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(57) ABSTRACT

Provided are a heterocyclic compound represented by For-
mula 1 below, and an organic light-emitting diode and a flat
display device each including the heterocyclic compound.

<Formula 1>

The organic light-emitting diode including an organic layer
including the heterocyclic compound has a low driving volt-
age, high luminescence efficiency, and long lifetime.
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FIG. 1
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FIG. 2

AFIRST ELECTRODE 13 MAY BE FORMED BY PROVIDING A FIRST ELECTRODE
MAT=RIAL ON A SUBSTRATE BY DEPOSITION OR SPUTTERING

]
AN ORGANIC LAYER 15 MAY BE FORMED ON THE FIRST ELECTRODE 13

!

A HOLE INJECTION LAYER {HIL) MAY BE FORMED ON THE FIRST ELECTRODE 13
BY USING VARIOUS METHODS, SUCH AS VAGUUM DEPOSITION, SPIN COATING
CASTING, OR LANGMUIR-BLODGETT (LB)

\
A HOLE TRANSPORT LAYER (HTL) MAY BE FORMED ON THE HIL BY USING
VARIOUS METHODS, SUCH AS VACUUM DEPOSITION, SPIN COATING, CASTING,
ORLB

|

INSTEAD OF THE HIL AND THE HTL, A LAYER HAVING A HOLE INJECTION
FUNCTION AND A HOLE TRANSPORT FUNCTION MAY BE FORMED

!

AN EMISS ON LAYER (EVL) MAY BE FORMED ON THE HTL OR THE LAYER
HAVING A HOLE INJECTION FUNCTION AND A HOLE TRANSPCRT FUNCTION BY
USING VARIOUS METHODS, SUCH AS VACUUM DEPOSITION, SPIN COATING,
CASTING, CR LB

\
A HOLE BLOGKING LAYER {HBL) MAY BE FORMED BETWEEN THE ELECTRON

TRANSPORT LAYER AND THE EML BY USING VARIOUS METHODS, SUCH AS
VACUUM DEPOSITION, SPIN COATING, CASTING, OR LB

!

AN ELECTRON TRANSPORT LAYER (ETL) MAY BE FORMED BY USING VARIOUS
METHODS, SUCH AS THE VACUUM DEPQSITION, SPIN COATING, OR CASTING

!

AN ELECTRON INJECTION LAYER (EIL) MAY BE DEPOSITED ON THE ETL BY
USING A MATERIAL THAT ALLOWS ELECTRONS TO BE EASILY INJECTED FROM AN
ANODE

]
A SECOND ELECTRODE 17 MAY BE FORMED ON THE ORGANIC LAYER 15
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HETEROCYCLIC COMPOUND, ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
HETEROCYCLIC COMPOUND, AND FLAT
DISPLAY DEVICE INCLUDING THE
ORGANIC LIGHT-EMITTING DIODE

CLAIM OF PRIORITY

[0001] This application claims the benefit of Korean Patent
Application Serial No. 10-2011-0063032, filed on 28 Jun.
2011 in the Korean Intellectual Property Office, the disclo-
sure of which 1is incorporated herein in its entirety by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a heterocyclic com-
pound, an organic light-emitting diode including the hetero-
cyclic compound, and a flat display device including the
organic light-emitting diode.

[0004] 2. Description of the Related Art

[0005] Organic light emitting diodes are self-emission
devices that have a wide viewing angle, a high contrast ratio,
a short response time, and excellent brightness, driving volt-
age, and response speed characteristics, thus enabling the
generation of multi-color images.

[0006] Inatypical organic light-emitting diode, an anode is
formed on a substrate, and a hole transport layer, an emission
layer, an electron transport layer, and a cathode are sequen-
tially formed in this stated order on the anode. In this regard,
the hole transport layer, the emission layer, and the electron
transport layer are organic films including organic com-
pounds.

[0007] A driving principle of an organic light-emitting
diode having the structure described above will now be
described in detail. When a voltage is applied between the
anode and the cathode, holes injected from the anode pass the
hole transport layer to the emission layer, and electrons
injected from the cathode pass the electron transport layer to
the emission layer. The holes and electrons, which are carri-
ers, are recombined in the emission layer to generate excitons,
which then change from an excited state to a ground state,
thereby generating light.

SUMMARY OF THE INVENTION

[0008] The present invention provides a heterocyclic com-
pound for an organic light-emitting diode having a low volt-
age, high brightness, high efficiency, long lifetime, an organic
light-emitting diode including an organic layer including the
heterocyclic compound, and a flat display device including
the organic light-emitting diode.

[0009] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula I below.

<Formula 1>

Ry
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[0010] R, toR,, are each independently a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, a carboxyl group. a substituted or unsub-
stituted C,-C5, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-Cs,
alkynyl group, a substituted or unsubstituted C,-C;, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalkenyl
group, a substituted or unsubstituted C5-C;, aryl group, a
substituted or unsubstituted C,-Cs,, heteroaryl group, a sub-
stituted or unsubstituted C;-C,, aryloxy group, a substituted
or unsubstituted Cs-C;, arylthio group, or a group repre-
sented by N(Q,)(Q,) where Q, and Q, are each independently
a hydrogen atom, a deuterium atom, a substituted or unsub-
stituted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted carbazolyl
group, or a substituted or unsubstituted pyrimidinyl group.

[0011] L, is a substituted or unsubstituted C5-C;, arylene
group, or a substituted or unsubstituted C-C,, heteroarylene
group, and a is an integer of 0to 2, whereinifais 2,two L, are
identical to or different from each other.

[0012] According to another aspect of the present inven-
tion, there is provided an organic light-emitting diode includ-
ing: a first electrode; a second electrode facing the first elec-
trode; and a first layer interposed between the first electrode
and the second electrode, wherein the first layer includes the
heterocyclic compound described above.

[0013] According to another aspect of the present inven-
tion, there is provided a flat display device including: a tran-
sistor including a source, a drain, a gate, and an active layer;
and the organic light-emitting diode, wherein one of the
source and the drain is electrically connected to the first
electrode of the organic light-emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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 FIG.
1, which is a schematic view of an organic light-emitting
diode according to an embodiment of the present invention.

[0015] FIG. 2 is a flowchart showing a method of manufac-
turing an organic light-emitting diode according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] A heterocyclic compound according to an embodi-
ment of the present invention is represented by Formula 1
below.
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<Formula 1>

Rs R¢ R,

[0017] R, to R;, may each be independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a substituted or
unsubstituted C,-C5, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkenyl group, a substituted or unsubstituted
C,-C,, alkynyl group, a substituted or unsubstituted C,-C,,
alkoxy group, a substituted or unsubstituted C;-Cs,
cycloalkyl group, a substituted or unsubstituted C;-Cs,
cycloalkenyl group, a substituted or unsubstituted C5-C,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted Cs-C;, aryloxy group, or
a substituted or unsubstituted Cs-C;,, arylthio group, or a
group represented by N(Q, )J(Q,) where Q, and Q, may each
be independently a hydrogen atom, a deuterium atom, a sub-
stituted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, a substi-
tuted or unsubstituted pentyl group, a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
carbazolyl group, or a substituted or unsubstituted pyrimidi-
nyl group.

[0018] L, may be a substituted or unsubstituted C5-C,,
arylene group, or a substituted or unsubstituted C;-C,, het-
eroarylene group, a is an integer of 0 to 2, and ifais 2, two L,
may be identical to or different from each other.

[0019] In detail, R, to R;; may each be independently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, asubstituted or unsubstituted butyl group,
a substituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenoxy group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted diazinyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzimida-
zolyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
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unsubstituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indacenyl
group, a substituted or unsubstituted acenaphthyl group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted phenanthrolinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chricenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted imidazopyrimidinyl group, a substi-
tuted or unsubstituted pyridazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted imidazopyrimidinyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted pyrido indolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted benzoquinolinyl
group, a substituted or unsubstituted phthalazinyl group, sub-
stituted or unsubstituted naphthyridinyl group, a substituted
or unsubstituted quinoxalinyl group, a substituted or unsub-
stituted quinazolinyl group, a substituted or unsubstituted
phenazinyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzothiopheny! group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or unsubsti-
tuted thiazolyl group, a substituted or unsubstituted isothia-
zolyl group, a substituted or unsubstituted benzothiazolyl
group, a substituted or unsubstituted oxazolyl group, a sub-
stituted or unsubstituted isooxazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted triazolyl group, a substituted or unsubstituted tetrazolyl
group, or a group represented by N(Q,)(Q,). In this regard, Q,
and Q, may each be independently a hydrogen atom, a deu-
terium atom, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubstituted
butyl group, a substituted or unsubstituted pentyl group, a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl group,
asubstituted or unsubstituted fluorenyl group, a substituted or
unsubstituted carbazolyl group, or a substituted or unsubsti-
tuted pyrimidinyl group, but are not limited thereto.

[0020] Forexample, R, toR,, may each beindependently a
hydrogen atom, a deuterium atom, a halogen atom, a substi-
tuted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, or a group
represented by Formulae 2A to 2P below, but are not limited
thereto.
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Formula 27

Formula 2K

Formula 21,

Formula 2M

Formula 2N

Formula 20

Formula 2P

[0021] Z,, 7,, 75, and 7, may each be independently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted
methoxy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, and a substituted or unsubstituted quinolinyl
group, or a substituted or unsubstituted pyridinyl group, and
aplurality of eachof Z,, Z,, Z,, and Z,, may be identical to or
different from each other. p and g may each be an integer of'1
to 5, r may be 1 or 2, and * indicates a binding site.
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[0022] Forexample, R, toR,, may each be independently a
hydrogen atom, a deuterium atom, a halogen atom, a substi-
tuted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted tert-butyl group, or one
of the groups represented by Formulae 3 A to 3R, but are not
limited thereto.

Formula 3A
: |
Formula 3B
*
Y
&
/
Formula 3C
Ne=
\J
Formula 3D
%
A
P
N
Formula 3E
././*
Formula 3F
*
Formula 3G
*
Zy
Formula 3H

-continued
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Formula 31

Formula 37

Formula 3K

Formula 3L

Formula 3M
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-continued
Formula 3N
Formula O
N t3
\ﬂ//
N
Formula 3P
N k
— ]/
-
Formula 3Q
N k
=
T
Formula 3R
D
D *
D D
D

[0023] Z, may be a hydrogen atom or a phenyl group, Z.,.,
Z, 7, and Z5 may each be independently a hydrogen atom,
a deuterium atom, a fluoro group. a methyl group, or a phenyl
group, and a plurality of each of 7, 7., 7., and 7, may be
identical to or different from each other. * indicates a binding
site.

[0024] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted fluorenylene group, a to substi-
tuted or unsubstituted carbazolylene group, a substituted or
unsubstituted pyridinylene group, a substituted or unsubsti-
tuted pyrimidinylene group, a substituted or unsubstituted
triazinylene group, a substituted or unsubstituted anthrylene
group, a substituted or unsubstituted phenanthrenylene
group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrycenylene group, a substi-
tuted or unsubstituted perilenylene group, a substituted or
unsubstituted spiro-fluorenyl group, or a substituted or
unsubstituted oxadiazolylene group, but is not limited
thereto.

[0025] Indetail, L, may be one of the groups represented by
Formulae 4A to 4H below, but is not limited thereto.
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<Formula 4A>
(Z4)s

/=\ !
7
0 <Formula 4B>
4)s !
@
AN
* (Zs),

<Formula 4C>

<Formula 4D>

<Formula 4E>

<Formula 4F>

<Formula 4G>

<Formula 4H>

[0026] In Formulae 4A to 4H, 7, and 7Z; may each be
independently a hydrogen atom, a deuterium atom, halogen
atom, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
or a substituted or unsubstituted phenyl group, and a plurality
of each of 7, and Z5 may be identical to or different from each
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other. s and t each are an integer of 1 to 4, *' indicates a binding
site with an anthracene back bone, and * indicates a binding
site with R,.

[0027] Forexample, L, is one of the groups represented by
Formulae 5A to 51 below, but is not limited thereto.

