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(57) ABSTRACT

Provided are an anthracene-based compound represented by
Formula 1 or 2 and an organic light emitting device employ-
ing the same:

N,
X
Anthracene—fL 1{;\///_ N

)
N
Anthracene—L ‘]m—:\;\\/ N\

where R is a hydrogen atom, a halogen atom, a cyano group,
ahydroxyl group, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C3-C20 cycloalkyl
group, a substituted or unsubstituted C5-C30 heterocy-
cloalkyl group, a substituted or unsubstituted C1-C20 alkoxy
group, a substituted or unsubstituted C6-C30 aryl group, a
substituted or unsubstituted C6-C30 aralkyl group or a sub-
stituted or unsubstituted C2-C30 heteroaryl group, L is a
bivalent linking group and a substituted or unsubstituted
C6-C30 arylene group or a substituted or unsubstituted
C2-C30 heteroarylene group, and m is an integer of 0 to 3.
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FIG. 1A
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ANTHRACENE-BASED COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
EMPLOYING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION AND CLAIM OF PRIORITY

[0001] This application claims the benefit of Korean Patent
Application Nos. 10-2007-0109731, filed on Oct. 30, 2007
and 10-2008-0039348, filed on Apr. 28, 2008, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein in its entirety by reference. This application is
a Continuation-in-Part of application Ser. No. 12/285,090
filed on the 29 Sep. 2008, and assigned to the assignee of the
present invention. All benefits accruing under 35 U.S.C. §120
from the present application are also hereby claimed.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates to an anthracene-based
compound and an organic light emitting device employing
the same, and more particularly, to an anthracene-based com-
pound including a pyridinylquinoline-based group or a
pyridinylisoquinoline-based group and an organic light emit-
ting device including an organic layer formed of the
anthracene-based compound.

[0004] 2. Description of the Related Art

[0005] Organic light emitting devices are active light emit-
ting display devices that emit light by recombination of elec-
trons and holes in a thin layer made of a fluorescent or phos-
phorescent organic compound (an organic layer) when a
current is applied to the organic layer. The organic light
emitting devices have advantages such as lightweight, simple
constitutional elements, an easy fabrication process, superior
image quality and a wide viewing angle. Furthermore, the
organic light emitting devices can accomplish perfect cre-
ation of dynamic images and high color purity. The organic
light emitting devices also have electrical properties, such as
low power consumption and low driving voltage, suitable for
portable electronic equipment

[0006] A multi-layered organic light emitting device using
an aluminum quinolinol complex layer and a triphenylamine
derivative layer was developed by Eastman Kodak Co. (U.S.
Pat. No. 4,885,211), and a wide range of light from ultraviolet
lights to infrared lights can be emitted using low-molecular
weight materials when an organic emitting layer is formed
(U.S. Pat. No. 5,151,629).

[0007] Light emitting devices, which are self light emitting
display devices, have wide viewing angles, excellent contrast
and a quick response. Light emitting devices are classified
into inorganic light emitting devices using inorganic com-
pounds to form emitting layers and organic light emitting
devices (OLED) using organic compounds to form emitting
layers. Organic light emitting devices have higher brightness,
lower driving voltages and quicker responses than inorganic
light emitting devices and can realize multi colors. Thus,
organic light emitting devices have been actively studied.
[0008] Typically, an organic light emitting device has an
anode/organic emitting layer/cathode structure. An organic
light emitting device can also have various other structures,
such as an anode/hole injection layer/hole transport layer/
emitting layer/electron transport layer/electron injection
layer/cathode structure or an anode/hole injection layer/hole

Jul. 2, 2009

transport layer/emitting layer/hole blocking layer/electron
transport layer/electron injection layer/cathode structure.

[0009] Materials that are used in organic light emitting
devices can be classified into vacuum deposited materials and
solution coated materials according to a method of preparing
an organic layer. The vacuum deposited materials may have a
vapor pressure of 10-5 torr or greater at the temperature of
500° C. or less and may be low molecular materials having a
molecular weight of 1200 or less. The solution coated mate-
rials may be highly soluble in solvents to be prepared in
solution phase, and include aromatic or heterocyclic groups.

[0010] When an organic light emitting device is manufac-
tured by vacuum deposition, costs may be increased due to
expensive vacuum systems and high resolution pixels may
not be easily manufactured if a shadow mask is used to
prepare pixels for a natural color display. On the other hand,
an organic light emitting device can be easily and inexpen-
sively manufactured using solution coating such as inkjet
printing, screen printing and spin coating and can have rela-
tively high resolution compared to when using a shadow
mask.

[0011] Meanwhile, when aconventional organic light emit-
ting device is operated or stored at a high temperature, emit-
ting light may be changed, light emitting efficiency may be
reduced, driving voltages may be increased, and lifetime may
be shortened. In order to prevent those problems, a novel
electron transport material having a high glass transition tem-
perature (Tg) and capable of reducing driving voltage needs
to be developed.

[0012] Oxadiazole derivatives, ftriazole derivatives,
phenanthroline derivatives and aluminum complexes are
widely used as an electron transport material. In particular,
research on an electron transport material using a phenanthro-
line-based or bipyridine-based compound is vigorously per-
formed.

[0013] International Publication No. WO2007/026847 dis-
closes a compound having a triazole ring structure substituted
with a pyridyl group, and Japanese Patent Publication No. hei
15-123983 discloses a 1,10-phenanthroline-based compound
to manufacture organic light emitting devices having low
driving voltage and high efficiency by using higher electron
transporting capability compared to conventional electron
transport materials.

SUMMARY OF THE INVENTION

[0014] According to an aspect of the present invention,
there is provided an anthracene-based compound comprising
a compound represented by Formula 1 or 2 below:

Formula 1

N,
Anthracene—fL @
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-continued
Formula 2

P N\
thracene—F L -
Anthracene K/\// N\

A,

[0015] wherein R is selected from the group consisting of a
hydrogen atom, a halogen atom, a cyano group, a hydroxyl
group, a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C3-C20 cycloalkyl group, a sub-
stituted or unsubstituted C5-C30 heterocycloalkyl group, a
substituted or unsubstituted C1-C20 alkoxy group, a substi-
tuted or unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 aralkyl group and a substituted or
unsubstituted C2-C30 heteroaryl group,

[0016] L is a bivalent linking group and a substituted or
unsubstituted C6-C30 arylene group or a substituted or
unsubstituted C2-C30 heteroarylene group, and

[0017] m is an integer of 0 to 3.

[0018] According to another aspect of the present inven-
tion, there is provided an organic light emitting device com-
prising:

[0019] a first electrode;
[0020] asecond electrode; and
[0021] atleast one organic layer between the first electrode

and the second electrode, wherein the organic layer com-
prises the anthracene-based compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] A more complete appreciation of the present inven-
tion, and many of the above and other features and advantages
of the present invention, will be readily apparent as the same
becomes better understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings in which like reference symbols
indicate the same or similar components, wherein:

[0023] FIG. 1A is a schematic sectional view of an organic
light emitting device according to an embodiment of the
present invention;

[0024] FIG. 1B is a schematic sectional view of an organic
light emitting device according to another embodiment of the
present invention;

[0025] FIG. 2A is a graph illustrating liquid chromatogra-
phy-mass spectrometry (LCMS) results of a compound pre-
pared according to Example 3;

[0026] FIG. 2B is a graph illustrating thermogravimetric
analysis (TGA) results of a compound prepared according to
Example 3;

[0027] FIG. 2C is a graph illustrating differential scanning
calorimetry (DSC) of a compound prepared according to
Example 3;

[0028] FIG. 3A is a graph illustrating current density-volt-
age characteristics of the organic light emitting devices pre-
pared according to Example 12 and Comparative Example 1;
and
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[0029] FIG. 3B is a graph illustrating voltage-brightness
characteristics of the organic light emitting device prepared
according to Example 12 and Comparative Example 1.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Hereinafter, the present invention will now be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the invention
are shown.

[0031] According to an embodiment of the present inven-
tion, an anthracene-based compound represented by Formula
1 or 2, i.e., anthracene having a pyridinylquinoline-based
group or a pyridinylisoquinoline-based group.

Formula 1
N
N
Anthracene—f L-]ﬁ \/ N
ay,
R
Formula 2

( A
Anthracene— 1. -]W—K;\//_ N\

[0032] InFormulalor2,R is a hydrogen atom, a halogen
atom, a cyano group, a hydroxyl group, a substituted or
unsubstituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C3-C20 cycloalkyl group, a substituted or unsubstituted
C5-C30 heterocycloalkyl group, a substituted or unsubsti-
tuted C1-C20 alkoxy group, a substituted or unsubstituted
C6-C30 aryl group, a substituted or unsubstituted C6-C30
aralkyl group or a substituted or unsubstituted C2-C30 het-
eroaryl group;

[0033] L is a bivalent linking group and a substituted or
unsubstituted C6-C30 arylene group or a substituted or
unsubstituted C2-C30 heteroarylene group; and

[0034] misO,1,2or3.

