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BIPYRIDINE-BASED COMPOUND AND
ORGANIC LIGHT EMITTING DIODE
EMPLOYING ORGANIC LAYER
COMPRISING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0034685, filed on
Apr. 15, 2008 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to bipyridine-based com-
pounds and organic light emitting diodes (OLED) employing
organic layers including the same. More particularly, the
invention is directed to bipyridine-based compounds suitable
for electron transport layers of OLEDs and to OLEDs
employing organic layers including the bipyridine-based
compounds.

2. Description of the Related Art

Organic light emitting diodes (OLEDs) are self-emitting
devices that realize multiple colors and have wide viewing
angles, excellent contrast and quick response. A typical
OLED structure includes an anode, a hole transport layer
(HTL), an emitting layer (EML), an electron transport layer
(ETL) and a cathode sequentially stacked on a substrate. The
HTL, EML and ETL are thin films formed of organic com-
pounds. An OLED with such a structure operates by applying
a voltage to the anode and cathode, which causes holes
injected from the anode to move to the EML via the HTL, and
electrons injected from the cathode to move to the EML via
the ETL. The holes and electrons recombine in the EML to
generate excitons. When the excitons drop from an excited
state to aground state, a fluorescent material in the EML emits
light. The material used to form the ETL may be a heteroaro-
matic compound such as an oxadiazole, a thiadiazole, or the
like. However, conventional OLEDs have insufficient driving
voltage, current density, efficiency and lifetime characteris-
tics.

SUMMARY OF THE INVENTION

According to embodiments of the present invention, a
bipyridine-based compound has excellent electron transport-
ing capability.

In some embodiments of the present invention, an organic
light emitting diode employs the bipyridine-based compound
and has low driving voltage, high current density, high effi-
ciency and long lifetime.

According to an embodiment of the present invention, a
bipyridine-based compound is represented by Formula 1.

Formula 1

| Ra)m

| T L)a—Ar
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2

In Formula 1, each of R, and R, is independently selected
from halogen atoms, hydroxyl groups, cyano groups, substi-
tuted and unsubstituted C,-C;, alkyl groups, substituted and
unsubstituted C,-C,, alkoxy groups, substituted and unsub-
stituted C,-C,,, alkenyl groups, substituted and unsubstituted
Cs-C5, aryl groups, and substituted and unsubstituted C,5-C,,
heteroaryl groups. L is selected from substituted and unsub-
stituted C4-C,,, arylene groups, and substituted and unsubsti-
tuted C;-C;,, heteroarylene groups. Ar is selected from sub-
stituted and unsubstituted C,-C, , aryl groups, and substituted
and unsubstituted C;-C;, heteroaryl groups. Also, n is an
integer ranging from 0 to 4, m is an integer ranging from 0 to
3, and a is an integer ranging from 0 to 5.

According to another embodiment of the present invention,
an organic light emitting diode (OLED) includes a first elec-
trode, a second electrode, and an organic layer between the
first and second electrodes, where the organic layer includes
the bipyridine-based compound.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by reference to the
following detailed description when considered in conjunc-
tion with the attached drawings in which:

FIG. 1 is a schematic sectional view of an organic light
emitting diode (OLED) according to an embodiment of the
present invention; and

FIG. 2 is a graph comparing the voltage-current densities
of the OLEDs prepared according to Examples 1 to 9 and
Comparative Examples A to E.

DETAILED DESCRIPTION OF THE INVENTION

A bipyridine-based compound according to an embodi-
ment of the present invention is represented by Formula 1.
The positions of the carbons of the two pyridine rings in the
bipyridine-based compound are numbered as shown in For-
mula 1".

Formula 1
Ry
N,
| (RZ)m
\ X \j
| ——(L)a—Ar
N\/
Formula 1’
(RZ:)m
_ c4
(@) l(L)a_Ar

o

Referring to Formula 1', if the C4' position of pyridine ring
(b) is attached to the C2 position of pyridine ring (a) to which
Ar or L is bonded, a compound having unexpectedly good
electron transporting capability may be obtained. That is, if N
is at the para-position with respect to the C4' carbon of the
second pyridine ring (i.e., pyridine ring (b) to which Ar (or L)
is not bonded), unexpectedly good electron transporting
capabilities (suitable for an organic layer of an organic light
emitting diode (OLED)) may be obtained. As described with
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reference to Formula 1'above, if pyridine ring (a) is bonded to
pyridine ring (b), the polarity of the molecule may increase,
thereby imparting good electron transporting capabilities.

In Formula 1, each of R, and R, may be independently
selected from halogen atoms, hydroxyl groups, cyano groups,
substituted and unsubstituted C,-C,,, alkyl groups, substi-
tuted and unsubstituted C,-C,, alkoxy groups, substituted
and unsubstituted C,-C,, alkenyl groups, substituted and
unsubstituted C,-C,, aryl groups, and substituted and unsub-
stituted C5-C,, heteroaryl groups.

In one embodiment, for example, each of R, and R, may be
independently selected from halogen atoms, hydroxyl
groups, cyano groups, substituted and unsubstituted C,-C,,
alkyl groups, substituted and unsubstituted C,-C,, alkoxy
groups, substituted and unsubstituted C4-C, , aryl groups, and
substituted and unsubstituted C,-C, , heteroaryl groups. Non-
limiting examples of suitable substituents for R, and R,
include halogen atoms, hydroxyl groups, cyano groups,
C,-C,,alkyl groups, C,-C, ,haloalkyl groups, phenyl groups,
halophenyl groups, C,-C,, alkylphenyl groups, C,-C,,
alkoxyphenyl groups, naphthyl groups, halonaphthyl groups,
C,-C,, alkylnaphthyl groups, and C,-C,, alkoxynaphthyl
groups.

In Formula 1, n and m indicate the number of substituents
on pyridine rings (a) and (b), where n is an integer ranging
from 0 to 4, and m is an integer ranging from 0 to 3. At least
one of n and m may be 0. If both n and m are 0, the pyridine
rings (a) and (b) do not include substituents. R, is as defined
above, and when more than one R, is present, they may be the
same or different from each other. Similarly, R, is as defined
above, and when more than one R, is present, they may be the
same or different from each other.

In Formula 1, L may be selected from substituted and
unsubstituted C4-C,, arylene groups, and substituted and
unsubstituted C5-C;, heteroarylene groups. In one embodi-
ment, for example, L may be selected from substituted and
unsubstituted C,-C,, arylene groups, and C;-C,, het-
eroarylene groups. In still another embodiment, . may be
selected from substituted and unsubstituted C,-C,, arylene
groups, and at least one of the hydrogen atoms of the C4-C,
arylene group may be substituted with a substituent selected
from C,-C, , alkyl groups (e.g., methyl groups, ethyl groups,
and propyl groups), and C,-C, , alkoxy groups (e.g., methoxy
groups, ethoxy groups, and propoxy groups).

In addition, in Formula 1, a indicates the number of L
substituents, and may be 0, 1, 2,3, 4 or 5. Ifa is 0, the bipyridyl
group is directly bonded to the Ar substituent. In one embodi-
ment, a may be 0, 1 or 2. If ais 2 or greater, the at least two Ls
may be the same or different.

