and the mixture was
subjected to extraction three times with 50 mL of water and
50 mL of dichloromethane. An organic-layer was collected
and dried using magnesium sulfate to evaporate the solvent.
The residue was separately purified using silica gel column
chromatography to obtain 2.66 g of Intermediate I-3 (Yield:
72%) The produced compound was identified using LC-MS.
C,,H,,BrN Calc.: 369.0; Measured [M+1] 370.0

Synthesis of Intermediate 1-4

3.70 g (10.0 mmol) of Intermediate I-3,3.06 g (15.0 mmol)
of'iodobenzene, 0.19 g (1.0 mmol) of Cul, 0.05 g (0.2 mmol)
of 18-Crown-6, and 4.15 g (30.0 mmol) of K,CO; were dis-
solved in 30 mL of 1,3-dimethyl-3,4,5,6-tetrahydro-3(1H)-
pyrimidinone (DMPU), and the mixture was stirred at 170° C.
for 12 hours. The mixture was cooled to room temperature
and subjected to extraction three times with 50 mL of water
and 50 mL of dichloromethane. An organic layer was col-
lected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 4.15 g of Intermediate 1-4
(Yield: 93%) The produced compound was identified using
LC-MS. C,4H,(BrN Calc.: 445.0; Measured [M+1] 446.0
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Synthesis of Intermediate 1-5

3.24 g (10.0 mmol) of 4-bromotriphenylamine, 2.54 g
(10.0 mmol) of bis(pinacolato)diborone, 0.36 g (0.5 mmol) of
1,1"-bis(diphenylphosphino)ferrocene]dichloro  palladium
(II) (PdCl,(dppf),), and 2.94 g (30.0 mmol) of KOAc were
dissolved in 40 mL of dimethyl sulfoxide (DMSO), and the
mixture was stirred at 80° C. for 6 hours. The mixture was
cooled to room temperature and subjected to extraction three
times with 50 mL of water and 50 mL of diethyl ether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
2.57 g of Intermediate 1I-5 (Yield: 89%) The produced com-
pound was identified using LC-MS. C,,H,;BNO, Calc.:
371.2; Measured [M+1] 372.2

Synthesis of Compound 2

2.23 g (5.0 mmol) of Intermediate I-4, 1.86 g (5.0 mmol) of
Intermediate 1-5, 0.29 g (0.25 mmol) of Pd(PPh,),, and 2.07
g (15.0 mmol) of K,CO; were dissolved in 30 mL of a THF/
H,O (2/1) solution, and the mixture was stirred at 70° C. for
5 hours. The mixture was cooled to room temperature and
subjected to extraction three times with 50 mL of water and
50 mL of diethyl ether. An organic layer was collected and
dried using magnesium sulfate to evaporate the solvent. The
residue was separately purified using silica gel column chro-
matography to obtain 2.11 g of Compound 2 (Yield: 69%).
The produced compound was identified using HR-MS.
C,46H;0N, Cale.: 610.2409; Measured [M+1] 611.2401

'H NMR (CDCl,, 400 MHz) & (ppm) 9.25-9.21 (d, 1H),
8.92-8.85 (m, 1H), 8.66-8.62 (d, 1H), 8.26-8.24 (d, 1H), 8.17
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(s, 1H), 8.07 (s, 2H), 8.01-7.98 (d, 1H), 7.76-7.74 (d, 4H),
7.62-7.56 (m, 6H), 7.39-7.23 (m, 10H), 7.12-7.00 (dt, 2H)

Synthesis Example 2

Synthesis of Compound 11
F NH,
+ —

Br

F
F F

BrOI
NH
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Synthesis of Intermediate I-6

4.22 g (20.0 mmol) of 1-bromo-2,3,4-trifluorobenzene,
2.79 g (30.0 mmol) of aniline, 0.37 g (0.4 mmol) of Pd,(dba),,
0.08 g (0.4 mmol) of PtBu,, and 2.88 g (30.0 mmol) of KOtBu
were dissolved in 60 mL of toluene, and the mixture was
stirred at 85° C. for 4 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 50
ml of water and 50 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 3.93 g of Intermediate 1-6
(Yield: 88%) The produced compound was identified using
LC-MS. C,,HgF;N Calc.: 223.1; Measured [M+1] 224.1
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Synthesis of Intermediate 1-7

3.45 g (15.0 mmol) of Intermediate I-6, 2.83 g (10.0 mmol)
of 4-bromoiodobenzene, 0.18 g (0.2 mmol) of Pd,(dba),,
0.04 g (0.4 mmol) of PtBu,, and 1.44 g (15.0 mmol) of KOtBu
were dissolved in 40 mL of toluene, and the mixture was
stirred at 85° C. for 4 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 30
mL of water and 30 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 2.38 g of Intermediate 1-7
(Yield: 63%) The produced compound was identified using
LC-MS. C,gH,,BrF;N Calc.: 377.0; Measured [M+1] 378.0

Synthesis of Intermediate 1-8

3.78 g (10.0 mmol) of Intermediate I-7, 2.54 g (10.0 mmol)
of bis(pinacolato)diborone, 0.36 g (0.5 mmol) of PdCl,
(dppi),, and 2.94 g (30.0 mmol) of KOAc were dissolved in
40 mL of DMSO, and the mixture was stirred at 80° C. for 6
hours. The mixture was cooled to room temperature and
subjected to extraction three times with 50 mL of water and
50 mL of diethyl ether. An organic layer was collected and
dried using magnesium sulfate to evaporate the solvent. The
residue was separately purified using silica gel column chro-
matography to obtain 3.40 g of Intermediate I-8 (Yield: 80%)
The produced compound was identified using LC-MS.
C,,H,;BF;NO, Calc.: 425.2; Measured [M+1] 426.2

Synthesis of Compound 11

Compound 11 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate 1-4 and
Intermediate 1-8. The produced compound was identified
using HR-MS. C,H,,F;N, Calc.: 664.2126; Measured
[M+1] 665.2124

'H NMR (CDCl;, 400 MHz) 8 (ppm) 8.80-8.78 (d, 1H),
8.44-8.41 (d, 1H), 8.23-8.20 (m, 1H), 8.10-8.07 (d, 1H), 8.04
(s, 1H), 8.00-7.99 (d, 1H), 7.95-7.88 (m, 2H), 7.56-7.53 (m,
2H), 7.91-7.47 (m, 3H), 7.35-7.29 (m, 8H), 6.64-6.60 (m,
1H), 6.45-6.43 (d, 2H), 6.35-6.33 (d, 1H), 5.71-5.70 (d, 1H)

Synthesis Example 3

Synthesis of Compound 24
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Synthesis of Intermediate 1-9

I-12

Intermediate 1-9 was synthesized using 2-aminopyridine
and 2-bromopyridine in the same manner as in the synthesis
of Intermediates I-7 and I-8 by synthesizing Intermediate I-6.
The produced compound was identified using LC-MS.
C,,H,,BN;0, Calc.: 373.2; Measured [M+1]374.2

Synthesis of Intermediate I-10

Intermediate I-10 was synthesized in the same manner as in
the synthesis of Intermediate 1-9 using diphenylamine and
1,4-dibromo-tetrafluorobenzene. The produced compound
was identified using LC-MS. C,,H,,BF,NO, Calc.: 443.2;
Measured [M+1] 444.2

Synthesis of Intermediate I-11

Intermediate I-11 was synthesized in the same manner as in
the synthesis of Intermediate 1-9 using diphenylamine and
2-dibromo-iodopyridine. The produced compound was iden-
tified using LC-MS. C,;H,sBN,0O, Calc.: 372.2; Measured
[M-1]373.2
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Synthesis of Intermediate 1-12

Intermediate I-12 was synthesized in the same manner as in
the synthesis of Intermediate 1-9 using diphenylamine and
3,7-dibromo-dibenzothiophene The produced compound
was identified using LC-MS. C;,H,;BNO,S Calc.: 477.2;
Measured [M+1] 478.2

Synthesis of Compound 24

Compound 24 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate 1-4 and
Intermediate 1-9. The produced compound was identified
using HR-MS. C,H N, Calc.: 612.2314; Measured [M+1]
613.2310

'"H NMR (CDCl,, 400 MHz) 8 (ppm) 8.80 (d, 1H), 8.44-
8.41 (d, 1H), 8.23-8.20 (m, 2H), 8.10-8.07 (d, 1H), 8.04 (s,
1H), 8.00-7.98 (d, 1H), 7.94-7.88 (m, 2H), 7.58-7.51 (m, 3H),
7.50-7.47 (m, 6H), 7.37-7.29 (m, 6H), 7.01-6.97 (m, 2H),
6.91-6.89 (dd, 2H)

Synthesis Example 4
Synthesis of Compound 34

Compound 34 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate 1-4 and
Intermediate 1-10. The produced compound was identified
using HR-MS. C,H,F,N, Calc.: 682.2032; Measured
[M+1] 683.2029