Formula 5A
* _‘_*’
Formula 5B
* *’
Formula 5C
o
N
J
Formula 5D
p oy
*
Formula 5E
wt
% /“/
Formula 5F
N
7~
£ : &1
~’
Formula 5G
N *!
7 W/
N N
*
Formula 5SH
N *!
7 Y
N\( N
*
Formula 51
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[0028] InFormulae 5A to 51, *' indicates a binding site with
the anthracene back bone, and * indicates a binding site with
R..
[0029] Also, R, and R, may be identical to each other.
[0030] For example, the heterocyclic compound repre-
sented by Formula 1 may be represented by Formula la
below.

<Formula la>

Rq

[0031] R,,R,, and R in Formula la may each be indepen-
dently a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl to
group, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
a substituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted carbazolyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted pyridinyl group, a substituted or unsubstituted diazinyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted quinolinyl group, a substituted or
unsubstituted benzimidazolyl group, a substituted or unsub-
stituted benzoxazolyl group, a substituted or unsubstituted
imidazopyrimidinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted imidazopy-
rimidinyl group, a substituted or unsubstituted indolyl group,
a substituted or unsubstituted pyrido indolyl group, a substi-
tuted or unsubstituted (uranyl group, a substituted or unsub-
stituted benzofuranyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted thiophe-
nyl group, a substituted or unsubstituted benzothiophenyl
group, a substituted or unsubstituted dibenzothiophenyl
group, a substituted or unsubstituted oxazolyl group, a sub-
stituted or unsubstituted oxadiazolyl group, or a group repre-
sented by N(Q,)(Q,) where Q, and Q, are each independently
a hydrogen atom, a deuterium atom, a substituted or unsub-
stituted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted naphthyl group, a sub-
stituted or unsubstituted fluorenyl group, or a substituted or
unsubstituted carbazolyl group.

[0032] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted fluorenylene group, a substituted
or unsubstituted carbazolylene group, a substituted or unsub-
stituted pyridinylene group, a substituted or unsubstituted
pyrimidinylene group, a substituted or unsubstituted triazi-
nylene group, a substituted or unsubstituted anthrylene
group, a substituted or unsubstituted phenanthrenylene
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group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrycenylene group, a substi-
tuted or unsubstituted perilenylene group, a substituted or
unsubstituted spiro-fluorenyl group, or a substituted or
unsubstituted oxadiazolylene group.

[0033] amaybeanintegerof Oto 2;ifais2, two L, may be
identical to or different from each other.

[0034] Indetail, R}, R,, and R in Formula 1a may each be
independently a hydrogen atom, a deuterium atom, halogen
atom, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
or one of the groups represented by Formulae 2A to 2P below.

Formula 2A

Formula 2B

Formula 2C

Formula 2D

Formula 2E

Formula 2F

Formula 2G

(Z2), Z3
Formula 2H
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-continued
Formula 21
@)y
/\/
AN N
7 |
),
Formula 2J
@)y
/ 4 |
x N
N/%
i),
x
Formula 2K
%)
\ k3
N
N
~T
(2=
Formula 2L
N *
Y
/ N\ o
(2=
Formula 2M
N\
/"
/NIt
( Z2 E \=/
. Formula 2N
/4
N
(-
==N p
(2=
Formula 20
/X
N
( Zi , \NJ
Formula 2P

(/N_\\‘/N*
( Z{}, ‘NJ

[0035] Z,,Z,.Z,,and Z,in Formulae 2A to 2P may each be
independently a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
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unsubstituted methoxy group, a substituted or unsubstituted
ethoxy group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, and a substituted or unsubsti-
tuted quinolinyl group, or a substituted or unsubstituted
pyridinyl group, and a plurality of each of Z,, Z,, 7, and 7,
may be identical to or different from each other. p, and q may
each be an integer of 1 to 5, r may be 1 or 2, and * indicates a
binding site.

[0036] Indetail, L, in Formula la may be one of the groups
represented by Formulae 4A to 4H below.

<Formula 4A>

Z ;
(4): /=\/>g

X
5

(Za)s ol

<Formula 4B>

<Formula 4C>

<Formula 4D>

<Formula 4E>

<Formula 4F>

<Formula 4G>

<Formula 4H>
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[0037] In Formulae 4A to 4H, 7, and Z; may each be
independently a hydrogen atom, a deuterium atom, halogen
atom, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
or a substituted or unsubstituted phenyl group, and a plurality
of each of Z,, and Z; may be identical to or different from each
other. s and t may each be an integer of 1 to 4, *' indicates a
binding site with the anthracene back bone, and * indicates a
binding site with R,,.

[0038] Forexample,R;,R,,and R, in Formula 1a may each
be independently a hydrogen atom, a deuterium atom, a halo-
gen atom, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubstituted
tert-butyl group, or a group represented by Formula 3A to 3R

below.
Formula 3A
: |
Formula 3B
*
A
A
/
Formula 3C
Ne—
\/
Formula 3D
3k
AN
F
N
Formula 3E
. |
Formula 3F
*
Formula 3G
O *
Zy
Formula 3H
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-continued

Formula 31

Formula 37

Formula 3K

Formula 3L

Formula 3M
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-continued
Formula 3N
Formula O
N\’/>X=
N
Formula 3P
N *
N— I
-
Formula 3Q
N sk
Y
0]
Formula 3R
D
D E3
D D
D

[0039] InFormula3Ato3R,Z, may beahydrogen atom or
a phenyl group, 7., Z5.,, Z,, and Zs. may each be indepen-
dently a hydrogen atom, a deuterium atom, a fluoro group, a
methyl group, ora phenyl group, and a plurality ofeach of Z,,,,
7y, 24, and 7, may be identical to or different from each
other. * indicates a binding site.

[0040] Also, R, and R4 may be identical to each other.

[0041] For example, L., in Formula 1a may be one of the
groups represented by Formulae SA to 51 below.

Formula 5A

Formula 5B
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-continued
Formula 5C
o
N
/
*
Formula 5D
p wl
*
Formula SE
!
Ed /“
Formula 5F
/N
* ( \: )
~
Formula 5G
N x!
7 Y
N N
*
Formula 5H
N *!

=

T

s

:<

N N
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-continued
Formula 51

[0042] InFormulae SA to 51, *' indicates a binding site with
the anthracene back bone, and * indicates a binding site with
R,.

[0043] The heterocyclic compound represented by For-
mula 1 may have a function as an emission material and/or
electron transport material for an organic light-emitting
diode. Also, the heterocyclic compound represented by For-
mula 1 having a heterocycle may have a high glass transition
temperature (Tg) or melting point due to the introduction of a
to heterocycle therein. Accordingly, during the light-emis-
sion, the heterocyclic compound has stronger resistance
against Joule heat that is generated within organic layers,
between organic layers, or between an organic layer and a
metallic electrode, and stronger resistance under high-tem-
perature. Also, the heterocyclic compound represented by
Formula 1 has nitrogen as a hetero atom in its molecular
structure and an anthracene cycle to which a hetero cycle is
fused. Due to such a structure, the heterocyclic compound
represented by Formula 1 is enriched with more it electrons
than an anthracene molecule, and a non-covalent electron pair
may also participate in emission of light and it is highly likely
that the probability of m—mt* transition and n—n* transition
in its molecular structure increases and thus, itis assumed that
light emission efficiency may be increased. Also, if a substitu-
ent, such as a fluorene group, is introduced to the heterocyclic
compound represented by Formula 1, a morphology of an
organic layer may be improved and thus, characteristics of a
formed organic light-emitting diode may be improved.

[0044] The heterocyclic compound represented by For-

mula 1 may be one of Compounds 1 to 80 having the follow-
ing structures, but is not limited thereto.
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[0045] The term “substituted A” in the term “substituted or
unsubstituted A (where A is an arbitrary substituent)” used
herein refers to “a case in which one or more hydrogen atoms
of the A are substituted with a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, hydrazine, hydrazone, a carboxyl group or asalt
derivative thereof, a sulfonic acid group or a salt derivative
thereof, a phosphoric acid group or a salt derivative thereof, a
C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C,-C,, alkoxy group, a C;-C;, cycloalkyl group, a
C;-C;, cyeloalkenyl group, a Cs-C,, aryl group, a C,-Cs
aryloxy group, a C5-C,, arylthio group, a C;-C,,, heteroaryl
group, a group represented by N(Q,,,)(Q,,,), or a group

represented by S1(Q,13)(Q104)(Q;0s)- In this regard, Q,; to
Q, s may each be independently a hydrogen atom, a deute-

rium atom, a halogen atom, a hydroxyl group, a cyano group,
an amino group, a nitro group, a carboxyl group, a C,-C;,
alkyl group, a C,-C,, alkenyl group, a C,-C,, alkynyl group,
a C,-C;, alkoxy group, a C;-C,, cycloalkyl group, a C5-Cy,
cycloalkenyl group, a C5-C,, aryl group, a Cs-C,, aryloxy
group, a C5-C,, arylthio group, or a C;-C,, heteroaryl group.
[0046] For example, “substituted A” refers to a case in
which one or more hydrogen atoms of the A are substituted
with a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
amethoxy group, an ethoxy group, a phenyl group, a biphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a phenalenyl group, a phenanthrenyl group, a
phenanthridinyl group, a phenanthrolinyl group, an anthryl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chricenyl group, a naphthacenyl group, a picenyl
group, a perylenyl group, a pentaphenyl group, a hexacenyl
group, a pyrrolyl group, an imidazolyl group, a benzoimida-
zolyl group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, an imidazopyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, a
pyrido indolyl group, an indazolyl group, a purinyl group, a
quinolinyl group, a benzoquinolinyl group, a phthalazinyl

group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a phenazinyl group, a
furanyl group, a benzofuranyl group, a dibenzofuranyl group,
a thiophenyl group, a benzothiophenyl group, a diben-
zothiophenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an oxazolyl group, a benzooxazolyl
group, an isooxazolyl group, an oxadiazolyl group, a triazolyl
group, a triazinyl group, a tetrazolyl group, a group repre-
sented by N(Q,,)(Q,,), or a group represented by Si(Q, ;)
(Q104)(Qyos)-

[0047] The unsubstituted C,-C,, alkyl group refers to a
linear or branched saturated hydrocarbon group of alkane
from which one hydrogen atom is removed. Examples of the
unsubstituted C,-C;, alkyl group are methyl, ethyl, propyl,
isobutyl, sec-butyl, pentyl, iso-amyl, hexyl, etc. A substituent
of the substituted C,-C,, alkyl group may be any one of the
substituents presented above where the term “substituted A”
is described in detail.

[0048] Theunsubstituted C,-C,, alkenyl group used herein
refers to a group having at least one carbon-carbon double
blond atthe center or at a terminal of the unsubstituted C,-C;,
alkyl group. Non-limiting examples of the unsubstituted
C,-C,, alkenyl group are an ethenyl group, a propenyl group,
a butenyl group, a pentenyl group, a hexenyl group, a to
heptenyl group, an octenyl group, a propadienyl group, an
isoprenyl group, and an allyl group. A substituent of the
substituted C,-C5,, alkenyl group may be any one of the sub-
stituents presented above where the term “substituted A is
described in detail.

[0049] Theunsubstituted C,-C,, alkynyl group used herein
refers to a group having at least one carbon-carbon triple bond
atthe center or at a terminal of the unsubstituted C,-C, alkyl
group. Non-limiting examples of the unsubstituted C,-C;,
alkynyl group are acetylenyl group, etc. A substituent of the
substituted C,-C,, alkynyl group may be any one of the
substituents presented above where the term “substituted A”
1s described in detail.

[0050] Theunsubstituted C,-C,, alkoxy group used herein
has a formula represented by —OY whereY is the unsubsti-
tuted C,-C;, alkyl group as defined above. Non-limiting
examples of the unsubstituted C,-C,, alkoxy group are meth-
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oxy, ethoxy, isopropyloxy, butoxy, pentoxy, etc. A substituent
of the substituted C, -C,, alkoxy group may be any one of the
substituents presented above where the term “substituted A”
is described in detail.

