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(57) ABSTRACT

The present invention provides a novel 1,5-naphthyridine
compound represented by the following general formula [I]:
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whereinR |, R,, R, and R, each represent one selected from a
hydrogen atom, a substituted or unsubstituted alkyl group,
and the like; and R and R, each represent one selected from
a substituted or unsubstituted aralkyl group, a substituted or
unsubstituted aryl group, and the like.
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1, 5-NAPHTHYRIDINE COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a novel organic
compound and an organic light-emitting device using the
same.

[0003] 2. Description of the Related Art

[0004] The recent progress of an organic light-emitting
device is significant, and the device suggests its potential to
find use in a wide variety of applications because of the
following reasons. The device shows a high luminance at a
low applied voltage. In addition, the device has features of a
variety of emission wavelengths and high-speed responsive-
ness. Further, the device can be a thin, light-weight light-
emitting device.

[0005] However, at present, improvements in initial char-
acteristics such as a luminous efficiency, and duration char-
acteristics such as resistance to luminance degradation due to
long-term light emission have been needed. Those initial
characteristics and duration characteristics result from all
layers constituting the device including a hole injection layer,
a hole transport layer, a light-emitting layer, a hole blocking
layer, an electron transport layer, and an electron injection
layer and the like.

[0006] Examples of conventionally known materials to be
used in the hole blocking layer, the electron transport layer,
and the electron injection layer include a phenanthroline
compound, an aluminum quinolinol complex, an oxadiazole
compound, and a triazole compound. Examples of use of
those materials in a light-emitting layer or an electron trans-
port layer are disclosed by Japanese Patent Application Laid-
Open Nos. H05-331459, H07-082551, 2001-267080, 2001-
131174, H02-216791 and H10-233284, and U.S. Pat. Nos.
4,539,507 and 4,720,432 and 4,885,211. However, the initial
characteristics and duration characteristics of an electrolumi-
nescence (EL) device of each of those documents are not
sufficient.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
novel 1,5-naphthyridine compound.

[0008] Another object of the present invention is to provide
an organic light-emitting device having a high emission lumi-
nance and a high luminous efficiency by using the novel
1,5-naphthyridine compound. Another object of the present
invention is to provide an organic light-emitting device hav-
ing high durability and small luminance degradation in long-
term light emission.

[0009] In other words, the present invention provides a
1,5-naphthyridine compound represented by any one of the
following general formulae [1] to [111]:

[

Rs R3

Ry
N,
XX
Z
ReN/Rz

Ry
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wherein R, R,, R;, R,, R, and Ry each represent a group
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, a substituted amino group, a halogen atom, a trifluo-
romethyl group, and a cyano group;andR |, R,, R;, R, Rsand
R may be the same as or different from one another, provided
that at least two of R, R, R5, R, R and R ; each represent a
group selected from the group consisting of a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, and a substituted amino group.

whereinR | |,R,,R,;andR , eachrepresenta group selected
from the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, a substituted
or unsubstituted condensed polycyclic aromatic group, a sub-
stituted or unsubstituted condensed polycyclic heterocyclic
group, a substituted or unsubstituted aryloxy group, a substi-
tuted amino group, a halogen atom, a trifluoromethyl group,
andacyano group: andR; |, R,,, R;;and R, , may be the same
as or different from one another; and X represents a group
selected from the group consisting of a divalent, substituted or
unsubstituted arylene group, a divalent, substituted or unsub-
stituted heterocyclic group, a divalent, substituted or unsub-
stituted condensed polycyclic aromatic group, and a divalent,
substituted or unsubstituted condensed polycyclic heterocy-
clic group.

1]

wherein R 5, Rj4, R;5, Rys, Rjs and R, each represent a
group selected from the group consisting of a hydrogen atom,
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a substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, a substituted amino group, a halogen atom, a trifluo-
romethyl group, and a cyano group; and R, 5, R ¢, R;5, Ry,
R and R,, may be the same as or different from one another;
and Y represents a trivalent, substituted or unsubstituted
arylene group.

[0010] The organic light-emitting device using the 1,5-
naphthyridine compound of the present invention provides
light emission having a high luminance at a low applied
voltage, and is excellent in durability. An organic layer con-
taining the 1,5-naphthyridine compound of the present inven-
tion is excellent particularly as an electron transport layer and
an excellent light-emitting layer.

[0011] Further, the device can be produced by vacuum
deposition method, a casting method, or the like. A light-
emitting device having a large area can be easily produced at
a relatively low cost.

[0012] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isa sectional view illustrating an example of
an organic light-emitting device of the present invention.
[0014] FIG. 2 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

[0015] FIG. 3 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

[0016] FIG. 4 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

[0017] FIG. 5 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention,

[0018] FIG. 6 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

[0019] FIG. 7 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

[0020] FIG. 8 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention.

DESCRIPTION OF THE EMBODIMENTS

[0021] Hereinafter, the present invention will be described
in detail.
[0022] First, a 1,5-naphthyridine compound of the present

invention will be described.