In Formula 1, Ar may be selected from substituted and
unsubstituted C,-Cs,, aryl groups, and substituted and unsub-
stituted C;-C,,, heteroaryl groups. Nonlimiting examples of
suitable unsubstituted C,-C;, aryl groups or unsubstituted
C;-C;4, heteroaryl groups include phenyl groups, pentalenyl
groups, indenyl groups, naphthyl groups, azulenyl groups,
heptalenyl groups, indacenyl groups, acenaphthylenyl
groups, fluorenyl groups, phenalenyl groups, phenanthrenyl
groups, anthracenyl groups, fluoranthrenyl groups, triph-
enylenyl groups, pyrenyl groups, chrysenyl groups, naph-
thacenyl groups, picenyl groups, perylenyl groups, pentaphe-
nyl groups, hexacenyl groups, thiophenyl groups, pyrrolyl
groups, pyrazolyl groups, pyrazolidinyl groups, imidazolyl
groups, imidazolinyl groups, pyrazinyl groups, pyrimidinyl
groups, indolyl groups, benzimidazolyl groups, and quinoli-
nyl groups. In one embodiment, for example, the unsubsti-
tuted C4-Cs, aryl groups or unsubstituted C,-C;, heteroaryl
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4
groups are selected from anthracenyl groups, pyrenyl groups,
perylenyl groups, and chrysenyl groups.

Insome embodiments, when Ar is a substituted C4-C,,, aryl
group or a substituted C,-C,,, heteroaryl group, at least one of
the hydrogen atoms thereof may be substituted with a sub-
stituent selected from halogen atoms, cyano groups, hydroxyl
groups, C,-C,, alkyl groups, C,-C,, alkoxy groups, phenyl
groups, phenyl groups substituted with at least one C,-C,,
alkyl group or at least one C,-C,, aryl group, naphthyl
groups, naphthyl groups substituted with at least one C,-C
alkyl group or at least one C4-C,, aryl group, anthracenyl
groups, anthracenyl groups substituted with at least one
C,-C palkyl group orat least one C¢-C, , aryl group, fluorenyl
groups, fluorenyl groups substituted with at least one C,-C,,
alkyl group or at least one C4-C,, aryl group, phenanthrenyl
groups, phenanthrenyl groups substituted with at least one
C,-C, alkyl group or at least one C4-C,, aryl group., pyrenyl
groups, pyrenyl groups substituted with at least one C,-C,,
alkyl group or at least one C4-C,, aryl group, fluoranthrenyl
groups, and fluoranthrenyl groups substituted with at least
one C,-C,, alkyl group or at least one C,-C,, aryl group.

The bipyridine-based compound according to embodi-

ments of the present invention may be a compound repre-
sented by Formulae 2a to 2j below:

Formula 2a

Q2 1R2

R
\<L>a4[ \”< 4
)
N

Q A

Formula 2b
Rl )n
Q RZ)M/\H/\)
\<L>E

Q

Formula 2¢
(Rl)n
Xy
Ro)m |
|\ NN
= N
L)a
Qi
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-continued
N,
( A
(Rl)n _I
VP a
7o
(RZ)m _l
VP a

Qi
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Formula 2d

Formula 2e

Formula 2f

Formula 2g
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-continued
Formula 2h
Formula 2i
X 7
®o, Y
aL)
X |
X
X
Q
Fomula 2j
N.
§

In Formula 2a through 2j, Ry, R,, L, a, n and m are as
described above with respect to Formula 1. Each of Q, and Q,
may be independently selected from halogen atoms, cyano
groups, hydroxyl groups, C, -C, , alkyl groups, C,-C, , alkoxy
groups, phenyl groups, phenyl groups substituted with at least
one C,-C,, alkyl group or at least one C4-C,, aryl group,
naphthyl groups, naphthy! groups substituted with at least one
C,-C,, alkyl group or at least one C,-C |, aryl group, anthra-
cenyl groups, anthracenyl groups substituted with at least one
C,-C,,alkyl group oratleast one C4-C, , aryl group, fluorenyl
groups, fluorenyl groups substituted with at least one C,-C,,
alkyl group or at least one C4-C,, aryl group, phenanthrenyl
groups, phenanthrenyl groups substituted with at least one
C,-C,, alkyl group or at least one C¢-C,, aryl group. pyrenyl
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groups, pyrenyl groups substituted with at least one C,-C,, _continued
alkyl group or at least one C,-C, , aryl group, fluoranthrenyl ®) Formula 3g
groups, and fluoranthrenyl groups substituted with at least /'”/ >
one C,-C,, alkyl group or at least one C4-C,, aryl group. |
Some nonlimiting examples the bipyridine-based com- > ’;Rl)
pound according to embodiments of the present invention (L)a T
include the compounds represented by Formulae 3a, 3b, 3e to N
3j.
10
Formula 3a
Q 15
Formula 3h
20
Qi
Formula 3b
(Rl)n 25
Q
30
Formula 3i
Q] 35
(RZt)m
Formula 3e \/
o(Ro) ” | .
/ / L), R \n( D
| AR) 4 N N
X B |
Ly N | j P
. N
45 |
Q7] \/\
Q
Fomula 3j
50
Formula 3f
55
60
Q T
|
F

65 In Formulae 3a, 3b, and 3e through 3j, R;, R,,n,m, [, and a
are as defined above with respect to Formula 1, and Q, and Q,
are as described above with respect to Formula 2a through 2;.
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Some nonlimiting examples of suitable substituents for Ar _continued
in Formula 1 include those depicted in Formula 4 below.

Formula 4 3

O O 10

CCoCCO
A A
SR C I
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-continued

D&

In the compounds depicted in Formula 4, * is a binding site
with -(L),- or a bipyridyl group.

In Formula 1, nonlimiting examples of suitable unsubsti-
tuted C,-C;, alkyl groups include methyl groups, ethyl
groups, propyl groups, isobutyl groups, sec-butyl groups,
pentyl groups, iso-amyl groups, and hexyl groups. At least
one of the hydrogen atoms in the C,-C;, alkyl group may be
substituted with a substituent selected from halogen atoms,
hydroxyl groups, nitro groups, cyano groups, amino groups,
amidino groups, hydrazine groups, hydrazone groups, cat-
boxyl groups and salts thereof, sulfone groups and salts
thereof, phosphoric acids and salts thereof, C,-C;, alkoxy
groups, C¢-C,, aryl groups, and C;-C,, heteroaryl groups.

In Formula 1, nonlimiting examples of suitable unsubsti-
tuted C,-C,, alkoxy groups include methoxy groups, ethoxy
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groups, and isopropyloxy groups. At least one of the hydro-
gen atoms in the C,-C,, alkoxy group may be substituted with
the same substituents described above with reference to the
C,-C,, alkyl group.

In Formula 1, the unsubstituted C,-C,,, alkenyl group is a
group including a carbon-carbon double bond at the center or
end of the alkyl group. Nonlimiting examples of suitable
C,-C5, alkenyl groups include ethylene groups, propylene
groups, butylene groups, and hexylene groups. At least one of
the hydrogen atoms in the C,-C;, alkenyl group may be
substituted with the same substituents described above with
reference to the C,-C,, alkyl group.

In Formula 1, the unsubstituted C-C,,, aryl group is a
carbocyclic aromatic system having from 6 to 30 carbon
atoms and including at least one aromatic ring, wherein the at
least one ring may be fused to another ring or connected to
another ring through a single bond. At least one of the hydro-
gen atoms in the C,-C,, alkenyl group may be substituted
with the same substituents described above with reference to
the C,-C;, alkyl group.