'H NMR (CDCls, 400 MHz) 8 (ppm) 8.79-8.77 (d, 1H),
8.40-8.39 (d, 1H), 8.25-8.22 (m, 1H), 8.14-8.11 (d, 1H),
8.06-8.01 (m, 2H), 7.93-7.91 (d, 1H), 7.59-7.57 (d, 1H),
7.51-7.46 (m, 4H), 7.35-7.31 (m, 8H), 6.64-6.60 (t, 2H),
5.73-5.71 (m, 4H)

Synthesis Example 5
Synthesis of Compound 45

Compound 45 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate -4 and
Intermediate I-11. The produced compound was identified
using HR-MS. C,sH,,N; Calc.: 611.2361; Measured [M+1]
612.2357

'H NMR (CDCl;, 400 MHz) 8 (ppm) 8.93-8.91 (m, 1H),
8.77-8.75 (d, 1H), 8.43-8.42 (d, 1H), 8.23-8.19 (m, 2H),
8.17-8.11 (m, 3H), 8.07-8.01 (m, 3H), 5.55-7.46 (m, 8H),
7.33-7.26 (m, 3H), 7.01-6.96 (m, 2H), 6.93-6.90 (m, 4H),
6.61-6.58 (d, 1H)

Synthesis Example 6
Synthesis of Compound 48

Compound 48 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate -4 and
Intermediate 1-12. The produced compound was identified
using HR-MS. C,,H;,N,S Calc.: 716.2286; Measured
[M+1] 717.2281

'H NMR (CDCl,, 400 MHz) & (ppm) 8.74-8.72 (d, 1H),
8.39-8.37 (d, 1H), 8.22-8.17 (m, 3H), 8.13-8.04 (m, 5H),
7.98-7.96 (d, 1H), 7.72-7.70 (d, 1H), 7.54-7.45 (m, 5H),
7.37-7.27 (m, 8H), 7.04-6.98 (m, 1H), 6.66-6.60 (m, 2H),
6.23-6.21 (d, 4H)
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Synthesis Example 7

Synthesis of Compound 55
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Synthesis of Compound 55

55

A secondary amine was synthesized in the same manner as
in the synthesis of Intermediate 1-8 using 2-bromonaphtha-
lene and aniline and subjected to a Suzuki coupling with
4-bromo-1-iodobenzene. Then, a boron compound was syn-
thesized using bis(pinacolato)diborone and PdCl,(dppf),.
Then, the boron compound was reacted with Intermediate 1-3
to synthesize Intermediate 1-13.

A solution prepared by dissolving 2.92 g (5.0 mmol) of
Intermediate I-13 in 20 mL of DMF was slowly added to a
solution prepared by dissolving 0.6 g (15.0 mmol) of 60%
sodium hydride (NaH) in 10 mLL of DMF for 10 minutes. The
mixture was maintained at room temperature for 1 hour, and

N,

\

oq
o0
O

55

BN

/N

a solution prepared by dissolving 2.67 g (10.0 mmol) of
2-chloro-4,6-diphenyl-(1,3,5)-triazine in 10 mL of DMF was
slowly added to the mixture for 30 minutes, and the resultant
was stirred at room temperature for 3 hours. After the reaction
was terminated, the resultant was subjected to extraction
three times with 60 mL of water and 60 mL of diethyl ether.
An organic layer was collected and dried using magnesium
sulfate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
3.83 g of Compound 55 (Yield: 47%). The produced com-
pound was identified using HR-MS. CsoH;,Ns Calc.:
815.3049; Measured [M+1] 816.3044

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.85-8.78 (m, 3H),
8.59-8.56 (m, 4H), 8.44-8.41 (d, 1H), 8.22-8.21 (d, 1H),
8.08-7.98 (m, 2H), 7.94-7.86 (m, 3H), 7.70-7.62 (m, 2H),
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7.57-7.50 (m, 3H), 7.47-7.25 (m, 11H), 7.16-7.11 (m, 1H), Intermediate I-14 was synthesized in the same manner as in
6.87-6.79 (m, 1H), 6.63-6.59 (m, 3H), 6.12-6.09 (m, 2H) the synthesis of Intermediate I-4 using bromopentafluoroben-
Synthesis Example 8 zene, and Compound 57 was synthesized in the same manner
as in the synthesis of Compound 2 using Intermediate 1-14
Synthesis of Compound 57 5 and Intermediate I-5. The produced compound was identified

using HR-MS. C,H,FsN, Calc.: 700.1938; Measured
[M+1] 701.1932

'H NMR (CDCL,, 400 MHz) 8 (ppm) 8.70-8.68 (d, 1H),
1o 834-831 (d, 1H), 8.16-8.14 (m, 1H), 8.05-8.02 (m, 2H),
7.80-7.78 (d, 1H), 7.70-7.58 (m, 2H), 7.41-7.23 (m, SH),

6.86-6.82 (m, 3H), 6.65-6.61 (m, 2H), 5.99-5.97 (m, 4H)

NH
Synthesis Example 9
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Synthesis of Compound 73
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Synthesis of Intermediate I-15

5.62 g (20.0 mmol) of 2,4-dibromo-1-nitrobenzene, 1.71 g
(10.0 mmol) of di-4-pyridylamine, 0.18 g (0.2 mmol) of
Pd,(dba);, 0.04 g (0.2 mmol) of PtBu,, and 1.44 g (15.0
mmol) of NaOtBu were dissolved in 40 mL of toluene, and
the mixture was stirred at 85° C. for 5 hours. The mixture was
cooled to room temperature and subjected to extraction three
times with 50 mL of water and 50 mL of diethyl ether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
1.63 g of Intermediate 1-15 (Yield: 44%) The produced com-
pound was identified using LC-MS. C, H,,BrN,O, Calc.:
370.0; Measured [M+1] 371.0

Synthesis of Intermediate I-16

Intermediate I-16 was synthesized in the same manner as in
the synthesis of Intermediate I-1 using Intermediate I-15. The
produced compound was identified using LC-MS.
C;,H,oN,O, Calc.: 492.2; Measured [M+1] 493.3

Synthesis of Intermediate 1-17

Intermediate I-17 was synthesized in the same manner as in
the synthesis of Intermediate [-2 using Intermediate I-16. The
produced compound was identified using LC-MS.
C;,H,sBrN,O, Calc.: 570.1; Measured [M+1] 571.1

Synthesis of Intermediate 1-18

Intermediate I-18 was synthesized in the same manner as in
the synthesis of Intermediate [-3 using Intermediate I-17. The
produced compound was identified using LC-MS.
C;,H,sBrN, Calc.: 538.1; Measured [M-1] 539.1
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Synthesis of Intermediate 1-19

Intermediate I-19 was synthesized in the same manner as in
the synthesis of Intermediate I-4 using Intermediate I-18. The
produced compound was identified using LC-MS.
C,gH,3BrN, Calc.: 614.1; Measured [M+1] 615.1

Synthesis of Compound 73

Compound 73 was synthesized in the same manner as in
the synthesis of Compound 2 using Intermediate I-5 and
Intermediate 1-19. The produced compound was identified
using HR-MS. C5,H; Ny Calc.: 779.3049; Measured [M+1]
780.3042

'H NMR (CDCl,, 400 MHz) & (ppm) 8.95-8.92 (d, 1H),
8.44-8.41 (d, 1H), 8.21-8.10 (m, SH), 8.05-7.99 (m, 2H),
7.96-7.88 (m, 2H), 7.79-7.76 (m, 1H), 7.66-7.62 (m, 1H),
7.53-7.45 (m, 4H), 7.36-7.25 (m, 8H), 6.92-6.88 (m, 4H),
6.74-6.70 (m, 2H), 6.54-6.50 (m, 2H), 6.02-6.98 (m, 4H)

Synthesis Example 10

Synthesis of Compound 82

O,N Br

Br
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Synthesis of Intermediate 1-20

5.62 g (20.0 mmol) of 1,4-dibromo-2-nitrobenzene, 1.22 g
(10.0 mmol) of phenylboronic acid, 0.58 g (0.5 mmol) of
PdPPh,, and 4.14 g (30.0 mmol) of K,CO, were dissolved in
40 mL of a THF/H,O (2/1) solution, and the mixture was
stirred at 80° C. for 5 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 50
ml of water and 50 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 1.33 g of Intermediate I-20
(Yield: 48%) The produced compound was identified using
LC-MS. C,,H BrNO, Calc.: 277.0; Measured [M+1] 278.0

Synthesis of Intermediate 1-21

Intermediate I-21 was synthesized in the same manner as in
the synthesis of Intermediate 1-16 using Intermediate I-20.
The produced compound was identified using LC-MS.
C,4H,,NO2 Calc.: 399.1; Measured [M+1] 400.1

Synthesis of Intermediate 1-22

Intermediate I-22 was synthesized in the same manner as in
the synthesis of Intermediate I-17 using Intermediate I-21.
The produced compound was identified using LC-MS.
C,H, (BrNO, Calc.: 477.0; Measured [M+1] 478.0