[0023] The 1,5-naphthyridine compound of the present
invention is represented by any one of the above general
formulae [I] to [II1]. In addition, out of the compounds each
represented by the general formula [I], a compound in which
R,, Ry, R, and R each represent a group selected from a
hydrogen atom, a substituted or unsubstituted alkyl group, a
halogen atom, a trifluoromethyl group, and a cyano group,
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and R, and R each represent a group selected from a substi-
tuted or unsubstituted aralkyl group, a substituted or unsub-
stituted aryl group, asubstituted or unsubstituted heterocyclic
group, a substituted or unsubstituted condensed polycyclic
aromatic group, a substituted or unsubstituted condensed
polycyclic heterocyclic group, a substituted or unsubstituted
aryloxy group, and a substituted amino group is preferable.
[0024] Specific examples of the substituents in the general
formulae [I] to [III] will be shown below.

[0025] As the alkyl group, a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, a
ter-butyl group, an octyl group, and the like can be given.
[0026] As the aralkyl group, a benzyl group, a phenethyl
group, and the like can be given.

[0027] Asthearyl group, a phenyl group, a biphenyl group,
a terpheny! group, and the like can be given.

[0028] As the heterocyclic group, a thienyl group, a pyrro-
lyl group, a pyridyl group, a bipyridyl group, a terpyridyl
group, an oxazolyl group, an oxadiazolyl group, a thiazolyl
group, a thiadiazolyl group, and the like can be given.
[0029] As the condensed polycylic aromatic group, a fluo-
renyl group, a naphthyl group, a fluoranthenyl group, an
anthryl group, a phenanthryl group, a pyrenyl group, a tet-
racenyl group, a pentacenyl group, a perylenyl group, a triph-
enylenyl group, and the like can be given.

[0030] As the condensed polycyclic heterocyclic group, a
quinolyl group, a quinoxalyl group, a carbazolyl group, an
acridinyl group, a phenazyl group, a phenanthrolyl group, a
benzoxazolyl group, a benzthiazolyl group, and the like can
be given.

[0031] As the aryloxy group, a phenoxyl group, a fluo-
renoxyl group, a naphthoxyl group, and the like can be given.
[0032] As the substituted amino group, a dimethylamino
group, a diethylamino group, a dibenzylamino group, a
diphenylamino group, a ditolylamino group, a dianisoly-
lamino group, a fluorenylphenylamino group, a difluoreny-
lamino group, a naphthylphenylamino group, a dinaphthy-
lamino group, and the like can be given.

[0033] As the halogen atom, fluorine, chlorine, bromine,
iodine, and the like can be given.

[0034] As the divalent arylene group, a phenylene group, a
biphenylene group, a terphenylene group, and the like can be
given.

[0035] As the divalent heterocyclic group, a furylene
group, a pyrolylene group, a pyridylene group, a terpy-
ridylene group, a thienylene group, a terthienylene group, an
oxazolylene group, a thiazolylene group, and the like can be
given.

[0036] As the divalent condensed polycylic aromatic
group, a naphthylene group, a fluorenylene group, an anthra-
cenylene group, a pyrenylene group, a triphenylene group,
and the like can be given.

[0037] As the divalent condensed polycyclic heterocyclic
group, a quinolylene group, a quinoxalylene group, a carba-
zolylene group, a phenanthrylene group, a thiophenylene
group, a pyridylene group, a pyrazilene group, a pyrim-
idylene group, a pyridazylene group, a benzoxazoylene
group, a benzothiazolylene group, a phenadylene, and the like
can be given.

[0038] As the trivalent arylene, a phenylene group, a triph-
enylene group, and the like can be given.

[0039] Theabove-mentioned substituents may further have
following substituents: alkyl groups such as a methyl group,
an ethyl group, an n-propyl group, an iso-propyl group, an
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n-butyl group, a ter-butyl group, and an octyl group; aralkyl
groups such as a benzyl group, and a phenethyl group; aryl
groups such as a phenyl group, a biphenyl group, and a
terphenyl group; heterocyclic groups such as a thienyl group,
a pyrrolyl group, a pyridyl group, a bipyridyl group, a terpy-
ridyl group, an oxazolyl group, an oxadiazolyl group, a thia-
zolyl group, and a thiadiazolyl group; condensed polycyclic
aromatic groups such as a fluorenyl group, a naphthyl group,
a fluoranthenyl group, an anthryl group, a phenanthryl group,
a pyrenyl group, a tetracenyl group, a pentacenyl group, a
perylenyl group, and a triphenylenyl group; condensed poly-
cyclic heterocyclic groups such as a quinolyl group, a carba-
zolyl group, an acridinyl group, a phenazyl group, and a
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phenanthrolyl group; arvloxy groups such as a phenoxyl
group, a fluorenoxyl group, and a naphthoxyl group; substi-
tuted amino groups such as a dimethylamino group, a diethy-
lamino group, a dibenzylamino group, a diphenylamino
group, aditolylamino group, a dianisolylamino group, a fluo-
renylphenylamino group, a difluorenyl group, a naphthylphe-
nylamino group, and a dinaphthylamino group; halogen
atoms such as fluorine, chlorine, bromine, and iodine; trifluo-
romethyl groups; cyano groups; and the like.

[0040] Next, representative examples of the 1,5-naphthyri-
dine compound of the present invention will be given below.
However, the present invention is not limited to those
examples.
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[0041] The 1,5-naphthyridine compound of the present
invention can be synthesized by a generally known method. A
1,5-naphthyridine compound intermediate is obtained by any
one of the methods described in, for

example, the following documents. Then, the target product
can be obtained by employing a synthesis method such as a
Suzuki Coupling method (Chem. Rev., 95, 2457 (1995))
involving the use of a palladium catalyst.