Nonlimiting examples of suitable substituted and unsub-
stituted C4-C,4 aryl groups include phenyl groups, C,-C,,
alkylphenyl groups (e.g., ethylphenyl groups), C,-C, , alkyl-
biphenyl groups (e.g., ethylbiphenyl groups), halophenyl
groups (e.g., 0-, m- and p-fluorophenyl groups, and dichlo-
rophenyl groups), dicyanophenyl groups, trifluoromethox-
yphenyl groups, o-, m- and p-tolyl groups, o-, m- and p-cu-
menyl groups, mesityl groups, phenoxyphenyl groups, (c.,0-
dimethylbenzene)phenyl groups, (N,N'-dimethyl)
aminophenyl groups, (N,N'-diphenyl)aminophenyl groups,
pentalenyl groups, indenyl groups, naphthyl groups,
halonaphthyl groups (e.g., fluoronaphthyl groups). C,-C,
alkylnaphthy! groups (e.g., methylnaphthyl groups), C,-C,,
alkoxynaphthyl groups (e.g., methoxynaphthyl groups),
anthracenyl groups, azulenyl groups, heptalenyl groups,
acenaphtylenyl groups, phenalenyl groups, fluorenyl groups,
anthraquinolyl groups, methylanthryl groups, phenanthryl
groups, triphenylene groups, pyrenyl groups, chrysenyl
groups, ethyl-chrysenyl groups, picenyl groups, perylenyl
groups, chloroperylenyl groups, pentapheny! groups, penta-
cenyl groups, tetraphenylenyl groups, hexaphenyl groups,
hexacenyl groups, rubicenyl groups, coronenyl groups, tri-
naphthylenyl groups, heptaphenyl groups, heptacenyl
groups, pyranthrenyl groups, and ovalenyl groups.

InFormula 1, the unsubstituted C,-C;, hetero aryl group is
an aromatic ring system including at least one carbon ring
having at least one heteroatom selected from N, O, P and S.
The atleast one ring may be fused with another ring or bonded
by a single bond. At least one of the hydrogen atoms in the
C;-Cy, hetero aryl group may be substituted with the same
substituents described above with reference to the C,-C,,
alkyl group.

In Formula 1, nonlimiting examples of suitable unsubsti-
tuted C;-C;, heteroaryl groups include pyrazolyl groups, imi-
dazolyl groups, oxazolyl groups, thiazolyl groups, triazolyl
groups, tetrazolyl groups, oxadiazolyl groups, pyridinyl
groups, pyridazinyl groups, pyrimidinyl groups, triazinyl
groups, carbazolyl groups, indolyl groups, quinoliny! groups,
and isoquinolinyl groups.

Nonlimiting examples of suitable bipyridine-based com-
pounds satisfying Formula 1 include Compounds 1 to 27
depicted below.
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The bipyridine-based compounds represented by Formula
1 may be employed in organic layers of OLEDs. Thus, an
OLED according to an embodiment of the present invention
includes a first electrode, a second electrode, and an organic
layer between the first and second electrodes, where the
organic layer includes a bipyridine-based compound repre-
sented by Formula 1. The organic layer may be an electron
transport layer (ETL). The OLED may further include at least
one layer selected from hole injection layers (HILs), hole
transport layers (HTLs), electron blocking layers (EBLs),
emitting layers (EMLs), hole blocking layers (HBLs), ETLs
and electron injection layers (EILs). For example, if the
organic layer including a bipyridine-based compound of For-
mula 1 is an ETL, the OLED may further include a HIL, a
HTL, an EML and an EIL. Furthermore, if the EML is formed
of a phosphorescent material, the OLED may further include
a HBL. The OLED may also have other structures.

FIG. 1is a schematic sectional view of an OLED according
to an embodiment of the present invention. The OLED of
FIG. 1 has a first electrode/HIL/HTL/EML/ETL/EIL/second
electrode structure. The structure of the OLED is not particu-
larly limited, however, and may be any suitable structure. For
example, the OLED may have a first electrode/HIL/HTL/
EML/HBL/ETL/second electrode structure, or a first elec-
trode/HIL/HTL/EML/HBL/ETIL/EIL/second electrode
structure. The ETL may include a compound of Formula 1.

The EML of the OLED may include a red, green, blue or
white phosphorescent or fluorescent dopant. The phosphores-
cent dopant may be an organometallic compound including at
least one element selected from Ir, Pt, Os, Ti, Zr, Hf, Eu, Th
and Tm.

A method of manufacturing an OLED according to the
present invention will now be described with reference to the
OLED illustrated in FIG. 1. First, a first electrode is formed
by depositing or sputtering a high work-function material on
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a substrate. The first electrode can be an anode or a cathode.
The substrate, which can be any substrate that is commonly
used in OLEDs, may be a glass substrate or a transparent
plastic substrate that is easily treated, is waterproof, and has
good mechanical strength, thermal stability, transparency,
and surface smoothness. The first electrode can be formed of
ITO, 170, SnQ,, ZnO, or any highly conductive material,
without limitation. The first electrode may be a transparent,
semitransparent or reflective electrode.

A HIL can then be formed on the first electrode by vacuum

deposition, spin coating, casting, Langmuir Blodgett (LB)
deposition, or the like. When the HIL is formed by vacuum
deposition, the vacuum deposition conditions may vary
according to the compound that is used to form the HIL and
the desired structure and thermal properties of the HIL to be
formed. In general, however, the vacuum deposition may be
performed at a deposition temperature ranging from about
100° C. to about 500° C., under a pressure ranging from about
1072 torr to about 107> torr, and at a deposition speed ranging
from about 0.01 to about 100 A/sec.

When the HIL is formed by spin coating, the coating con-
ditions may vary according to the compound that is used to
form the HIL and the desired structure and thermal properties
of the HIL to be formed. In general, however, the coating
speed may range from about 2000 rpm to about 5000 rpm, and
the temperature for heat treatment (which is performed to
remove solvent after coating) may range from about 80° C. to
about 200° C.

The HIL may be formed of any material that is commonly
used to form HILs, without limitation. Nonlimiting examples
of suitable materials for the HIL include phthalocyanine com-
pounds (such as copperphthalocyanine), star-burst type
amine derivatives (such as TCTA (shown below), m-MT-
DATA (shown below), and m-MTDAPB), soluble and con-
ductive polymers (such as polyaniline/dodecylbenzene-
sulfonic acid (Pani/DBSA)), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate (PEDOT/
PSS): polyaniline/camphor sulfonic acid (Pani/CSA), and
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS).

i)

O O
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m-MTDATA

The thickness of the HIL may range from about 100 A to
about 10,000 A. In one embodiment, for example, the thick-
ness of the HIL ranges from about 100 A to about 1000 A.
When the thickness of the HIL is less than about 100 A, the
hole injecting ability of the HIL, may decrease. On the other
hand, when the thickness of the HIL is greater than about
10,000 A, the driving voltage of the OL.ED may increase.

A hole transport layer (HTL) can be formed on the HIL by
vacuum deposition, spin coating, casting, LB deposition, or
the like. When the HTL is formed by vacuum deposition or
spin coating, the conditions for deposition or coating are
similar to those described above with respect to formation of
the HIL, although the conditions for deposition and coating
may vary according to the material that is used to form the
HTL.

