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7) ABSTRACT

The present invention relates to luminescence materials for
an organic electroluminescent device (OELD), and particu-
larly to phenyl pyridine-iridium metal complex compounds
of formula (1), and preparation method thereof. In addition,
the present invention relates to an organic electrolumines-
cent device using the luminescence materials according to
the present invention, which can greatly enhance the effi-
ciency of luminescence and increase the operating life time
of the device:

)

wherein R, R, and R each are the same as defined in
the specification.
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PHENYL PYRIDINE-IRIDIUM METAL COMPLEX
COMPOUNDS FOR ORGANIC
ELECTROLUMINESCENT DEVICE, PROCESS
FOR PREPARING THE COMPOUNDS, AND
ORGANIC ELECTROLUMINESCENT DEVICE
USING THE COMPOUNDS

FIELD OF THE INVENTION

[0001] The present invention relates to luminescence
materials for an organic electroluminescent device (OELD),
particularly to phenyl pyridine-iridium metal complex com-
pounds represented by the following formula (1), and a
preparation method thereof:

[0002]
below.

wherein R;, R, and R; each are as defined

[0003] In addition, the present invention relates to an
organic electroluminescent device using the luminescence
materials according to the present invention, which device
can greatly enhance the luminescence efficiency and
increase the driving life time of the device.

BACKGROUND OF THE INVENTION

[0004] The field of display device is very important for the
information and communication industry. Recently, more
advanced performance in this field is asked for in accor-
dance with the development of information and communi-
cation technology. Display can be divided into luminescent
type and non-luminescent type. The luminescent type of
display comprises Cathode Ray Tube (CRT), Electrolumi-
nescence Display (ELD), Light Emitting Diode (LED),
Plasma Display Panel (PDP), etc. The non-luminescent type
of display comprises Liquid Crystal Display (LCD), etc.

[0005] The luminescent and non-luminescent type of dis-
plays have such basic performances as operation voltage,
consumption power, brightness, contrast, response rate, life
time, etc. However, LCD that has been widely used up to
now has some problems in the above basic performances in
regard to response rate, contrast, and sight dependency.
Thus, the LED-using display is anticipated to take the place
of next-generation display device by solving the above LCD
problems and by providing such many advantages as fast
response speed, no need for back light due to self-emission,
and excellent brightness.

[0006] However, LED is mainly used with a crystal form
of inorganic material, and so is hard to be applied to a large
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size of electroluminescent device. In addition, the electrolu-
minescent device using inorganic material needs more than
200 V of operation voltage and is very expensive. However,
Eastman Kodak reported in 1987 that the company manu-
factured a device made with a material having m-conjugate
structure such as alumina quinine, and thereafter, the elec-
troluminescent device study using organic material has been
more active.

[0007] The electroluminescence device (EL device,
below) can be divided into inorganic EL device and organic
EL device depending on what material is used to form the
emission layer (emitter layer).

[0008] The organic EL device is a self-emitting type of
device that electrically excites fluorescent organic com-
pound, is superior to the inorganic EL device in brightness,
operation voltage, and response rate, and also can emit
multi-color.

[0009] In addition, the organic EL device is a luminescent
device to emit in low voltage current, and has superior
properties such as enhanced brightness, high speed of
response, wide viewing angle, plane luminescence, slim
type, and multi-color luminescence.

[0010] Thus, the organic EL device is expected to be
applicable to a full-color plat panel display due to such
superior properties that cannot be found in other displays.

[0011] C. W. Tang et al. reported the first practical device
performance of the organic EL device in Applied Physics
Letters, vol. 51 (12) pp 913-915 (1987). They developed a
thin film (a hole transport layer) of laminated structure
formed by diamine analogues as organic layer and a thin film
(an electron transport layer) formed by tris(8-quinolino-
late)aluminum (Alq3, below). The laminated structure can
lower the injection barrier of electron and hole from both
electrodes to the organic layer, and also can enhance the
re-combination probability of electron and hole from the
inner organic layer.

[0012] Later, C. Adachi et al. developed an organic EL
device having an organic luminescent layer with three-
laminated structure of hole transport layer, emission layer,
and electron transport layer [Japanese Journal of Applied
Physics, vol. 27 (2), pp L269-L271 (1988)], and two-
laminated structure of hole transportable emission layer and
electron transport layer [Applied Physics Letter, vol. 55
(15), pp 1489-1491 (1989)], and showed that the optimiza-
tion of device property can be achieved by constructing a
multi-layer structure suitable for materials and combination
thereof.