J. Org. Chem., 33, 1384 (1968)

J. Chem. Soc., 1879 (1954)

J. Org. Chem., 46, 833 (1981)

[0042] The 1,5-naphthyridine compound of the present
invention is superior to a conventional compound in electron-
transporting property, light-emitting property, and durability,
and is useful as a layer containing an organic compound in an
organic light-emitting device, in particular, as an electron
transport layer and a light-emitting layer. In addition, a layer
formed of the compound by means of a vacuum deposition
method, a solution application method, or the like hardly
causes crystallization or the like, and is excellent in stability
with elapse of time.

[0043] Next, the organic light-emitting device of the
present invention will be described in detail.

[0044] The organic light-emitting device of the present
invention includes at least a pair of electrodes formed of an
anode and a cathode, and one or more layers each containing
an organic compound interposed between the pair of elec-
trodes. In this light-emitting device, at least one layer of the
layers each containing the organic compound contains at least
one kind of the 1,5-naphthyridine compound of the present
invention.

[0045] At least an electron transport layer or a light-emit-
ting layer out of the one or more layers each containing an
organic compound of the organic light-emitting device of the
present invention preferably contains at least one kind of the
1,5-naphthyridine compound. A compound having a rela-

tively low HOMO out of the 1,5-naphthyridine compounds
has high hole-blocking property, and is particularly prefer-
ably used in an electron transport layer and also preferably
used in a hole-blocking layer.

[0046] The layer containing the 1,5-naphthyridine com-
pound of the present invention can be formed between the
anode and the cathode by means of a vacuum deposition
method or a solution application method. The thickness ofthe
organic layer is thinner than 10 pm, and the layer is formed
into a thin film having a thickness of preferably 0.5 pm or less,
or more preferably 0.01 to 0.5 um.

[0047] FIGS. 1 to 8 illustrate preferable examples of the
organic light-emitting device of the present invention.
[0048] FIG. 11isa sectional view illustrating an example of
the organic light-emitting device of the present invention.
FIG. 1 illustrates a constitution in which the anode 2, the
light-emitting layer 3, and the cathode 4 are sequentially
provided onto the substrate 1. The light-emitting device to be
used here is useful for the case where one compound used in
the device itself has hole-transporting ability, an electron-
transporting ability and light-emitting property, or the case
where compounds having the respective properties are used
as a mixture.

[0049] FIG. 2 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention. FIG. 2 illustrates a constitution in which the anode
2, the hole transport layer 5, the electron transport layer 6, and
the cathode 4 are sequentially provided onto the substrate 1.
In this case, a material having one or both ofhole-transporting
property and electron-transporting property is used as a light-
emitting substance in each layer. This case is useful when the
device is used in combination with a mere hole-transporting
substance or electron-transporting substance having no light-
emitting property. In addition, in this case, a light-emitting
layer is composed of one of the hole transport layer 5 and the
electron transport layer 6.
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[0050] FIG. 3 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention. FIG. 3 illustrates a constitution in which the anode
2, the hole transport layer 5, the light-emitting layer 3, the
electron transport layer 6, and the cathode 4 are sequentially
provided onto the substrate 1. This constitution separates a
carrier-transporting function and a light-emitting function. In
addition, the device is formed by suitably by combining a
compound having a hole-transporting property, a compound
having an electron-transporting property, and a compound
having alight-emitting property, so that the degree of freedom
in selection of materials extremely increases. In addition,
various compounds different from each other in emission
wavelength can be used. As a result, the range of emission
colors can be widened. Further, a luminous efficiency can be
improved by effectively confining each carrier or exciton in
the central light-emitting layer 3.

[0051] FIG. 4 is a sectional view illustrating another
example of the organic light-emitting device of the present
invention. FIG. 4 illustrates the same constitution as that of
FIG. 3 except that the hole injection layer 7 is inserted on the
side of the anode 2. This constitution has an improving effect
on adhesiveness between the anode 2 and the hole transport
layer 5 or on hole-injecting property, and is effective in low-
ering the driving voltage of the device.

[0052] FIGS. 5 and 6 are each a sectional view illustrating
another example of the organic light-emitting element of the
present invention. FIGS. 5 and 6 illustrate constitutions dif-
ferent from those illustrated in FIGS. 3 and 4, respectively, in
that a layer for blocking the escape of a hole or an exciton
toward the cathode 4 (hole-blocking layer 8) is inserted
between the light-emitting layer 3 and the electron transport
layer 6. The constitution illustrated in each of FIGS. 5 and 6
is effective for an improvement in emission efficiency of the
organic light-emitting device because a compound having an
extremely high ionization potential is used in the hole-block-
ing layer 8.

[0053] FIGS. 7 and 8 are each a sectional view illustrating
another example of the organic light-emitting element of the
present invention. FIGS. 7 and 8 show constitutions different
from thoseillustrated in FIGS. 3 and 4, respectively, in that an
electron injection layer 9 is inserted between the electron
transport layer 6 and the cathode 4. The constitution illus-
trated in each of FIGS. 7 and 8 has an improving effect on
adhesiveness between the cathode 4 and the electron transport
layer 6 or on electron injection property, and is effective in
lowering the driving voltage of the device.