The HTL may be formed of any material that is commonly
used to form HTLs, without limitation. Nonlimiting
examples of suitable materials for the HTL include carbazole
derivatives (such as N-phenylcarbazole and polyvinylcarba-
zole), and amine derivatives having aromatic condensation
rings (such as N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,
1-biphenyl]-4,4'-diamine(TPD), and N,N'-di(naphthalene-1-
y1)-N,N'-diphenyl benzydine (c-NPD), both shown below).

avats

TPD

40

45

50

55

60

65

24

-continued

a-NPD

The thickness of the HTL may range from about 50 A to
about 1000 A. In one embodiment, for example, the thickness
ranges from about 100 A to about 600 A. When the thickness
of the HTL is less than about 50 A, the hole transporting
ability of the HTL may decrease. On the other hand, when the
thickness of the HTL is greater than about 1000 A, the driving
voltage of the OLED may increase.

An emissive layer (EML) can be formed on the HTL by
vacuum deposition, spin coating, casting, LB deposition, or
the like. When the EML is formed by vacuum deposition or
spin coating, the conditions for deposition and coating are
similar to those described above with respect to the formation
ofthe HIL, although the conditions for deposition and coating
may vary according to the material that is used to form the
EML.

The EML may be formed of any material that is commonly
used to form EMLs, without limitation. The EML may be
formed of any known host and dopant, and the dopant may be
any known fluorescent or phosphorescent dopant.

Nonlimiting examples of suitable host materials include
Algs, 4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinyl-
carbazole (PVK), or distyrylarylene (DSA).

Nonlimiting examples of suitable dopants include Ir(PPy),
(PPy=phenylpyridine)(green), (4,6-F2ppy).lrpic, platinum
(1) octaethylporphyrin (PtOEP), compounds represented by
Formula 4, Firpric, TBPe, and the like.

Formula 4
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TBPe

The amount of the dopant may range from about 0.1 to
about 20 parts by weight based on 100 parts by weight of the
material that is used to form the EML (i.e., the total weight of
the host and dopant). In one embodiment, for example, the
amount of the dopant ranges from about 0.5 to about 12 parts
by weight based on 100 parts by weight of the material that is
used to form the EML (i.e., the total weight of the host and
dopant). If the amount of the dopant is less than about 0.1
parts by weight, the effects of the dopant are negligible. On
the other hand, if the amount of the dopant is greater than
about 20 parts by weight, concentration quenching may
occur.

The thickness of the EML may range from about 100 A to
about 1000 A. In one embodiment, for example, the thickness
ranges from about 200 A to about 600 A. When the thickness
of the EML is less than about 100 A, the emitting ability of the
EML may decrease. On the other hand, when the thickness of
the EML is greater than about 1000 A, the driving voltage of
the OLED may increase.

AHBL (as shown in FIG. 1) may be formed on the EML in
order to prevent diffusion of triplet excitons or holes into the
ETL when a phosphorescent dopant is used to form the EML.
The HBL may be formed of any material that is commonly
used to form HBLs, without limitation. Nonlimiting
examples of suitable materials for the HBL include oxadiaz-
ole derivatives, triazole derivatives, phenanthroline deriva-
tives, BAlg, and BCP.

The thickness of the HBL may range from about 50 A to
about 1000 A. In one embodiment, for example, the thickness
ranges from about 100 A to about 300 A. When the thickness
of the HBL is less than about 50 A, the hole blocking ability
of the HBL may decrease. On the other hand, when the
thickness of the HBL is greater than about 1000 A, the driving
voltage of the OLED may increase.

An ETL is formed on the HBL or EML by vacuum depo-
sition, 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
described above with respect to the formation of the HIL,
although the conditions for deposition and coating may vary
according to the material that is used to form the ETL.

The ETL may be formed of a bipyridine-based compound
represented by Formula 1 described above. The ETL may also
include a quinoline derivative, nonlimiting examples of
which include tris(8-quinolinorate)aluminum (Alg,), TAZ,
and the like.

The thickness of the ETL. may range from about 100 A to
about 1000 A. In one embodiment, for example, the thickness
may range from about 100 A to about 500 A. When the
thickness of the ETL is less than about 100 A, the electron
transporting ability of the ETL may decrease. On the other
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hand, when the thickness of the ETL is greater than about
1000 A, the driving voltage of the OLED may increase.

An EIL, which is formed of a material that allows easy
injection of electrons from the cathode, can be formed on the
ETL. Nonlimiting examples of suitable materials for the EIL
include LiF, NaCl, CsF, Li,0, BaQ, and the like. The condi-
tions for deposition of the EIL are, in general, similar to the
conditions described above with respect to the formation of
the HIL, although the conditions may vary according to the
material that is used to form the EIL.

The thickness of the EIL. may range from about 1 A to
about 100 A. In one embodiment, for example, the thickness
ranges from about 5 A to about 90 A. When the thickness of
the EIL is less than about 1 A, the electron injecting ability of
the EIL may decrease. On the other hand, when the thickness
of the EIL is greater than about 100 A, the driving voltage of
the OLED may increase.

Finally, a second electrode can be formed on the EIL by
vacuum deposition, sputtering, or the like. The second elec-
trode can be used as a cathode or an anode. The second
electrode may be formed of a low work-function metal, an
alloy, an electrically conductive compound, or a combination
thereof. Nonlimiting examples of suitable materials for the
second electrode include 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 front surface
light emitting device.

Hereinafter, the synthesis of some exemplary compounds
and manufacture of OLEDs including organic layers having
these compounds will be described. However, the Synthesis
Examples and Examples are provided for illustrative pur-
poses only, and are not intended to limit the scope of the
present invention.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

Compound 1 was synthesized through Reaction Scheme 1
below:

Reaction Scheme 1
0
I I NHy, ——
0
0
I l Br —
0]
la
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= Synthesis of Intermediate 1a
v
i 10 g (44 mmol) of copper bromide and 8 g (35.8 mmol) of
60 2-aminoanthraquinone were added to 250 ml of bromic acid
PN and the mixture was heated at 65° C. After gas generation was
HO OH completed, the mixture was cooled to room temperature and
AN added to 1000 ml of a 20% HCI solution. The resulting
Pdy(dba)3/P(o-Tolyl)3/KyCOs product was subject to extraction using dichloromethane.
> 1,4-Dioxane/H,0 65 Residual moisture was removed using anhydrous magnesium
Br N Br sulfate and the resulting product was dried under reduced

pressure. The dried resulting product was separated using
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column chromatography (dichloromethane:n-hexane=4:1) to
obtain 7.7 g of Intermediate 1a.

Synthesis of Intermediate 1b

10 g (34.8 mmol) of Intermediate 1a was added to 100 ml
dried tetrahydrofuran (THF) under a nitrogen atmosphere,
and the mixture was cooled to =78° C. Then, 10 mmol of
0.5M 2-naphthyl magnesium bromide was gradually added
thereto. The temperature of the mixture was raised to room
temperature and the mixture was stirred for 3 hours. An
ammonium chloride solution was added to the mixture and
the resulting product was subject to extraction using methyl-
ene chloride. An organic layer was dried using anhydrous
magnesium sulfate and the solvent was evaporated. After the
resulting product was dissolved in a small amount of ethyl
ether, petroleum ether was added thereto and the mixture was
stirred for several hours to obtain a solid compound. The solid
compound was filtered and dried in a vacuum to obtain 17.6 g
of dinaphthyldialcohol.

17.6 g (32.4 mmol) of the dinaphthyldialcohol was dis-
persed in 200 ml of acetic acid under a nitrogen atmosphere,
and 53.4 g (330 mmol) of potassium iodide and 58 g (660
mmol) of sodium hypophosphite hydrate were added thereto.
Then, the mixture was stirred and refluxed for 3 hours. Then,
the mixture was cooled to room temperature, washed with
water and methanol, and dried in a vacuum to obtain 11.3 g of
light yellow Intermediate 1b.