[0013] The organic EL comprises a first electrode (anode),
a second electrode (cathode), and organic luminescent
media. This organic luminescent media have at least two
separate organic luminescent layers, i.e. one layer to inject
and transport electron, and the other layer to inject and
transport hole into the device. In addition, another multi-
layer of thin organic film can be involved. The above layers
to inject and transport electron and hole each can be divided
into an electron injection layer, an electron transport layer,
a hole injection layer, and a hole transport layer. In addition,
the organic luminescent media can further include an emis-
sion layer besides the above layers.

[0014] The simple structure of organic EL device com-
prises a first electrode/an electron transport layer, and an
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emission layer/a second electrode. In addition, the structure
of organic EL device can be separated into a first electrode/a
hole injection layer/a hole transport layer/an emission layer/
an electron transport layer/an electron injection layer/a sec-
ond electrode.

[0015] The operation principle of the organic EL device
having the above structure is as follows.

[0016] If the voltage is applied to the anode and cathode,
the hole injected from the anode is transferred to the
emission layer via the hole transport layer. Meanwhile, the
electron is injected from the cathode to the emission layer
via the electron transport layer. The hole and electron are
re-combined in the emission layer to form exiton. The exiton
is changed from the excitation state to the basic state, and
thereby the fluorescent molecule of the emission layer
becomes luminescent to form images.

[0017] At present, the material conventionally used for the
hole transport layer is triphenylamine analogues. In addition,
organic metal complex compounds or heterocyclic com-
pounds are used for the electron transport layer. Organic
compounds or organic metal complex compounds are solely
used for the emission layer or as host of the emission layer.
When organic compounds or organic metal complex com-
pounds are used as host of the emission layer, organic
luminescent materials or organic luminescent materials of
metal complex type are used as dopant to control the color
of luminescence.

[0018] The maximum quantum efficiency of luminescent
materials used in an organic EL device is about 5% by
theoretical calculation. If such low quantum efficiency can
be enhanced, the life time of the device can be increased.
When the molecule is fallen from the monoplet excitation
state to the basic state, it is called generally as fluorescence.
On the other hand, when the molecule is fallen from the
triplet excitation state to the basic state, it is called as
phosphorescence. In case of fluorescence, the maximum
efficiency emitted from the basic state of molecule is about
25%. In case of phosphorescence, that is about 75%. There-
fore, the phosphorescence materials having high lumines-
cence efficiency have been applied to an organic thin layer,
especially the emission layer of organic EL device, but the
suitable materials for the organic thin layer have not been
developed.

[0019] One practical method for the full-color display is to
develop a material having high luminescence efficiency for
the organic thin layer, especially the emission layer of
organic EL device. Thus, study has been made for iridium
metal complex organic compounds as phosphorescence
materials for the organic EL device. The organic EL device
using such material as dopant of the emission layer has
known to show high luminescence efficiency at operation
[see Nature, vol. 403, pp 750~753 (2000)].

[0020] Iridium metal complex organic compounds to con-
stitute the emission layer have a different luminescent color
in accordance with the molecular structure of ligand. In this
case, the emission layer only comprises iridium metal com-
plex organic compounds of phosphorescence materials or of
phosphorescence materials as dopant. However, phospho-
rescence materials having practical luminescence efficiency
have not been developed.

[0021] In view of the above, the present inventors have
conducted intensive studies to develop novel phenyl pyri-
dine-iridium metal complex compounds of formula (1)
which have practical luminescence efficiency, and com-
pleted the present invention.
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SUMMARY OF THE INVENTION

[0022] An object of the present invention is to provide
novel phenyl pyridine-iridium metal complex compounds
and preparation methods thereof.

[0023] Another object of the present invention is to pro-
vide an organic electroluminescent device having one or
more organic thin layers formed between the first electrode
and second electrode, wherein at least any one layer of the
organic thin layers comprises one or more luminescence
materials according to the present invention.