[0051] The unsubstituted C5-C,, cycloalkyl group used
herein refers to a cyclic saturated hydrocarbon group. Non-
limiting examples of the unsubstituted C,-C,, cycloalkyl
group are cyclopropyl group, cyclobutyl group, cyclopentyl
group, cyclohexyl group, cyclooctyl group, etc. A substituent
of the substituted C,-C,, cycloalkyl group may be any one of
the substituents presented above where the term “substituted
A” s described in detail.

[0052] The unsubstituted C5-C;, cycloalkenyl group used
herein refers to a cyclic unsaturated hydrocarbon group hav-
ing one or more carbon double bonds that is not an aromatic
cycle. Non-limiting examples of the unsubstituted C;-C,,
cycloalkenyl group are a cyclopropenyl group, a cyclobutenyl
group, a cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a 1,3-cyclohexadienyl group, a 1,4-cyclo-
hexadienyl group. a 2,4-cycloheptadienyl group, a 1,5-cy-
clooctadienyl group, etc. A substituent of the substituted
C;-C4, cycloalkenyl group may be any one of the substituents
presented above where the term “substituted A” is described
in detail.

[0053] The unsubstituted Cs-C;,, aryl group used herein
refers to a monovalent group having a carbocyclic aromatic
system in which the number of carbon atoms is 5 to 30, and
may be a monocyclic group or a polycyclic group. If the
unsubstituted C5-C, aryl group is a polycyclic group, two or
more rings contained in the unsubstituted C,-C,,, aryl group
may be fused. Non-limiting examples of the unsubstituted
C;-Cs, aryl group are a pheny! group, a pentalenyl group, an
indenyl group, a naphthyl group, an azulenyl group, a heptal-
enyl group, an indacenyl group, an acenaphthyl group, a
fluorenyl group, a spiro-fluorenyl group, a phenalenyl group,
a phenanthrenyl group, an anthryl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, and a hexacenyl group. A sub-
stituent of the substituted C;-C;, aryl group may be any one
of the substituents presented above where the term “substi-
tuted A is described in detail.

[0054] Theunsubstituted C;-C,, aryloxy group used herein
refers to a monovalent group wherein a carbon atom of the
C,-Cyp aryl group is bonded via an oxygen linker (—O—). A
substituent of the substituted C5-C,, aryloxy group may be
any one of the substituents presented above where the term
“substituted A” is described in detail.

[0055] The unsubstituted Cs-C,, arylthio group used
herein refers to a monovalent group wherein a carbon atom of
the C5-C,, aryl group is bonded via a sulfur linker (—S—).
Examples of the unsubstituted C-C,, arylthio group are a
phenylthio group, a naphthylthiol group, an indanylthiol
group, and an indenyl thio group. A substituent of the substi-
tuted C5-C,,, arylthio group may be any one of the substitu-
ents presented above where the term “substituted A” is
described in detail.

[0056] The unsubstituted C;-C,, heteroaryl group used
herein refers to a monovalent group that has at least one ring
having one or more hetero atoms selected from the group
consisting of nitrogen (N), oxygen (O), phosphorous (P), and
sulfur (S), and may be a monocyclic or polyeyclic group. If
the unsubstituted C,-C;, heteroaryl group is a polycyclic
group, two or more rings contained in the unsubstituted
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C;-C4, heteroaryl group may be fused. Examples of the
unsubstituted C;-C;,, heteroaryl group are a pyrrolyl group,
an imidazoly! group, a pyrazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, a benzoquinolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthridinyl group, an acridinyl group, a phenan-
throliny] group, a phenazinyl group, a benzooxazolyl group,
a benzoimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a thia-
zolyl group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, etc. A substituent of the substituted
C;-C,, heteroaryl group may be any one of the substituents
presented above where the term “substituted A” is described
in detail.

[0057] The unsubstituted C,-C,, alkylene group used
herein is a linear or branched divalent group of alkane from
which two hydrogen atoms are removed. Examples of the
unsubstituted C,-C;, alkylene group may be understood by
referring to the examples of the unsubstituted C,-C,, alkyl
group presented above. A substituent of the substituted
C,-C,, may be any one of the substituents presented above
where the term “substituted A” is described in detail.

[0058] Theunsubstituted Cs-C, arylene used herein refers
to a divalent group having a carbocyclic aromatic system
having 5 to 30 carbon atoms, and the divalent group may be a
monocyclic or polycyclic group. Examples of the unsubsti-
tuted Cs-C,,, arylene may be understood by referring to the
examples of the unsubstituted C5-C, aryl group. A substitu-
ent of the substituted C;-C,, arylene may be any one of the
substituents presented above where the term “substituted A”
1s described in detail.

[0059] The heterocyclic compound represented by For-
mula 1 may be synthesized by using known organic synthesis
methods, which may be obvious to one of ordinary skill in the
art in view of the following Examples.

[0060] The heterocyclic compound represented by For-
mula 1 may be used in an organic light-emitting diode.

[0061] An organic light-emitting diode according to an
embodiment of the present invention includes a first elec-
trode; a second electrode facing the first electrode; and a first
layer interposed between the first electrode and the second
electrode, wherein the first layer includes the heterocyclic
compound represented by Formula I.

[0062] The organic light-emitting diode may further
include, between the first electrode and the second electrode,
in addition to the first layer described above, a hole injection
layer, a hole transport layer, a function layer having a hole
injection function and, a hole transport function, an emission
layer, a hole blocking layer, an electron injection layer, an
electron transport layer, a function layer having an electron
injection function and an electron transport function, or a
combination of two or more thereof. For example, the organic
light-emitting diode may have a structure of first electrode/
hole injection layer/hole transport layer/first layer including
the heterocyclic compound (that is, functioning as an emis-
sion layer)/electron transport layer/electron injection layer/
second electrode, but the structure of the organic light-emit-
ting diode is not limited thereto.
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[0063] One or more layers between the first electrode and
second electrode may be formed by using a deposition pro-
cess or a wet process.

[0064] The term “wet process” used herein refers to a pro-
cess in which a material is mixed with a solvent to prepare a
mixture, and the mixture is provided on a substrate, followed
by drying and/or heat treating so as to remove at least a
portion of the solvent, thereby forming a film including the
material on the substrate.

[0065] Forexample, the first layer may be formed by using
a typical vacuum deposition method. Alternatively, a mixture
including the heterocyclic compound and a solvent may be
provided on a first layer formation region (for example, on an
upper portion ofa hole transport layer) by spin coating, spray-
ing, ink-jet printing, dipping, casting, Gravia coating, bar
coating, roll coating, wire bar coating, screen coating, flexo
coating, offset coating, or laser transferring, and then, the
mixture provided on the first layer formation region is dried
and/or heat treated to remove at least a portion of the solvent,
thereby forming the first layer.

[0066] Alternatively, after a first layer is formed on a base
film by using the wet process as described above, the first
layer may be transferred to a first layer formation region (for
example, an upper portion of the hole transport layer) by
using, for example, a laser.

[0067] Thefirstlayer may include atleast one selected from
the group consisting ofan electron injection layer, an electron
transport layer, a layer having an electron injection function
and an electron transport function, and an emission layer, but
is not limited thereto.

[0068] Ifthe first layer is an emission layer, the first layer
may include only the heterocyclic compound, or both the
heterocyclic compound and a compound that is different from
the heterocyclic compound.

[0069] For example, the first layer is an emission layer, and
the heterocyclic compound included in the first layer may be
used as a fluorescent host or a phosphorescent host. In this
case, the first layer may further include a fluorescent dopant
or aphosphorescent dopant. In detail, the first layer may be an
emission layer including the heterocyclic compound func-
tioning as a fluorescent host, and a fluorescent dopant, and
alternatively, may be an emission layer including the hetero-
cyclic compound functioning as a phosphorescent host, and a
phosphorescent dopant. Alternatively, the first layer may be
an emission layer, and the heterocyclic compound included in
the first layer may be used as a fluorescent dopant. In this case,
the first layer may further include a fluorescent host or a
phosphorescent host. In detail, the first layer may be an emis-
sion layer including the heterocyclic compound functioning
as a fluorescent dopant, and a phosphorescent host or fluo-
rescent host.

[0070] Also, the emission layer included in the organic
light-emitting diode may further include at least one selected
from the group consisting of an anthracene-based compound,
an arylamine-based compound, and a styryl-based com-
pound.

[0071] Also, the first layer included in the organic light-
emitting diode may instead be an electron transport layer, and
the electron transport layer may include the heterocyclic
compound and a metal-containing material. In this case, the
metal-containing material may include a Li complex.

[0072] Also, the first layer included in the organic light-
emitting diode is an electron transport layer, an emission layer
is additionally interposed between the first electrode and the
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second electrode, and the emission layer includes at least one
region selected from the group consisting of a red light-
emitting region, a green light-emitting region, a blue light-
emitting region, and a white light-emitting region, wherein
the at least one region selected from the group consisting of
the red light-emitting region, green light-emitting region, the
blue light-emitting region, and the white light-emitting region
may include a phosphorescent compound. The red light-emit-
ting region, the green light-emitting region, the blue light-
emitting region, and the white light-emitting region may be
patterned by using known methods so as to embody full color
images or white light emission. The phosphorescent com-
pound may be selected from known phosphorescent hosts and
phosphorescent dopants. A phosphorescent dopant may be,
for example, an organometallic complex including Ir, Pt, Os,
Re, Ti, Zr, Hf, or a combination of two or more thereof.
[0073] FIG. 1 is a schematic view of an organic light-
emitting diode 10 according to an embodiment of the present
invention. Hereinafter, with reference to FIG. 1, the structure
of an organic light-emitting diode according to an embodi-
ment of the present invention, and a method of manufacturing
the organic light-emitting diode, according to an embodiment
of the present invention, will be described in detail.

[0074] FIG. 2 shows a method of manufacturing an organic
light-emitting diode according to an embodiment of the
present invention.

[0075] The organic light-emitting diode 10 sequentially
includes a substrate 11, a first electrode 13, an organic layer
15, and a second electrode 17.

[0076] The substrate 11 may be any one of various sub-
strates that are used in a known organic light-emitting device,
and may be a glass substrate or a transparent plastic substrate
with excellent mechanical strength, thermal stability, trans-
parency, surface smoothness, ease of handling, and water
repellency.

[0077] Thefirst electrode 13 may be formed by providing a
first electrode material on a substrate by deposition or sput-
tering, If the first electrode 13 is an anode, to allow holes to be
injected thereinto easily, the first electrode material may be
selected from materials having a high work function. Also,
the first electrode 13 may be a reflection electrode or a trans-
mission electrode. The first electrode material may be a trans-
parent and highly conductive material, such as an indium tin
oxide (ITO), or an indium zinc oxide (IZ0), tin oxide (SnO,),
zinc oxide (Zn0), etc. Alternatively, if magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—Ag)
etc, are used as the first electrode material, the first electrode
13 may be formed as a reflection electrode.

[0078] The organic layer 15 may be formed on the first
electrode 13. The term “organic layer” used herein refers to a
layer interposed between the first electrode and the second
electrode, and the organic layer may not be limited to a layer
that includes only an organic material. For example, the
organic layer may also include a metallic complex.

[0079] The organic layer 15 may include the first layer
including the heterocyclic compound represented by Formula
1, and may further include at least one layer selected from the
group consisting of a hole injection layer, a hole transport
layer, a function layer having a hole injection function and a
hole transport function, an emission layer, a hole blocking
layer, an electron transport layer, and an electron injection
layer. For example, if the first layer is an electron transport
layer, the organic layer 15 may include, in addition to the first
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layer functioning as the electron transport layer, a hole injec- _continued
tion layer, a hole transport layer, an emission layer, and an
electron injection layer. However, the structure of the organic
layer 15 is not limited thereto.

[0080] Theholeinjection layer (HIL) may be formed on the
first electrode 13 by using various methods, such as vacuum
deposition, spin coating, casting, or Langmuir-Blodgett (LB).

[0081] If the HIL is formed by vacuum deposition, the
deposition conditions may vary according to a material that is
used to form the HIL, and the structure and thermal charac-
teristics of the HIL. For example, the deposition conditions
may include a deposition temperature of about 100 to about
500 A, a vacuum pressure of about 10 to about 10~ ton, and
a deposition rate of about 0.01 to about 100 A/sec. However,
the deposition conditions are not limited thereto.