[0035] In Formula 1 or 2, a hydrogen atom of the
“Anthracene” is substituted with the pyridinylquinoline-
based group or the pyridinylisoquinoline-based group, and
the other hydrogens of the “Anthracene” may be substituted
or unsubstituted.

[0036] Here, the position of the carbons of anthracene is
numbered as follows.

[0037] Inthe anthracene-based compound according to an
embodiment of the present invention, the hydrogen of the
“Anthracene” in Formula 1 or 2 may be substituted with the
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pyridinylquinoline-based group or the pyridinylisoquinoline-
based group in one of the positions selected from the group
consisting of C2, C3, C6, C7, C9 and C10 positions of
anthracene.

[0038] The anthracene-based compound may be repre-
sented by one of Formulae 3 to 6 below:

Formula 3
Ry R,
Ary
Iad;
Rl
Ay
Rs R4
Formula 4
R, R,

R3 —
Ar2
/
Rs R, \ /\Rs
Formula 5
Rjo Ry
N.
AN
Ar Lﬂm—K/\,,—N
Z 0 \__
Ryg O Ry —
/
i~
Ris Ry
Formula 6
Rjo Ry
N
N
Any L']m_K/N—N
2\
Ry O R Ci
//
Ris Ry \ I Ry

[0039] wherein R, to R, are identical to or different from
each other and each independently one selected from the
group consisting of a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, a substituted or unsubstituted
C1-C20 alkyl group, a substituted or unsubstituted C3-C20
cycloalkyl group, a substituted or unsubstituted C5-C30 het-
erocycloalkyl group, a substituted or unsubstituted C1-C20
alkoxy group, a substituted or unsubstituted C6-C30 aryl
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group, a substituted or unsubstituted C6-C30 aralkyl group
and a substituted or unsubstituted C2-C30 heteroaryl group;
[0040] Ar,, Ar, and Ar; are identical to or different from
each other and are each independently a substituted or unsub-
stituted C6-C30 aryl group;

[0041] L isabivalentlinking group, and L. is a substituted or
unsubstituted C6-C30 arylene group or a substituted or
unsubstituted C2-C30 heteroarylene group; and

[0042] misO. 1,2 or3.

[0043] For example, in Formulae 3 to 6, L is independently
one of the bivalent linking group and may be represented by
formulae A-1 through A-21 below:

[A-1]
A
VA
AN
[A-2]
A
VA,
A
[A-3]
[A4]
[A-5]
[A-6]
[A-T]
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-continued
[A-8]
Wi
/a TN\
7 ( />
[A-9]
N
i
[l \
\Si)
/\
R R
[A-10]
.
M
i \
()
I
[A-11]
.
A
U \
S
[A-12]
.
7
i \
J
[A-13]
.
M
/ \!
¢
[A-14]
A YA
I
_ O /
[A-15]
€
=N
[A-16]
TJ \3
N=N
N [A-17]
T/’_\\.—
/7
N
N [A-18]
(%
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-continued
[A-19]

[0044] wherein R' is identical to or different from each
other and one selected from the group consisting of a hydro-
gen atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C3-C20 cycloalkyl group, a substituted
or unsubstituted C5-C30 heterocycloalkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 aralkyl group and a substituted or unsubstituted
C2-C30 heteroaryl group.

[0045] InFormulae3 to 6, Ar,, Ar, and Ar, are identical to
or different from each other, and each independently repre-
sented by any one of the formulae B-1 through B-32 below:

[B-1]
R
/X
[B-2]
/
\ A,
[B-3]
MR
oY
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tinned
§ [B-4]
D ‘ /_R’
/X
- N [B-5]
/ \\ P —
o [B-6]
| X
/ \\ // |
— x
R
[B-7]
| N R
R
[N
[B-8]
\ // AN
E &=
i
[B-9]
/
P __
P [B-10]
O
PN
N
— [B-11]
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[B-12]

[B-13]

[B-14]

[B-15]

[B-16]

[B-17]
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-continued

R R

[B-18]

[B-19]

[B-20]

[B-21]

[B-22]

[B-23]

[B-24]

-continued
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[B-25]

[B-26]

[B-27]

[B-28]

[B-29]

[B-30]

[B-31]

[B-32]
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[0046] wherein R' is identical to or different from each
other and one selected from the group consisting of a hydro-
gen atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C3-C20 cycloalkyl group, a substituted
or unsubstituted C5-C30 heterocycloalkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 aralkyl group and a substituted or unsubstituted
C2-C30 heteroaryl group.

[0047] The alkyl group used herein as a substituent may be
a linear or branched alkyl group having 1 to 20 carbon atorns,
preferably 1 to 12 carbon atoms, and more preferably 1 to 6
carbon atoms. Examples of the unsubstituted alkyl group are
a methyl group, an ethyl group, an n-propyl group, an isopro-
pyl group, a n-butyl group, an isobutyl group, a sec-butyl
group, a t-butyl group, a pentyl group, an iso-amyl group and
a hexyl group.

[0048] The cycloalkyl group used herein is a monovalent
monocyeclic system having 3 to 20 carbon atoms, preferably 3
to 10 carbon atoms, and more preferably 3 to 6 carbon atoms.
[0049] The heterocycloalkyl group used herein is a
monovalent monocyclic system having 3 to 20 carbon atoms,
preferably 3 to 10 carbon atoms, and more preferably 3 to 6
carbon atoms, 1, 2 or 3 carbon atoms of which are substituted
with N, O, P and S.

[0050] The alkoxy group used herein as a substituent may
be an oxygen-containing linear or branched alkoxy group
having an alkyl moiety consisting of 1 to 20 carbon atoms,
preferably 1 to 6 carbon atoms, and more preferably 1 to 3
carbon atoms. Examples of the alkoxy group are a methoxy
group, an ethoxy group, a propoxy group, a butoxy group and
a t-butoxy group. Such an alkoxy group can further be sub-
stituted by at least one halo atom such as fluoro, chloro and
bromo to provide a haloalkoxy group. Examples of the
haloalkoxy group are a fluoromethoxy group, a chlo-
romethoxy group, a trifluoromethoxy group, a trifluoroet-
hoxy group, a fluoroethoxy group and a fluoropropoxy group.
[0051] The aryl group as a substituent is used alone or in a
combination, and is a carbocyclic aromatic system having 6 to
30 carbon atoms and one or more rings. The rings may be
attached using a pendent manner or fused together. The term
“aryl” includes aromatic radicals such as phenyl, naphthyl,
tetrahydronaphthyl, indane and biphenyl. For example, the
aryl group may be phenyl.

[0052] Thearalkyl used herein is an alkyl group in which at
leas one hydrogen atom is substituted with the aryl group.

[0053] The heteroaryl group used herein as a substituent is
a monovalent monocyclic or bicyclic aromatic radical having
at least one 5 to 30 membered ring(s) in which one, two or
three atoms are N, O or S. The heteroaryl group may be a
monovalent monocyclic or bicyclic aromatic radical in which
the hetero atoms is oxidized or quaternized to form, for
example, an N-oxide or a quaternary salt. Examples of the
heteroaryl group are thienyl, benzothienyl, pyridyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, quinolinyl, quinoxalinyl, imi-
dazolyl, furanyl, benzofuranyl, thiazolyl, isoxazolyl, ben-
zisoxazolyl, benzimidazolyl, triazolyl, pyrazolyl, pyrolyl,
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indolyl, 2-pyridonyl, N-alkyl-2-pyridonyl, pyrazinonyl,
pyridazynonyl, pyrimidinonyl, oxazolonyl, corresponding
N-oxides thereof (e.g.. pyridyl N-oxide and quinolinyl N-ox-
ide), and quaternary salts thereof, but are not limited thereto.