[0024] TIn order to accomplish these objects of the present
invention, the present invention provides novel phenyl pyri-
dine-iridium metal complex compounds represented by the
following formula (1):

)

[0025] wherein, R, R, and R, each are indepen-
dently a straight or branched alkyl group having 1 to
18, preferably 1 to 8, more preferably 1 to 4 carbon
atoms, a substituted or un-substituted aromatic group
having 5 to 18 carbon atoms, a heterocyclic aromatic
group having 5 to 18 carbon atoms, and one or more
hetero-atoms selected from the group consisting of
N, O and S; or two or more of R, R, and R, taken
together form a aliphatic cycle having 5 to 20 carbon
atoms, an aromatic cycle having 5 to 20 carbon
atoms, or a heterocyclic aromatic cycle having 5 to
20 carbon atoms, and one or more hetero-atoms
selected from the group consisting of N, O and S The
representative examples of formula (1) are described
below. However, the present invention shall not be
limited by the representative examples.

Ir-1
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-continued

-2

Ir-3

[0026] The substituents of the compounds of formula (1)
may be substituted by a straight or branched alkyl group
having 1 to 10 carbon atoms, or an alkoxy group having 1
to 10 carbon atoms, but not limited thereto.

[0027] The present invention also provides a preparation
method of the compound of formula (1).

[0028] The compound of formula (1) can be prepared by:

[0029] 1) reacting the phenyl pyridine compound of
formula (1) below with IrCly*xH,0 or
Na,IrCl;*xH,0 to form a precursor of the compound
of formula (1); and

[0030] 2) reacting the precursor obtained by above
step 1) with the compound of formula (3) below to
obtain the desirable compound of formula (1):

N
o R €
[ 1
O,
S R,
Ry

[0031]
above.

wherein, R, R, and R, each are as defined

[0032] The reaction temperature of above step 1) in the
preparation method is 0° C. to 140° C., preferably 100° C.
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to 135° C., and the reaction time is 1 to 240 hours, preferably
10 to 48 hours. The conventional organic solvent, preferably
alcoholic derivatives, more preferably 2-ethoxy ethanol, can
be used as the reaction solvent. The molar ratio of phenyl
pyridine compound of formula (2) to iridium complex
compound can be 0.0001 to 10, preferably 0.1 to 1.

[0033] The reaction temperature of above step 2) is 0° C.
to 140° C., preferably 100° C. to 135° C., and the reaction
time is 1 to 240 hours, preferably 10 to 48 hours. The
conventional organic solvent, preferably alcoholic deriva-
tives, more preferably 2-ethoxy ethanol, can be used as the
reaction solvent. The molar ratio of a precursor compound of
iridium complex compound obtained by above step 1 to the
compound of formula (3) can be 0.01 to 100, preferably 0.1
to 10. Alkaline substances, such as metal oxides, metal
hydroxides, metal carbonates, preferably metal carbonates,
more preferably K,CO,, can be used to accelerate the
reaction.

[0034] In addition, the present invention provides an
organic EL device comprising the compound of formula (1),
more specifically, to an organic EL device having one or
more organic thin layers formed between the first electrode
and second electrode, wherein at least any one layer of the
organic thin layers comprises one or more luminescence
materials according to the present invention.

[0035] The compound of formula (1) can be used alone, in
a type of combination, or as host doped by other materials,
to any of the organic thin layers, or used as dopant to the
other hole transport material, emission material, or electron
transport material. Preferably, the compound of the present
invention can be used alone or as dopant to the emission
layer.

[0036] A wvariety of embodiments of the organic EL device
using the luminescence materials of the present invention
can be achieved. Basically, the emission layer, if necessary,
is introduced into the pair of electrodes (anode and cathode).
Then, if necessary, a hole injection layer and/or a hole
transport layer and/or an electron injection layer and/or an
electron transport layer can be introduced. More specifically,
the structure examples of the device are: (1) anode/emission
layer/cathode; (2) anode/hole transport layer/emission layer/
cathode; (3) anode/hole transport layer/electron transport
layer/cathode; (4) anode/hole injection layer/hole transport
layer/emission layer/cathode; (5) anode/hole injection layer/
hole transport layer/emission layer/electron transport layer/
cathode; (6) anode/hole injection layer/hole transport layer/
emission layer/electron transport layer/electron injection
layer/cathode; (7) anode/hole injection layer/emission layer/
electron injection layer/cathode; and (8) anode/hole trans-
port layer/emission layer/hole blocking layer/electron trans-
port layer/electron injection layer/cathode, etc. If necessary,
the device having the above structures is supported by a
substrate. No particular limitation exists for the substrate,
and the conventionally substrate used in the organic EL
device, such as glass, transparent plastics, quartz, etc., can
be used.