J

[0082] When the HIL is formed using spin coating as a wet
process, coating conditions may vary according to the mate-
rial used to form the HIL, and the structure and thermal
properties of the HIL. For example, a coating speed may be
from about 2000 rpm to about 5000 rpm, and a temperature at
which a heat treatment is performed to remove a solvent after TDATA
coating may be from about 80 A to about 200 A. However, the
coating conditions are not limited thereto.

o¥e
>
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[0083] A hole injection layer material may be any one of
known hole injecting materials. Non-limiting examples of the
hole injection layer material are a N,N'-diphenyl-N,N'-bis-[4-
(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), a phthalocyanine compound, such as copper
phthalocyanine, 4,4'4"-tris(3-methylphenylphenylamino)
triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), 4.4'4"-tris(N,N-diphenylamino)
triphenylamine (TDATA), 4,4',4"-tris{N,-(2-naphthyl)-N-
phenylamino} -triphenylamine  (2T-NATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/'DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (PANT/CSA), and
polyaniline/poly(4-styrenesulfonate) (PANI/PSS).
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[0084] The HIL may have a thickness of about 100 A to
about 10,000 A, for example, a thickness of about 100 A to
about 1,000 A. When the thickness of the HIL is within these
ranges, the HIL, may have satisfactory hole injection charac-
teristics without an increase in driving voltage.

[0085] Then, the hole transport layer (HTL) may be formed
on the HIL by using various methods, such as vacuum depo-
sition, spin coating, casting, or LB. If the HTL is formed on
the HIL by 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 the material that is used to form the HTL.

[0086] The HTL material may be any one of known hole
transport materials. Non-limiting examples thereof are a car-
bazole derivative, such as N-phenylcarbazole or polyvinyl-
carbazole; an amine derivative having an aromatic condensa-
tion ring, such as N,N'-bis(3-methylphenyl)-N,N'-diphenyl-
[1,1-biphenyl]-4,4'-diamine  (TPD), or 4,4'-bis[N-(1-
naphthyl)-N-phenylamino]biphenyl o (-NPD); and a
triphenylamine-based material, such as 4,4',4"-tris(N-carba-
zolyD)triphenylamine (TCTA).

avats
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o-NPD

g

TCTA

[0087] The HTL may have a thickness of about 50 A to
about 1000 A, for example, a thickness of about 100 A to
about 800 A. When the thickness of the HTL is within the
above ranges, the HTL may have satisfactory hole transport
characteristics without a substantial increase in driving volt-
age.

[0088] According to another embodiment, instead of the
HIL and the HTL, a layer having a hole injection function and
a hole transport function may be formed. A material for
forming the layer having a hole injection function and a hole
transport function may be selected from known materials.

[0089] At least one selected from the group consisting of
the HIL, the HTL, and the layer having a hole injection
function and a hole transport function may include, in addi-
tion to known hole injection materials and hole transport
materials, a charge-generation material for improving con-
ductivity of a film.

[0090] The charge-generation material may be, for
example, a p-dopant. Non-limiting examples of the p-dopant
are a quinine derivative, such as tetracyanoquinonedimethein
(TCNQ), or 2,3,5,6-tetra fluoro-tetracyano-1,4-benzoquino-
nedimethane (f4TCNQ); a metallic oxide, such as tungsten
oxide or molybdenum oxide; and a cyano group-containing
compound, such as Compound 100 below.
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<Compound 100>

CN
NC
]
N N, CN
V
I\i N CN
N
NC 7
CN
[0091] Ifthe at least one selected from the group consisting

of the HIL, the HTL, and the layer having a hole injection
function and a hole transport function may include the
charge-generation material, the charge-generation material
may be homogeneously or non-homogeneously dispersed in
the layers.

[0092] The emission layer (EML) may be formed on the
HTL or the layer having a hole injection function and a hole
transport function by using various methods, such as vacuum
deposition, spin coating, casting, or LB. If the EML is formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions may be similar to those applied to form the
HIL, although the deposition or coating conditions may vary
according to the material that is used to form the EML.

[0093]
from the group consisting of the heterocyclic compound rep-
resented by Formula 1 and a known light-emission material

As an emission layer material, at least one selected

(including a host and a dopant) may be used. If the emission
layer includes the heterocyclic compound represented by For-
mula 1, aknown phosphorescent host, fluorescent host, phos-
phorescent dopant, or fluorescent dopant may be further used
in addition to the heterocyclic compound represented by For-
mula 1. The heterocyclic compound may function as a phos-
phorescent host, a fluorescent host, or a fluorescent dopant.

[0094] For example, as a known host, Alg,, 4,4'-N,N'-di-
cabazole-biphenyl (CBP), poly(n-vinylcabazole) (PVK),
9,10-di(naphthalene-2-yl)anthracene (ADN), TCTA, 1,3,5-
tris(N-phenyl benzimidazole-2-yl)benzene (TPBI), 3-tert-
butyl-9,10-di(naphth-2-yl) anthracene (TBADN), distyry-
larylene (DSA), and E3 may be used, but an example thereof
is not limited thereto.

avals
v

CBP
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[0095] As adopant, at least one of a fluorescent dopant and
a phosphorescent dopant may be used. The phosphorescent
dopant may include Ir, Pt, Os, Re, Ti, Zr, Hf, or an organo
metallic complex including a combination of two or more
thereof, but is not limited thereto.

[0096] Also, as a red dopant, PtOEP (a structure thereof is
illustrated below), Ir(piq); (a structure thereof is illustrated
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below), Btp,lr(acac) (a structure thereof is illustrated below)
may be used. However, the red dopant is not limited thereto.

PtOEP

Btp,Ir{acac)

dopant,  Ir(ppy)s

[0097]

Also, as a
(ppy=phenylpyridine, a structure thereof is illustrated
below), Ir(ppy),(acac) (a structure thereof is illustrated

green

below), Ir(mppy), (a structure thereof is illustrated below)
etc. may be used, but are not limited thereto.

Ir(ppy)3

=3

— -, —

Ir(mppy)s

Ir(ppy)>(acac)

[0098] As a blue dopant, F,Irpic (a structure thereof is
illustrated below), (£, ppy),Ir(tmd) (a structure thereof is
illustrated below), Ir(dfppz), (a structure thereof is illustrated
below), DPVBI (a structure thereof is illustrated below),
DPAVBI (4,4'-bis(4-diphenylaminostaryl)biphenyl), 2,58,
11-tetra-tert-butyl perylene (TBPe), etc. may be used, but are
not limited thereto.

| N H;CO — _—
AN . 0
e OO e T\
Ir S Ir]
F 2N . - \o— ; .
\ A -
| N
N
A N
\
L L L F ] — —s
Falipic (Eppyplsimd) frdiope)s

DPVBI
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-continued

DPAVBI TBPe

[0099] Ifthe EML includes a host and a dopant, an amount
of the dopant may be from about 0.01 to about 15 pans by
weight based on about 100 parts by weight of the host, but is
not limited thereto.

[0100] A thickness of the EMIL, may be from about 100 A to
about 1000 A, for example, about 200 A to about 600 A. If the
thickness of the EML is within these ranges, excellent lumi-
nescence characteristics may be obtained without a substan-
tial increase in driving to voltage.

[0101] If the EML includes a phosphorescent dopant, to
prevent diffusion of a triple exciton or a hole into the electron
transport layer, a hole blocking layer (HBL) (not shown in
FIG. 1) may be formed between the electron transport layer
and the EML by using various methods, such as vacuum
deposition, spin coating, casting, or L.B. If the HBL 1s formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions may be similar to those applied to form the
HIL, although the deposition or coating conditions may vary
according to the material that is used to form the HBL. As a
HBL material, any one of known hole blocking materials may
be used, and examples thereof are an oxadiazole derivative, a
triazole derivative, a phenanthroline derivative, etc.

[0102] A thickness of the HBL may be from about 50 A to
about 1000 A, for example, about 100 A to about 300 A. If the
thickness of the HBL is within the ranges described above,
excellent hole blocking characteristics may be obtained with-
out a substantial increase in driving voltage.

[0103] Then, the electron transport layer (ETL) may be
formed by using various methods, such as the vacuum depo-
sition, spin coating, or casting. If the ETL is formed by
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 the material that is used to form the ETL.

BCP

[0104] As an ETL material, the heterocyclic compound
described above may be used. Alternatively, aknown electron
transport material may instead be used as the ETL material.
Examples of the known electron transport material are a
quinoline derivative, such as, Algs(tris(8-quinolinolate)alu-
minum),  2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline N
(BCP), 4,7-diphenyl-1,10-phenanthroline (Bphen), 3-(4-Bi-
phenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole (TAZ),
4-(naphthalen-1-y1)-3,5-diphenyl-4H-1,2,4-triazole

(NTAZ), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxa-

diazole (tBu-PBD), BAIq (a structure thereof is illustrated

below), and beryllium bis(benzoquinolin-10-olate) (Bebq,), NTAZ
but are not limited thereto.
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[0105] A thickness of the ETL may be from about 100 A to
about 1000 A, for example, about 150 Ato about 500 A. Ifthe
thickness of the ETL is within the ranges described above,
satisfactory electron transporting characteristics may be
obtained without a substantial increase in driving voltage.

[0106] According to another embodiment, the ETL may
instead include an electron transporting organic compound
and a metal-containing material. Non-limiting examples of
the electron transporting organic compound are 9,10-di
(naphthalene-2-yl)anthracene (ADN), and an anthracene-
based compound, such as Compounds 101 and 102, but are
not limited thereto.

<Compound 101>

“
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[0107] The metal-containing material may include a Li

complex. Non-limiting examples of the Li complex are
lithium quinolate (LiQ) and Compound 103 illustrated below.

O
LoLi
S N’

[0108] Also, the electron injection layer (EIL) may be
deposited onthe ETL by using a material that allows electrons
to be easily injected from an anode. The material is not par-
ticularly limited.

[0109] As the material, any one of known ETL materials
including, for example, LiF, NaCl, CsF, Li,O, and BaO may
be used. The deposition conditions for the ETL, may be simi-
lar to those applied to form the HIL, although the deposition
or coating conditions may vary according to the material that
is used to form the ETL.

[0110] A thickness of the EIL may be from about 1 A to
about 100 A, for example, about 3 A to about 90 A. If the
thickness of the FIL is within the ranges described above,
excellent electron injection characteristics may be obtained
without a substantial increase in driving voltage.

[0111] The second electrode 17 may be formed on the
organic layer 15. The second electrode 17 may be a cathode as
an electron injection electrode. In this regard, a low work
function metal, alloy, electrically conductive compound, and
a mixture thereof may be used as a metal for forming the
second electrode. In detail, lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), etc. may be formed as a thin film for use as a transmission
electrode. Also, if the organic light-emitting diode is used in
a top-emission light-emitting device, a transmission elec-
trode may be formed using ITO or IZ0.

<Compound 103>
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[0112] Ifthe first layer included in the organic light-emit- _continued
ting diode is a hole injection layer, a hole transport layer, or a
function layer having a hole injection function and a hole
transport function, the first layer may further include, in addi-
tion to the heterocyclic compound represented by Formula 1,
the charge-generation material described above. Alterna-
tively, if the first layer included in the organic light-emitting
diode is an emission layer, the first layer may further include,
in addition to the heterocyclic compound represented by For-
mula 1, the phosphorescent dopants described above.

[0113] The organic light-emitting diode may be included in
a flat display device including a transistor. Accordingly, an NZ
embodiment of the present invention provides a flat display O
device including: a transistor including a source, a drain, a
gate, and an active layer, and the organic light-emitting diode
described above, wherein the source or the drain is electri-
cally connected to the first electrode of the organic light-
emitting diode. The active layer of the transistor may be an
amorphous silicon layer, a crystalloid silicon layer, an organic OH
semiconductor layer, or an oxide semiconductor layer, and is

not limited thereto. 5

[0114] Hereinafter, organic light-emitting diodes accord-

ing to one or more embodiments of the present invention will N
be described in detail with reference to Synthesis Examples

and Examples. However, the one or more embodiments of the

present invention are not limited to Synthesis Examples and

Examples.