[0054] When the alkyl group, the alkoxy group, the aryl
group, the heteroaryl group, the cycloalkyl group and the
heterocycloalkyl group are substituted, the substituents may
be at least one of —F; —Cl; —Br; —CN; —NO,; —OH: a
C1-C20 alkyl group that is unsubstituted or substituted with
—F, —Cl, —Br, —CN, —NQO, or —OH; a C1-C20 alkoxy
group that is unsubstituted or substituted with —F, —Cl,
—Br, —CN, —NO, or —OH; a C6-C30 aryl group that is
unsubstituted or substituted with a C1-C20 alkyl group, a
C1-C20 alkoxy group, —F, —Cl, —Br, —CN, —NO, or
—OH; a C2-C30 heteroaryl group that is unsubstituted or
substituted with a C1-C20 alkyl group, a C1-C20 alkoxy
group, —F, —Cl, —Br, —CN, —NO, or —OH; a C5-C20
cycloalkyl group that is unsubstituted or substituted with a
C1-C20 alkyl group, a C1-C20 alkoxy group, —F, —Cl,
—Br, —CN, —NO, or —OH; a C5-C30 heterocycloalkyl
group that is unsubstituted or substituted with a C1-C20 alkyl
group, a C1-C20 alkoxy group, —F, —Cl, —Br, —CN,
—NO, or —OH; and —N(G6)(G7). Here, G6 and G7 are
each independently a hydrogen atom; C1-C10 alkyl group; or
a C6-C30 aryl group substituted with a C1-C10 alkyl group.
[0055] In particular, R, to R, are each independently
selected from the group consisting of a hydrogen atom, a
halogen atom, a cyano group, a hydroxyl group, a C1-C10
alkyl group, a C1-C10 alkoxy group and a substituted or
unsubstituted derivative such as: a phenyl group, a biphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, a biphenylenyl group, an anthracenyl group. an azu-
lenyl group, a heptalenyl group, an acenaphthylenyl group, a
phenalenyl group, a fluorenyl group, a methylanthryl group, a
phenanthrenyl group, a triphenylenyl group. a pyrenyl group,
achrysenyl group, an ethyl-chrysenyl group, a picenyl group,
a perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a
hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a fluorenyl group, a pyranthrenyl
group, an ovalenyl group, a carbazolyl group, a thiophenyl
group, an indolyl group, a purinyl group, a benzimidazolyl
group, a quinolinyl group, a benzothiophenyl group, a par-
athiazinyl group, a pyrrolyl group, a pyrazolyl group, an
imidazolyl group, an imidazolinyl group, an oxazolyl group,
a thiazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a pyrazinyl group, a thianthrenyl group, a
cyclopentyl group, a cyclohexyl group, an oxiranyl group, a
pyrrolidinyl group, a pyrazolidinyl group, an imidazolidinyl
group, a piperidinyl group, a piperazinyl group, a morpholi-
nyl group, a di(C6-C30 aryl)amino group, a tri(C6-C30 aryl)
silyl group and derivatives thereof.

[0056] Here, the term “derivative” indicates the above-
listed group in which at least one of the hydrogen atoms is
substituted with the substituents described above.
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[0057] The anthracene-based compound according to an
embodiment of the present invention has high solubility in a
solvent in the formation of an organic layer, high thermal
stability since a glass transition temperature (Tg) is high due
to a delocalized electron distribution and a rigid structure, and
excellent electron injecting and transporting capability since
the pyridinylquinoline-based compound or the pyridinyliso-
quinoline-based compound is introduced thereinto. Thus, an
organic light emitting device employing the anthracene-
based compound can have low driving voltage and high effi-
ciency.

[0058] The compound according to an embodiment of the
present invention may be represented by one of Formulae 7 to
74 below, but is not limited thereto.

Formula 7

Formula 8
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-continued

Formula 9

Formula 10

Formula 11
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-continued -continued

Formula 12

Formula 15

Formula 13

Formula 16

Formula 14




US 2009/0166670 Al Jul. 2, 2009
10

-continued -continued

Formula 17 Formula 19

Formula 20

Formula 18
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11

-continued -continued

Formula 21 Formula 23

Formula 22

Formula 24
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-continued -continued

Formula 25 Formula 28

Formula 29

Formula 26

Formula 30

Formula 27
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-continued -continued

Formula 31 Formula 34

Formula 32

Formula 35

Formula 33

Formula 36
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-continued -continued

Formula 37

Formula 38

Formula 39
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Formula 40

Formula 44
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-continued -continued

Formula 45

Formula 46

Formula 47
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Formula 48
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-continued -continued
Formula 53 Formula 59

Formula 60

Formula 55
Formula 61

Formula 56

Formula 57

Formula 63
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-continued -continued

Formula 70

Formula 64

Formula 65

Formula 73

Formula 68

[0059] The compound according to an embodiment of the
present invention may be synthesized using a synthesis prin-
ciple that is commonly used in the art. A synthetic pathway of
the compound is described with respect to synthesis
examples.

[0060] An organic light emitting device according to an
embodiment of the present invention may include a first elec-
trode; a second electrode; and an organic layer interposed
between the first electrode and the second electrode, wherein
the organic layerincludes at least, one anthracene-based com-
pound having a compound represented by Formula 1 or 2.
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[0061] The anthracene-based compound is suitably used to
form an organic layer, preferably an emitting layer, an elec-
tron injection layer, an electron transport layer or a hole
blocking layer. An emitting layer of the organic light emitting
device of an embodiment of the present invention may
include a phosphorescent or fluorescent dopant for red, green,
blue or white color. The phosphorescent dopant may be an
organic metal compound including at least one element
selected from the group consisting of Ir, Pt, Os, Ti, Zr, Hf, Eu,
Tb and Tm.

[0062] Theorganic light emitting device of an embodiment
of the present invention has improved emitting properties
such as low driving voltage and high color purity by employ-
ing a compound having high solubility and thermal stability
and capable of forming a stable organic layer when compared
to a conventional organic light emitting device prepared using
a solution coating method and having low stability of organic
layer.

[0063] Theorganic light emitting device of an embodiment
of the present invention may have various structures. That is,
the organic light emitting device may further include at least
one layer selected from the group consisting of a hole injec-
tion layer, a hole transport layer, a hole blocking layer, an
electron blocking layer, an electron transport layer and an
electron injection layer between the first electrode and the
second electrode.

[0064] More particularly, FIGS. 1A and 1B are schematic
sectional views of organic light emitting devices according to
embodiments of the present invention. The organic light emit-
ting device of FIG. 1A has a structure of a first electrode/a
hole injection layer/a hole transport layer/an emitting layer/
an electron transport layer/an electron injection layer/a sec-
ond electrode. The organic light emitting device of FIG. 1B
has a structure of a first electrode/a hole injection layer/an
emitting layer/an electron transport layer/an electron injec-
tion layer/a second electrode.

[0065] The organic layer in the organic light emitting
device according to an embodiment of the present invention
may further include an organic metal complex.

[0066] The organic metal complex is a compound having
an organic ligand connected to a metal only by coordinate
bonds.

[0067] Here, the metal may be an alkali metal (I) such as L,
Na, K, Rb and Cs; an alkaline earth metal (IT) such as Mg, Ca,
Srand Ba; and a rare earth metal (Il suchas Y, La, Ce, Pr, Nd,
Sm, Eu, Er and Yb.

[0068] The ligands coordinated to the metal in the organic
metal complex may be f-diketones such as acetyl acetone,
1,3-diphenyl-1.3-propanedioene,  2,2,6,6-tetramethyl-3,5-
hepanedione, 1,1,1,2,2,3,3,-heptafiuoro-7,7-dimethyl-4,6-
octanedione and 1-phenyl-1,3-butanedione, salicyl alde-
hydes such as salicyl aldehyde and diethylaminosalicyl
aldehyde, anthracene, naphthalene, phenanthrene, pyrene,
tetracene, coronene, chrysene, fluorescein, perylene, phtha-
loperylene, naphthaloperylene, perinone, phthaloperinone,
naphthaloperinone, diphenylbutadiene, tetraphenylbutadi-
ene, coumarin, oxadiazole, aldazine, bisbenzoxazoline,
bistyryl, pyrazine, cyclopentadiene, quinoline, aminoquino-
line, benzoquinoline, or the like.

[0069] Theamount of the organic metal complex may be in
the range of 0.01 to 90 parts by weight, and preferably 0.1 to
60 parts by weight, based on 100 parts by weight of a solid
that is used to form an organic layer. When the amount of the
organic metal complex is less than 0.01 parts by weight,
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emitting efficiency is not sufficiently improved and electron
injection effect is not sufficient. On the other hand, when the
amount of the organic metal complex is more than 90 parts by
weight, electron transporting capability may be decreased.

[0070] The organic layer in the organic light emitting
device according to an embodiment of the present invention
may further include an ionic salt such as an inorganic salt, an
organic salt or a metal salt.