[0054] Itshould be noted that the device constitutions illus-
trated in FIGS. 1 to 8 are merely very basic constitutions, and
the constitution of an organic light-emitting device using the
compound of the present invention is not limited to those
constitutions. The device may adopt any one of various layer
constitutions. For example, an insulating layer may be pro-
vided at an interface between an electrode and an organic
layer. Alternatively, an adhesive layer or an interference layer
may be provided. Alternatively, a hole transport layer may be
composed of two layers different from each other in ioniza-
tion potential.

[0055] The organic light-emitting element of the present
invention can use, for example, a conventionally known hole-
transporting compound, light-emitting compound, or elec-
tron-transporting compound together with the 1,5-naphthyri-
dine compound of the present invention as required.
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[0056] Examples of those compounds are shown below.
[0057] A hole-injecting/transporting material preferably
has a property of easily injecting a hole from the anode and an
excellent mobility that the injected hole is transported to the
light-emitting layer. Low-molecular-weight-based and poly-
mer-based materials each having hole injection/transport
property include, but of course not limited to, the following
materials: a triarylamine derivative, a phenylenediamine
derivative, a triazole derivative, an oxadiazole derivative, an
immidazole derivative, a pyrazoline derivative, a pyrazolone
derivative, an oxazole derivative, a fluorenone derivative, a
hydrazone derivative, a stilbene derivative, a phthalocyanine
derivative, a porphyrin derivative, and poly(vinylcarbazole),
a poly(silylene), poly(thiophene), and other electrically con-
ductive polymers.

[0058] Materials each of which is related to the light-emit-
ting function of the organic light-emitting device include, but
of course not limited to, the following compounds: polycyclic
condensed aromatic compounds (including naphthalene
derivatives, phenanthrene derivatives, fluorene derivatives,
pyrene derivatives, tetracene derivatives, coronene deriva-
tives, chrysene derivatives, perylene derivatives, 9,10-diphe-
nylanthracene derivatives, and rubrene); quinacridone deriva-
tives; acridone derivatives; coumarin derivatives; pyran
derivatives; Nile red; pyrazine derivatives; benzoimidazole
derivatives; benzothiazole derivatives; benzoxazole deriva-
tives; stilbene derivatives; organometallic complexes (includ-
ing organic aluminum complexes such as tris(8-quinolino-
lato)aluminum, organic beryllium complexes, organic
platinum complexes, and organic iridium complexes); and
polymeric derivatives such as poly(phenylenevinylene)
derivatives, poly(fluorene) derivatives, poly(phenylene)
derivatives, poly(thienylenevinylene) derivatives, and poly
(acetylene) derivatives.

[0059] An electron-injecting/transporting material to be
used in addition to the 1,5-naphthyridine compound of the
present invention can be arbitrarily selected from materials
having a function of easily injecting an electron from the
cathode; and has a function of transporting the injected elec-
tron to the light-emitting layer, and the selection is performed
while, for example, a balance between the functions of the
electron-injecting/transporting material and the carrier
mobility of the hole-transporting material is taken into con-
sideration. Materials having electron injection/transport
property include, but of course not limited to, the following
materials: oxadiazole derivatives, oxazole derivatives, thiaz-
ole derivatives, thiadiazole derivatives, pyrazine derivatives,
triazole derivatives, triazine derivatives, perylene derivatives,
quinoline derivatives, quinoxaline derivatives, fluorenone
derivatives, anthrone derivatives, phenanthroline derivatives,
and organometallic complexes.

[0060] The layer containing the 1,5-naphthyridine com-
pound of the present invention and any other layer containing
an organic compound are generally formed into a thin film by
vacuum deposition, ionized deposition, sputtering, or plasma.
Alternatively, the thin film is formed by a known application
method (such as a spin coating method, a dipping method, a
cast method, an LB method, or an ink-jet method) involving
dissolving a material for the film in a proper solvent. In
particular, when the film is formed by the application method,
amaterial for forming a film can be used in combination with
a proper binder resin.

[0061] The binder resin can be selected from a wide range
of binder resins, and examples of the binder resin include, but
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are not limited to the following: a polyvinyl carbazole resin,
apolycarbonate resin, a polyester resin, a polyallylate resin, a
polystyrene resin, an acrylic resin, a methacrylic resin, a
butyral resin, a polyvinyl acetyl resin, a diallyl phthalate
resin, a phenol resin, an epoxy resin, a silicone resin, a
polysulfone resin, and a urea resin.

[0062] Each of those binder resins may be used alone, or
oneor more of the binder resins may be mixed as a copolymer.

[0063] An anode material having a larger work function is
desirable. Examples of an anode material that can be used
include: metal elements such as gold, silver, platinum, nickel,
palladium, cobalt, selenium, vanadium, and alloys of them;
and metal oxides such as tin oxide, zinc oxide, indium tin
oxide (ITO), and indium zinc oxide. A conductive polymer
such as polyaniline, polypyrrole, polythiophene, or polyphe-
nylene sulfide can also be used. Each of those electrode sub-
stances may be used alone, or two or more selected sub-
stances may be used in combination.

[0064] On the other hand, a cathode material having a
smaller work function is desirable. Examples of a cathode
material that can be used include metal elements such as
lithium, sodium, potassiun, cesium, calcium, magnesium,
aluminum, indium, silver, lead, tin, and chromium, alloys of
two or more of the metal elements, and salts of the metal
elements. A metal oxide such as indium tin oxide (ITO) can
also be used. In addition, a cathode may have a single layer
constitution, or may have a multilayer constitution.