Cl —_—

\
3\

/

Cl
EXAMPLES

/N

Synthesis Example 1

Synthesis of Intermediate 1-6 k6

[0115]
Synthesis of Intermediate I-1

[0116] 19.311 g (100 mmol) of 3-nitrophthalicunhydride
was dissolved in 56.28 g (500 mmol) of chlorobenzene, and
q L = o 26.668 (100 mmol) of Al,Cl, was added thereto until a hydro-
ALCls chloric acid was not generated. The mixture was stirred at a

temperature of 100° C. for 8 hours. The resultant solution was

0 cooled to room temperature and iced water was added thereto
o NO, and distilled to remove chlorobenzene therefrom, and the
residual solution was filtered and washed with warm water.

.80 Extraction was performed thereon with a 20% sodium car-
e

NO,

bonate solution, and a sulfuric acid was added thereto to

generate a solid. The generated solid was filtered to obtain

12.532 g (Yield: 41%) of Intermediate I-1. The formed com-

0 NO, pound was confirmed by liquid chromatography-mass spec-
troscopy (LC-MS).

[0117] C,,HCINO; calculated value: 305.6; actually mea-
H sured value: 306.6
Pd/C
Cl

Synthesis of Intermediate 1-2

cl HO,C
I

0 [0118] A 6 equivalent amount of a sulfuric acid was added

12 to 12.532 g (41 mmol) of Intermediate 1-1 and the mixture
was stirred at a temperature of 150° C. for 4 hours. The

resultant solution was cooled to room temperature and a 20%

HO/\/\ ol sodium carbonatf: solution was added thereto and filtered,
followed by drying at a temperature of 110° C. Soxhlet
extraction was performed thereon with benzene, followed by
drying, thereby obtaining 11.439 g (Yield: 97%) of Interme-
0 diate I-3. The formed compound was confirmed by LC-MS.

L3 [0119] C,,H,CINO,calculated value: 287.6; actually mea-

sured value: 288.5

Cl



US 2013/0001527 A1l

Synthesis of Intermediate 1-3

[0120] 11.439 g (39.7 mmol) of Intermediate 1-2 and 5%
Pd/C were dissolved in methanol, and the resultant solution
was stirred at room temperature for 4 hours while a hydrogen
gas was supplied. The reaction solution was filtered, and then
the residual solution was concentrated and the residual was
separation-purified by silica gel column chromatography to
obtain 10.014 g (Yield: 97.7%) of Intermediate 1-4. The
formed compound was confirmed by LC-MS.

[0121] C,,HiCINO, calculated value: 257.6; actually mea-
sured value: 258.6

Synthesis of Intermediate 1-4

[0122] 10.014 g (38.8 mmol) of Intermediate I-3 and 2.952
£ (38.8 mmol) of 1,3-propane diol were dissolved in 20 ml of
mesitylene. 0.240 g (0.4 mmol) of chloroiridiumhydroxide,
0.720 g (12 mmol) of 2,2'-bis-diphenylphosphino-1,1'-bi-
naphtyl (BINAP), and 1.275 g (12 mmol) of sodium carbon-
ate were added to the solution and stirred at a temperature of
170° C. for 15 hours. The remaining solution was concen-
trated and the residual was separation-purified by silica gel
column chromatography to obtain 11.395 g (Yield: 96%) of
Intermediate 1-4. The formed compound was confirmed by
LC-MS.

[0123] C,,HCINO, calculated value: 293.7; actually mea-
sured value: 294.7

Synthesis of Intermediate 1-5

[0124] 4.23 g(20.4 mmol) of tert-butylmagnesiumbromide
was completely dissolved in 100 mL of dried THF, and then
n-butyllithium (8.2 ml, 2.5M solution in hexane) was very
slowly added thereto at a temperature of -78° C. After 1 hour,
11.395 g (37.2 mmol) of Intermediate 1-4 was added thereto.
After 30 minutes, a cooling vessel was removed and the
resultant mixture was reacted at room temperature for 3
hours. After a reaction was finished, an NH,Cl aqueous solu-
tion was added thereto, followed by extraction with ethyether.
The extracted reaction product was dried and concentrated
with anhydrous magnesium sulfate, and then a small amount
of ethylether was added thereto and stirred, and then ethanol
was added thereto and stirred. Then, the reaction product was
filtered and dried to obtain 1-5 16.758 g (Yield: 95%) of
Intermediate. The formed compound was confirmed by LC-
MS.

[0125] C,sH,,CINO, calculated value: 409.9; actually
measured value: 410.8

Synthesis of Intermediate 1-6

[0126] 16.758 g (37.2 mmol) of Intermediate -5, 6.15 g
(37.2 mmol) of potassium iodine, and 39.45 g (372 mmol) of
sodium hydrophosphite were refluxed in 500 mL of an acetic
acid for 3 hours. The reaction product was cooled to room
temperature and filtered, and washed several times with water
and ethanol, followed by drying to obtain 9.63 g (Yield: 62%)
of Intermediate I-6. The formed compound was confirmed by
LC-MS.

[0127] C,sH,,CIN calculated value: 375.9; actually mea-
sured value: 376.9

Jan. 3,2013

Synthesis Example 2

Synthesis of Intermediate II-2

[0128]

Cl

I-1

Synthesis of Intermediate II-1

[0129] Intermediate [I-1 was prepared using Intermediate
1-4 and phenylmagnesiumbromide by using the method used
to synthesize Intermediate I-5. The formed compound was
confirmed by LC-MS.

[0130] C,,H,,CINO, calculated value: 449.9; actually
measured value: 450.8

Synthesis of Intermediate II-2

[0131] Intermediate [1-2 was prepared using Intermediate
1I-1 by using the method used to synthesize Intermediate I-6.
The formed compound was confirmed by LC-MS.

[0132] C,.H,,CIN calculated value: 417.9; actually mea-
sured value: 418.9
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Synthesis Example 3

Synthesis of Intermediate I11-2

[0133]

MgBr

1II-1

1I-2

33

Jan. 3,2013

Synthesis of Intermediate I11-1

[0134] Intermediate 11I-1 was prepared using Intermediate
1-4 and biphenylmagnesiumbromide by using the method
used to synthesize Intermediate I-5. The formed compound
was confirmed by LC-MS.
[0135] C,,H,.CINO, calculated value: 601.1; actually
measured value: 602.2

Synthesis of Intermediate I11-2

[0136] Intermediate 11I-2 was prepared using Intermediate
1II-1 by using the method used to synthesize Intermediate [-6.
The formed compound was confirmed by LC-MS.

[0137] C,,H,:CIN calculated value: 570.1; actually mea-
sured value: 571.1

Synthesis Example 4

Synthesis of Intermediate IV-3

[0138]
B(OH),

Br. Br

NIL

I NH,

2
1v-1

Q L

V-2

O Q B(OH),

1v-3

Synthesis of Intermediate IV-1

[0139] In a nitrogen atmosphere, 5.018 g (20 mmol) of
2,4-dibromoaniline, 4.877 g (40 mmol) of a phenylboronic
acid, 1.15 g (1.0 mmol) of Pd(PPhs),, and 8.29 g (60.0 mmol)
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of K,CO, were dissolved in 60 ml of a THF/H,O (2/1) mixed _continued

solution, and then stirred at a temperature of 70° C. for 5

hours. The reaction solution was cooled to room temperature, D D
and 40 mL of water was added thereto and extraction was
performed three times thereon with 50 mL of ethylether. A
collected organic layer was dried using magnesium sulfate,
and the residual obtained by removing the used solvent there-
from by evaporation was separation purified by silica gel
column chromatography to obtain Intermediate IV-14.464 g
(Yield: 91%). The formed compound was confirmed by LC-
MS.

[0140] C, H,sN calculated value: 245.3; actually mea-
sured value: 246.3

Synthesis of Intermediate IV-2 B(OH),

[0141] In a nitrogen atmosphere, 4.464 g (18.2 mmol) of
Intermediate IV-1, 6.12 g (30.0 mmol) of benzene iodide,
0.36 g (0.4 mmol) of Pd,(dba);, 0.08 g (0.8 mmol) of PIBu;,
and 3.88 g (30.0 mmol) of KOtBu were dissolved in 100 ml of
toluene, and then stirred at a temperature of 85° C. for 4 hours.
The reaction solution was cooled to room temperature, and
then extraction was performed thereon three times with 50
mL of water and 50 mL of diethylether. A collected organic
layer was dried using magnesium sulfate, and the residual
obtained by removing the used solvent therefrom by evapo-
ration was separation purified by silica gel column chroma-
tography to obtain Intermediate IV-2 4.34 g (Yield: 75%). The
formed compound was confirmed by LC-MS.

[0142] C,,H, N calculated value: 321.4; actually mea-
sured value: 322.4

Synthesis of Intermediate TV-3

[0143] In a nitrogen atmosphere, 4.34 g (13.5 mmol) of
Intermediate 1V-2, 4.076 g (20.0 mmol) of 4-bromophenyl-
boronic acid, 0.36 g (0.4 mmol) of Pd,(dba),, 0.08 g (0.8
mmol) of PIBu;, and 2.16 g (20.0 mmol) of KO/Bu were
dissolved in 100 ml of toluene, and then stirred at a tempera-
ture of 85° C. for 4 hours. The reaction solution was cooled to
room temperature, and then extraction was performed
thereon three times with 50 mL of water and 50 mL of dieth-
ylether. A collected organic layer was dried using magnesium
sulfate, and the residual obtained by removing the used sol-
vent therefrom by evaporation was separation purified by
silica gel column chromatography to obtain 3.572 g (Yield:
60%) of Intermediate IV-3. The formed compound was con-
firmed by LC-MS.

[0144] C,,H,,BNO,calculated value: 441.3; actually mea-
sured value: 442.3

Synthesis of Intermediate V-1

Synthesis Example 5 )
[0146] In a nitrogen atmosphere, 5.018 g (20 mmol) of

2,4-dibromoaniline, 4.877 g (40 mmol) of 5D-phenylboronic

acid, 1.15 g (1.0 mmol) of Pd(PPh,),, and 8.29 g (60.0 mmol)

[0145] of K,CO; were dissolved in 60 ml of THF/H,O(2/1) mixed

solution, and then stirred at a temperature of 70° C. for 5

hours. The reaction solution was cooled to room temperature

B(OH), and then 40 mL of water was added thereto, and extraction

was performed thereon three times with 50 mL of ethylether.

A collected organic layer was dried using magnesium sulfate,

and the residual obtained by removing the used solvent there-

from by evaporation was separation purified by silica gel

column chromatography to obtain Intermediate V-1 4.443 g

(Yield: 89%). The formed compound was confirmed by LC-

- MS.

NH, [0147] C,zHsD,,N calculated value: 255.3; actually mea-

sured value: 265.3

Synthesis of Intermediate V-3

Br Br D D
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Synthesis of Intermediate V-2

[0148] In a nitrogen atmosphere, 4.443 g (17.8 mmol) of
Intermediate V-1, 6.13 g (30.0 mmol) of 5D-benzene iodide,
0.36 g (0.4 mmol) of Pd,(dba);, 0.08 g (0.8 mmol) of PIBu,,
and 3.88 g (30.0 mmol) of KOtBu were dissolved in 100 ml of
toluene, and then stirred at a is temperature of 85° C. for 4
hours. The reaction solution was cooled to room temperature,
and then extraction was performed thereon three times with
50mL of water and S0 mL of diethylether. A collected organic
layer was dried using magnesium sulfate, and the residual
obtained by removing the used solvent therefrom by evapo-
ration was separation purified by silica gel column chroma-
tography to obtain Intermediate V-2 4.192 g (Yield: 70%).
The formed compound was confirmed by LC-MS.