[0071] Examples of the ionic salt in the organic layer are: a
Li-containing inorganic salt such as LiClO,, LiPF, LiBF,,
LiN(CF;80,), and lithium trifluoromethane sulfonate; an
organic salt such as tetraethylammonium tetrafluoroborate
(TEA-BF,), tetra-n-butylammonium tetrafluoroborate
(Bu,N—BF,), tetraalkyl, aryl or heteroaryl quaternary
ammonium salt such as tetra-n-alkylammonium toluene-
sulfonate, tetra-n-alkylammonium tetrafluoroborate, tetra-n-
alkyl ammonium tetraphenylborate, tetra-n-alkyl ammonium
toluenesulfonate, tetraalkylammonium tetrafluoro borate and
tetra-n-alkyl ammonium tetraphenylborate; and a polymeric
salt such as polystyrenesulfonate (PSS).

[0072] Examples of the metal salt have a metal such as Al
(11D, Mn (II), Zr (IV), Ti (1), HE (IV), Ta (V), Nb (III) and V
(1I). The inorganic salt is prepared by substituting hydrogen
atoms of an inorganic acid, and examples of the inorganic salt
are a halide such as chloride, fluoride, bromide and iodide.
The organic metal salt is prepared by substituting hydrogen
atoms of an organic acid, an aleohol and a dialkylamide, and
examples of the organic salt are: an organic acid salt such as
carboxylic acid and phenol; and salts of alkoxides and dialky-
lamides.

[0073] Here, the carboxylic acid may be aliphatic or aro-
matic. The aliphatic carboxylic acid may have 1 to 24 carbon
atoms, and may be a saturated or unsaturated aliphatic car-
boxylic acid. The aliphatic carboxylic acid may have one or
more carboxyl groups or optionally a substituent such as an
aryl group. Examples of the aliphatic carboxylic acid are a
saturated aliphatic carboxylic acid such as acetic acid, propi-
onic acid, octyl acid, iso-octyl acid, decanoic acid, lauric
acid; an unsaturated aliphatic carboxylic acid such as oleic
acid and ricinoleic acid; and a polyhydric (di or tri) carboxylic
acid such as citric acid and oxalic acid. The aromatic carboxy-
lic acid may have 7 to 24 carbon atoms and a substituent such
as aC1-C8 alkyl group and a hydroxyl group. Examples of the
aromatic carboxylic acid are benzoic acid, o-(t-butyl)benzoic
acid, m-(t-butyl)benzoic acid, salicylic acid, m-(hydroxy)
benzoic acid and p-(hydroxy)benzoic acid). The phenol may
have 6 to 46 carbon atoms, a substituent such as a C1-C8
linear or branched alkyl group, a phenyl group and an aryl
group, and a condensed ring, for example, an aromatic ring
such as a benzene ring having a substituent ring. The phenol
group may be a monovalent phenol or a polyvalent phenol.
Examples of the phenol are phenol, naphthol, 4-phenylphenol
and 2,2-bis(p-hydroxyphenyl)propane (bisphenol A). The
alcohol forming alkoxide may have 1 to 10 carbon atoms, and
examples are: a primary alcohol such as ethyl alcohol, n-pro-
pyl alcohol and n-butyl alcohol; a secondary alcohol such as
isopropyl alcohol and s-butyl alcohol; a tertiary alcohol such
as t-butyl alcohol; and a polyhydric alcohol such as ethylene
glycol.

[0074] The dialkylamide salt may have a substituent and 2
to 24 carbon atoms. Examples of the dialkylamide salt are
dimethylamide, diethylamide and N-methyl-N-ethylamide.
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[0075] However, the listed salts are examples of ionic salts
which can be used in the present invention, and any salts
having cations and anions can be used herein.

[0076] The amount of the ionic salt may vary according to
the use, element and thickness of an emitting layer. The
amount of the ionic salt, however, may be in the range 0 0.01
10 50 parts by weight, and preferably 1 to 30 parts by weight
based on 100 parts by weight a solid that is used to form an
organic layer. Here, when the amount of the ionic salt is less
than 0.01 parts by weight, emitting efficiency of the organic
light emitting device may not be sufficiently improved and
break-down voltage may not be sufficiently reduced. On the
other hand, when the amount of the ionic salt is more than 50
parts by weight, the organic light emitting device may not be
properly operated due to excess concentration of ions.
[0077] Hereinafter, a method of preparing an organic light
emitting device according to an embodiment of the present
invention will be described with reference to FIG. 1A.
[0078] First, a first electrode is formed on a substrate, for
example, by depositing or sputtering a high work-function
material. The first electrode can be an anode. The substrate,
which can be any substrate that is used in conventional
organic light emitting devices, may be a glass substrate or a
transparent plastic substrate with excellent mechanical
strength, thermal stability, transparency, surface smoothness,
ease of treatment, and waterproof. The material that is used to
form the first electrode can be ITO, IZ0, Sn0O,, Zn0, or any
transparent material which has high conductivity.

[0079] Then, a hole injection layer (HIL) can be formed on
the first electrode by vacuum deposition, spin coating, cast-
ing, langmuir Blodgett (LB), or the like.

[0080] When the hole injection layer is formed by vacuum
deposition, deposition conditions may vary according to a
compound that is used to form the hole injection layer, and the
structure and thermal properties of the hole injection layer to
be formed. In general, however, conditions for vacuum depo-
sition may include a deposition temperature of 100 to 500° C.,
a pressure of 107* torr to 1073 torr, a deposition speed of 0.01
to 100 A/sec, and a layer thickness of 10 A to 5 um.

[0081] When the hole injection layer is formed by spin
coating, coating conditions may vary according to a com-
pound that is used to form the hole injection layer, and the
structure and thermal properties of the hole injection layer to
be formed. In general, however, conditions for spin coating
may include a coating speed of 2000 to 5000 rpm and a
heat-treatment temperature of about 80 to 200° C. to remove
a solvent after coating.

[0082] The thickness of the HIL may be in the range of
about 100 to 10000 A, and preferably in the range of 100 to
1000 A. When the thickness of the HIL is less than 100 A, the
hole injecting ability of the HIL may be reduced. On the other
hand, when the thickness of the HIL is greater than 10000 A,
a driving voltage of the device may be increased.

[0083] Then,aholetransport layer (HTL) can be formed on
the HIL by vacuum deposition, spin coating, casting, LB, or
the like. When the HTL is formed by vacuum deposition or
spin coating, the conditions for deposition and coating are
similar to those for the formation of the HIL, although con-
ditions for the deposition and coating may vary according to
the material that is used to form the HTL.

[0084] The thickness of the HTL may be in the range of
about 50 to 1000 A, and preferably 100 to 600 A. When the
thickness of the HTL is less than 50 A, a hole transporting
ability of the HTL may be reduced. On the other hand, when
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the thickness of the HTL is greater than 1000 A, the driving
voltage of the device may be increased.

[0085] Then, anemitting layer (EML) can be formed on the
HTL by vacuum deposition, spin coating, casting, LB, or the
like. When the EML is formed by vacuum deposition or spin
coating, the conditions for deposition and coating are similar
to those for the formation of the HIL, although the conditions
for deposition and coating may vary according to the material
that is used to form the EML.

[0086] The thickness of the EML may be in the range of
about 100 to 1000 A, and preferably in the range of 200 to 600
A. When the thickness of the EML is less than 100 A, the
emitting ability of the EML may be reduced. On the other
hand, when the thickness of the EML is greater than 1000 A,
the driving voltage of the device may be increased.

[0087] A hole blocking layer (HBL) can be formed on the
HTL by vacuum deposition, spin coating, casting, LB, or the
like, to prevent diffusion of triplet excitons or holes into an
electron transport layer when the phosphorescent dopant is
used to form the EML. When the HBL is formed by vacuum
deposition or spin coating, the conditions for deposition and
coating are similar to those for the formation of the HIL,
although the conditions for deposition and coating may vary
according to the material that is used to form the HBL. The
HBL may be formed of a compound represented by one of
Formulae 3 to 6, an oxadiazole derivative, a triazole deriva-
tive, a phenanthroline derivative, BCP or an aluminum com-
plex.

H,C CH,

phenanthroline-containing organic
compound

imidazole-containing organic compound
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triazole-containing organic compound

CH,
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N—N

oxadiazole-containing compound

[0088] The thickness of the HBL may be in the range of
about 50to 1000 A, and preferably in the range of 100 to 300
A. When the thickness of the HBL is less than 50 A, the hole
blocking ability of the HBL may be reduced. On the other
hand, when the thickness of the HBL is greater than 1000 A,
the driving voltage of the device may be increased.