[0065] The substrate is not particularly limited; provided
thatan opaque substrate such as a metal substrate or a ceramic
substrate, or a transparent substrate such as glass, quartz, ora
plastic sheet is used. In addition, a emission color can be
controlled by using a color filter film, a fluorescent color
conversion filter film, a dielectric reflective film, or the like as
the substrate.

[0066] The produced device may be provided with a pro-
tective layer or a sealing layer for the purpose of preventing
the device from contacting with oxygen, moisture, or the like.
Fxamples of the protective layer include: inorganic material
films such as a diamond thin film, a metal oxide, and a metal
nitride; polymer films such as a fluorine resin, polyparaxy-
lene, polyethylene, a silicone resin, and a polystyrene resin;
and a photocurable resin. In addition, the device itself can be
covered with glass, a gas impervious film, metal, or the like,
and can be packaged with an appropriate sealing resin.

[0067] Hereinafter, the present invention will be described
more specifically by way of examples. However, the present
invention is not limited to those examples.

Example 1
Method of Producing Exemplified Compound No. 4

[0068]

stagd
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. 1) heptane MnO,
t-BuLi 2) N CHCI
A RN ?
toluene
/ ,
N Vs
(2]

MnO,
CHCl;

1) heptane

2) [3], toluene

n-BulLi

[0069] 3.7 g(12mmol)of 2-iodo-9,9-dimethyl-fluorene [1]
and 111 ml of heptane were loaded into a 200-ml three-
necked flask the inside air of which had been replaced with
nitrogen, and the whole was stirred at room temperature,
whereby 2-i0do-9,9-dimethyl-fluorene was dissolved in hep-
tane. The dissolved solution was cooled to =40° C., and 7.5
mL (12 mmol) of n-butyllithium/hexane solution (1.58 mol/1)
were added to the dissolved solution. The temperature of the
mixture was increased to 0° C., and 1.0 g (7.7 mmol) of
1,5-naphthyridine [2] dissolved in 23 mL of toluene was
added to the mixture. After that, the temperature of the mix-
ture was gradually increased to room temperature, and then
the mixture was stirred for 2.5 hours. Water was added to the
reaction solution, and the resultant organic layer was dried
with anhydrous sodium sulfate. After that, the solvent was
removed by distillation, whereby brown oily substance was
obtained. 30 mL of chloroform and 1.4 g (16 mmol) of man-
ganese (IV) oxide were added to the substance, and the whole
was stirred at room temperature for 2 hours. The solvent of the
filtrate obtained by filtering the reaction solution was
removed by distillation, whereby reddish brown oily sub-
stance was obtained. The resultant reaction product was sepa-
rated and purified by means of silica gel column chromatog-
raphy (mixed developing solvent of chloroform and
methanol), whereby 1.6 g of an intermediate compound [3]
were obtained (64% yield).
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[0070]
formed in the same manner as that described above except

Subsequently, the foregoing reaction was per-

that the compound [2] in the foregoing reaction was replaced
with 0.56 g (1.7 mmol) of the compound [3]. The resultant
coarse product was separated and purified by means of silica
gel column chromatography (mixed developing solvent of
chloroform and methanol) and preparative GPC, whereby
290 mg of Exemplified Compound No. 4 (pale yellow crystal)
were obtained (32% yield).

Examples 2 and 3

Methods of Producing Exemplified Compounds No.
Sand 7

[0071]
in the same manner as in Example 1 except that the corre-

Exemplified Compound No. 5 and 7 are synthesized

sponding iodo bodies are used instead of 2-iodo-9,9-dim-
ethyl-fluorene [1], respectively.

Example 4
Method of Producing Exemplified Compound No.
15
[0072]
s ¢ )
NN )k NS
OH
o | POCl;
NP N/ S
|
O
2] (4]
N Cl
‘ XX
F
Cl N 7
[5]
N Cl
XX
n
P a
Cl N =
(5]
B(OH),
T Pd (PPhy)
/ \ NayCOj3 ag.
2 toluene/ EtOH
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-continued

AN N\
N/ /

No. 15

[0073] 2.6-dichloro-1,5-naphthyridine [5] was obtained in
55% vyield by the synthesis method described in J. Chem.
Soc., 1879 (1954).

[0074] 1.1 g(5.6 mmol)ofacompound[5],3.7 g(17 mmol)
of phenanthrene-9-boronic acid [6], 200 ml of toluene, and
100 ml of ethanol were loaded into a 500-ml three-necked
flask. Then, an aqueous solution of 20 g of sodium carbonate
in 100 ml of water was dropped to the mixture while the
mixture was stirred in a nitrogen atmosphere at room tem-
perature. Next, 0.33 g (0.29 mmol) of tetrakis(triphenylphos-
phine)palladium(0) was added to the mixture, and the mixture
was stirred at room temperature for 30 minutes. After that, the
temperature of the mixture was increased to 77° C., and the
mixture was stirred for 5 hours. After the reaction, the organic
layer was extracted with chloroform, dried with anhydrous
sodium sulfate, and purified with a silica gel column (mixed
developing solvent of toluene and ethyl acetate), whereby 1.8
g of Exemplified Compound No. 15 (pale yellow crystal)
were obtained (67% yield).

Examples 5 to 13

Methods of Producing Exemplified Compounds No.
16 to 24

[0075] Exemplified Compounds No. 16 to 24 are each syn-
thesized in the same manner as in Example 4 except that the
corresponding boronic acids are used instead of phenan-
threne-9-boronic acid [6], respectively.