[0149] C,,H,D,.N calculated value: 336.5; actually mea-
sured value: 337.5

Synthesis of Intermediate V-3

[0150] In a nitrogen atmosphere, 4.192 g (12.4 mmol) of
Intermediate V-2, 4.076 g (20.0 mmol) of 4-bromophenylbo-
ronic acid, 0.36 g (0.4 mmol) of Pd,(dba),, 0.08 g (0.8 mmol)
of PtBu,, and 2.16 g (20.0 mmol) of KOtBu were dissolved in
100 ml of toluene, and then stirred at a temperature of 85° C.
for 4 hours. The reaction solution was cooled to room tem-
perature, and then extraction was performed thereon three
times with 50 mL of water and 50 mL of diethylether. A
collected organic layer was dried using magnesium sulfate,
and the residual obtained by removing the used solvent there-
from by evaporation was separation purified by silica gel
column chromatography to obtain Intermediate V-3 3.848 g
(Yield: 68%). The formed compound was confirmed by LC-
MS.

[0151] C,H,D,sBNO, calculated value: 456.4; actually
measured value: 466.4.
Synthesis Example 6
Synthesis of VI-2
[0152]
B(OH),

Br.

Jan. 3,2013

[0153] 1In a nitrogen atmosphere, 7.106 g (30.0 mmol) of
2,6-dibromopyridine, 1.843 g (15.0 mmol) of 4-pyridinebo-
ronic acid, 1.733 g (1.5 mmol) of Pd(PPh,),, and 4.146 g
(30.0mmol) of K,CO, were dissolved in 120 ml of THF/H,O
(2/1) mixed solution, and then stirred at a temperature of 70°
C. for 5 hours. The reaction solution was cooled to room
temperature and then 70 mL of water was added thereto, and
extraction was performed thereon three times with 50 mL of
ethylether. A collected organic layer was dried using magne-
sium sulfate, and the residual obtained by removing the used
solvent therefrom by evaporation was separation purified by
silica gel column chromatography to obtain Intermediate
VI-1 1.76 g (Yield: 25%). The formed compound was con-
firmed by LC-MS.

[0154] C, H,BIN, calculated value: 235.0; actually mea-
sured value: 235.9

Synthesis of Intermediate VI-2

[0155] 9.72 g(30.0 mmol) of 4-bromotriphenylamine, 7.62
£ (30.0 mmol) of bis(pinacolato)diborone, 1.08 g (1.5 mmol)
of [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
(1)) (PdCL(dppD),). and 9 g (90.0 mmol) of KOAc were
dissolved in 120 m1 of DMSO, and then stirred at a tempera-
ture of 80° C. for 6 hours. The reaction solution was cooled to
room temperature, and then extraction was performed
thereon three times with 100 mL of water and 100 mL of
diethylether. A collected organic layer was dried using mag-
nesium sulfate, and the residual obtained by removing the
used solvent therefrom by evaporation was separation puri-
fied by silica gel column chromatography to obtain interme-
diate VI-2 7.71 g (Yield: 89%). The formed compound was
confirmed by LC-MS.

[0156] C,H,,BN,O, calculated value: 282.1; actually
measured value: 283.2

Synthesis Example 7

Synthesis of Intermediate VII-1

[0157]
Br
N
—_—
0]
B\O
N
VII-1

[0158] 9.72 g(30.0 mmol) of 4-bromotriphenylamine, 7.62

£ (30.0 mmol) of bis(pinacolato)diborane, 1.08 g (1.5 mmol)
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of PdCL,(dppf),), and 9 g (90.0 mmol) of KOAc were dis-
solved in 120 ml of DMSO, and then stirred at a temperature
of 80° C. for 6 hours. The reaction solution was cooled to
room temperature, and then extraction was performed
thereon three times with 100 mL of water and 100 mL of
diethylether. A collected organic layer was dried using mag-
nesium sulfate, and the residual obtained by removing the
used solvent therefrom by evaporation was separation puri-
fied by silica gel column chromatography to obtain 7.71 g
(Yield: 89%) of Intermediate VII-1. The formed compound
was confirmed by LC-MS.

[0159] C,,H,,BNO,calculated value: 371.2; actually mea-
sured value: 372.2

Synthesis Example 8

Synthesis of Intermediate VIII-3

[0160]
B(OH);
Br Cl
—_—
NH,
F
NH,
F

VIII-1

‘ . l B(O:Hl )2
NH Br
F

VIII-2

B(OH),

VIII-3

Jan. 3,2013

Synthesis of Intermediate VIII-1

[0161] In a nitrogen atmosphere, 4.449 g (20 mmol) of
2-chloro-4-bromo-6-floroaniline, 4.877 g (40 mmol) of a
phenylboronic acid, 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,0 (2/1) mixed solution; and then stirred A a temperature of
70° C. for S hours. The reaction solution was cooled to room
temperature and 40 mL of water was added thereto, and then
extraction was performed thereon three times with 50 mL of
ethylether. A collected organic layer was dried using in mag-
nesium sulfate, and the residual obtained by removing the
used solvent therefrom by evaporation was separation puri-
fied by silica gel column chromatography to obtain Interme-
diate VIII-14.465 g (Yield: 81%). The formed compound was
confirmed by LC-MS.

[0162] C, H,,FN calculated value: 263.1; actually mea-
sured value: 264.1

Synthesis of Intermediate VIII-2

[0163] In a nitrogen atmosphere, 4.465 g (16.2 mmol) of
Intermediate VIII-1, 5.10 g (25.0 mmol) of benzene iodide,
0.36 g (0.4 mmol) of tris(dibenzylideneacetone)dipalladium
(0) (Pd,(dba),), 0.08 g (0.8 mmol) of PtBu,, and 3.88 g (30.0
mmol) of KOtBu were dissolved in 100 ml of toluene, and
then stirred at a temperature of 85° C. for 4 hours. The reac-
tion solution was cooled to room temperature room tempera-
ture, and then extraction was performed thereon three times
with 50 mL of water and 50 mL of diethylether. A collected
organic layer was dried using magnesium sulfate, and the
residual obtained by removing the used solvent therefrom by
evaporation was separation purified by silica gel column
chromatography to obtain Intermediate VIII-2 3.906 g (Yield:
72%). The formed compound was confirmed by LC-MS.

[0164] C,,H,FN calculated value: 339.40; actually mea-
sured value: 340.1

Synthesis of Intermediate VIII-3

[0165] In a nitrogen atmosphere, 3.906 g (11.5 mmol) of
Intermediate VIIT-2, 3.057 g (15.0 mmol) of 4-bromophenyl-
boronic acid, 0.36 g (0.4 mmol) of Pd,(dba),, 0.08 g (0.8
mmol) of PtBu,, and 2.16 g (20.0 mmol) of KOtBu were
dissolved in 100 ml of toluene, and then stirred at a tempera-
ture of 85° C. for 4 hours. The reaction solution was cooled to
room temperature room temperature, and then extraction was
performed thereon three times with 50 mL of water and 50
mL of diethylether. A collected organic layer was dried using
magnesium-sulfate, and the residual obtained by removing
the used solvent therefrom by evaporation was separation
purified by silica gel column chromatography to obtain Inter-
mediate VIII-3 4.12 g (Yield: 78%). The formed compound
was confirmed by LC-MS.

[0166] C,,H,;BFNO, calculated value: 459.3; actually
measured value: 460.2
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Synthesis Example 9

Synthesis of Intermediate IX-2
[0167]

<

NH

NI,

N
-0
N
IX-1

N 0]
/
/ \
N [@]
IX-2

X-

Synthesis of Intermediate IX-1

[0168] 3.688 g (20.0 mmol) of 4-bromo-benzaldehyde was
dispersed in 30 ml of nitrobenzene and 3.684 g (20.0 mmol)
of N-phenyl-1,2-phenylenediamine was added thereto, and
the mixture was heated for 6 hours at a temperature of 180° C.
The reaction solution was cooled to room temperature, and
the nitrobenzene was removed therefrom by distillation under
reduced pressure. The resultant solution was filtered to obtain
asolid, and the solid was washed with ethylether, followed by
drying in vacuum conditions, thereby obtaining Intermediate
1X-1(4.958 g, 71%). The formed compound was confirmed
by LC-MS.

[0169] C, H,;BrN, calculated value: 349.3; actually mea-
sured value: 350.3

Synthesis of [ntermediate IX-2

[0170] 4.958 g (14.2 mmol) of Intermediate DC-1,3.812 g
(15.0 mmol) of bis(pinacolato)diborane, 0.54 g (0.75 mmol)
of PdCl,(dppf),, and 4.5 g (45.0 mmol) of KOAc were dis-
solved in 120 ml of DMSO, and then stirred at a temperature
of 80° C. for 6 hours. The reaction solution was cooled to
room temperature, and extraction was performed thereon
three times with 100 mL of water and 100 mL of diethylether.
A collected organic layer was dried using magnesium sulfate,
and the residual obtained by removing the used solvent there-
from by evaporation was separation purified by silica gel
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column chromatography to obtain Intermediate IX-2 7.71 g
(Yield: 89%). The formed compound was confirmed by LC-
MS.

[0171] C,sH,sBN,O, calculated value: 396.3; actually
measured value: 397.3

Synthesis Example 10

Synthesis of Compound 25

[0172]
N |
Cl '
TN
1-6

B(OH),
N
Iv-3
N NP |
@ )@
N AN

[0173] In a nitrogen atmosphere, 2.903 g (8.0 mmol) of
Intermediate 1-6, 3.528 g (8.0 mmol) of Intermediate IV-3,
0.05 g (0.04 mmol) of Pd(PPh,),, and 2.76 g (20.0 mmol) of
K,CO; were dissolved in 60 ml of a THF/H,O (2/1) mixed
solution, and then stirred at a temperature of 70° C. for 5
hours. The reaction solution was cooled to room temperature
and 40 mL of water was added thereto, and then extraction
was performed thereon three times with 30 mL of ethylether.
A collected organic layer was dried using magnesium sulfate,
and the residual obtained by removing the used solvent there-
from by evaporation was separation purified by silica gel
column chromatography to obtain 3.657 g (Yield: 65%) of
Compound 25. The formed compound was confirmed by
LC/MS and nuclear magnetic resonance (NMR).



US 2013/0001527 A1l

[0174] CssH,N, calculated value: 736.9; actually mea-
sured value: 737.9

[0175] 'HNMR (CDCl,, 400 MHz) 3 (ppm) 8.88 (dd, 1H),
8.23 (d, 1H), 8.09 (d, 1H), 8.07 (d, 1H), 7.80-7.66 (m, 8H),
7.60-7.50 (m, 2H), 7.48-7.40 (m, 8H), 7.26-7.18 (m, 3H),
7.14-712 (m, 2H), 7.05-7.01 (m, 1H), 6.98-6.96 (m, 2H),
1.53 (5, 9H), 1.51 (s, 9H)

Synthesis Example 11

Synthesis of Compound 27
[0176]

NN

/@i *
al

/N/|
AN
S
RS
D D
D D
D

[0177] Compound 27 was obtained using Intermediate I-6
and Intermediate V-3 by using the method used to synthesize
Compound 25. The formed compound was confirmed by
LC/MS and NMR.

[0178] CssHy3D 5N, calculated value: 752.1; actually
measured value: 753.1

[0179] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.88 (dd, 1H),
8.23 (d, 1H), 8.06 (d, 1H), 8.05 (d, 1H), 7.79 (d, 1H), 7.75 (q,
2H), 7.53-7.46 (m, 4H), 7.40 (dd, 1H), 7.26 (d 1H), 7.14 (dd,
2H), 1.53 (s, 9H), 1.51 (s, 9H)
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Synthesis Example 12

Synthesis of Compound 30

[0180]

[0181] Compound 30 was obtained using Intermediate I-6
and Intermediate VI-2 by using the method used to synthesize
Compound 25. The formed compound was confirmed by
LC/MS and NMR.

[0182] C;5H;;N; calculated value: 495.6; actually mea-
sured value: 496.6

[0183] 'HNMR (CDCl,, 400 MHz)  (ppm) 8.84 (dd, 1H),
8.79 (d, 1H), 8.65 (dd, 2H), 8.24-8.21 (m, 2H), 8.09 (dd, 1H),
8.04 (dd, 2H), 7.87 (t, 1H), 7.80 (d, 1H), 7.74-7.70 (m, 3H),
7.51 (q, 1H), 1.53 (s, 9H), 1.51 (s, 9H)

Synthesis Example 13

Synthesis of Compound 54

O N VZ |
Cl

1I-2

[0184]
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-continued

I N

B(OH),

V-3

.
oY

Yot

[0185] Compound 54 was obtained using Intermediate I1-2
and Intermediate TV-3 by using the method used to synthesize
Compound 25. The formed compound was confirmed by
LC/MS and NMR.