Synthesis of Intermediate 1-23

Intermediate I-23 was synthesized in the same manner as in
the synthesis of Intermediate 1-18 using Intermediate 1-22.
The produced compound was identified using LC-MS.
C,gH, ¢BrN Calc.: 445.0; Measured [M+1] 446.0

Synthesis of Intermediate 1-24

Intermediate I-24 was synthesized in the same manner as in
the synthesis of Intermediate I-19 using Intermediate I-23 and
4-bromobiphenyl. The produced compound was identified
using LC-MS. C,,H,,BrN Calc.: 597.1; Measured 598.1

Synthesis of Compound 82

Compound 82 was synthesized in the same manner as in
the synthesis of Compound 73 using Intermediate 1-5 and
Intermediate 1-24. The produced compound was identified
using HR-MS. C, H;F;N Cale.: 816.2752; Measured
[M+1] 817.2746

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.80-8.76 (d, 1H),
8.46-8.43 (d, 1H), 8.32-8.29 (dd, 1H), 8.6-8.06 (m, 2H),
8.02-7.89 (m, 4H), 7.76-7.52 (m, 4H), 7.50-7.46 (m, 2H),
7.43-7.28 (m, 12H), 6.84-6.63 (m, 3H), 6.55-6.52 (m, 2H),
6.45-6.43 (d, 1H), 6.12-6.09 (m, 2H)
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Synthesis Example 11

Synthesis of Compound 87

|
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Synthesis of Intermediate I-1

4.93 g (20.0 mmol) of 2-pyrene boronic acid, 4.04 g (20.0
mmol) of 2-bromonitrobenzene, 1.15 g (1.0 mmol) of
Pd(PPh,),, and 8.29 g (60.0 mmol) of K,CO; were dissolved
in 60 mL of a THF/H,O (2/1) solution, and the mixture was
stirred at 70° C. for 5 hours. The mixture was cooled to room
temperature, 40 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 to evaporate the solvent. The residue was
separately purified using silica gel column chromatography
to obtain 5.95 g of Intermediate I-1 pl (Yield: 92%) The
produced compound was identified using LC-MS.
C,,H,;NO, Calc.: 323.1; Measured [M+1] 324.1

Synthesis of Intermediate 1-26

4.85 g (15.0 mmol) of Intermediate I-1 was dissolved in
100 mL of dichloromethane, and 1.75 ml (15.0 mmol) of
bromine (Br,) was gradually added thereto at 0° C. C. The
mixture was stirred at room temperature for 12 hours. 60 mL
ofwater and 30 mL of'a 20% sodium thiosulfate solution were
added thereto. Then, the mixture was subjected to extraction
three times with 80 mL of dichloromethane. An organic layer
was collected and dried using magnesium sulfate to evaporate
the solvent. The residue was separately purified using silica
gel column chromatography and recrystallized using a
dichloromethane/hexane solution to obtain 3.38 g of Interme-
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diate 1-26 (Yield: 56%) The produced compound was identi-
fied using LC-MS. C,,H,,BrNO, Calc.: 401.0; Measured
[M+1] 402.0

Synthesis of Intermediate [-27

4.02 g (10.0 mmol) of Intermediate 1-26 and 5.77 g (22
mmol) of triphenylphosphine (PPh,) were dissolved in 30 mL
of 1,2-dichlorobenzene, and the mixture was stirred at 170°
C. for 12 hours. The mixture was cooled to room temperature,
the solvent was removed in a vacuum, and the mixture was
subjected to extraction three times with 50 mL of water and
50 mL of dichloromethane. An organic layer was collected
and dried using magnesium sulfate to evaporate the solvent.
The residue was separately purified using silica gel column
chromatography to obtain 2.66 g of Intermediate 1-27 (Yield:
72%) The produced compound was identified using LC-MS.
C,,H,,BrN Calc.: 369.0; Measured [M+1] 370.1

Synthesis of Intermediate 1-28

3.70 g (10.0 mmol) of Intermediate 1-27, 3.06 g (15.0
mmol) of iodobenzene, 0.19 g (1.0 mmol) of Cul, 0.05 g (0.2
mmol) of 18-Crown-6, and 4.15 g (30.0 mmol) of K,CO,
were dissolved in 30 mL of 1,3-dimethyl-3,4,5,6-tetrahydro-
3(1H)-pyrimidinone (DMPU), and the mixture was stirred at
170° C. for 12 hours. The mixture was cooled to room tem-
perature and subjected to extraction three times with 50 mL of
water and 50 mL of dichloromethane. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 4.15 g of Intermediate 1-28
(Yield: 93%) The produced compound was identified using
LC-MS. C,4H,¢BrN Calc.: 445.0; Measured [M+1] 446.0

Synthesis of Compound 87

2.23 g (5.0 mmol) of Intermediate I-28, 1.86 g (5.0 mmol)
of Intermediate 1-5, 0.29 g (0.25 mmol) of Pd(PPh,),, and
2.07 g (15.0 mmol) of K,CO; were dissolved in 30 mL of a
THF/H,O (2/1) solution, and the mixture was stirred at 70° C.
for 5 hours. The mixture was cooled to room temperature and
subjected to extraction three times with 50 mL of water and
50 mL of diethyl ether. An organic layer was collected and
dried using magnesium sulfate to evaporate the solvent. The
residue was separately purified using silica gel column chro-
matography to obtain 2.11 g of Compound 87 (Yield: 69%).
The produced compound was identified using HR-MS.
C,H;oN, Calc.: 610.2409; Measured [M+1] 611.2401

'"H NMR (CDCl,, 400 MHz) & (ppm) 9.25-9.21 (d, 1H),
8.92-8.85 (m, 1H), 8.66-8.62 (d, 1H), 8.26-8.24 (d, 1H), 8.17
(s, 1H), 8.07 (s, 2H), 8.01-7.98 (d, 1H), 7.76-7.74 (d, 4H),
7.62-7.56 (m, 6H), 7.39-7.23 (m, 10H), 7.12-7.00 (dt, 2H)

Synthesis Example 12

Synthesis of Compound 89
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Synthesis of Intermediate 1-29

1.97 g (10.0 mmol) of di-o-tolylamine, 4.24 g (15.0 mmol)
of 4-bromoiodobenzene, 0.18 g (0.2 mmol) of Pd,(dba);,
0.04 g (0.4 mmol) of PtBu,, and 1.44 g (15.0 mmol) of KOtBu
were dissolved in 40 mL of toluene, and the mixture was
stirred at 85° C. for 4 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 30
mL of water and 30 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 2.18 g of Intermediate I-29
(Yield: 62%) The produced compound was identified using
LC-MS. C,oH,;¢BrN Calc.: 351.1; Measured [M+1] 352.1
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Synthesis of Intermediate 1-30

3.52 g (10.0 mmol) of Intermediate 1-29, 2.54 g (10.0
mmol) of bis(pinacolato)diborone, 0.36 g (0.5 mmol) of
PdCl,(dppf),, and 2.94 g (30.0 mmol) of KOAc were dis-
solved in 40 mL of DMSO, and the mixture was stirred at 80°
C. for 6 hours. The mixture was cooled to room temperature
and subjected to extraction three times with 50 mL of water
and 50 mL of diethyl ether. An organic layer was collected
and dried using magnesium sulfate to evaporate the solvent.
The residue was separately purified using silica gel column
chromatography to obtain 3.03 g of Intermediate 1-30 (Yield:
76%) The produced compound was identified using LC-MS.
C,H;,BNO, Calc.: 399.2; Measured [M+1] 400.2

Synthesis of Compound 89

2.42 g of Compound 89 was synthesized with a yield of
76% in the same manner as in the synthesis of Compound 87
using Intermediate 1-28 and Intermediate I-30. The produced
compound was identified using LC-MS and NMR. C4H;,N,
Calc.: 638.3; Measured [M+1] 639.3

'H NMR (CDCL,, 400 MHz) & (ppm) 8.96-8.94 (d, 1H),
8.23-8.17 (m, 2H), 8.09-8.07 (d, 1H), 8.04 (s, 1H), 7.94-7.88
(m, 3H), 7.51-7.47 (m, 4H), 7.37-731 (m, 4H), 7.28-7.22 (m,
4H), 7.17-7.13 (dt, 2H), 6.90-6.86 (dt, 2H), 6.78-6.73 (m,
4H), 2.02 (s, 6H)

Synthesis Example 13

Synthesis of Compound 95
F NH,
F F
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Br
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Synthesis of Intermediate 1-31