Example 14
Method of Producing Exemplified Compound No.
31
[0076]
N, B N,
NN I N
| :
F P
N # N A Br
2] [7]
B N,
NS
+
P
N # Br
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-continued
;¢ CHj
Pd(PPhy),
. BOM, Na,COj3 ag.
/ toluene + EtOH
8]

HiC

No. 31

[0077] 3,7-dibromo-1,8-naphthyridine [7] (white crystal)
was obtained in 8% yield by the synthesis method described
in J. Org. Chem., 33, 1384 (1968).

[0078] 280 mg of Exemplified Compound No. 31 (pale
yellow crystal) were obtained from the following compounds
(45% yield) by a Suzuki Coupling reaction similar to the
method described in Example 4. 330 mg (1.2 mmol) of 3,7-
dibromo-1,5-naphthyridine [7] 1.1 g (4.0 mmol) of 9,9-dim-
ethylfluorene-2-boronic acid [8]

Examples 15 to 21

Methods of Producing Exemplified Compounds No.
30, 33 and 34 10 38

[0079] Exemplified Compounds No. 30,33 and 34 to 38 are
each synthesized in the same manner as in Example 14 except
that the corresponding boronic acids are used instead of 9,9-
dimethylfluorene-2-boronic acid [8], respectively.

Example 22

Method of Producing Exemplified Compound No.
43

[0080]

No. 31
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-continued
2 Li toluene

No. 43

[0081] 220 mg (0.43 mmol) of Exemplified Compound No.
31 and 20 ml of toluene were loaded into a 100-ml three-
necked flask. Then, 2.6 ml (2.6 mmol) of a phenyllithium/
cyclohexane-diethyl ether solution [1.04-mol/l] were
dropped to the mixture while the mixture was stirred in a
nitrogen atmosphere at -78° C. The temperature of the mix-
ture was gradually increased to room temperature, and then
the mixture was stirred for 7 hours. After the reaction, the
organic layer was extracted with chloroform, dried with anhy-
drous sodium sulfate, and purified with a silica gel column
(mixed developing solvent of chloroform and methanol) and
preparative GPC, whereby 71 mg of Exemplified Compound
No. 43 (pale yellow crystal) were obtained (25% yield).

Fxample 23

Method of Producing Exemplified Compound No.
47

[0082] 1 equivalent of 4-methylphenylboronic acid is
caused to react with 2,6-dichloro-1,5-naphthyridine [5]. Sub-
sequently, 4 equivalent of 1,4-phenylenediboronic acid is
caused to react with the reaction product, whereby Exempli-
fied Compound No. 47 is obtained.

Example 24
Method of Producing Exemplified Compound No.
51
[0083]
N Cl
XN X
+
F
Cl N A
B
B(OH),
Q Pd(PPhy),
Na,CO3 aq.
O Q / toluene + EtOH
(6]
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Cl N/ /

Pd(PPhz)4
B Na,COj5 aq.

/ toluene + EtOH
/E ]L 0,
B B~

\

/
0 0

SN

(10]

No. 51
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[0084] 0.22 g of 2-chloro-6-(phenanthren-9-y1)-1,5-naph-
thyridine [9] was obtained from the following compounds
(31% yield) by a Suzuki Coupling reaction similar to the
method described in Example 4.

0.50 g (2.5 mmol) of 2,6-dichloro-1,5-naphthyridine [5] 0.47
£ (2.1 mmol) of phenanthrene-9-boronic acid [6]

[0085] Subsequently, 0.11 g of Exemplified Compound
No. 51 (pale yellow crystal) was obtained (68% yield) from
0.22 g(0.65 mmol) of a compound [9] and 73 mg (0.16 mmol)
of a tripinacol body [10] by employing the Suzuki Coupling
reaction again.

Example 25
[0086] The device having a structure illustrated in FIG. 3
was produced.
[0087] Indium tin oxide (ITO) as the anode 2 was formed

into a film having a thickness of 120 nm on a glass substrate
as the substrate 1 by a sputtering method, and the obtained
substance was used as a transparent conductive supporting
substrate. The obtained substrate was subjected to ultrasonic
cleaning with acetone and isopropyl alcohol (IPA) in the
stated order, and was then subjected to boiling cleaning with
IPA, followed by drying. Further, the transparent conductive
supporting substrate was subjected to UV/ozone cleaning
before use.

[0088] A solution of a compound represented by the fol-
lowing structural formula in chloroform was formed into a
film having a thickness of 20 nm on the transparent conduc-
tive supporting substrate by means of a spin coating method,
whereby the hole transport layer 5 was formed.

O CH; HiC O

NNO

[0089] Further, an Ir complex and CBP (at a weight ratio of
5:100) represented by the following structural formulae were
formed into a film having a thickness of 20 nm by means ofa
vacuum deposition method, whereby the light-emitting layer
3 was formed. Film formation was performed under condi-
tions that a degree of vacuum upon deposition was 1.0x10~*
Pa, and a film forming rate was 0.2 to 0.3 nm/sec.
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Z

A

[0090]

Further, a synthesis of Exemplified Compound No.
4 was formed into a film having a thickness of 40 nm by
means of a vacuum deposition method, whereby the electron
transport layer 6 was formed. Film formation was performed
under conditions that a degree of vacuum upon deposition
was 1.0x10™* Pa, and a film forming rate was 0.2 to 0.3
nm/sec.