[0186] Cs H, N, calculated value: 776.9; actually mea-
sured value: 777.9

[0187] 'HNMR (CDCl,, 400 MHz) & (ppm) $.88 (dd, 1H),
8.29 (d, 1H), 8.23 (d, 1H), 8.03 (s, 1H), 7.95 (d, 2H), 7.87 (dd,
2H), 7.85 (dd, 1H), 7.72-7.41 (m, 23H), 7.29-7.19 (m, 3H),
7.14 (d, 2H), 7.09 (t, 1H), 6.98 (m, 2H), 1.53 (s, 9H)
Synthesis Example 14
Synthesis of Compound 63

[0188]

1I-2
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-continued
O l : _B(OH),
N
F
V-3

op
aNe ool

0

F

[0189] Compound 63 was obtained using Intermediate II-2
and Intermediate V-3 by using the method used to synthesize
Compound 25. The formed compound was confirmed by
LC/MS and NMR.

[0190] Cs.H; FN, calculated value: 794.9; actually mea-
sured value: 795.6

[0191] 'HNMR (CDClL,, 400 MHz) & (ppm) 8.86 (dd, 1H),
8.27 (d, 1H), 8.22 (d, 1H), 8.03 (s, 1H), 7.95 (d, 2H), 7.87 (dd,
2H), 7.82 (dd, 1H), 7.72 (dd, 2H), 7.65-7.41 (m, 20H), 7.23
(d, 1H1), 7.19 (m, 2H), 7.15 (¢, 2H), 7.10 (q, 1H), 6.98 (m, 2H)

Synthesis Example 15

Synthesis of Compound 65

[0192]
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-continued -continued

sured value: 650.8

[0195] ‘HNMR (CDCl,, 400 MHz) 8 (ppm) 8.88 (dd, 1H),
8.27 (dd, 1H), 8.22 (dd, 1H), 8.14 (d, 1H), 7.95-7.93 (m, 2H),
7.90-7.85 (m, 3H), 7.82-7.72 (m, 5H), 7.67-7.43 (m, 10H),
7.40-7.37 (m, 5H), 7.30 (dd, 1H), 7.19 (m, 1H)

0]
|
— B\O
N 0O
B/
/ \ N
N [0]
1v-3
()
N
®
N 7 |
[0193] Compound 65 was obtained using Intermediate I1-2 |
and Intermediate ITX-2 by using the method used to synthesize N PP a4
Compound 25. The formed compound was confirmed by
LC/MS and NMR.
[0194] C, H;,N; calculated value: 649.7; actually mea- N z
AN

Synthesis Example 16
Synthesis of Compound 75

[0196] [0197] Compound 75 was obtained using Intermediate I-6
and Intermediate 1V-3 by using the method used to synthesize
Compound 25. The formed compound was confirmed by
LC/MS and NMR.

[0198] CsoH,N, calculated value: 776.9; actually mea-

sured value: 777.6
0 [0199] 'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.88 (dd, 1H),
z
N

8.29 (d, 1H), 8.23 (d, 1H), 8.06 (s, 1H), 7.94 (d, 2H), 7.85 (s,
| 4H),7.82 (d, 1H), 7.72 (d, 2H), 7.63-7.58 (m, GH), 7.55-7.48

(m, 7H), 7.44-7.37 (m 2H), 7.28 (t, 4H), 7.15 (d, 2H), 7.11 (,
O‘O 2H), 7.05 (d, 4H)
R
Cl

Example 1
O [0200] Asananode, 15Q/cm® (1200 A)ITO glass substrate

manufactured by Corning Co., [td was cut to a size of 50
mmx50 mmx0.7 mm and sonicated with isopropyl alcohol
and pure water each for 5 minutes, and then ultraviolet rays
were irradiated thereto for 30 minutes, followed by exposure
to ozone. 2-TNATA was vacuum deposited on the ITO glass
substrate to form a HIL having a thickness of 600 A, and
4,4"-bis[N-(1-naphthyl)-N-phenyl amino]biphenyl (NPB)

L6 was vacuum deposited on the HIL to form a HTL having a
thickness of 300 A.
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[0201] ADN asablue fluorescent host and Compound 25 as
a blue fluorescent dopant were co-deposited on the HTL at a
weight ratio of 98:2 to form an EML having a thickness of 300
A.

[0202] Subsequently, Alq, was vacuum deposited on the
EML to form an ETL having a thickness of 10 A. LiF was
deposited on the ETL to form an ETL having a thickness of 10
A and then, Al was vacuum deposited thereon to form a
cathode having a thickness of 3000 A, thereby completing the
manufacture of an organic light-emitting diode,

Example 2

[0203] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that in forming
the EML, Compound 27 was used as the blue fluorescent
dopant instead of Compound 25.

Example 3

[0204] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that in forming
the EML, Compound 54 was used as the blue fluorescent
dopant instead of Compound 25.

Jan. 3,2013

Example 7

[0208] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that in forming
the ETL, Compound 65 was used instead of Alqs.

Comparative Example 1

[0209] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that in forming
the EML, DPAVBI was used as the blue fluorescent dopant
instead of Compound 25.

[0210]

[0211] The driving voltage, current density, brightness,
efficiency, emission color, and half lifetime of each of the
organic light-emitting diodes manufactured according to
Examples 1 to 7 and Comparative Example 1 were evaluated
using PR650 Spectroscan Source Measurement Unit (a prod-
uct of PhotoResearch Co., Ltd); results thereof are shown in
Table 1 below.

Evaluation Example

TABLE 1
Electron Driving  Current Half
Emission Emission transport voltage  density  Brightness Efficiency Emission lifetime
layer host layer dopant layer (V)  (mAlem?) (edm?) (cd/A) color (hr)t
Examplel  ADN Compound  Alg3 6.04 50 3,021 6.04 blue 227
25
Example2  ADN Compound  Alqg3 6.15 50 3,095 6.19 blue 243
27
Example3  ADN Compound  Alg3 6.23 50 3,230 6.46 blue 284
54
Example4  ADN Compound  Alqg3 6.14 50 3,620 7.24 blue 276
63
Example 5 ADN Compound  Alg3 6.33 50 3427 6.85 blue 285
75
Example 6 ADN Compound ~ Compound 5.25 50 3,415 6.83 blue 230
54 30
Example 7  ADN Compound ~ Compound 5.74 50 3,270 6.54 blue 361
54 65
Comparative ADN DPAVBI Alg3 7.35 30 2,065 4.13 blue 145
Example 1
FReference current density of half lifetime: 100 mA/em’
Example 4 [0212] From Table 1, it was confirmed that the organic

[0205]

An organic light-emitting diode was manufactured

light-emitting diodes manufactured according to Examples 1

in the same manner as in Example 1, except that in forming
the EML, Compound 63 was used as the blue fluorescent
dopant instead of Compound 25.

Example 5

[0206] An organic light-emitting diode was manufactured
in the same manner as in Example 1, except that in forming
the EML, Compound 75 was used as the blue fluorescent
dopant instead of Compound 25.

Example 6

[0207] An organic light-emitting diode was manufactured
in the same manner as in Example 3, except that in forming
the ETL, Compound 30 was used instead of Algs,.

to 7 have better driving voltage, brightness, efficiency, and
lifetime characteristics than the organic light-emitting diode
manufactured according to Comparative Example 1.

[0213] An organic light-emitting diode including the het-
erocyclic compound represented by Formula 1 shows excel-
lent performance, for example, a low driving voltage, high
brightness, high efficiency, and a long lifetime, and thus is
provided to a high quality flat display device.

[0214] While the present invention has been particularly
shown, and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form, and details may be
made therein without departing from the spirit, and scope of
the present invention as defined by the following claims.
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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 deu-
terium atom, a halogen atom, a hydroxy! group, a cyano
group, a nitro group, a carboxyl group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted alkynyl group, a substituted or unsubsti-
tuted C,-C;, alkoxy group, a substituted or unsubsti-
tuted C5-C,,, cycloalkyl group, a substituted or unsub-
stituted C;-Cs, cycloalkenyl group, a substituted or
unsubstituted C5-C,,, aryl group, a substituted or unsub-
stituted C,-C;,, heteroaryl group, a substituted or unsub-
stituted C,-C,,, arvloxy group, a substituted or unsubsti-
tuted C;-C,, arylthio group, or a group represented by
N(Q,)(Q,) where Q, and Q, are each independently a
hydrogen atom, a deuterium atom, a substituted or
unsubstituted methyl group, a substituted or unsubsti-
tuted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, a sub-
stituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubsti-
tuted pyridinyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted carbazolyl group, or a sub-
stituted or unsubstituted pyrimidinyl group, and

L, is a substituted or unsubstituted C;-C5,, arylene group,

or a substituted or unsubstituted C,-Cs,, heteroarylene
group, and a 1s an integer of 0 to 2, wherein if ais 2, two
L, are identical to or different from each other.

2. The heterocyclic compound of claim 1, wherein R, to
R,, are each independently a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted pen-
tyl group, a substituted or unsubstituted phenyl group, a sub-
stituted or unsubstituted biphenyl group, a substituted or
unsubstituted terphenyl group, a substituted or unsubstituted
phenoxy group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted carbazolyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted pyridinyl group, a substituted or unsubstituted diazinyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted quinolinyl group, a substituted or
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unsubstituted benzimidazolyl group, a substituted or unsub-
stituted benzoxazolyl group, a substituted or unsubstituted
pentalenyl group, a substituted or unsubstituted indenyl
group, a substituted or unsubstituted azulenyl group, a sub-
stituted or unsubstituted heptalenyl group, a substituted or
unsubstituted indacenyl group, a substituted or unsubstituted
acenaphthyl group, a substituted or unsubstituted spiro-fluo-
renyl group, a substituted or unsubstituted phenalenyl group,
a substituted or unsubstituted phenanthridinyl group, a sub-
stituted or unsubstituted phenanthrolinyl group, a substituted
or unsubstituted anthryl group, a substituted or unsubstituted
fluoranthenyl group, a substituted or unsubstituted triph-
enylenyl group, a substituted or unsubstituted pyrenyl group,
a substituted or unsubstituted chricenyl group, a substituted
or unsubstituted naphthacenyl group, a substituted or unsub-
stituted picenyl group, a substituted or unsubstituted peryle-
nyl group, a substituted or unsubstituted pentaphenyl group, a
substituted or unsubstituted hexacenyl group, a substituted or
unsubstituted pyrrolyl group, a substituted or unsubstituted
imidazolyl group, a substituted or unsubstituted pyrazolyl
group, a substituted or unsubstituted imidazopyrimidinyl
group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted pyrimidinyl group, a substituted
or unsubstituted imidazopyrimidinyl group, a substituted or
unsubstituted pyridazinyl group, a substituted or unsubsti-
tuted indolyl group, a substituted or unsubstituted isoindolyl
group, a substituted or unsubstituted pyrido indolyl group, a
substituted or unsubstituted indazolyl group, a substituted or
unsubstituted purinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted naphthy-
ridinyl group, a substituted or unsubstituted quinoxalinyl
group, a substituted or unsubstituted quinazolinyl group, a
substituted or unsubstituted phenazinyl group, a substituted
or unsubstituted furanyl group, a substituted or unsubstituted
benzofuranyl group, a substituted or unsubstituted dibenzo-
furanyl group, a substituted or unsubstituted thiophenyl
group, a substituted or unsubstituted benzothiophenyl group,
a substituted or unsubstituted dibenzothiophenyl group, a
substituted or unsubstituted thiazolyl group, a substituted or
unsubstituted isothiazolyl group, a substituted or unsubsti-
tuted benzothiazolyl group, a substituted or unsubstituted
oxazolyl group, a substituted or unsubstituted isooxazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted triazolyl group, a substituted or
unsubstituted tetrazolyl group, or a group represented by
N(Q,)(Q,), where Q, and Q, are each independently a hydro-
gen atom, a deuterium atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted pen-
tyl group, a substituted or unsubstituted phenyl group, a sub-
stituted or unsubstituted pyridinyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluorenyl group,
a substituted or unsubstituted carbazolyl group, or a substi-
tuted or unsubstituted pyrimidiny] group.