[0037] Each layer constructing the organic EL device of
the present invention can be formed by applying the com-
prising materials under the conventional methods such as
deposition method, spin-coat method, or cast method to
laminate the layers.
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[0038] No particular limitation exists on the thickness of
each layer, such as emission layer, formed by such method,
and a suitable selection may be made by conditions of the
device.

[0039] In addition, for the anode of the organic EL device,
a metal having work function more than 4.0 eV, alloy,
electric-conductive compound, or combination thereof can
be used as electrode. The example of such electrode material
is electric conductive transparent or non-transparent mate-
rial, such as ITO, SnO,, ZnO, Au, etc. The anode can be
manufactured by forming a thin film through the method of
deposition, sputtering, etc.

[0040] Besides, for the cathode of the organic EL device,
a metal having work function less than 4.2 eV, alloy,
electric-conductive compound, or combination thereof can
be used as electrode. The examples of such electrode mate-
rial are calcium, magnesium, lithium, aluminum, magne-
sium alloy, lithium alloy, aluminum alloy, aluminum/lithium
mixture, magnesium/silver mixture, indium, etc. The cath-
ode also can be manufactured by forming a thin film through
the method of deposition, sputtering, etc.

[0041] Preferably, the sheet resistance as electrode is less
than several hundreds €/mm, and the thickness of film is
selected from the range of 10 nm to 1 um, preferably 50 to
200 nm.

[0042] For the organic EL device of the present invention,
it is preferable to make each of, or both, anode and cathode
transparent or semi transparent, and transmit the lumines-
cence through the anode or cathode to enhance the trans-
mission effect of the luminescence.

[0043] For other materials for hole injection layer and hole
transport layer in the organic EL device of the present
invention can be used any material conventionally used as
hole transport material among photo-conductive materials,
and any random material among known materials used as
hole injection layer or hole transport layer.

[0044] For the organic EL device of the present invention,
an electron transport layer comprises an electron transport
compound, and has a role to transport electron injected from
the cathode to the emission layer. No particular limitation
exists for such electron transport compound, and any known
conventional compound can be selected thereas.

[0045] Below, one embodiment for suitable methods to
manufacture the organic EL device of the present invention
having above (8) structure is explained as follows:

[0046] (1) a first electrode, ITO, is formed on a
transparent substrate with the thickness of about
10~1,000 nm;

[0047] (2) a hole transport layer is formed thereon by
using NPD (N,N'-dinaphthyl-N,N'-phenyl-(1,1"-bi-
phenyl)-4,4'-diamine) with the thickness of about 1
nm~200 nm;

[0048] (3) then, an organic emission layer is depos-
ited thereon by using CBP (4,4'-Bis(carbazole-9-yl)-
biphenyl) with the thickness of about 1 nm~200 nm
[a compound of formula (1) is added as dopant by
about 0.01% 40%];

[0049] (4) a hole blocking layer is formed on the
emission layer by using BCP (2,9-Dimethyl-4,7-
diphenyl-1,10-phenanthroline) with the thickness of
about 1 nm~200 nm;
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[0050] (5) an electron transport layer is deposited
thereon by using Alq3 (tris(8-hydroxy-quinolate)alu-
minum) with the thickness of about 1 nm~200 nm;

[0051] (6) then, an electron injection layer compris-
ing alkaline metal or alkaline earth metal compound
is formed in the thickness of about 0.1 nm~200 nm;
and

[0052] (7) a sccond electrode comprising Mg/Ag
with the thickness of about 10 nm 1000 nm is
laminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The present invention will be more clearly under-
stood from the detailed description in conjunction with the
following drawings.

[0054] FIG. 1 is a schematic sectional view of the con-
ventional organic EL device.

DETAILED DESCRIPTON OF THE INVENTION

[0055] The synthetic examples of the compounds of for-
mula (1) of the present invention, and the organic EL device
applied with the compounds are explained through the
synthetic examples and practicing examples below. Addi-
tional advantages, objects, and features of the present inven-
tion will be set forth in the description which follows and
will also become apparent to those who practice the present
invention. The objectives and other advantages of the
present invention will be explained in the written description
including the claims.