Synthesis of Intermediate 1c

5 2(9.81 mmol) of Intermediate 1b was dissolved in 70 ml
of dried THF under a nitrogen atmosphere and 4.7 ml (11.8
mmol) of butyl lithium was added thereto at —=78° C. The
resulting product was stirred at the same temperature for 1
hour, and 2.20 ml (29.4 mmol) of trimethyl borate was added
thereto. The temperature of the mixture was raised to room
temperature, a 2N HCI solution was added thereto after 1
hour, and the mixture was stirred for 3 hours. The resulting
solid compound was filtered while washing with toluene to
obtain 3.27 g of yellow Intermediate 1c (Yield: 70%).

Synthesis of Intermediate 1d

181.16 g (764.72 mmol) of 2,6-dibromo pyridine and 132
£ (955.9 mmol) of K,CO; were dissolved in a mixed solution
of 1,4-dioxane and H,O (v/v=1000 m[:500 mL). 47 g
(382.36 mmol) of pyridine-4-boronic acid, 7 g (7.65 mmol) of
tris(dibenzylideneacetone)di-palladium and  P(o-Tolyl),
were added thereto and the mixture was refluxed for 12 hours
while heating at 105° C. After the reaction was completed, the
mixture was cooled to room temperature and washed with
ethyl acetate while being filtered with Cellite. The resulting
product was subject to extraction twice using ethyl acetate by
adding aNaCl solution to a water layer. The resulting product
was dried using MgSQO,, concentrated, filtered using column
chromatography (Hex:EA=1:1), and suspension-stirred in a
Hexane(30 mL)-Ether(10 mL) solution, and then filtered to
obtain 22.5 g of Intermediate 1d (Yield: 25%). "H NMR (300
MHz, CDCl,) 8 7.52 (d, 1H), 7.66 (t, 1H), 7.76 (d, 1H) 7.87
(d, 2H), 8.73 (d, 2H).

Synthesis of Compound 1

6.0 g (12.63 mmol) of Intermediate 1c and 2.7 g (11.48
mmol) of Intermediate 1d were added to a mixed solvent of
4.76 g (34.4 mmol) potassium carbonate solution and THF,
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398 mg (3 mol %) of Pd(PPh,), was added thereto while
stirring, and the mixture was heated for 12 hours. The mixture
was cooled to room temperature and subject to extraction
using dichloromethane, Then, an organic layer was collected,
and the solvent was removed by drying the organic layer
using anhydrous magnesium sulfate under reduced pressure.
The resulting product was filtered using column chromatog-
raphy (ethyl acetate:dichloromethane=3:7) to obtain 5.3 g of
yellow solid Compound 1 (Yield: 80%). "HNMR (500 MHz,
CDCl;) 38.73 (d, 1H), 8.49 (d, 1H), 8.18-8.10 (m, 5H), 8.05
(dd, 2H), 8.01 (d, 1H), 7.97 (d, 1H), 7.88 (d, 1H), 7.84 (m,
1H), 7.80-7.62 (m, 13H), and 7.36 (dd, 2H).

Synthesis Example 2
Synthesis of Compound 6
Yellow solid Compound 6 was synthesized as in Synthesis
Example 1 except that pyrene-1-boronic acid was used
instead of Intermediate 1¢ (Yield: 83%). "H NMR (500 MHz,
CDCl,) 8 8.75 (dd, 2H), 8.50 (d, 1H), 8.29 (d, 1H), 8.26-8.20
(m, 3H), 8.14-7.99 (m, 7H), 7.90 (dd, 1H), and 7.80 (dd, 1H).
Synthesis Example 3
Synthesis of Compound 7

Compound 7 was synthesized according to Reaction
Scheme 2 below:

Reaction Scheme 2
B(OH),
N Br
+ | —_—
=N
®
P
N
Tc 1d
Z Sy
A PN
N
Compound 7



As shown in Reaction Scheme 2, yellow powder Com-
pound 7 was synthesized as in Synthesis Example 1 except
that Intermediate 7c was used instead of Intermediate 1c. 'H
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NMR (500 MHz, CDCL) 8 8.68 (dd, 2H), 8.13-7.94 (m, 8H).
7.74-7.60 (m, 8H), and 7.37-7.33 (m, 4H).

Synthesis of Compound 8

Compound 8 was synthesized according to Reaction

Scheme 3 below:

B(OH),

Synthesis Example 4
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Compound 8

Intermediate 8d was synthesized by reacting Compound 1d
with 4-bromophenylboronic acid through a Suzuki coupling
reaction. 6.27 g (18 mmol) of Intermediate 8¢ and 4.67 g (15
mmol) of Intermediate 8d were added to a mixed solvent of
THF and K,COj, solution, 0.52 g (3 mol %) of Pd(PPhs,), was
added thereto while stirring, and the mixture was heated for
12 hours. The mixture was cooled to room temperature and
subject to extraction using dichloromethane. Then, an organic
layer was collected, and the solvent was removed by drying
the organic layer using anhydrous magnesium sulfate under
reduced pressure. The resulting product was filtered using
column chromatography (ethyl acetate:dichloromethane=3:
7) to obtain 6.8 g of yellow solid Compound 8 (Yield: 85%).
'"H NMR (500 MHz, CDCl,) & 8.79 (dd, 2H), 8.41 (d, 2H),
8.12-8.08 (m, 3H), 8.06-7.93 (m, SH), 7.87-7.79 (m, 3H),
7.74 (dd, 2H), 7.69-7.60 (m, 5H), 7.38-7.31 (m, 4H).

Synthesis Example 5

Synthesis of Compound 11

Compound 11 was synthesized according to Reaction
Scheme 4 below:

O\ /O

X Br
7 |
+ /N
A
| Z
N
11c
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Compound 11

As shown in Reaction Scheme 4, yellow solid Compound
11 was synthesized as in Synthesis Example 1 except that
Intermediate 11c¢ was used instead of Intermediate 1¢ (Yield:
82%). 'H NMR (500 MHz, CDCl,) $ 8.73 (dd, 2H), 8.32 (d,
1H), 8.25 (t, 3H), 8.08 (d, 1H), 8.03 (dd, 2H), 7.98 (t, 1H),
7.87 (d, 1H), 7.74-7.67 (m, 4H), 7.53-7.50 (m, 3H).

Synthesis Example 6

Synthesis of Compound 13

Compound 13 was synthesized according to Reaction
Scheme 5 below:

Reaction Scheme 5
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Compound 13

As shown in Reaction Scheme 5, yellow solid Compound
13 was synthesized as in Synthesis Example 1 except that
Intermediate 13¢ was used instead of Intermediate 1¢ (Yield:
74%). "H NMR (500 MHz, CDCl,) 3 8.69 (1 H), 8.41 (dd,
2H), 8.18 (dd, 1H), 8.02 (dd, 2H), 7.96-7.38 (m, 22H), 1.60 (s,
6H), 1.58 (s, 6H).