4.22 g (20.0 mmol) of 1-bromo-2,3,4-trifluorobenzene,
2.79 g(30.0mmol) of aniline, 0.37 g (0.4 mmol) of Pd,(dba);,
0.08 g (0.4 mmol) of PtBu,, and 2.88 g (30.0 mmol) of KOtBu
were dissolved in 60 mL of toluene, and the mixture was
stirred at 85° C. for 4 hours. The mixture was cooled to room
temperature and subjected to extraction three times with 50
mL of water and 50 mL of diethyl ether. An organic layer was
collected and dried using magnesium sulfate to evaporate the
solvent. The residue was separately purified using silica gel
column chromatography to obtain 3.93 g of Intermediate 1-31
(Yield: 88%) The produced compound was identified using
LC-MS. C,,HgF;N Calc.: 223.1; Measured [M+1] 224.1

Synthesis of Intermediate 1-32

2.23 g (15.0 mmol) of Intermediate 1-31, 4.23 g (15.0
mmol) of 4-bromoiodobenzene, 0.18 g (0.2 mmol) of Pd,
(dba),,0.04 g (0.4 mmol) of PtBu,, and 1.44 g (15.0 mmol) of
KOtBu were dissolved in 40 mL of toluene, and the mixture
was stirred at 85° C. for 4 hours. The mixture was cooled to
room temperature and subjected to extraction three times
with 30 mL of water and 30 mL of diethyl ether. An organic
layer was collected and dried using magnesium sulfate to
evaporate the solvent. The residue was separately purified
using silica gel column chromatography to obtain 2.38 g of
Intermediate 1-32 (Yield: 63%) The produced compound was
identified using LC-MS. C,H, ,BrF;N Calc.: 377.0; Mea-
sured [M+1] 378.0
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Synthesis of Intermediate 1-33

3.78 g (10.0 mmol) of Intermediate 1-32, 2.54 g (10.0
mmol) of bis(pinacolato)diborone, 0.36 g (0.5 mmol) of
PdCl,(dppf),, and 2.94 g (30.0 mmol) of KOAc were dis-
solved in 40 mL of DMSO, and the mixture was stirred at 80°
C. for 6 hours. The mixture was cooled to room temperature
and subjected to extraction three times with 50 mL of water
and 50 mL of diethyl ether. An organic layer was collected
and dried using magnesium sulfate to evaporate the solvent.
The residue was separately purified using silica gel column
chromatography to obtain 3.40 g of Intermediate 1-33 (Yield:
80%) The produced compound was identified using LC-MS.
C,,H,;BF;NO, Calc.: 425.2; Measured [M+1] 426.2

Synthesis of Compound 95

2.39 g of Compound 95 was synthesized with a yield of
72% in the same manner as in the synthesis of Compound 87
using Intermediate 1-28 and Intermediate 1-33. The produced
compound was identified using LC-MS and NMR.
C,6H,,F;N, Calc.: 664.2; Measured [M+1] 665.2

'H NMR (CDCL,, 400 MHz) & (ppm) 9.25-9.22 (d, 1H),
8.92-8.89 (d, 1H), 8.43-8.40 (d, 1H), 8.33-8.30 (d, 1H), 8.23-
8.20 (d, 1H), 8.10 (s, 1H), 7.99 (t, 2H), 7.74-7.72 (m, 4H),
7.62-7.53 (m, 6H), 7.34 (dt, 2H), 7.18-7.15 (d, 4H), 7.12-6.91
(m, 31-1)

Synthesis Example 14

Synthesis of Compound 105
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Synthesis of Intermediate 1-34

6.3 g (20.0 mmol) of 1,3,5-tribromobenzene, 4.88 g (40.0
mmol) of 1-phenyl boronic acid, 2.31 g (2.0 mmol) of
Pd(PPh;),, and 16.6 g (120.0 mmol) of K,CO; were dis-
solved in 120 mL of a THE/H,O (2/1) solution, and the
mixture was stirred at 70° C. for 5 hours. The mixture was
cooled to room temperature and subjected to extraction three
times with 120 mL of water and 100 mL of diethyl ether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
3.83 g of Intermediate 1-34 (Yield: 62%) The produced com-
pound was identified using LC-MS. C, H,;Br Calc.: 308.0;
Measured [M+1] 309.0
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Synthesis of Intermediate 1-35

2.73 g of Intermediate I-35 was synthesized with a yield of
85% in the same manner as in the synthesis of Intermediate
1-31, using Intermediate 1-34 and aniline. The produced com-
pound was identified using LC-MS. C,,H,,N Calc.: 321.2;
Measured [M+1] 322.2

Synthesis of Intermediate 1-36

3.14 g of Intermediate I-36 was synthesized with a yield of
66% in the same manner as in the synthesis of Intermediate
1-32, using Intermediate 1-35. The produced compound was
identified using LC-MS. C;,H,,BrN Calc.: 475.1; Measured
[M+1] 476.1

Synthesis of Intermediate 1-37

4.08 g of Intermediate I-37 was synthesized with a yield of
78% in the same manner as in the synthesis of Intermediate
1-33, using Intermediate 1-36. The produced compound was
identified using LC-MS. C;,H,,BNO, Calc.: 523.3; Mea-
sured [M+1] 524.3

Synthesis of Compound 105

2.86 g of Compound 21 was synthesized with a yield of
75% in the same manner as in the synthesis of Compound 87
using Intermediate 1-28 and Intermediate I-37. The produced
compound was identified using LC-MS and NMR. C5 H;gN,
Calc.: 762.3035; Measured [M+1] 763.3035

'H NMR (CDCl,, 400 MHz) 8 (ppm) 9.16-9.14 (d, 1H),
8.73-8.67 (m, 2H), 8.46-8.44 (d, 1H), 8.24 (s, 1H), 7.94-7.90
(m, 4H), 7.62-7.58 (m, 6H), 7.54-7.53 (d, 8H), 7.45-7.39 (m,
10H), 7.24-7.20 (m, 1H), 7.15-7.12 (m, 2H), 7.01-6.99 (d,
2H)

Synthesis Example 15

Synthesis of Compound 108
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2.18 g of Compound 108 was synthesized with a yield of
71% in the same manner as in the synthesis of Compound 87
using Intermediate 1-28 and Intermediate I-38. The produced
compound was identified using LC-MS. C, ,H,N, Calc.:
612.2314; Measured [M+1] 613.2405

'H NMR (CDCL,, 400 MHz) 8 (ppm) 9.23-9.21 (d, 1H),
8.63-8.49 (m, 4H), 8.29-8.27 (d, 1H), 8.14 (s, 1H), 7.94-7.88
(m, 3H), 7.78-7.68 (m, 8H), 7.47-7.40 (m, 6H), 7.11-7.08 (m,
2H), 7.02-6.99 (m, 2H)

Synthesis Example 16

Synthesis of Compound 124
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Synthesis of Intermediate 1-39

3.04 g of Intermediate I-39 was synthesized with a yield of
69% in the same manner as in the synthesis of Intermediate
1-36 using 2-bromo-7-i0do-9,9-dimethyl fluorene and diphe-
nylamine. The produced compound was identified using L.C-
MS. C,,H,,BrN Calc.: 439.1; Measured [M+1] 440.1

Synthesis of Intermediate 1-40

3.99 g of Intermediate I-40 was synthesized with a yield of
82% in the same manner as in the synthesis of Intermediate
1-37, using Intermediate 1-39. The produced compound was
identified using LC-MS and NMR. C;;H,,BNO, Calc.:
487.3; Measured [M+1] 488.3

Synthesis of Compound 124

2.65 g of Compound 124 was synthesized with a yield of
73% in the same manner as in the synthesis of Compound 87
using Intermediate 1-28 and Intermediate I1-40. The produced
compound was identified using LC-MS. C, H, N, Calc.:
726.3035; Measured [M+1] 727.3035

1H NMR (CDCl,, 400 MHz) & (ppm) 9.17-9.15 (d, 1H),
8.73-8.67 (m, 2H), 8.57-8.54 (m, 2H), 8.34-8.32 (d, 1H),
8.28-8.26 (d, 1H), 8.03-8.01 (d, 1H), 7.85-7.83 (d, 1H), 7.69-
7.67 (m, 4H), 7.55-7.49 (m, 8H), 7.35-7.33 (d, 1H), 7.30-7.29
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(d, 1H), 7.24 (d, 1H), 7.13-7.11 (dd, 1H), 7.04-7.00 (dt, 2H),
6.94-6.92 (dd, 1H), 6.88-6.86 (dd, 4H), 1.85 (s, 6H)

Synthesis Example 17

Synthesis of Compound 141
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Synthesis of Intermediate 1-41

3.48 g of Intermediate I-41 was synthesized with a yield of 65
77% in the same manner as in the synthesis of Intermediate
1-37, using Intermediate 1-27 and chlorobenzene-d. The pro-

148
duced compound was identified using LC-MS and NMR.
C,sH;;DsBrN Calc.: 450.1; Measured: [M+1] 451.1

Synthesis of Compound 141

2.52 g of Compound 141 was synthesized with a yield of
82% in the same manner as in the synthesis of Compound 87
using Intermediate I-5 and Intermediate 1-41. The produced
compound was identified using LC-MS and NMR.
C,6H,5sDsN, Cale.: 615.2723; Measured [M+1] 616.2723