SYNTHETIC EXAMPLES

Synthetic Example 1

[0056] (1) Synthesis of the Precursor Compound of Iri-
dium Complex Compound, 1

[0057] Phenyl pyridine (1408 mg, 9.07 mmol) and
IrCl;*3H,0 (800 mg, 2.27 mmol) were added to 100 ml of
a reaction vessel and 30 ml of purified solvent, and 2-ethoxy
ethanol was added thereto under a flow of nitrogen gas, and
then the mixture was mixed at room temperature for 6 hours
and refluxed at 100° C. for 12 hours. The mixture was fallen
down to room temperature, and filtrated with G4 size of
glass filter, and the precipitate was washed with MeOH (15
ml) three times. The precipitate was dissolved by adding
CH(CI, to the glass filter, and the dissolving solution was
collected, and then evaporated by a distillation apparatus in
vacuum. The resulting material was purified with column
chromatography to obtain 700 mg of the precursor of
iridium complex compound, 1 (yield: 58%).

[0058]

[0059] The precursor compound synthesized above [Syn-
thetic Example 1], 1 (50 mg, 0.0467 mmol) and 3-methyl-
2,4-pentandione (53.3 mg, 0.467 mmol), and K,CO4 (50
mg) were added to 50 ml of a reaction vessel, and 10 ml of
purified solvent, 2-ethoxy ethanol, was added thereto under
a flow of nitrogen gas, and refluxed at 100° C. for 1 hour.
The temperature of this mixture was fallen down to room
temperature, and the mixture was filtrated with G4 size of
glass filter, and the precipitate was washed with MeOH (15
ml) three times. The precipitate was dissolved by adding

(2) Synthesis of Iridium Complex Compound (Ir-1)
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CH,Cl, to the glass filter, and the dissolving solution was
collected, and then evaporated by a distillation apparatus in
vacuum. The resulting material was purified with column
chromatography to obtain 55 mg of desired compound, Ir-1
(yield: 96%).

[0060] (3) Analysis of Ir-1 Compound

[0061] The molecular structure of the material obtained
above was analyzed by using ‘NMR and mass analyzer, and
from the result of analysis, it was confirmed that Ir-1 was
synthesized.

[0062] 'H NMR (CDCL)): 6 8.5(d, 2H), 7.8(d, 2H), 7.7(t,
2H), 7.5(d, 2H), 7.1(t, 2H), 6.8(t, 2H), 6.7(t, 2H), 6.2(t, 2H),
2.1(s, 3H), 1.8(s, 6H)

[0063] Mass: calculated value -614.15; experimental
value -614.25
[0064] The preparation steps of above Ir-1 compound are

summarized below, and other compounds including formula
(1) are synthesized by a similar method to Synthetic
Example 1.

[+Cl;*3H,0

[0065] The synthesized materials as above were further
purified with a vacuum sublimation apparatus to use in the
organic EL device.
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Example 1

[0066] For the present example, the organic EL device
using Ir-1 as dopant and CBP as host of green luminescence
was manufactured. First, a hole transport layer was formed
with the thickness of 50 nm by depositing NPD (N,N'-
dinaphthyl-N,N'-phenyl-(1,1'-biphenyl)-4,4'-diamine) ~ in
vacuum on an ITO-deposited glass, washed by a microwave.
Then, an emission layer is formed with the thickness of 30
nm on the hole transport layer by depositing CBP (host),
which was doped with Ir-1 (dopant) by 1.0%. A hole
blocking layer (BCP; 5 nm), an electron transport layer
(Alg3; 40 nm), an electron injection layer (Li,O; 25 nm),
and a cathode (Mg/Ag; 100 nm) were formed in order
thereon by depositing in vacuum to complete the organic EL
device.

[0067] The direct voltage of forward bias was applied to
the organic EL device manufactured by Example 1, and
luminescent property thereof was evaluated. The lumines-
cent color was green. As a result of spectroscopy, a spectrum
having approximately 530 nm of luminescent peak was
obtained. In addition, as a result of voltage-brightness test,
5,000 cd/m* of brightness at 8.2V was obtained, at which
point the efficiency was 14 Im/W (see Table 1).

Example 2

[0068] For the present example, the organic EL device
using Ir-2 as dopant and CBP as host of green luminescence
was manufactured. At first, a hole transport layer was
formed with the thickness of 50 nm by depositing NPD
(N,N'-dinaphthyl-N,N'-phenyl-(1,1'-biphenyl)-4,4'-diamine)
in vacuum on an [TO-deposited glass, washed by a micro-
wave. Then, an emission layer is formed with the thickness
of 30 nm on the hole transport layer by depositing CBP
(host), which was doped with Ir-2 (dopant) by 1.0%. A hole
blocking layer (BCP; 5 nm), an electron transport layer
(Alg3; 40 nm), an electron injection layer (Li,O; 25 nm),
and a cathode (Mg/Ag; 100 nm) were formed in order
thereon by depositing in vacuum to complete the organic EL
device.