Synthesis Example 7

Synthesis of Compound 15

Compound 15 was synthesized according to Reaction
Scheme 6 below:

Reaction Scheme 6
SN Br N B(OH),
. —
P N
Br N /
F Br
S
NFH

15d
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Compound 15

As shown in Reaction Scheme 6, Compound 15d was
synthesized as in Synthesis Example 1 except that 2,5-di-
bromo pyridine was used instead of 2,6-dibromo pyridine in
the synthesis of Intermediate 1d. Then, yellow powder Com-
pound 15 was synthesized through a Suzuki coupling reac-
tion, as shown in Reaction Scheme 6. 'H NMR (500 MHz,
CDCl,)8.87 (d, 1H), 8.64 (d, 2H), 8.13 (d, 2H), 8.07-8.04 (m,
5H), 7.98-7.62 (m 16H), and 7.36-7.33 (m, 2H).

Synthesis Example 8

Synthesis of Compound 25

Compound 25 was synthesized according to reaction
scheme 7 below:

36
Reaction Scheme 7
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55

As shown in Reaction Scheme 7, Compound 25 was syn-
thesized as in Synthesis Example 1, except that Intermediate
8d was used instead of Intermediate 1d. '"H NMR (500 MHz,
CDCl,) 6 8.69 (2H), 8.15-7.63 (m, 28H), and 7.34-7.32 (m,

60 2H)

Synthesis Example 9

Synthesis of Compound 27
65
Compound 27 was synthesized according to Reaction
Scheme 8 below:



|l B(OH)

37

Reaction Scheme 8

Br

US 9,296,695 B2

+/©/ B
Br

B(OH),
‘ N

27c

Br

—

27¢

B(OH),

15

40

55

65

38

-continued

Compound 27

4.92 ¢ (20 mmol) of pyrene-1-boronic acid and 10.6 g (40
mmol) of 2,5-dibromo-p-xylene were dissolved in a mixed
solution of THF and 8.3 g (60 mmol) of K,CO,. 0.7 g of (0.6
mmol) of tetrakis(triphenylphospine)palladium was added
thereto, and the mixture was refluxed while heating for 12
hours. The resulting product was subject to extraction using
ethyl acetate, separated using column chromatography (de-
veloping solvent:Hex) and dried (6.1 g, Yield: 80%). The
product was dissolved in dried THF under a nitrogen atmo-
sphere and cooled to -=78° C. Then, 7.6 ml of n-butyl lithium
(2.5M solution in Hexane) was gradually added thereto. After
the resulting product was maintained at =78° C. for 1 hour, 2.6
ml (23.7 mmol) of trimethylborate was added thereto and the
mixture was heated to room temperature. A 2N HCl solution
was added thereto and subject to extraction using ethyl
acetate. The resulting product was recrystallized using meth-
ylene chloride (in Hexane) to obtain 3.9 g of white solid
Compound 27¢ (Yield: 70%).

Compound 27¢ was reacted with Intermediate 1d by a
Suzuki coupling reaction as described above to obtain 4.2 g
yellow powder Compound 27 (Yield: 82%). 'H NMR (300
MHz, CDCl;) A 8.73 (dd, 2H), 8.29-8.12 (m, 3H), 8.14 (d,
2H), 8.05-8.01 (m, 4H), 7.98-7.93 (m, 2H), 7.87-7.83 (m,
2H), 7.63 (d, 1H), 7.53 (s, 1H), 7.34 (s, 1H), 2.51 (s, 3H), and
2.08 (s, 1H).

Comparative Synthesis Example A

Comparative Compound A was synthesized as in Synthesis
Bxample 1, except that Intermediate 1c was reacted with
2-bromo pyridine instead of being reacted with Intermediate
1d. "HNMR (300 MHz, CDCl;) 3 8.56 (d, 1H), 6.98 (dd, 1H),
8.12-7.89 (m, 7H), 7.73-7.47 (m, 10H), and 7.39-7.32 (m,
6H).
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Compound A

Comparative Synthesis Example B

Comparative Compound B was synthesized as in Synthesis
Example 1, except that pyridine-3-boronic acid was used
instead of pyridine-4-boronic acid in the synthesis of Inter-
mediate 1d. "HNMR (300 MHz, CDCI,) 3 9.21 (1H), 8.61-
7.98 (6H), 7.91-7.67 (10H), 7.56-7.38 (7H), and 7.32-7.18
(4H).

Compound B

Comparative Synthesis Example C

Comparative Compound C was synthesized as in Synthesis
Example 1, except that tributyl(2-pyridyl)tin was used
instead of pyridine-4-boronic acid in the synthesis of Inter-
mediate 1d. "H NMR (300 MHz, CDCL,) 8 8.72 (d, 1H), 8.62
(m, 1H), 8.27 (dd, 1H), 8.17-7.97 (m, 10H), 7.89 (d, 1H),
7.85-7.62 (m, 10H), 7.47-7.21 (m, 4H).
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Comparative Synthesis Example D

Comparative Compound D was synthesized as in Synthesis
Example 3, except that 2,5-dibromo pyridine was used
instead of 2,6-dibromo pyridine, and tributyl(2-pyridyl)tin
was used instead of pyridie-4-boronic acid in the synthesis of
Intermediate 1d. "H NMR (300 MHz, CDC1,) § 9.15 (d, 1H),
8.86 (d, 1H), 8.58-8.49 (m, 2H), 8.13-7.71 (m, 9H), 7.76-7.49
(m, 9H), and 7.39-7.31 (m, 6H).

Compound D
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Comparative Synthesis Example E

Comparative Compound E was synthesized as in Synthesis
Bxample 3, except that 2,5-dibromo pyridine was used
instead of 2,6-dibromo pyridine, and tributyl(2-pyridyl)tin
was used instead of pyridine-4-boronic acid in the synthesis
of Intermediate 1d. "H NMR (300 MHz, CDCl,) 8 8.82 (d,
1H), 8.65 (d, 1H), 8.39-8.33 (m, 2H), 8.17-7.94 (m, 10H),
7.90 (d, 1H), 7.79-7.62 (m, 11H), and 7.36-7.33 (m, 2H).
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Example 1

A 15Q/em? (1200 A) 1TO glass substrate (obtained from
Corning Co.) was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and washed
with UV ozone for 30 minutes. m-MTDATA was vacuum
deposited on the substrate to form a HIL with a thickness of
750 A. a-NPD was vacuum deposited on the HIL to form a
HTL with a thickness of 150 A. 97 wt % of DSA as a host and
3 wt % of TBPe as a dopant were deposited on the HTL to
form an EML with a thickness of 300 A. Compound 1, pre-
pared according to Synthesis Example 1, was vacuum depos-
ited on the EML to form an ETL with a thickness of 200 A.
LiF was vacuum deposited on the ETL to form an EIL with a
thickness of 80 A, and Alwas vacuum deposited on the EIL to
form a cathode with a thickness of 3000 A.

Example 2

An OLED was manufactured as in Example 1, except that
Compound 6, prepared according to Synthesis Example 2,
was used instead of Compound 1 as the material of the ETL.

Example 3

An OLED was manufactured as in Example 1, except that
Compound 7, prepared according to Synthesis Example 3,
was used instead of Compound 1 as the material of the ETL.

Example 4

An OLED was manufactured as in Example 1, except that
Compound 8, prepared according to Synthesis Example 4,
was used instead of Compound 1 as the material of the ETL.

Example 5

An OLED was manufactured as in Example 1, except that
Compound 11, prepared according to Synthesis Example 5,
was used instead of Compound 1 as the material of the ETL.
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Example 6

An OLED was manufactured as in Example 1, except that
Compound 13, prepared according to Synthesis Example 6,
was used instead of Compound 1 as the material of the ETL.