'H NMR (CDCls, 400 MHz) 8 (ppm) 9.26-9.24 (d, 1H),
8.63-8.57 (m, 2H), 8.49-8.47 (d, 1H), 8.44 (s, 1H), 8.14-8.10
(t, 3H), 7.65-7.59 (m, 9H), 7.34-7.32 (m, 2H), 7.25-7.21 (m,
2H), 7.10-7.08 (dd, 4H)

Synthesis Example 18

Synthesis of Compound 146
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Synthesis of Intermediate 1-42

5.62 g (20.0 mmol) of 2,4-dibromo-1-nitrobenzene, 4.52 g
(19.0 mmol) of 9,9-dimethylfluorene-2-boronic acid, 1.15 g
(1.0 mmol) of Pd(PPh,),, and 8.29 g (60.0 mmol) of K,CO,
were dissolved in 80 mL of a THF/H,O (2/1) solution, and the
mixture was stirred at 70° C. for 5 hours. The mixture was
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cooled to room temperature and subjected to extraction three
times with 60 mL of water and 60 mL of diethyl ether. An
organic layer was collected and dried using magnesium sul-
fate to evaporate the solvent. The residue was separately
purified using silica gel column chromatography to obtain
4.57 g of Intermediate I-42 (Yield: 58%) The produced com-
pound was identified using LC-MS. C,,H,;(BrNO, Calc.:
393.0; Measured [M+1] 394.0

Synthesis of Intermediate 1-43

4.28 g of Intermediate 1-43 as synthesized with a yield of
83% in the same manner as in the synthesis of Intermediate
I-1, using Intermediate 1-42 and pyrene boronic acid. The
produced compound was identified using LC-MS.
C;,H,NO, Calc.: 515.2; Measured [M+1] 516.2

Synthesis of Intermediate 1-44

2.79 g of Intermediate I-44 was synthesized with a yield of
47% in the same manner as in the synthesis of Intermediate
1-26, using Intermediate 1-43. The produced compound was
identified using LC-MS. C;,H,,BrNO, Calc.: 593.1; Mea-
sured [M+1] 1594.1

Synthesis of Intermediate 1-45

3.21 g of Intermediate I-45 was synthesized with a yield of
57% in the same manner as in the synthesis of Intermediate
1-27, using Intermediate 1-44. The produced compound was
identified using LC-MS. C;,H,,BrN Calc.: 561.1; Measured
[M+1] 562.1

Synthesis of Intermediate 1-46

4.98 g of Intermediate I-46 was synthesized with a yield of
78% in the same manner as in the synthesis of Intermediate
1-28, using Intermediate 1-45. The produced compound was
identified using LC-MS. C,;H,4BrN Calc.: 637.1; Measured
[M+1] 628.1

Synthesis of Compound 146

2.93 g of Compound 146 was synthesized with a yield of
73% in the same manner as in the synthesis of Compound 87
using Intermediate I-5 and Intermediate 1-46. The produced
compound was identified using LC-MS and NMR. C,,H,,N,
Calc.: 802.3348; Measured [M-1] 803.3348

'H NMR (CDCl,;, 400 MHz) & (ppm) 9.11-9.09 (d, 1H),
8.60-8.57 (d, 1H), 8.49-8.48 (d, 1H), 8.29 (s, 1H), 8.23-8.18
(m, 4H), 7.99-7.97 (dd, 1H), 7.77 (dd, 1H), 7.61-7.58 (m,
5H), 7.46-7.39 (m, 7H), 7.34-7.31 (dt, 1H), 7.22-7.13 (m,
5H), 7.04-7.00 (m, 2H), 6.95-6.91 (m, 2H), 6.80-6.78 (m,
4H), 1.86 (s, 6H)

Synthesis Example 19

Synthesis of Compound 158

0N Br

Br
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Synthesis of Intermediate 1-47

3.39 g of Intermediate I-47 was synthesized with a yield of
61% in the same manner as in the synthesis of Intermediate
1-42 using 1,4-dibromo-2-nitrobenzene and phenyl boronic
acid. The produced compound was identified using LC-MS.
C,,HgBrNO, Calc.: 277.0; Measured [M+1] 278.0

Synthesis of intermediate 1-48

3.16 g of Intermediate I-48 was synthesized with a yield of
79% in the same manner as in the synthesis of Intermediate
1-43, using Intermediate 1-47. The produced compound was
identified using LC-MS. C, H,,NO, Calc.: 399.1; Measured
[M+1] 400.1

Synthesis of Intermediate 1-49

1.96 g of Intermediate 1-49 was synthesized with a yield of
41% in the same manner as in the synthesis of Intermediate
1-44, using Intermediate 1-48. The produced compound was
identified using LC-MS. C, H, ;BrNO, Calc.: 477.0; Mea-
sured [M+1] 478.0

Synthesis of Intermediate 1-50

2.72 g of Intermediate I-50 was synthesized with a yield of
61% in the same manner as in the synthesis of Intermediate
1-45, using Intermediate 1-49. The produced compound was
identified using LC-MS. C, H, ;BrN Calc.: 445.0; Measured
[M+1] 446.0

Synthesis of Intermediate 1-51

3.97 g of Intermediate I-51 was synthesized with a yield of
76% in the same manner as in the synthesis of Intermediate
1-46, using Intermediate 1-50. The produced compound was
identified using LC-MS. C;,H,,BrN Calc.: 521.1; Measured
[M+1] 522.1
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Synthesis of Intermediate 1-52

5.38 g (20.0 mmol) of 2,4-dibromo-6-fluoro-phenylamine,
5.36 g (44.0 mmol) of phenyl boronic acid, 1.15 g (1.0 mmol)
of Pd(PPh,),, and 8.29 g (60.0 mmol) of K,CO; were dis-
solved in 80 mL ofa THF/H,O (2/1) solution, and the mixture
was stirred at 70° C. for 5 hours. The mixture was cooled to
room temperature and subjected to extraction three times
with 60 mL of water and 60 mL of diethyl ether. An organic
layer was collected and dried using magnesium sulfate to
evaporate the solvent. The residue was separately purified
using silica gel column chromatography to obtain 4.11 g of
Intermediate I-52 (Yield: 78%) The produced compound was
identified using LC-MS. C,H,,FN Calc.: 263.1; Measured
[M+1] 264.1

Synthesis of Intermediate 1-53

2.44 g of Intermediate I-53 was synthesized with a yield of
72% in the same manner as in the synthesis of Intermediate
1-31, using Intermediate 1-52. The produced compound was
identified using LC-MS. C,,H, FN Calc.: 339.1; Measured
[M+1] 340.1

Synthesis of Intermediate 1-54

3.31 g of Intermediate I-54 was synthesized with a yield of
67% in the same manner as in the synthesis of Intermediate
1-32, using Intermediate 1-53. The produced compound was
identified using LC-MS. C;,H,,BrFN Calc.: 493.1; Mea-
sured [M+1] 494.1

Synthesis of Intermediate 1-55

4.28 g of Intermediate I-55 was synthesized with a yield of
79% in the same manner as in the synthesis of Intermediate
1-32, using Intermediate 1-54. The produced compound was
identified using LC-MS. C;4H;;BFNO, Calc.: 541.3; Mea-
sured [M+1] 542.3
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Synthesis of Compound 158

3.26 g of Compound 158 was synthesized with a yield of
76% in the same manner as in the synthesis of Compound 87
using Intermediate I-51 and Intermediate I-55. The produced
compound was identified using LC-MS and NMR.
Ce4H4,FN, Calc.: 856.3254; Measured [M+1] 847.3254

'H NMR (CDCl,, 400 MHz) & (ppm) 9.06-9.04 (d, 1H),
8.50-8.48 (m, 2H), 8.39-8.37 (d, 1H), 8.33-8.27 (dd, 2H),
8.19-8.10 (m, 6H), 7.92-7.85 (m, 4H), 7.71-7.70 (dd, 2H),
7.61-7.50 (m, 9H), 7.46-7.36 (m, 9H), 7.14-7.10 (dt, 1H),
7.09-7.05 (m, 2H), 6.95-6.93 (dd, 2H)

Example 1

An anode was prepared by cutting a Corning 15 Q/cm?®
(1200 A) ITO glass substrate to a size of 50 mmx50 mmx0.7
mm, ultrasonically cleaning the glass substrate using isopro-
pyl 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.

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 trans-
porting compound, was vacuum deposited on the HIL to form
a HTL having a thickness of 300 A.
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ADN

Then, 9,10-di-naphthalene-2-yl-anthracene (ADN), as a
known blue fluorescent host, and Compound 2, as a known
blue fluorescent dopant, were deposited simultaneously with
a weight ratio of 98:2 on the HTL to form an EML having a
thickness of 300 A.