3. The heterocyclic compound of claim 1, wherein R, to
R,, are each independently a hydrogen atom, a deuterium
atom, halogen atom, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
tuted or unsubstituted propyl group, a substituted or unsub-
stituted butyl group. and one of the groups represented by
Formulae 2A to 2P below:
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<Formula 2A>

<Formula 2B>

<Formula 2C>

<Formula 2D>

<Formula 2E>

<Formula 2F>

<Formula 2G>

<Formula 2H>

<Formula 2I>
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-continued
<Formula 2]>
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X |
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<Formula 2K>

<Formula 21.>

<Formula 2M>
<Formula 2N>

<Formula 20>

<Formula 2P>

whereinZ,, Z,, Z,, and Z,, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubstituted
butyl group, a substituted or unsubstituted methoxy group, a
substituted or unsubstituted ethoxy group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl group,
and a substituted or unsubstituted quinolinyl group, or a sub-
stituted or unsubstituted pyridinyl group, a plurality of each
of Z,, Z,, 75, and Z, are identical to or different from each
other, p and q each are an integer of 1 to 5, ris 1 or 2, and *
indicates a binding site.

4. The heterocyclic compound of claim 1, wherein R, to
R,, are each independently a hydrogen atom, a deuterium
atom, halogen atom, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
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tuted or unsubstituted propyl group, a substituted or unsub- —continued
stituted tert-butyl group, or a group represented by Formulae <Formula 3J>

3A to 3R below: @\
N/

<Formula 3A>

&

/

<Formula 3B>

<Formula 3C> O\ *
N Ve
D
k

/
T~

<Formula 3K>

\

i

D D
<Formula 3D>
*
D

<Formula 3E>

2
N /X

<Formula 31.>

©\ e
<Formula 3F> N
<Formula 3G>

<Formula 3H>

3

<Formula 3M>

2

Nt

<Formula 31> D D

N
E
&
\, -
| AN
27N,
.

<Formula 3N>
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-continued
<Formula 30>

<Formula 3P>

<Formula 3Q>

<Formula 3R>

wherein 7, is a hydrogen atom or a phenyl group, Z,., 7., Z,,.,
and Z, are each independently a hydrogen atom, a deuterium
atom, a fluoro group, a methyl group, or a phenyl group, a
plurality of each of Z,, 75, 7. and Z, are identical to or
different from each other, and * indicates a binding site.

5. The heterocyclic compound of claim 1, wherein L is a
substituted or unsubstituted phenylene group, a substituted or
unsubstituted naphthylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted car-
bazolylene group, a substituted or unsubstituted pyridinylene
group, a substituted or unsubstituted pyrimidinylene group, a
substituted or unsubstituted triazinylene group, a substituted
or unsubstituted anthrylene group, a substituted or unsubsti-
tuted phenanthrenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryce-
nylene group, a substituted or unsubstituted perilenylene
group, asubstituted or unsubstituted spiro-fluorenyl group, or
a substituted or unsubstituted oxadiazolylene group.

6. The heterocyclic compound of claim 1, wherein T,
comprises one of the groups represented by Formulae 4A to
4H below:

<Formula 4A>

<\’ - X
\
X/
<Formula 4B>
(Z4)s !
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-continued

<Formula 4C>

<Formula 4D>

<Formula 4E>

<Formula 4F>

<Formula 4G>

<Formula 4H>

wherein

7, and Z; are each independently a hydrogen atom, a deu-
terium atom, halogen atom, a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, or a substituted
or unsubstituted phenyl group, a plurality of each of 7,
and Z; are identical to or different from each other, and

s and t are an integer of 1 to 4, *' indicates a binding site
with the anthracene back bone, and * indicates a binding
site with R.

7. The heterocyclic compound of claim 1, wherein L,

comprises one of the groups represented by Formulae 5A to
SI:

<Formula 5A>
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-continued

>:<*’

<Formula 5B>

<Formula 5C>

<Formula 5D>

<Formula SE>

<Formula SF>

<Formula 5G>

<Formula SH>

<Formula 51>

wherein * indicates a binding site with the anthracene back

bone, and * indicates a binding site with R;.
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8. The heterocyclic compound of claim 1, wherein the

heterocyclic compound is represented by Formula 1a below:

<Formula la>

Rg

wherein

R,, Ry, and R¢ are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a substi-
tuted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
propyl group, a substituted or unsubstituted butyl group,
asubstituted or unsubstituted pentyl group, a substituted
or unsubstituted phenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted diazinyl group, a substituted
or unsubstituted triazinyl group, a substituted or unsub-
stituted quinolinyl group, a substituted or unsubstituted
benzimidazolyl group, a substituted or unsubstituted
benzoxazolyl group, a substituted or unsubstituted imi-
dazopyrimidinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted imida-
zopyrimidinyl group, a substituted or unsubstituted
indolyl group, a substituted or unsubstituted pyrido
indolyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl
group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted thiophenyl group, a
substituted or unsubstituted benzothiophenyl group, a
substituted or unsubstituted dibenzothiophenyl group, a
substituted or unsubstituted oxazolyl group, a substi-
tuted or unsubstituted oxadiazolyl group, or a group
represented by N(Q,)(Q,) where Q, and Q, are each
independently a hydrogen atom, a deuterium atom, a
substituted or unsubstituted methy] group, a substituted
or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted pyridinyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted fluorenyl group, or a substituted or unsub-
stituted carbazolyl group,

L, is a substituted or unsubstituted phenylene group, a
substituted or unsubstituted naphthylene group, a sub-
stituted or unsubstituted fluorenylene group, a substi-
tuted or unsubstituted carbazolylene group, a substituted
or unsubstituted pyridinylene group, a substituted or
unsubstituted pyrimidinylene group, a substituted or
unsubstituted triazinylene group, a substituted or unsub-
stituted anthrylene group, a substituted or unsubstituted
phenanthrenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryce-
nylene group, a substituted or unsubstituted perile-
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nylene group, a substituted or unsubstituted spiro-fluo-
renyl group, or a substituted or unsubstituted
oxadiazolylene group, and

aisanintegerofOto 2, andifais 2, the two L, areidentical
to or different from each other.

9. The heterocyclic compound of claim 8, wherein R;, R,
and R, are each independently a hydrogen atom, a deuterium
atom, halogen atom, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
tuted or unsubstituted propyl group, a substituted or unsub-
stituted butyl group, or one of the groups represented by
Formulae 2A to 2P below:

<Formula 2A>

<Formula 2B>

<Formula 2C>

<Formula 2D>

<Formula 2E>

<Formula 2F>

<Formula 2G>

<Formula 2H>
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wherein
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<Formula 21>

<Formula 2J>

<Formula 2K>

<Formula 21>

<Formula 2M>

<Formula 2N>

<Formula 20>

<Formula 2P>

Z,,7,,75,and 7, are each independently a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a sub-
stituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted
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methoxy group, a substituted or unsubstituted ethoxy
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, and a substituted or
unsubstituted quinolinyl group, or a substituted or
unsubstituted pyridinyl group, a plurality of each of Z,,
75, 75, and 7, are identical to or different from each
other, p and q each are an integer of 1 to 5, ris 1 or 2, and
* indicates a binding site, and

L, is one of the groups manufactured according to Formu-
lae 4A to 4H below:

<Formula 4A>
Ea)s

<\‘ - X
\Y
X/
<Formula 4B>
(Z4)s "'

<Formula 4C>

<Formula 4D>

<Formula 4E>

<Formula 4F>

<Formula 4G>

<Formula 4H>
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wherein 7, and Z; are each independently a hydrogen atom, a
deuterium atom, halogen atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, or a substituted or unsubstituted
phenyl group, a plurality of each of 7, and Z, are identical to
or different from each other, s and t is an integer of 1 to 4, *'
indicates a binding site with the anthracene back bone, and *
indicates a binding site with R;.

10. The heterocyclic compound of claim 8, wherein R, R,,,
and R are each independently a hydrogen atom, a deuterium
atom, halogen atom, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a substi-
tuted or unsubstituted propyl group, a substituted or unsub-
stituted tert-butyl group, and one of the groups represented by
Formulae 3A to 3R below:

<Formula 3A>

%

<Formula 3B>

<Formula 3C>

<Formula 3D>

<Formula 3E>

<Formula 3F>

<Formula 3G>

<Formula 3H>
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-continued

N
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-continued
<Formula 31> <Formula 3N>

atl

N
<Formula 31> 7/

<Formula 30>

<Formula 3P>

<Formula 3K> . <Formula 30>

<Formula 3R>

<Formula 3>

wherein

Z,.1s a hydrogen atom or a phenyl group, Z,, Z,., Z,., and
75 are each independently a hydrogen atom, a deute-
rium atom, a fluoro group, a methyl group, or a phenyl
group, and a plurality of each of 7., 7., 7, and 75, are
identical to or different from each other, and * indicates
a binding site, and

L, comprises one of the groups represented by Formulae
5A to 51 below:

<Formula 3M> <Formula 5A>

*_‘_*’
**'

h
/

<Formula 5B>

<Formula 5C>



US 2013/0001527 A1l

-continued

Ed

*1

N

<Formula 51>

<Formula SE>

<Formula 5F>

<Formula 5G>
<Formula SH>

<Formula 5I>

wherein * indicates a binding site with the anthracene back
bone, and * indicates a binding site with R;.

11. The heterocyclic compound of claim 1, wherein the
heterocyclic compound represented by Formula 1 is one of
Compounds 25, 27, 30, 54, 63, 65, and 75 below:

NP

U ep
O X
N N
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-continued
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12. An organic light-emitting diode comprising:
a first electrode;
a second electrode facing the first electrode; and
a first layer interposed between the first electrode and the
second electrode,
wherein the first layer comprises the heterocyclic compound
of claim 1.
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13. The organic light-emitting diode of claim 12, wherein
the first layer comprises at least one selected from the group
consisting of an electron injection layer, an electron transport
layer, a layer having an electron injection function and an
electron transport function, and an emission layer.

14. The organic light-emitting diode of claim 13, wherein
the first layer comprises an emission layer, and the heterocy-
clic compound is a fluorescent host, a phosphorescent host, or
a fluorescent dopant in the emission layer.

15. The organic light-emitting diode of claim 13, wherein
the first layer comprises an emission layer, and the emission
layer further comprises an anthracene compound, an ary-
lamine compound, or a styryl compound.

16. The organic light-emitting diode of claim 12, further
comprising, between the first electrode and the second elec-
trode, in addition to the first layer, a hole injection layer, a hole
transport layer, a layer having a hole injection function and a
hole transport function, an emission layer, a hole blocking
layer, an electron injection layer, an electron transport layer,
a layer having an electron injection function and an electron
transport function, or a combination of two or more thereof.

17. The organic light-emitting diode of claim 16, wherein
the layer in addition to the first layer comprises an emission
layer, and the emission layer comprises a host and a dopant,
and the dopant is a fluorescent dopant or a phosphorescent
dopant.

18. The organic light-emitting diode of claim 16, wherein
the layer in addition to the first layer comprises an emission
layer, and the emission layer further comprises an anthracene
compound, an arylamine compound, or a styryl compound.

19. The organic light-emitting diode of claim 12, wherein
the first layer comprises an electron transport layer, and the
electron transport layer comprises a heterocyclic compound
and a metal-containing material.

20. The organic light-emitting diode of claim 12, wherein
at least one layer selected from the group consisting of the
first layer and the layer in addition to the first layer is formed
by using a wet process.

21. A flat display device comprising:

a transistor comprising a source, a drain, a gate, and an

active layer; and

the organic light-emitting diode of claim 12,

wherein one of the source and the drain is electrically con-
nected to the first electrode of the organic light-emitting
diode.
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