Example 7

An OLED was manufactured as in Example 1, except that
Compound 15, prepared according to Synthesis Example 7,
was used instead of Compound 1 as the material of the ETL.

Example 8§

An OLED was manufactured as in Example 1, except that
Compound 25, prepared according to Synthesis Example 8,
was used instead of Compound 1 as the material of the ETL.

Example 9

An OLED was manufactured as in Example 1, except that
Compound 27, prepared according to Synthesis Example 9,
was used instead of Compound 1 as the material of the ETL.

Comparative Example 1

An OLED was manufactured as in Example 1, except that
Compound A, prepared according to Comparative Synthesis
Example A, was used instead of Compound 1 as the material
of the ETL.

Comparative Example 2

An OLED was manufactured as in Example 1, except that
Compound B, prepared according to Comparative Synthesis
Example B, was used instead of Compound 1 as the material
of the ETL.

Comparative Example 3

An OLED was manufactured as in Example 1, except that
Compound C, prepared according to Comparative Synthesis

Example C, was used instead of Compound 1 as the material
of the ETL.

Comparative Example 4

An OLED was manufactured as in Example 1, except that
Compound D, prepared according to Comparative Synthesis
Example D, was used instead of Compound 1 as the material
of the ETL.

Comparative Example 5

An OLED was manufactured as in Example 1, except that
Compound E, prepared according to Comparative Synthesis
Example E, was used instead of Compound 1 as the material
of the ETL.

Comparative Analysis

The driving voltage (V), current density (mA/cm?), and
efficiency (Im/W) of the OLEDs manufactured according to
Examples 1 to 9 and Comparative Examples A to E were
measured using a PR650 (Spectroscan) source measurement
unit (PhotoResearch Inc.), and the results are shown in Table
1 below. In addition, the half-life of a brightness of 2000 nit
was measured, and the results are shown in Table 1 below.
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TABLE 1
Current
density
Voltage (mA/ Brightness Efficiency
ETL (mV) cm?) (cd/m?) (lm/W)

Example ]  Compound1 5673 100 7011 7.01
Example2  Compound 6 5375 100 8405 8.41
Example 3  Compound 7 5703 100 7661 7.66
Example4  Compound 8 5628 100 9779 9.78
Example 5  Compound 11 5155 100 8399 .40
Example 6  Compound 13 5507 100 5454 5.45
Example 7  Compound 15 5375 100 8405 8.41
Example 8  Compound 25 5783 100 8870 8.87
Example 9  Compound 27 4996 100 6183 6.18
Comparative Compound A 7075 100 5880 5.88
Example 1

Comparative Compound B 7113 100 5766 5.77
Example 2

Comparative Compound C 6969 100 5517 5.52
Example 3

Comparative Compound D 7392 100 5856 5.86
Example 4

Comparative Compound E 6431 100 4200 4.20
Example 5

FIG. 2 is a graph comparing the voltage-current densities
ofthe OLEDs manufactured according to Examples 1to 9 and
Comparative Examples 1 to 5.

The OLEDs manufactured according to Examples 1 to 9
had improved driving voltage, current density, efficiency and
lifetime characteristics as compared to the OLEDs manufac-
tured according to Comparative Examples 1 to 5.

Since the bipyridine-based compounds represented by For-
mula 1 have good electron transporting capabilities, OLEDs
including organic layers having the bipyridine-based com-
pounds can have low driving voltages, high current densities,
high efficiencies and long lifetimes. In particular, if N is at the
para-position relative to the carbon of a second pyridine ring
(not including an Ar or L substituent), and the carbon is
bonded to a first pyridine ring (including an Ar or L substitu-
ent), the bipyridine-based compound can have unexpectedly
good electron transporting capabilities making it suitable for
use as an organic layer of an OLED.

While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
those of ordinary skill in the art will recognize that various
modifications and changes may be made to the described
embodiments without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:
1. A bipyridine-based compound represented by Formula

1
Formula 1
(Rl)n
K
| Ra)m
N X §
| —— L), —Ar
N\/
wherein:

each of R, and R, is independently selected from the group
consisting of halogen atoms, hydroxyl groups, cyano
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substituted and unsubstituted C,-C;, alkyl
substituted and unsubstituted C,-C,, alkoxy
groups, substituted and unsubstituted C,-C,, alkenyl
groups, substituted and unsubstituted C,-C;, aryl
groups, and substituted and unsubstituted C;-C,, het-
eroaryl groups;

groups,
groups,

nis an integer of 0-4;

m is an integer of 0-3;

L is selected from the group consisting of substituted and
unsubstituted C,-C,, arylene groups, and substituted
and unsubstituted C,-C,, heteroarylene groups;

ais an integer of 0-5; and
Ar is selected from the group consisting of:

unsubstituted groups selected from the group consisting
of anthracenyl groups, pyrenyl groups, chrysenyl
groups, and perylenyl groups, and
substituted groups selected from the group consisting of

anthracenyl groups, pyrenyl groups, chrysenyl

groups, and perylenyl groups,

wherein the substituted groups are substituted with at
least one substituent selected from the group con-
sisting of halogen atoms, hydroxyl groups, nitro
groups, Cyano groups, amino groups, amidino
groups, hydrazine groups, hydrazone groups, car-
boxyl groups and salts thereof, sulfone groups and
salts thereof, phosphoric acid groups and salts
thereof, C,-C;, alkoxy groups, C4-Cs, aryl groups,
pyrazolyl groups, imidazolyl groups, oxazolyl
groups, thiazolyl groups, triazolyl groups, tetra-
zolyl groups, oxadiazolyl groups, pyridinyl groups,
pyradizinyl groups, pyrimidinyl groups, carbazolyl
groups, indolyl groups, quinolinyl groups, and iso-
quinolinyl groups.

2. The bipyridine-based compound of claim 1, wherein
each of R, and R, is independently selected from the group
consisting of halogen atoms, hydroxyl groups, cyano groups,
substituted and unsubstituted C,-C,, alkyl groups, substi-
tuted and unsubstituted C,-C,, alkoxy groups, substituted
and unsubstituted C,-C,, aryl groups, and substituted and
unsubstituted C5-C, , heteroaryl groups.

3. The bipyridine-based compound of claim 1, wherein
each of R, and R, is independently selected from the group
consisting of halogen atoms, hydroxyl groups, cyano groups,
C,-C,palkyl groups, C,-C, ;haloalkyl groups, phenyl groups,
halophenyl groups, C,-C,, alkylphenyl groups, C,-C,,
alkoxyphenyl groups, naphthyl groups, halonaphthyl groups,
C,-C,, alkylnaphthyl groups, and C,-C,, alkoxynaphthyl
groups.

4. The bipyridine-based compound of claim 1, wherein n is
0.

5. The bipyridine-based compound of claim 1, wherein m
is 0.

6. The bipyridine-based compound of claim 1, wherein Ar
is selected from the group consisting of substituted and
unsubstituted anthracenyl groups.

7. The bipyridine-based compound of claim 1, wherein Ar
is selected from the group consisting of compounds repre-
sented by Formula 4:
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Formula 4
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wherein * is a binding site with -(L),- or a bipyridyl group.