[0089] Then,an electron transport layer (ETL) is formed by
vacuum deposition, spin coating, casting, or the like. When
the ETL is formed by vacuum deposition or spin coating, the
conditions for deposition and coating are, in general, similar
to those for the formation of the HIL, although the conditions
for the deposition and coating conditions may vary according
1o the material that is used to form the ETL. The ETL may be
formed of a known material in the art which stably transports
injected electrons from a cathode, for example, a compound
represented by one of Formulae 3 to 6, an oxazole-based
compound, an iso-oxazole-based compound, a triazole-based
compound, an isothiazole-based compound, an oxadiazole-
based compound, a thiadiazole-based compound, a perylene-
based compound, an aluminum complex such as tris(8-quino-
linolato)-aluminium (Alg3), BAlg, SAlg, Almg3, a gallium
complex such as Gaq20Piv, Gaq'20Ac and 2(Gaq'2), or the
like.

20

perylene-based compound
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[0090] The thickness of the ETL may be in the range of
about 100 to 1000 A, and preferably 200 to 500 A. When the
thickness of the ETL is less than 100 A, the electron trans-
porting ability of the ETL may be reduced. On the other hand,
when the thickness of the ETL is greater than 1000 A, the
driving voltage of the device may be increased.

[0091] Then, an electron injection layer (EIL), which is
formed of a material allowing easy injection of electrons from
acathode, can be formed on the ETL. The material that is used
to form the EIL is not limited.

[0092] The EIL may be formed of LiF, NaCl, CsF, Li,O,
BaO, or the like, which is known in the art. Conditions for the
deposition of the EIL are, in general, similar to conditions for
the formation of the HIL, although they may vary according
to the material that is used to form the EIL.

[0093] The thickness of the EIL may be in the range of
about 1to 100 A, and preferably 5 to 50 A. When the thick-
ness of the EIL is less than 1 A, the electron injecting ability
of the EIL may be reduced. On the other hand, when the
thickness of the EIL is greater than 100 A, the driving voltage
of the device may be increased.

[0094] Finally, a second electrode can be formed on the EIL,
by vacuum deposition, sputtering, or the like. The second
electrode can be used as a cathode. The second electrode may
be formed of a low work-function metal, alloy, electrically
conductive compound or acombination of these. In detail, the
second electrode may be formed of Li, Mg, Al, Al—Li, Ca,
Mg—In, Mg—Ag, or the like. Alternatively, a transparent
cathode formed of ITO or IZO can be used to produce a top
emission light emitting device.

[0095] Hereinafter, the present invention will be described
in greater detail with reference to the following examples.
The following examples are for illustrative purposes only and
are not intended to limit the scope of the invention.

Example 1

1) Synthesis of 3-(5-bromo-pyridin-3-yl)-quinoline

[0096] 1.11 g (4.7 mmol) of 3,5-dibromo-pyridin, 1.0 g
(3.92 mmol) of 3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-
2-yl)-quinoline, 0.45 g of tetrakis(triphenylphosphine)palla-
dium(0), 7.84 ml of 2 M K,CO; and 1.26 g of tetrabutylam-
moniumbromide were added to a 100 ml round-bottom flask
in an argon atmosphere, and 30 ml of THF and 15 ml of
toluene were added thereto. Then, the mixture was refluxed at
100° C. for 16 hours. When the mixture solution turned dark
brown, water was added thereto and the mixture was subject
to extraction using chloroform. Then, an organic layer
extracted therefrom was dried using anhydrous magnesium
sulfate and filtered. A solvent was removed and the resultant
was separated using a silica gel column chromatography to
obtain 1.1 g of white solid 3-(5-bromo-pyridin-3-y1)-quino-
line which was identified by an atmospheric pressure chemi-
cal ionization (APCI) using LCMS (SHIMADZU, LCMS-
IT-TOF). As a result, a main peak was observed at [M+H]+
=285.
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2) Synthesis of a Compound Represented by
Formula 9

[0097] 0.61 g (2.15 mmol) of 3-(5-bromo-pyridin-3-yl)-
quinoline, 1.0 g (1.8 mmol) of 2-(9,10-di-naphthalene-2-yl-
anthracen-2-y1)-4,4,5 5-tetramethyl-[1,3.2] dioxaborolane,
3.6 ml of 1 M K,PO, and 20 m] of dioxane were added to a
100 m! round-bottom flask in an argon atmosphere, and the
mixture was refluxed at 120° C. for 36 hours. When the
reaction is completed, the reaction solution was cooled to
room temperature, and 100 ml of toluene and 100 ml of
distilled water were added thereto to extract an organic layer.
The collected organic layer was dried using MgSO, and con-
centrated. The resultant was separated using a silica gel chro-
matography. Here, an elute solution obtained therefrom was
concentrated and dried to obtain 1.1 g of a solid compound
represented by Formula 9 which was identified by APCI using
LCMS. As a result, a main peak was observed at [M+H]+
=635.

Example 2
1) Synthesis of 3-(6-bromo-pyridin-3-yl)-quinoline

[0098] 1.11 g (4.7 mmol) of 2.6-dibromo-pyridin, 1.0 g
(3.92 mmol) of 3-(4,4,5,5-tetramethyll-[ 1,3,2 ]dioxaborolan-
2-yl)-quinoline, 0.45 g of tetrakis(triphenylphosphine)palla-
dium(0), 7.84 ml of 2M K,CO; and 1.26 g of tetrabutylam-
moniumbromide were added to a 100 m1 round-bottom flask
in an argon atmosphere, and 30 ml of THF and 15 ml of
toluene were added thereto. Then, the mixture was refluxed at
100° C. for 16 hours. When the mixture solution turned dark
brown, water was added thereto and the mixture was subject
to extraction using chloroform. Then, an organic layer
extracted therefrom was dried using anhydrous magnesium
sulfate and filtered. A solvent was removed and the resultant
was separated using a silica gel column chromatography to
obtain 0.8 g of white solid 3-(6-bromo-pyridin-2-yl)-quino-
line which was identified by APCI using LCMS. As a result,
a main peak was observed at [M+H]+=285.

2) Synthesis of a Compound Represented by
Formula 10

[0099] 0.6 g (2.15 mmol) of 3-(6-bromo-pyridin-2-yl)-
quinoline, 1.0 g (1.8 mmol) of 2-(9,10-di-naphthalene-2-yl-
anthracene-2-yl)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolan,
3.6 ml of 1 M K,PO, and 20 ml of dioxane were added to a
100 m! round-bottom flask in an argon atmosphere, and the
mixture was refluxed at 120° C. for 36 hours. When the
reaction is completed, the reaction solution was cooled to
room temperature, and 100 ml of toluene and 100 ml of
distilled water were added thereto to extract an organic layer.
The collected organic layer was dried using MgSO,, and con-
centrated. The resultant was separated using a silica gel chro-
matography. An elute solution obtained therefrom was con-
centrated and dried to obtain 0.9 g of a compound represented
by Formula 10 which was identified by APCI using LCMS.
As aresult, a main peak was observed at [M+H]+=0635.

Jul. 2, 2009

Example 3
1) Synthesis of 3-(5-bromo-pyridin-2-y1)-quinoline

[0100] 1.1 g(4.7mmol)of2,5-dibromo-pyridin, 1.0 g(3.92
mmol) of 3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-
quinoline, 0.45 g of tetrakis(triphenylphosphine)palladium
(0), 7.84 ml of 2M K,CO; and 1.26 g of tetrabutylammoni-
umbromide were added to a 100 ml round-bottom flask in an
argon atmosphere, and 30 ml of THF and 15 ml of toluene
were added thereto. Then, the mixture was refluxed at 100° C.
for 16 hours. When the mixture solution turned dark brown,
water was added thereto and the mixture was subject to
extraction using chloroform. Then, an organic layer extracted
therefrom was dried using anhydrous magnesium sulfate and
filtered. A solvent was removed and the resultant was sepa-
rated using a silica gel column chromatography to obtain 1.2
g of white solid 3-(5-bromo-pyridin-2-y1)-quinoline which
was identified by APCI using LCMS. As aresult, a main peak
was observed at [M+H]+=285.