[0069] The direct voltage of forward bias was applied to
the organic EL device manufactured by Example 2, and
luminescent property thereof was evaluated. The lumines-
cent color was green. As a result of spectroscopy, a spectrum
having approximately 525 nm of luminescent peak was
obtained. In addition, as a result of voltage-brightness test,
5,000 cd/m?® of brightness at 6.8V was obtained, at which
point the efficiency was 13 Im/W (see Table 1).

Comparative Example 1

[0070] An organic EL device was manufactured by the
same method as Examples 1 and 2 except using Ir(ppy),
(Iridium(IIT) tris(2-phenylpyridine)) as dopant.

[0071] The direct voltage of forward bias was applied to
the organic EL device manufactured by Comparative
Example 1, and luminescent property thereof was evaluated.
The Iuminescent color was green. As a result of spectros-
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copy, a spectrum having approximately 510 nm of lumines-
cent peak was obtained. In addition, as a result of voltage-
brightness test, 5,000 cd/m? of brightness at 9.8V was
obtained, at which point the efficiency was 5.3 Im/W (see
Table 1).

TABLE 1

Applied Bright-

Voltage  ness  Efficiency Spectrum

Host Dopant V) (ed/m?)  (Im/W) (nm)
Example 1 CBP Ir-1 8.2 5,000 14 530
Example 2 CBP Ir2 6.8 5,000 13 525
Comparative CBP Ir(ppy)s 9.8 5,000 5.3 510
Example 1
[0072] As shown in the above results, when iridium com-

plex compound was used as dopant, not in accordance with
the present invention, it is apparent that the efficiency was
greatly reduced. In addition, the organic EL device using the
novel phenyl pyridine-iridium complex compound of for-
mula (1) according to the present invention can achieve
practical luminescence efficiency and enhanced operating
life time and stability.

[0073] Tt will be apparent to those skilled in the art that
various modifications and variations can be made for the
present invention. Therefore, it is intended that the present
invention covers the modifications and variations of this
invention that come within the scope of the appended
claims, and their equivalents.

1. A compound represented by the following formula (1):

O]

wherein R;, R, and R, each are independently a straight
or branched alkyl group having 1 to 18 carbon atoms,
a cycloalkyl group having 5 to 18 carbon atoms, a
substituted or un-substituted aromatic group having 5
to 18 carbon atoms, a heterocyclic aromatic group
having 5 to 18 carbon atoms, and one or more hetero-
atoms selected from the group consisting of N, O and
S; or two or more of R, R, and R, taken together form
an aliphatic cycle having 5 to 20 carbon atoms, an
aromatic cycle having 5 to 20 carbon atoms, or a
heterocyclic aromatic cycle having 5 to 20 carbon
atoms, and one or more hetero-atoms selected from the
group consisting of N, O and S.

2. The compound according to claim 1, wherein the

compound is Ir-1, Ir-2, or Ir-3.

Dec. 9, 2004
Ir-1
CH,
CH,
Ir-2
CH,
Ir-3
CH,

3. A preparation method of the compound of formula (1)
comprising the steps of:

1) reacting the phenyl pyridine compound of formula (1)
below with IrCL;*xH,0O or Na;IrCl;*xH,O to form a
precursor compound; and

2) reacting the precursor compound obtained by the above
step 1) with the compound of formula (3) below to
obtain the compound of formula (1):

®

N ’

(@) R @
N 1
(¢]
AN R,
R;

wherein R;, R, and R; each are the same as defined in
claim 1.
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4. An organic electroluminescent device having one or
more organic thin layers formed between a first electrode
and a second electrode, wherein at least any one layer of the
organic thin layers comprises one or more compounds
represented by the formula (1) according to claim 1 or 2.

5. The organic electroluminescent device according to
claim 4, wherein the organic thin layer comprises one or
more layer selected from the group consisting of a hole
transport layer, an emission layer, a hole blocking layer, an
electron transport layer, and an electron injection layer.
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6. The organic electroluminescent device according to
claim 5, wherein at least one or more compounds repre-
sented by the formula (1) are used as dopant of the emission
layer.

7. The organic electroluminescent device according to
claim 5, wherein at least one or more compounds repre-
sented by the formula (1) are used as host of the emission
layer.
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