Then, Alq3 was deposited on the EML to form an ETL
having a thickness of 300 A, and then LiF, which is a halo-
genated alkali metal, was deposited on the ETL to form an
EIL having a thickness of 10 A. Then, Al was vacuum depos-
ited on the EIL to form a cathode having a thickness of 3000
A, thereby forming an LiF/Al electrode. As a result, an
organic light-emitting device was manufactured.

The organic light-emitting device had a driving voltage of
6.37V at a current density of 50 mA/cm?, a high luminosity
of 2739 cd/m?, a luminescent efficiency of 5.47 cd/A, and a
half-lifespan of 270 hours at 100 mA/cm?>.

Example 2

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 11 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.49V at a current density of 50 mA/cm?, a high luminosity
012981 cd/m?, aluminescent efficiency of5.96 cd/A, and a 18
half-lifespan of 235 hours at 100 mA/cm?>.

Example 3

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

The organic light-emitting device had a driving voltage of
6.23 V at a current density of 50 mA/cm?, a high luminosity
of 2280 cd/m?, a luminescent efficiency of 4.56 cd/A, and a
half-lifespan of 208 hours at 100 mA/cm?.

Example 4

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 34 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.42'V at a current density of 50 mA/cm?, a high luminosity
of 2695 cd/m?, a luminescent efficiency of 5.39 cd/A, and a
half-lifespan of 212 hours at 100 mA/cm?>.
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Example 5

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

The organic light-emitting device had a driving voltage of
6.38 V at a current density of 50 mA/cm?, a high luminosity
of 2577 cd/m?, a luminescent efficiency of 5.15 cd/A, and a
half-lifespan of 225 hours at 100 mA/cm>.

Example 6

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 48 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.39'V at a current density of 50 mA/cm?, a high luminosity
of 2453 c¢d/m?, a luminescent efficiency of 4.90 cd/A, and a
half-lifespan of 186 hours at 100 mA/cm>.

Example 7

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 55 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
620V ata current density of 50 mA/cm?, a high luminosity
of 2667 cd/ecm?, a luminescent eﬂimency of 5.33 cd/A, and a
half-lifespan of 184 hours at 100 mA/cm>.

Example 8

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 57 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.61V at a current density of 50 mA/cm?, a high luminosity
0f 2791 cd/m?, a luminescent efficiency of 5.58 cd/A, and a
half-lifespan of 245 hours at 100 mA/cm>.

Example 9

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 73 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.30'V at a current density of 50 mA/cm?, a high luminosity
of 2533 cd/m?, a luminescent efficiency of 5.06 cd/A, and a
half-lifespan of 208 hours at 100 mA/cm>.

Example 10

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 82 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.48 V at a current density of 50 mA/cm?, a high luminosity
0f 2945 cd/m?, a luminescent efficiency of 5.89 cd/A, and a
half-lifespan of 211 hours at 100 mA/cm>.

Example 11

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 87 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.45V at a current density of 50 mA/cm?, a high luminosity
of 2950 cd/m?, a luminescent efficiency of 5.90 cd/A, and a
half-lifespan of 265 hours at 100 mA/cm>.

Example 12

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 89 was
used instead of Compound 2 to form the EML.
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The organic light-emitting device had a driving voltage of
6.46'V at a current density of 50 mA/cm?, a high luminosity
of 2925 cd/m?, a luminescent efficiency of 5.85 cd/A, and a
half-lifespan of 243 hours at 100 mA/cm>.

Example 13

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 95 was
used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.32'V at a current density of 50 mA/cm?, a high luminosity
0f 2970 cd/m?, a luminescent efficiency of 5.94 cd/A, and a
half-lifespan of 160 hours at 100 mA/cm>.

Example 14

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 105
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.45'V at a current density of 50 mA/cm?, a high luminosity
of 2875 cd/m?, a luminescent efficiency of 5.75 cd/A, and a
half-lifespan of 249 hours at 100 mA/cm?.

Example 15

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 108
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.21'V at a current density of 50 mA/cm?, a high luminosity
of 2545 cd/m?, a luminescent efficiency of 5.00 cd/A, and a
half-lifespan of 201 hours at 100 mA/cm>.

Example 16

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 124
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.41V at a current density of 50 mA/cm?, a high Tuminosity
of 2820 cd/m?, a luminescent efficiency of 5.64 cd/A, and a
half-lifespan of 225 hours at 100 mA/cm>.

Example 17

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 141
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.46 V at a current density of 50 mA/cm?, a high luminosity
0f 2730 cd/m?, a luminescent efficiency of 5.46 cd/A, and a
half-lifespan of 208 hours at 100 mA/cm?>.

Example 18

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 146
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.42V at a current density of 50 mA/cm?, a high luminosity
of 2840 cd/m?, a luminescent efficiency of 5.68 cd/A, and a
half-lifespan of 211 hours at 100 mA/cm>.

Example 19

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 158
was used instead of Compound 2 to form the EML.

The organic light-emitting device had a driving voltage of
6.47 V at a current density of 50 mA/cm?, a high luminosity
0f 2930 cd/m>, a luminescent efficiency of 5.86 cd/A, and a
half-lifespan of 194 hours at 100 mA/cm>.
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Comparative Example 1

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that a known blue
fluorescent dopant 4,4'-bis[2-(4-(N,N-diphenylamino)phe-
nyl)vinyl]biphenyl (DPAVBIi) was used instead of Compound
2 to form the EML.

160

The heterocyclic compounds according to embodiments of
the present invention have excellent light-emitting character-
istics and excellent electron transporting characteristics, and
thus may be used as electron injecting materials or electron

transporting materials suitable for all-color fluorescent and

DPAVBI

The organic light-emitting device had a driving voltage of s phosphorescent devices, such as red, green, blue, and white
735Vata Cllzl‘l’ ent depsity of 50 mA/ cm?, a high luminosity fluorescent and phosphorescent devices. In particular, the
0f 2065 cd/m~, a luminescent efficiency gf 4.13 cd/A, and a heterocyclic compounds are efficiently used as light-emitting
half-lifespan of 145 hours at 100 mA/em”. materials of green, blue, and white fluorescent devices. By

The organic light-emitting devices including the heterocy- . . L. .
clic compounds as a host material or dopant material of the usig the hfzterogychc comp ounds, orgamic llght-emltgng
EML according to the present invention had lower driving °° devices having high efficiency, low driving voltage, high
voltage, better I-V-L characteristics with higher efficiency, ~ brightness, and long lifespan may be prepared.
and longer lifespan than the organic light-emitting device While the present invention has been particularly shown
manufactured using known materials according to Compara- and described with reference to exemplary embodiments
tive Example 1. In particular, the lifespan of the organic thereof, it will be understood by those of ordinary skill in the
light-emitting devices manufactured according to Examples 35 . . .

1 to 19 was far longer than that of the organic light-emitting art that vanous Change.:s in form and (.k?talls may be made
device manufactured according to Comparative Example 1. therein without departing from the spirit and scope of the
The results are shown in Table 1 below: present invention as defined by the following claims.

TABLE 1
Driving  Current
Host ordopant ~ voltage  density  Brightness Efficiency Half-life span
material V) (mA/em?)  (cd/m?) (cd/A) Color (hr @100 mA/cm?)

Example 1 Compound 2 6.37 50 2,739 547  blue 270 hr

Example2  Compound 11 6.49 50 2,981 596  blue 235 hr

Example3  Compound 24 6.23 50 2,280 456  blue 208 hr

Example4  Compound 34 6.42 50 2,695 539  blue 212 hr

Example 5 Compound 45 6.38 50 2,577 5.15  blue 225 hr

Example 6  Compound 48 6.39 50 2,453 490  blue 186 hr

Example 7  Compound 55 6.20 50 2,667 533 blue 184 hr

Example 8  Compound 57 6.61 50 2,791 5.58  blue 245 hr

Example 9  Compound 73 6.30 50 2,533 5.06  blue 208 hr

Example 10 Compound 82 6.48 50 2,945 5.89  blue 211 hr

Example 11  Compound 87 6.45 50 2,950 590  blue 265 hr

Example 12 Compound 89 6.46 50 2,925 5.85  blue 243 hr

Example 13 Compound 95 6.32 50 2,970 594  blue 160 hr

Example 14 Compound 105 6.45 50 2,875 5.75  blue 249 hr

Example 15 Compound 108 6.21 50 2,545 5.09  bluish 201 hr

green

Example 16 Compound 124 6.41 50 2,820 5.64  blue 225 hr

Example 17 Compound 141 6.46 50 2,730 546  blue 208 hr

Example 18 Compound 146 6.42 50 2,840 5.68  blue 211 hr

Example 19 Compound 158 6.47 50 2,930 5.86  blue 194 hr

Comparative DPAVBI 7.35 50 2,065 413 blue 145 hr

Example 1
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What is claimed is:
1. A heterocyclic compound represented by Formula 1
below:

<Formula 1>

wherein R, to R, ; are each independently a hydrogen atom,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted
C2-C60 alkenyl group, a substituted or unsubstituted
C2-C60 alkynyl group, a substituted or unsubstituted
C3-C60 cycloalkyl group, a substituted or unsubstituted
C1-C60 alkoxy group, a substituted or unsubstituted
C5-C60 aryloxy group, a substituted or unsubstituted
C5-C60 arylthio group, a substituted or unsubstituted
C5-C60 aryl group, an amino group substituted with a
C5-C60 aryl group or a C3-C60 heteroaryl group, a
substituted or unsubstituted C3-C60 heteroaryl group, a
substituted or unsubstituted C6-C60 condensed polycy-
clic group, a halogen atom, a cyano group, a nitro group,
a hydroxy group, or a carboxy group.