2) Synthesis of a Compound Represented by
Formula 11

[0101] 0.62 g (2.15 mmol) of 3-(5-bromo-pyridin-2-y1)-
quinoline, 1.0 g (1.8 mmol) of 2-(9,10-di-naphthalene-2-yl-
anthracene-2-y1)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolan,
3.6 ml of 1 M K,PO, and 20 ml of dioxane were added to a
100 ml round-bottom flask in an argon atmosphere, and the
mixture was refluxed at 120° C. for 36 hours. When the
reaction is completed, the reaction solution was cooled to
room temperature, and 100 ml of toluene and 100 ml of
distilled water were added thereto to extract an organic layer.
The collected organic layer was dried using MgSO,, and con-
centrated. The resultant was separated using a silica gel chro-
matography. An elute solution obtained therefrom was con-
centrated and dried to obtain 1.1 g of a compound represented
by Formula 11 which was identified by APCI using LCMS.
As aresult, a main peak was observed at [M+H]+=635.
[0102] FIG. 2A is a graph illustrating LCMS results of a
compound prepared according to Example 3. In addition,
thermal analysis of the compound of Formula 11 was per-
formed using a thermo gravimetric analysis (TGA) in a N,
atmosphere at a temperature in the range of room temperature
to 600° C. at 10° C./min in a Pt pan ina disposable Al pan and
a differential scanning calorimetry (DSC) at a temperature in
the range of room temperature to 400° C. in a disposable Al
pan. As aresult, Td was 467° C. and Tg was 163° C. F1G. 2B
is a graph illustrating thermogravimetric analysis (TGA)
results of the compound of Formula 11 prepared according to
Example 3 and FIG. 2C is a graph illustrating differential
scanning calorimetry (DSC) of the compound of Formula 11
prepared according to Example 3.

Example 4

1) Synthesis of 4-(5-bromo-pyridin-2-y1)-isoquino-
line

[0103] 4-(5-bromo-pyridin-2-yl)-isoquinoline was synthe-
sized in the same manner as in Example 1-1), except that
2,5-dibromo-pyridin was used instead of 3,5-dibromo-pyri-
din and 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-
isoquinoline was used instead of 3-(4,4,5,5-tetramethyl-[1,3,
2]dioxaborolan-2-yl)-quinoline. The 4-(5-bromo-pyridin-2-
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yl)-isoquinoline was identified by APCI using LCMS. As a
result, a main peak was observed at [M+H]+=285.

2) Synthesis of a Compound Represented by
Formula 12

[0104] A compound represented by Formula 12 was syn-
thesized in the same manner as in Example 1-2), except that
4-(5-bromo-pyridin-2-yl)-isoquinoline was used instead of
3-(5-bromo-pyridin-3-y1)-quinoline. The compound of For-
mula 12 was identified by APCI using LCMS. As a result, a
main peak was observed at [M+H]+=635.

Example 5

1) Synthesis of 4-(6-bromo-pyridin-2-yl)-isoquino-
line

[0105]  4-(6-bromo-pyridin-2-yl)-isoquinoline was synthe-
sized in the same manner as in Example 1-1), except that
2,6-dibromo-pyridin was used instead of 3,5-dibromo-pyri-
din and 4-(4,4.5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-
isoquinoline was used instead of 3-(4,4,5,5-tetramethyl-[ 1,3,
2]dioxaborolan-2-yl)-quinoline. The 4-(6-bromo-pyridin-2-
yl)-isoquinoline was identified by APCI using LCMS. As a
result, a main peak was observed at [M+H]+=285.

2) Synthesis of a Compound Represented by
Formula 13

[0106] A compound represented by Formula 13 was syn-
thesized in the same manner as in Example 1-2), except that
4-(6-bromo-pyridin-2-yl)-isoquinoline was used instead of
3-(5-bromo-pyridin-3-yl)-quinoline, The compound of For-
mula 13 was identified by APCI using LCMS. As a result, a
main peak was observed at [M+H]+=635.

Example 6

1) Synthesis of 3-[5-(4-bromo-phenyl)-pyridin-2-yl]-
quinoline

[0107] 1.0 g (3.51 mmol) of 3-[5-(4-bromo-pheny!)-pyri-
din-2-yl]-quinoline, 2.8 g (14 mmol) of 4-bromophenylboric
acid, 0.4 g of tetrakis(triphenylphosphine)palladium(0), 7 ml
of 2 M K,CO, and 1.2 g of tetrabutylammoniumbromide
were added to a 100 ml round-bottom flask in an argon atmo-
sphere, and 30 ml of THF and 15 ml of toluene were added
thereto. Then, the mixture was refluxed at 100° C. for 12
hours. When the reaction is completed, water was added
thereto and the mixture was subject to extraction using chlo-
roform. Then, an organic layer extracted therefrom was dried
using anhydrous magnesium sulfate and filtered. A solvent
was removed and the resultant was separated using a silica gel
column chromatography to obtain 0.54 g of white solid 3-[5-
(4-bromo-phenyl)-pyridin-2-yl]-quinoline.

2) Synthesis of a Compound Represented by
Formula 16

[0108] 0.5 g (1.38 mmol) of 3-[5-(4-bromo-phenyl)-pyri-
din-2-yl]-quinoline, 1.0 g (1.8 mmol) of 2-(9,10-di-naphtha-
lene-2-yl-anthracene-2-yl)-4,4,5, 5-tetramethyl-[ 1,3,2]diox-

aborolan, 3.6 ml of 1M K,PO, and 20 ml of dioxane were
addedto a 100 ml round-bottom flask in an argon atmosphere,
and the mixture was refluxed at 120° C. for 36 hours. When
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the reaction is completed, the reaction solution was cooled to
room temperature, and 100 ml of toluene and 100 ml of
distilled water were added thereto to extract an organic layer.
The collected organic layer was dried using MgSO,, and con-
centrated. The resultant was separated using a silica gel chro-
matography. An elute solution obtained therefrom was con-
centrated and dried to obtain 0.67 g of a compound
represented by Formula 16 which was identified by APCI
using LCMS. As a result, a main peak was observed at
[M+H]+=710.

Example 7

Synthesis of a Compound Represented by Formula
42

[0109] A compound represented by Formula 42 was syn-
thesized in the same manner as in Example 4-2), except that
44,5 5-tetramethyl-2-(10-naphthalene-2-yl-anthracene-9-
y1)-[1,3,2]dioxaborolan was used instead of 2-(9,10-di-naph-
thalene-2-yl-anthracene-2-y1)-4,4,5,5-tetramethyl-[1,3,2] di-
oxaborolan.

Example 8

Synthesis of a Compound Represented by Formula
44

[0110] A compound represented by Formula 44 was syn-
thesized in the same manner as in Example 3-2), except that
44,5 5-tetramethyl-2-(10-naphthalene-2-yl-anthracene-9-
y1)-[1,3,2]dioxaborolan was used instead of 2-(9,10-di-naph-
thalene-2-yl-anthracene-2-y1)-4,4,5,5-tetramethyl-[1,3,2] di-
oxaborolan.

[0111] The compound of Formula 44 was identified by
APClI using LCMS. As a result, a main peak was observed at
[M+H]+=509.

BExample 9

Synthesis of a Compound Represented by Formula
54

[0112] A compound represented by Formula 54 was syn-
thesized in the same manner as in Example 6-2), except that
4.4.5 5-tetramethyl-2-(10-naphthalene-2-yl-anthracene-9-
y1)-[1,3,2]dioxaborolan was used instead of 2-(9,10-di-naph-
thalene-2-yl-anthracene-2-y1)-4,4,5,5-tetramethyl-[1,3,2]di-
oxaborolan.
[0113] The compound of Formula 54 was identified by
APCI using LCMS. As a result, a main peak was observed at
[M+H]+=585.

Example 10
Manufacturing and Evaluating Organic Light Emit-

ting Devices
[0114] An organic light emitting device having the follow-
ing structure was manufactured using a compound repre-
sented by Formula 9 of Example 1 as an electron transport
layer, acompound represented by Formula 75 as a hole injec-
tion layer, a compound represented by Formula 76 as a hole
transport layer, a compound represented by Formula 77 as a
host of an emitting layer and a compound represented by
Formula 78 as a dopant of the emitting layer: ITO/compound
of Formula 75 (600 A)/compound of Formula 76 (300
A)/compound of Formula 77: compound of Formula 78 (300
A)eompound of Formula 9 (250 AYLiF(6 A)YAl(1500 A).
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atats
Py

Formula 76

atats
e oY

[0115] A 15Q/cm? (1000 A)ITO glass substrate was cut to
a size of 50 mmx50 mmx0.7 mm, microwave washed with
acetone isopropyl alcohol for 15 minutes, microwave washed
with pure water for 15 minutes, and washed with UV ozone
for 30 minutes to prepare an anode. The compound of For-
mula 75 was vacuum deposited on the substrate to form a hole
injection layer and the compound of Formula 76 was vacuum
deposited thereon to form a hole transport layer. Then, the
compounds of Formulas 77 and 78 were vacuum deposited in
a weight ratio of 100:5 to form an emitting layer. Then, the
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Formula 75
CH;
N
CH;
Formula 77

Formula 78

compound of Formula 9 was vacuum deposited on the emit-
ting layer to form an electron transport layer with a thickness
of 250 A. LiF was vacuum deposited on the electron transport
layer to form an electron injection layer with a thickness of 6
A, and Al was vacuum deposited on the electron injection
layer to form a cathode with a thickness 0f 1500 A. As a result,
an organic light emitting device illustrated in FIG. 1A was
manufactured. The obtained organic light emitting device had
20 cd/m? of blue light emitting at 6.1 V. Emitting efficiency
and brightness half-life at 2000 nit were shown in Table 1.
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Examples 11 to 18

Manufacturing and Evaluating Organic Light Emit-
ting Devices

[0116] Organic light emitting devices were prepared in the
same manner as in Example 10, except that compounds syn-
thesized according to Examples 2 to 9 were respectively used
instead of the compound of Formula 9 synthesized according
to Example 1 as an electron transport layer. Driving voltage,
emitting efficiency and brightness half-life at 2000 nit of the
organic light emitting device were measured when the
organic light emitting device is driven at a constant current of
20mA/cm?, and the results are shown in Table 1. In particular,
FIG. 3A is a graph illustrating current density-voltage char-
acteristics of the organic light emitting devices prepared
according to Example 12 and Comparative Example 1, and
FIG. 3B is a graph illustrating voltage-brightness character-
istics of the organic light emitting devices prepared according
to Example 12 and Comparative Example 1.