8. The bipyridine-based compound of claim 1, wherein the
bipyridine-based compound is selected from the group con-
sisting of compounds represented by Formulae 2a to 2j:

Formula 2a

5

[}
<

o]
o

40

45

N
<
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-continued

Ri)n

X

Formula 2¢

Formula 2d

Formula 2e

Formula 2f
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-continued
Formula 2g
a(Ra)
Z
| ARy 5
B
N | j
/ N
10
Formula 2h =
(Rl)n
20
25
30
N Formula 2i
Rpu~s
7\
E— 35
\ N
<Rz>m/\\—/<
40
all)
\/
]
x
| 45
X
Qi
Formula 2j
Naee 50
4
Ry P
=N 55
\
R Y
\ 60
N
X 65
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wherein:

each of R, and R, is independently selected from the group
consisting of halogen atoms, hydroxy groups, cyano
groups, substituted and unsubstituted C,-C,, alkyl
groups, substituted and unsubstituted C -C,, alkoxy
groups, substituted and unsubstituted C,-C;, alkenyl
groups, substituted and unsubstituted Cg-C,, aryl
groups, and substituted and unsubstituted C;-C,, het-
eroaryl groups;

nis an integer ranging from 0 to 4;

m is an integer ranging from 0 to 3;

L is selected from the group consisting of substituted and
unsubstituted C4-C,, arylene groups, and substituted
and unsubstituted C,-C;, heteroarylene groups;

ais an integer ranging from 0 to 5; and

each of Q, and Q, is independently selected from the group
consisting of halogen atoms, cyano groups, hydroxyl
groups, C,-C,, alkyl groups, C,-C,, alkoxy groups,
phenyl groups, phenyl groups substituted with at least
one C,-C,, alkyl group or at least one C4-C, , arvl group,
naphthyl groups, naphthyl groups substituted with at
least one C,-C,, alkyl group or at least one C4-C,, aryl
group, anthracenyl groups, anthracenyl groups substi-
tuted with at least one C, -C,, alkyl group or at least one
C4-C,, aryl group, fluorenyl groups, fluorenyl groups
substituted with at least one C,-C,, alkyl group or at
least one C4-C,, aryl group, phenanthrenyl groups,
phenanthrenyl groups substituted with at least one
C,-C,, alkyl group or at least one C4-C,, aryl group,
pyrenyl groups, pyrenyl groups substituted with at least
one C,-C,, alkyl group or at least one C4-C, , arvl group,
fluoranthrenyl groups, and fluoranthrenyl groups substi-
tuted with at least one C,-C |, alkyl group or at least one
Cs-C,, aryl group.

9. The bipyridine-based compound of claim 8, wherein
each of Q, and Q, is independently selected from the group
consisting of phenyl groups, phenyl groups substituted with
at least one C,-C,, alkyl group or at least one C4-C,, aryl
group, naphthyl groups, naphthyl groups substituted with at
least one C,-C, ; alkyl group or at least one C,-C, , aryl group,
anthracenyl groups, anthracenyl groups substituted with at
least one C,-C, ; alkyl group or at least one C,-C, , aryl group,
fluorenyl groups, fluorenyl groups substituted with at least
one C,-C,, alkyl group or at least one C4-C,, aryl group,
phenanthrenyl groups, phenanthrenyl groups substituted with
at least one C,-C,, alkyl group or at least one C4-C,, aryl
group, pyrenyl groups, pyrenyl groups substituted with at
least one C,-C,, alkyl group or at least one C4-C, , aryl group,
fluoranthrenyl groups, and fluoranthrenyl groups substituted
withatleastone C,-C, , alkyl group oratleastone C4-C ; aryl

oup.
gr101? The bipyridine-based compound of claim 1, wherein
the bipyridine-based compound is selected from the group
consisting of compounds represented by Formulae 3a, 3b,
and 3e to 3j:

Formula 3a
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Formula 3b
Ry
Ra)n
Q /\/
Qi
Formula 3e
#(Ra)
7 |
ARy)
S \( 1)
Ly N | j
Y N
Q7
Formula 3f
Formula 3g
m(RZ)
/\
/ \ | n(Rl)
(Lya \N | \j
N
| | N 7
Q|
F
~ ]
AN
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-continued
Formula 3h
R
10
s
Q|
15
20 Formula 3i
X |
R
(L)HL &
25 N | j
P N
30 |
A
Q
Formula 3j
35
40
45 |
7
2
Q
" wherein:
eachof R, and R, is independently selected from the group
consisting of halogen atoms, hydroxy groups, cyano
groups, substituted and unsubstituted C,-C,, alkyl
55 groups, substituted and unsubstituted C,-C;, alkoxy
groups, substituted and unsubstituted C,-C;,, alkenyl
groups, substituted and unsubstituted C,-C;, aryl
groups, and substituted and unsubstituted C5-Cs,, het-
eroaryl groups;
60 . .
nis an integer ranging from 0 to 4;
m is an integer ranging from 0 to 3;
L is selected from the group consisting of substituted and
65 unsubstituted C4-C;, arylene groups, and substituted

and unsubstituted C,-C;, heteroarylene groups;

a is an integer ranging from 0 to 5; and
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each of Q, and Q, is independently selected from the group _continued
consisting of halogen atoms, cyano groups, hydroxyl
groups, C,-C,, alkyl groups, C,-C,, alkoxy groups, Compound 3
phenyl groups, phenyl groups substituted with at least
one C,-C , alkyl group or at leastone C-C  , aryl group, |
naphthyl groups, naphthyl groups substituted with at X
least one C,-C, alkyl group or at least one C4-C,, aryl |
group, anthracenyl groups, anthracenyl groups substi- " N
tuted with at least one C,-C, , alkyl group or at least one
C4-C,, aryl group, fluorenyl groups, fluorenyl groups
substituted with at least one C,-C,, alkyl group or at
least one C¢-C,, aryl group, phenanthrenyl groups,
phenanthrenyl groups substituted with at least one °
C,-C,, alkyl group or at least one C,-C,, aryl group,
pyrenyl groups, pyrenyl groups substituted with at least

one C,-C,, alkyl group or at least one C4-C, , aryl group,
fluoranthrenyl groups, and fluoranthrenyl groups substi- 20
tuted with at least one C,-C, , alkyl group or at least one

C6-C12 aryl group. Compound 4
11. The bipyridine-based compound of claim 1, wherein
the bipyridine-based compound is selected from the group 25
consisting of Compounds 1 to 27: 7 |
\N | AN
30 N
Compound 1
7
| 35
| X
ji / | Compound 5
20 PN
| NN Y | N 7 | N
NN N NN 7 |
4 NN Yy N
) | |
N
N S I/ Va %
V a 50 7 | AN
Compound 2 \/ e
Z | 55 Compound 6
x
N | N 7 |
e Ny N
60 ‘
/ N

65
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Compound 10
N
SN N
N
Compound 11
st
SN N
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Compound 12
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Compound 13

Compound 14
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Compound 16

Compound 17

Compound 18
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Compound 19
N,
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x

| ¥ 10
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20
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Compound 20
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35
Q "
45
Compound 21
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\ \ 50
Lz N
55
65

60

-continued

Compound 22

Compound 23

Compound 24
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Compound 25
| ;
g
\N AN
\ | / N 10
F
15
20
Compound 26
1
AN
| 25
AN
<X
| 30
N
X
/ 35
N
AN
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-continued

Compound 27

12. An organic light emitting diode (OLED) comprising:
a first electrode;
a second electrode; and

an organic layer comprising the bipyridine-based com-
pound according to claim 1.

13. The OLED of claim 12, wherein the organic layer is an
electron transport layer.

14. The OLED of claim 13, further comprising at least one
layer selected from the group consisting of hole injection
layers, hole transport layers, emitting layers, hole blocking
layers, and electron injection layers.
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