2. The heterocyclic compound of claim 1, wherein R, to R
are each independently a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a cyano group, a substituted or unsub-
stituted C1-C20 alkyl group, or one of Formulae 2a to 2i
below:

2a

2b

2c

2d
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-continued
2e
/
AN N
|
q(Zz)—l 2
%(Zl)p
2f
U/_% (Zl)p
(Z>) %
N 2
( »
@)y
K
2h
2i
Arya,
/
*_fAm‘)r_N\
Argz

wherein Q, is a linking group represented by —C(R,,)
Rys)— —NRg)— —S— or —O—;

Y,, Y, and Y; are each independently a linking group
represented by —N—or—CR,,)—;

Z,, 75, Ar,,, Ar,5, Ri,, Ris, R, and R, are each inde-
pendently a hydrogen atom, a heavy hydrogen atom, a
substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C5-C20 aryl group, a substi-
tuted or unsubstituted C3-C20 heteroaryl group, a sub-
stituted or unsubstituted C6-C20 condensed polycyclic
group, a halogen atom, a cyano group, a nitro group, a
hydroxy group, or a carboxy group;

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene
group, or a substituted or unsubstituted C3-C20 het-
eroarylene group;

p is an integer from 1 to 12;

q is an integer from 1 to 12;

r is an integer from O to 5; and

* is a binding site.

3. The heterocyclic compound of claim 1, wherein R | to Ry

are each independently a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a cyano group, a methyl group, an ethyl
group, a propyl group, a butyl group, a t-butyl group, a pentyl
group, or one of Formulae 3a to 3m below:

3a




163

-continued

\

3b

3¢

3d

3e

3f

3g

3h

3j
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-continued
3k
Arpp
/
* N
\
r Arpz
31
| O
3m

|

N
A

wherein Ar, , and Ar | ; are each independently a substituted
or unsubstituted C5-C20 aryl group, a substituted or
unsubstituted C3-C20 heteroaryl group, or a substituted
or unsubstituted C6-C20 condensed polycyclic group;

r is an integer from O to 2; and

* is a binding site.

4. The heterocyclic compound of claim 1, wherein R4 to Rg
and R, to R, ; are each independently a hydrogen atom or a
heavy hydrogen atom, and Ry is —X;,—N(Ar, Ar,) that is a
substituted C5-C60 aryl group, a substituted C3-C60 het-
eroaryl group, or a substituted C6-C60 condensed polycyclic
group; or

RgtoR, 4, R, and R, ; are each independently a hydrogen

atom or a heavy hydrogen atom, and R, is —X,—N
(Ar, Ar,) that is a substituted C5-C60 aryl group, a sub-

stituted C3-C60 heteroaryl group or a substituted
C6-C60 condensed polycyclic group,

wherein X, is a divalent linking group represented by
—(Ar;),—, wherein Ar; is a substituted or unsubstituted
C5-C60 arylene group, a substituted or unsubstituted
C3-C60 heteroarylene group, or a substituted or unsub-
stituted C6-C60 condensed polycyclic group, and n is an
integer from 1 to 10;

the Ar;’s are the same or different;

at least two adjacent Ar;’s are fused or linked to each other
via a single bond; and

Ar, and Ar, are each independently one of Formulae 4a to
4d below:

4a

A
N
¥

N
a

\

4b

%
)

@1y

\
\
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/\rQ *
AN 1
el
| \H
A~ X~
4d

7 \(Yl\r Zy,
Y, YYS

*

wherein Q, is a linking group represented by —C(R,,)
R;5)— —NR,s)— —S— or —O—;

Y,, Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)—;

Z,, 75, Ry, Ri5, Ry, and R, are each independently 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, or a carboxy group;

p is an integer from 1 to 8; and

* is a binding site.

5. The heterocyclic compound of claim 1, wherein R to Rg
and R, to R, ; are each independently a hydrogen atom or a
heavy hydrogen atom, and R, is —X,—N(Ar, Ar,) that is a
substituted C5-C60 aryl group, a substituted C3-C60 het-
eroaryl group, or a substituted C6-C60 condensed polycyclic
group; or

Rsto R, R, 5 and R, ; are each independently a hydrogen
atom or a heavy hydrogen atom, and R, is —X,—N
(Ar, Ar,) that is a substituted C5-C60 aryl group, a sub-
stituted C3-C60 heteroaryl group or a substituted
C6-C60 condensed polycyclic group,

wherein X, is a divalent linking group represented by
—(Ar;),—, wherein Ar, is a substituted or unsubstituted
C5-C60 arylene group, a substituted or unsubstituted
C3-C60 heteroarylene group, or a substituted or unsub-
stituted C6-C60 condensed polycyclic group, and nis an
integer from 1 to 10;

the Ar,’s are the same or different;

at least two adjacent Ar,’s are fused or linked to each other
via a single bond; and

Ar, and Ar, are each independently represented by one of
Formulae 5a to 51 below:

Sa
Z3
Z, Zy
Zy Zs
*
5b
AN
1
/
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X
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A

wherein Z, to Z are each independently a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a cyano group,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C5-C20 aryl group, a sub-
stituted or unsubstituted C3-C20 heteroaryl group, or a
substituted or unsubstituted C6-C20 condensed polycy-
clic group; and

* is a binding site.

6. The heterocyclic compound of claim 1, wherein R, or

R,, are each independently X,—N(Ar,Ar,) that is a substi-
tuted C5-C60 aryl group, a substituted C3-C60 heteroaryl
group, or a substituted C6-C60 condensed polycyclic group,

wherein Ar, and Ar, are each independently a substituted
or unsubstituted C3-C50 cycloalkyl group, a substituted
or unsubstituted C5-C60 aryloxy group, a substituted or
unsubstituted C5-C60 arylthio group, a substituted or
unsubstituted C5-C60 aryl group, an amino group sub-
stituted with a C5-C60 aryl group or a C3-C60 het-
eroaryl group, a substituted or unsubstituted C3-C60
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heteroaryl group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group; and

X, is a divalent linking group represented by —(Ar;),—,
wherein Ar; is one of Formulae 6a to 6e, and the Ar;’s
are the same or different; and at least two adjacent Ar;’s
are fused or linked to each other via a single bond:

6.
/(Zl)p ‘
N
ON
I
A
6b
»Z1) (Z2)q
~
LA
I
aa
6
HZD) )
f \ Ql
U A 2)
A~ X
— N
. 6d
~
~
p<Zl>—:(\
/AN
v 6e
*X“\XS
I
v

wherein Q, is a linking group represented by —C(R,,)
Ry5)— —S—, or —O0—;

Y., Ys and Y, are each independently a linking group
represented by —O—, —S—, —N—or —C(R,,)—;

Z,, 75, R4 Ris5, Rig, and R, are each independently 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, or a carboxy group;

p is an integer from 1 to 4;

q is an integer from 1 to 4; and

* is a binding site.

7. The heterocyclic compound of claim 1, wherein R, or
R,, are each independently X,—N(Ar, Ar,) that is a substi-

tuted C5-C60 aryl group, a substituted C3-C60 heteroaryl
group, or a substituted C6-C60 condensed polycyclic group,

wherein Ar, and Ar, are each independently a substituted
or unsubstituted C3-C50 cycloalkyl group, a substituted
or unsubstituted C5-C60 aryloxy group, a substituted or
unsubstituted C5-C60 arylthio group, a substituted or
unsubstituted C5-C60 aryl group, an amino group sub-
stituted with a C5-C60 aryl group or a C3-C60 het-
eroaryl group, a substituted or unsubstituted C3-C60
heteroaryl group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group; and
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X, is one of Formulae 7a to 7k below:

Ta

7b

Tc

7d

Te

7t

g

7h

7i

7j
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_continued substituted or unsubstituted C6-C60 condensed polycy-
7k clic group, a halogen atom, a cyano group, a nitro group,

a hydroxy group, or a carboxy group;

Ar, and Ar, are each independently a substituted or unsub-

5 stituted C3-C50 cycloalkyl group, a substituted or

unsubstituted C5-C60 aryloxy group, a substituted or

unsubstituted C5-C60 arylthio group, a substituted or

unsubstituted C5-C60 aryl group, an amino group sub-

stituted with a C5-C60 aryl group or a C3-C60 het-

10 eroaryl group, a substituted or unsubstituted C3-C60

heteroaryl group, or a substituted or unsubstituted
C6-C60 condensed polycyclic group;

wherein * is a binding site. X, is a divalent linking group represented by —(Ar;),—,
8. The heterocyclic compound of claim 1, wherein the wherein Ar; may be a substituted or unsubstituted
heterocyclic compound of Formula 1 is represented by For- 15 C5-C60 arylene group, a substituted or unsubstituted
mula 2 or Formula 3 below: C3-C60 heteroarylene group, or a substituted or unsub-

stituted C6-C60 condensed polycyclic group, and n is an

integer from 1 to 10;

<Formula 2> the Ar;’s are the same or different; and
20 . .
at least two adjacent Ar,’s are fused or linked to each other

via a single bond.