[0091] Next, a metal layer film having a thickness of 50 nm
as the cathode 4 was formed of a deposition material com-
posed of aluminum and lithium (having a lithium concentra-
tionof 1 atomic %) on the organic layer by means of a vacuum
deposition method. Further, an aluminum layer having a
thickness of 120 nm was formed by means of a vacuum
deposition method. Film formation was performed under
conditions that a degree of vacuum upon deposition was
1.0x10 Pa, and a film forming rate was 1.0 to 1.2 nm/sec.
[0092] Further, the resultant was covered with a protective
glass plate and sealed with an acrylic resin-based adhesive in
a nitrogen atmosphere.

[0093] A directvoltage of 8V was applied to the device thus
obtained in such a manner that the ITO electrode (anode 2)
would serve as a positive electrode and the Al—Li electrode
(cathode 4) would serve as a negative electrode. As aresult, a
current flowed in the device at a current density of 15
mA/cm?®, and green light emission having a luminance of
4,300 cd/m> was observed.

[0094] Further, a voltage was applied for 100 hours with a
current density kept at 8.0 mA/cm?. As a result, a luminance
after 100 hours was 900 cd/m” while an initial luminance was
1100 cd/m?. This means that luminance degradation was
small.

Examples 26 and 27

[0095] In each example, the device was produced in the
same manner as in Example 25 except that Exemplified Com-
pound Nos. 1 or 15 were used instead of Exemplified Com-
pound No. 4, and the devices were each evaluated in the same
manner as in Example 25. Table 1 shows the results. Further,
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a voltage was applied for 100 hours with a current density
kept at 8.0 mA/cm?. As a result, luminance degradation was
small.

Comparative Example 1

[0096] The device was produced in the same manner as in
Bxample 25 except that Comparative Compound No. 1 rep-
resented by the following structural formula was used instead
of Exemplified Compound No. 4, and the device was evalu-
ated in the same manner as in Example 25. Table 1 shows the
results. Further, a voltage was applied for 100 hours with a
current density kept at 8.0 mA/cm? As a result, a luminance
after 100 hours was 420 cd/m* while an initial luminance was
830 cd/m?>. This result means that luminance degradation was
observed.

TABLE 1
Initial applied
Exemplified voltage Luminance
Example No. Compound No. V) (ed/m?)
Example 25 4 8 4,300
Example 26 1 8 4,200
Example 27 15 8 4,600
Comparative Comparative 8 2,800
Example 1 Compound No. 1
Example 28
[0097] In the same manner as in Example 25, the hole

transport layer 5 was formed on the transparent conductive
supporting substrate.

[0098] Further, a compound represented by the following
structural formula was formed into a film having a thickness
of 20 nm by means of a vacuum deposition method, whereby
the light-emitting layer 3 was formed. Film formation was
performed under conditions that a degree of vacuum upon
deposition was 1.0x10~* Pa, and a film forming rate was 0.2
to 0.3 nm/sec.

%% e

9
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[0099] Further, a synthesis of Exemplified Compound No.
2 was formed into a film having a thickness of 20 nm by
means of a vacuum deposition method, whereby the electron
transport layer 6 was formed. Film formation was performed
under conditions that a degree of vacuum upon deposition
was 1.0x107™* Pa, and a film forming rate was 0.2 to 0.3
nmy/sec.

[0100] Next, the cathode 4 was formed in the same manner
as in Example 25, followed by sealing.

[0101] Adirectvoltageof 7V was applied to the device thus
obtained in such a manner that the ITO electrode (anode 2)
would serve as a positive electrode and the Al—Li electrode
(cathode 4) would serve as a negative electrode. As aresult, a
current flowed in the device at a current density of 17
mA/cm?, and blue light emission having a luminance of 4,500
cd/m* was observed.

[0102] Further, a voltage was applied for 100 hours with a
current density kept at 8 mA/cm?>. As a result, a luminance
after 100 hours was 1,500 cd/m* while an initial luminance
was 1,900 ed/m>. This means that luminance degradation was
small.

Examples 29 and 30

[0103] In present examples, the device were produced in
the same manner as in Example 28 except that Exemplified
Compound Nos. 4 and 15 were used instead of Exemplified
Compound No. 2, respectively, and the devices were each
evaluated in the same manner as in Example 28. Table 2
shows the results. Further, a voltage was applied for 100 hours
with a current density kept at 20 mA/cm?. As a result, lumi-
nance degradation was small.

Comparative Example 2

[0104] The device was produced in the same manner as in
Example 28 except that Comparative Compound No. 1 was
used instead of Exemplified Compound No. 2, and the device
was evaluated in the same manner as in Example 28. Table 2
shows the results. Further, a voltage was applied for 100 hours
with a current density kept at 20 mA/cm? As a result, a
luminance after 100 hours was 430 cd/m” while an initial
luminance was 730 cd/m?. This result means that luminance
degradation was observed.

TABLE 2
Exemplified Initial applied Luminance
Example No. Compound No. voltage (V) (cd/m?)
Example 28 2 7 4,500
Example 29 4 7 4,400
Example 30 15 7 4,700
Comparative Comparative 7 2,400
Example 2 Compound No. 1
Example 31
[0105] The device having the structure illustrated in FIG. 2
was produced.
[0106] In the same manner as in Example 25, the hole

transport layer 5 was formed on the transparent conductive
supporting substrate.