Comparative Example 1

Manufacturing and Evaluating Organic Light Emit-
ting Devices

[0117] Anorganic light emitting device was prepared in the
same manner as in Example 10, except that Alq3 was used
instead of the compound of Formula 9 synthesized according
to Example 1 as an electron transport layer. Emitting effi-
ciency, emitting color, brightness and lifetime of the organic
light emitting device were measured, and the results are
shown in Table 1. Driving voltage, emitting efficiency and
brightness half-life at 2000 nit of the organic light emitting
device were measured when the organic light emitting device
is driven at a constant current of 20 mA/cm?, and the results
are shown in Table 1.

TABLE 1
Emitting
Driving efficiency ~ Brightness
Compound voltage (V) (cd/A)  half-life (hr)
Example 10 Example 1 6.1 6.8 1330
Example 11 Example 2 57 7.2 1280
Example 12 Example 3 5.8 7.3 1400
Example 13 Example 4 5.8 7.2 1350
Example 14 Example § 5.7 7.2 1300
Example 15 Example 6 6.2 6.6 1310
Example 16 Example 7 5.6 6.7 1200
Example 17 Example § 5.5 6.7 1220
Example 18 Example 9 54 6.9 1290
Comparative  Alg3 6.6 6.7 1240
Example 1

[0118] It can be seen that the compound according to an
embodiment of the present invention has low driving voltage
and high emitting efficiency and has higher electron injecting
and transporting capabilities compared to the compound used
as an electron transport layer in Comparative Example 1. In
addition, the organic light emitting devices employing the
compounds of the present invention have excellent lifetime
characteristics since the compounds of the present invention
have high thermal stability due to a high glass transition
temperature.

[0119] 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
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in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. An anthracene-based compound represented by one of
Formula 1 and 2:

. 0
N
L

Anthracene—+1L

2
N
Anthracene—+L ']M—K/\ N\

wherein R is selected from the group consisting ofa hydro-
gen atom, a halogen atom, a cyano group, a hydroxyl
group, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C3-C20 cycloalkyl
group, a substituted or unsubstituted C5-C30 heterocy-
cloalkyl group, a substituted or unsubstituted C1-C20
alkoxy group, a substituted or unsubstituted C6-C30
aryl group, a substituted or unsubstituted C6-C30
aralkyl group and a substituted or unsubstituted C2-C30
heteroaryl group:;

L is a bivalent linking group and a substituted or unsubsti-
tuted C6-C30 arylene group or a substituted or unsub-
stituted C2-C30 heteroarylene group; and

m is an integer of 0 to 3.

2. The anthracene-based compound of claim 1, wherein the
position of the Anthracene connected to the pyridinylquino-
line-based group or the pyridinylisoquinoline-based group is
one of the positions selected from the group consisting of C2,
C3, C6, C7, C9 and C10 positions of the anthracene.

3. The anthracene-based compound of claim 1, represented
by one of Formulae 3 to 6 below:

@)

Rg




US 2009/0166670 Al Jul. 2, 2009
26

-continued
@

(N
Z 5\ (A2]

[A-3]

[A-4]

(©)

wherein R, to R, are identical to or different from each
other and each independently one selected from the
group consisting of a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, a substituted or unsub-
stituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C3-C20 cycloalkyl group, a substituted or unsub-
stituted C5-C30 heterocycloalkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 aralkyl group and a substituted or
unsubstituted C2-C30 heteroaryl group;

Ar,, Ar, and Ar; are identical to or different from each

other, and Ar,, Ar, and Ar; are each independently a
substituted or unsubstituted C6-C30 aryl group;

[A-7]

[A-8]

L is a bivalent linking group, and L is a substituted or , (A9]
unsubstituted C6-C30 arylene group or a substituted or
unsubstituted C2-C30 heteroarylene group; and _k )—

m is an integer of 0 to 3. .

4. The anthracene-based compound of claim 3, wherein L
is independently selected from the groups represented by
formulae A-1 through A-21:
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-continued

N
Tﬂ \
=N
LN
_/
N
N
(
L

[A-10]

[A-11]

[A-12]

[A-13]

[A-14]

[A-15]

[A-16]

[A-17]

[A-18]

[A-19]

[A-20]
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-continued
[A-21]
—<//" \
N N

wherein R' is identical to or different from each other and
one selected from the group consisting of a hydrogen
atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C3-C20 cycloalkyl group, a
substituted or unsubstituted C5-C30 heterocycloalkyl
group, a substituted or unsubstituted C1-C20 alkoxy
group, a substituted or unsubstituted C6-C30 aryl group,
a substituted or unsubstituted C6-C30 aralkyl group and
a substituted or unsubstituted C2-C30 heteroaryl group.

5. The anthracene-based compound of claim 3, wherein
Ar,, Ar, and Ar, are identical to or different from each other
and each independently represented by one of formulae B-1
through B-32:

[B-1]
R
/X

— [B-2]
/
\ A,

B3]

[B4]

[B5]

[B-6]
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-continued
[B-7]
SO
| v
[B-8]
\ AN
&=
Va
[B-9]
g\ /E’i Ny,
(K
[B-10]
~ C)@
TR
PN
A\
[B-11]
T
wAN A\ /
A\
[B-12]
e )
— IS\ 7/
\_/
[B-13]
7~ AN
I ,
[ R
Y F
< > <\ />
[B-14]
i

-continued
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[B-15]
/
[B-16]
R

[B-17]

[B-18]

[B-19]

[B-20]
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-continued -continued
[B-21] [B-29]

X
[B-22] _ \ /

q [B-30]
4N\ e ,
./ N\ A 7\ /X"
_/ \/
[B-23] q [B-31]
SN
_/ \/
[B-24] o [B-32]
4N
50
[B-25] wherein R' is identical to or different from each other and

one selected from the group consisting of a hydrogen
atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C3-C20 cycloalkyl group, a
substituted or unsubstituted C5-C30 heterocycloalkyl
group, a substituted or unsubstituted C1-C20 alkoxy
group, a substituted or unsubstituted C6-C30 aryl group,
[B-26] a substituted or unsubstituted C6-C30 aralkyl group and
a substituted or unsubstituted C2-C30 heteroaryl group.