9. The heterocyclic compound of claim 8, wherein R, to R

are each independently a hydrogen atom, a heavy hydrogen

»5 atom, a halogen atom, a cyano group, a substituted or unsub-

stituted C1-C20 alkyl group, or one of Formulae 2a to 2i
below:

30 2a
(Z 1)y

A

Y

/
/

\

35 b

<Formula 3> * (\Q
AL
40 2c
o

| D
N\ @)y

/

@p

\

X

45
2d
Z,

/

1
y
—
ZZYYIY
Yo 2¥s
50

*

/
55 | \
@) 2
wherein R, to R; are each independently a hydrogen atom, F / N,
a heavy hydrogen atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted ==

C2-C60 alkenyl group, a substituted or unsubstituted
C2-C60 alkynyl group, a substituted or unsubstituted
C3-C60 cycloalkyl group, a substituted or unsubstituted of
C1-C60 alkoxy group, a substituted or unsubstituted =

C5-C60 aryloxy group, a substituted or unsubstituted —l )

C5-C60 arylthio group, a substituted or unsubstituted *f_"—\\(z Dp

C5-C60 aryl group, an amino group substituted with a 65 W

C5-C60 aryl group or a C3-C60 heteroaryl group, a — B

substituted or unsubstituted C3-C60 heteroaryl group, a

2e

60
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-continued -continued
2g
3d
N Z2),
Y

2h 10

15

Aryp, 3f

*—eAr“ﬁ,—N< 20
Arjz N,
| A

wherein Q, is a linking group represented by —C(R,,) NN
Rys)— —NRg)—, —8— or —O0—; 2 Y

Y, Y, and Y; are each independently a linking group *
represented by —N—or —C(R,,)—;

7., 7, Ar o, Ar 5, R4, Ry 5, Ry, and R, are each inde- /*
pendently a hydrogen atom, a heavy hydrogen atom, a
substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C5-C20 aryl group, a substi-
tuted or unsubstituted C3-C20 heteroaryl group, a sub-
stituted or unsubstituted C6-C20 condensed polycyclic
group, a halogen atom, a cyano group, a nitro group, a
hydroxy group, or a carboxy group; 35

Ar,, is a substituted or unsubstituted C1-C20 alkylene
group, a substituted or unsubstituted C5-C20 arylene
group, or a substituted or unsubstituted C3-C20 het-
eroarylene group;

p is an integer from 1 to 12;

q is an integer from 1 to 12;

3g

30 N

3h

40
. . 3i
r is an integer from O to 5; and

* is a binding site.

10. The heterocyclic compound of claim 8, wherein R, to 45 w1l o~ ’O
/ '

R; are each independently a hydrogen atom, a heavy hydro- |
gen atom, a halogen atom, a cyano group, a methyl group, an
ethyl group, a propyl group, a butyl group, a t-butyl group, a
pentyl group, or one of Formulae 3a to 3m below:
50

3a 3

55
3b

30 60

3k
Ary

=}

65
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-continued 12. The heterocyclic compound of claim 8, wherein Ar,
31 and Ar, are each independently one of Formulae 5a to 5i
below:
5
Sa
Z3
Z> Z4
. 10
Zj Zs
3m 5b
15 L S
’ |
AN e
*® I 5S¢
I P | AN S,
20 =
=
wherein Ar, , and Ar, ; are each independently a substituted
or unsubstituted C5-C20 aryl group, a substituted or
unsubstituted C3-C20 heteroaryl group, or a substituted o 3d
or unsubstituted C6-C20 condensed polycyclic group; 25 I \
r is an integer from O to 2; and B
* is a binding site. F
11. The heterocyclic compound of claim 8, wherein Ar,
and Ar, are each independently one of Formulae 4a to 4d
below: Se
30
S
4a * |
(Z1)p F

/
/

* (\ 35
| 5f
Z, N Z,

NN “b T

\

| N Xy N N
% | —(ZJ)P 20 Y
\/\/ !
N 4c 5g
Z Z
. (\( S\\ ZW 1
I \ |
F 4 N0, 45 NYN
4d *
7 Yy Zy, 5h
B Zs N 7
\( Y . N
Y, /Y3 |
-
Y /\
* 5i
wherein Q, is a linking group represented by —C(R,,) 55
(R15)7> 7N(R16)*s fsi’ or—O0—; L.
Y., Y, and Y, are each independently a linking group
represented by —N—or —C(R,,)=—; N
7., 75, R, 4, Ris, Rj, and R, are each independently a I X
hydrogen atom, a heavy hydrogen atom, a substituted or N
unsubstituted C1-C20 alkyl group, a substituted or S
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, or a carboxy group; 65  wherein Z, to Zs are each independently a hydrogen atom,
p is an integer from 1 to 8; and a heavy hydrogen atom, a halogen atom, a cyano group,

* is a binding site. a substituted or unsubstituted C1-C20 alkyl group, a
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substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C5-C20 aryl group, a sub-
stituted or unsubstituted C3-C20 heteroaryl group, or a
substituted or unsubstituted C6-C20 condensed polycy-
clic group; and

* is a binding site.

13. The heterocyclic compound of claim 8, wherein Ar; is

one of Formulae 6a to 6e below:

@ 6a
Up
N
NG
) 6b
Pl (Zl)q
OO AL
N
6¢c
PZ)
f\\ Q
| > / \{(ZZ)q
—_—
. 6d
R
p<zl>—k:/\7
St
6e
*84\}'5
v

wherein Q, is a linking group represented by —C(R )
Rys)— —NR)— —S— or —0—;

Y., Y5 and Y, are each independently a linking group
represented by —O—, —S—, —N—or —C(R|,)—;
7,y 75, R, 4, Ris, R, and R, are each independently 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, or a carboxy group;

p is an integer from 1 to 4;
q is an integer from 1 to 4; and
* is a binding site.

14. The heterocyclic compound of claim 8, wherein X is
one of Formulae 7a to 7k below:
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-continued

7b

Tc

7d

Te

7f

7g

7h

7i

7j
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-continued -continued

7k
5 O

10
as
wherein * is a binding site. O

15. The heterocyclic compound of claim 1, wherein the 15 7 |N O
N

24

heterocyclic compound of Formula 1 is one ofthe compounds

below: x

x
34

N\Q 25

N

40

45
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16. 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 comprised of a first layer comprising a

heterocyclic compound according to claim 1.

17. The organic light-emitting device of claim 16, wherein
the first layer comprises a hole injection layer, a hole transport
layer, a layer having both hole injecting and hole transporting
capabilities, an emission layer, an electron injection layer, an
electron transport layer, or a layer having both electron inject-
ing and electron transporting capabilities.

18. The organic light-emitting device of claim 16, wherein
the first layer comprises a hole injection layer, a hole transport
layer, a layer having both hole injecting and hole transporting
capabilities, an emission layer, an electron injection layer, an
electron transport layer, or a layer having both electron inject-
ing and electron transporting capabilities, wherein the first
layer further comprises a charge-generating material.

19. The organic light-emitting device of claim 16, wherein
the first layer is formed of a heterocyclic compound repre-
sented by Formula 1 by using a wet process;

<Formula 1>
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wherein R, to R ; are each independently a hydrogen atom, C5-C60 aryl group or a C3-C60 heteroaryl group, a

a heavy hydrogen atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted
C2-C60 alkenyl group, a substituted or unsubstituted

substituted or unsubstituted C3-C60 heteroaryl group, a
substituted or unsubstituted C6-C60 condensed polycy-
clic group, a halogen atom, a cyano group, a nitro group,

C2-C60 alkynyl group, a substituted or unsubstituted 5
C3-C60 cycloalkyl group, a substituted or unsubstituted 20. A flat panel display device comprising the organic
C1-C60 alkoxy group, a substituted or unsubstituted light-emitting device of claim 16, wherein a first electrode of
C5-C60 aryloxy group, a substituted or unsubstituted the organic light-emitting device is electrically connected to a
C5-C60 arylthio group, a substituted or unsubstituted source electrode or a drain electrode of a thin film transistor.

C5-C60 aryl group, an amino group substituted with a EE T T

a hydroxy group, or a carboxy group.
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