6. The anthracene-based compound of claim 1, wherein the
compound represented by Formula 1 or 2 is one of the com-
pounds represented by Formulae 7 to 74:

[B-27]

[B-28]
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an

12)

a3)
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(16)
(14)

15)

a7
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20)

as)

19
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(23) @5)

@4
26)
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(33) (36)
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-continued

-continued

35

6)
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-continued

-continued

(3)

8)

(49)

(3)




US 2009/0166670 Al Jul. 2, 2009
38

-continued -continued




US 2009/0166670 Al Jul. 2, 2009
39

7. An anthracene-based compound represented by one of
-continued Formulae 3 to 6:

/
TN
Ris Ri4 \ 7 v,

wherein R, to R, are identical to or different from each
other and each independently one selected from the
group consisting of a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, a substituted or unsub-
stituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C3-C20 cycloalkyl group, a substituted or unsub-
stituted C5-C30 heterocycloalkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 aralkyl group and a substituted or
unsubstituted C2-C30 heteroaryl group;
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Ar,, Ar, and Ar; are each independently selected from the
group consisting of Formulae B-1 through B-32: -continued
[B-10]
Z
, (B-1] A e
/X M
— (B-2] =
[B-11]
AT
YA \ 7/
\ % _
(B-3] [B-12]
/ —
\ R I =V
P — | \ /
[B-4] : : \: /:
‘ \—R’ [B-13]
/XN XN
_ AN
\_/
[B-14]
7z
(B-6] |
=N
\ 7 \J
R
R
[B-7]
| \ \ [B-15]
R
_ I
[B-8] \| / \7/
R’ —
\ 1/
4 K
\ Ao
g
Va [B-16]
(B-9]
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-continued

[B-17]

[B-18]

[B-19]

[B-20]

[B-21]

[B-22]

[B-23]

[B-24]

41
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-continued
[B-25]
[B-26]
[B-27]
. [B-28]
\/
Si
A N\_ /X
_/ \ /
N [B-29]
|
N.
A N\_ /X
_/ \/
5 [B-30]
I N\_/ X
_/ \/
S [B-31]
AN\ X
_/ \/
[B-32]

L is one of the groups represented by formulae A-1 through
A-21:

[A-1]
R
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-continued -continued
[ A_ 2] , [A' 1 1 ]

y A
< T

" [A-12]
\ A
[A-3]
(J
[A-13]
N
[A-4] k )
[A-14]

Q f‘\ //\ ﬁ\

[A-6]

R [A-16]
&' [A-17]
/\/
R [A-18]
[A-7]
[A-19]
[A-8]
[A-20]
: " \_/
A o
i \! j
AN L\
/\ iy
R R
, [A-10] N N
/R \ 7/
'
Lo
N wherein R'is identical to or different from each other and

| one selected from the group consisting of a hydrogen
g atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a
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substituted or unsubstituted C3-C20 cycloalkyl group, a
substituted or unsubstituted C5-C30 heterocycloalkyl
group, a substituted or unsubstituted C1-C20 alkoxy
group, a substituted or unsubstituted C6-C30 aryl group,
a substituted or unsubstituted C6-C30 aralkyl group and
a substituted or unsubstituted C2-C30 heteroaryl group;
and

m is an integer of 0 to 3.

8. An organic light emitting device comprising a first elec-
trode, a second electrode, and at least one organic layer
between the first electrode and the second electrode, the
organic layer comprising the anthracene-based compound of
claim 7.

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

atleast one organic layer between the first electrode and the
second electrode, said at least one organic layer com-
prising at least one layer comprised of an anthracene-
based compound represented by one of Formula 1 and
Formula 2:

N,
X
Anthracene—fL ﬂ{;\//_ N\
4

@
( ﬁ
Anthracene—f L-]m—K/N N\

wherein R is selected from the group consisting of a hydro-
gen atom, a halogen atom, a cyano group, a hydroxyl
group, a substituted or unsubstituted C1-C20 alkyl
group, a substituted or unsubstituted C3-C20 cycloalkyl
group, a substituted or unsubstituted C5-C30 heterocy-
cloalkyl group, a substituted or unsubstituted C1-C20
alkoxy group, a substituted or unsubstituted C6-C30
aryl group, a substituted or unsubstituted C6-C30
aralkyl group and a substituted or unsubstituted C2-C30
heteroaryl group;

L is a bivalent linking group and a substituted or unsubsti-
tuted C6-C30 arylene group or a substituted or unsub-
stituted C2-C30 heteroarylene group; and

m is an integer of 0 to 3.

10. The organic light emitting device of claim 9, wherein
the at least one layer comprised of the compound represented
by one of Formula 1 and Formula 2 is one selected from the
group consisting of an emitting layer, a hole blocking layer,
an electron transport layer and an electron injection layer.
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11. The organic light emitting device of claim 9, wherein
said at least one organic layer further comprises at least one
layer selected from the group consisting of an emitting layer,
a hole injection layer, a hole transport layer, an electron
blocking layer, a hole blocking layer, an electron transport
layer and an electron injection layer between the first elec-
trode and the second electrode.

12. The organic light emitting device of claim 9, wherein
the layer comprised of the compound represented by one of
Formula 1 and Fornula 2 further comprises an organic metal
complex.

13. The organic light emitting device of claim 9, wherein
the layer comprised of the compound represented by one of
Formula 1 and Formula 2 further comprises an ionic salt.

14. The organic light emitting device of claim 9, wherein
the position of the Anthracene connected to the pyridi-
nylquinoline-based group or the pyridinylisoquinoline-based
group is one of the positions selected from the group consist-
ing of C2, C3, C6, C7, C9 and C10 positions of the
anthracene.

15. The organic light emitting device of claim 9, wherein
the anthracene-based compound is represented by one of
Formulae 3 to 6 below:

@)

AI2 8
Rs Ry
@)
R, Ry
N.
) O II/ S
R, L+— N
I 7
Arp
N
K R, \ / Rg
5)
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Ryp Ry ©
Bes
N,
N
Arz L']m_ N
D=V
Rys O Ri3 —
/
Rys Ry \ /\R”

wherein R, to R, are identical to or different from each
other and each independently one selected from the
group consisting of a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, a substituted or unsub-
stituted C1-C20 alkyl group, a substituted or unsubsti-
tuted C3-C20 cycloalkyl group, a substituted or unsub-
stituted C5-C30 heterocycloalkyl group, a substituted or
unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or
unsubstituted C6-C30 aralkyl group and a substituted or
unsubstituted C2-C30 heteroaryl group;

Ar,, Ar, and Ar, are identical to or different from each
other, and Ar,, Ar, and Ar; are each independently a
substituted or unsubstituted C6-C30 aryl group;

L is a bivalent linking group, and L is a substituted or
unsubstituted C6-C30 arylene group or a substituted or
unsubstituted C2-C30 heteroarylene group; and

m is an integer of 0 to 3.

16. The organic light emitting device of claim 15, wherein
L is one of the groups represented by formulae below:

y [A-]
_r/\
— [A-2]
A
£\
[A-3]
[A-4]
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-continued

VY

YA

[A-7]

[A-8]

[A-10]

[A-11]

[A-12]

[A-13]
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[A-14] [B-1]

-~ < N\ 7 [B-2)

[AL5]
£\
a
—V )
K
[A-16] \ IR
/7 \ B3
_< \ [B-3]
-
N=N P
[A-17] )
[B-4]
AN
[A-18] / ) | /_R'
A\
[B-5]
[A-19]
[B-6]
[A-20]
N '
\ 7/ R
[B-7]

[A-21]

\_// [B-8]

wherein R' is identical to or different from each other and
one selected from the group consisting of a hydrogen
atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C3-C20 cycloalkyl group, a
substituted or unsubstituted C5-C30 heterocycloalkyl (B-9]
group, a substituted or unsubstituted C1-C20 alkoxy
group, a substituted or unsubstituted C6-C30 aryl group,
a substituted or unsubstituted C6-C30 aralkyl group and

asubstituted or unsubstituted C2-C30 heteroaryl group. \ /
17. The organic light emitting device of claim 15, wherein Y AN Y
Ar,, Ar, and Ar, are identical to or different from each other | @
and each independently represented by one of formulae B-1 &

through B-32:



US 2009/0166670 Al
46

-continued
[B-10]
7 |
—4 >\: R
N
A\
[B-11]
OO
N I\ /
[B-12]
ey
=\ I \ /
\ 7/
[B-13]
7 X
| R
=\ AN
< > <\ />
[B-14]
~
—~ O~
WA
R
[B-15]
— | N
\ /U
R’ —
\ 1/
R
[B-16]

g
Was)
\ /\

Jul. 2, 2009

-continued

e

R’

[B-17]

[B-18]

[B-19]

[B-20]

[B-21]

[B-22]

[B-23]
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[B-25]
[B-26]
y \ [B-27]
I [B-28]
\/
Si
S \_/ X
_/ \/
N [B-29]
|
N
7 N\_ /X
_/ \/
. [B-30]
A N\_ /X
_/ \ /
S [B-31]
SN\ X
_/ U/
[B-32]

Vatss
O\

wherein R' is identical to or different from each other and
one selected from the group consisting of a hydrogen
atom, a halogen atom, a cyano group, a hydroxyl group,
a substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C3-C20 cycloalky! group, a
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substituted or unsubstituted C5-C30 heterocycloalkyl

group, a substituted or unsubstituted C1-C20 alkoxy

group, a substituted or unsubstituted C6-C30 aryl group,

a substituted or unsubstituted C6-C30 aralkyl group and

a substituted or unsubstituted C2-C30 heteroaryl group.

18. The organic light emitting device of claim 9, wherein

the anthracene-based compound is represented by one of

Formula 1 and Formula 2 is one of the compounds repre-
sented by Formulae 7 to 74:

7

8)
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