[0107] Further, Exemplified Compound No. 4 was formed
into a film having a thickness of 40 nm by means of'a vacuum
deposition method, whereby the light-emitting layer and the
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electron transport layer 6 were formed. Film formation was
performed under conditions that a degree of vacuum upon
deposition was 1.0x107* Pa; and a film forming rate was 0.2
to 0.3 nm/sec.

[0108] Next, the cathode 4 was formed in the same manner
as in Example 25, followed by sealing.

[0109] A direct voltage of 7V was applied to the device thus
obtained in such a manner that the ITO electrode (anode 2)
would serve as a positive electrode and the Al—Li electrode
(cathode 4) would serve as a negative electrode. As a result, a
current flowed in the device at a current density of 26
mA/cm?, and blue light emission having a luminance of 2,400
cd/m* was observed.

[0110] Further, a voltage was applied for 100 hours with a
current density kept at 15 mA/cm>. As a result, a luminance
after 100 hours was 1,300 cd/m? while an initial luminance
was 1,800 cd/m*. This means that luminance degradation was
small.

Examples 32 and 33

[0111] Inpresent examples, the device was produced in the
same manner as in Example 31 except that Exemplified Com-
pound Nos. 16 and 21 were used instead of Exemplified
Compound No. 4, respectively, and the devices were each
evaluated in the same manner as in Example 31. Table 3
shows the results. Further, a voltage was applied for 100 hours
with a current density kept at 15 mA/cm>. As a result, lumi-
nance degradation was small.

Comparative Example 3

[0112] The device was produced in the same manner as in
Example 31 except that Comparative Compound No. 1 was
used instead of Exemplified Compound No. 4, and the device
was evaluated in the same manner as in Example 31. Table 3
shows the results. Further, a voltage was applied for 100 hours
with a current density kept at 15 mA/cm®. As a result, a
luminance after 100 hours was 80 cd/m> while an initial
luminance was 200 cd/m?. This result means that luminance
degradation was observed.

TABLE 3
Exemplified Initial applied voltage ~ Luminance

Example No.  Compound No. V) (ed/m?)
Example 31 4 7 2,400
Example 32 16 7 2,500
Example 33 21 7 1,900
Comparative Comparative 7 420
Example 3 Compound No. 1

[0113] Whilethe present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

[0114] This application claims the benefit of Japanese
Patent Application No. 2006-312826, filed Nov. 20, 2006,
which is hereby incorporated by reference herein in its
entirety.
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What is claimed is:
1. A 1,5-naphthyridine compound represented by the fol-
lowing general formula [I]:

[

Rs R;

R4
AN N\
N/ /

R¢ Ry

Ry

wherein R, R,, R;, R,, R and R, each represent a group
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, a substituted amino group, a halogen atom, a trifluo-
romethyl group, and a cyano group; and R;, R,, R3, R, Rsand
R may be the same as or different from one another, provided
that at least two of R, R,, R5, R,, R5 and R, each represent a
group selected from the group consisting of a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, and a substituted amino group.

2. A 1,5-naphthyridine compound according to claim 1,
wherein R, R,, R, and R each represent a group selected
from the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group, a halogen atom, a trifluoromethyl
group, and a cyano group; and R, and R, each represent a
group selected from the group consisting of a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, and a substituted amino group.

3. A 1,5-naphthyridine compound represented by the fol-
lowing general formula [I1]:

whereinR | |,R,,,R;;and R, eachrepresent a group selected
from the group consisting of a hydrogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, a substituted
or unsubstituted condensed polycyclic aromatic group, a sub-
stituted or unsubstituted condensed polycyclic heterocyclic
group, a substituted or unsubstituted aryloxy group, a substi-
tuted amino group, a halogen atom, a trifluoromethyl group,
and acyano group; andR, |, R 5, R; andR |, may be the same
as or different from one another; and X represents a group
selected from the group consisting of a divalent, substituted or
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unsubstituted arylene group, a divalent, substituted or unsub-
stituted heterocyclic group, a divalent, substituted or unsub-
stituted condensed polycyclic aromatic group, and a divalent,
substituted or unsubstituted condensed polycyclic heterocy-
clic group.

4. A 1,5-naphthyridine compound represented by the fol-
lowing general formula [I11]:

(111]

wherein R |5, Ri4, R;5, Rys, Rjs and R, each represent a
group selected from the group consisting of a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted or unsubstituted condensed polycyclic aromatic
group, a substituted or unsubstituted condensed polycyclic
heterocyclic group, a substituted or unsubstituted aryloxy
group, a substituted amino group, a halogen atom, a trifluo-
romethyl group, and a cyano group; and R, 5, R, ¢, Ry, Ryg,
R, and R,, may be the same as or different from one another;
and Y represents a trivalent, substituted or unsubstituted
arylene group.

5. An organic light-emitting device, comprising:

a pair of electrodes formed of an anode and a cathode; and

an organic compound layer interposed between the pair of

electrodes,

wherein the organic compound layer contains a 1,5-naph-

thyridine compound according to claim 1.

6. An organic light-emitting device, comprising:

a pair of electrodes formed of an anode and a cathode; and

an organic compound layer interposed between the pair of

electrodes,

wherein the organic compound layer contains a 1,5-naph-

thyridine compound according to claim 3.

7. An organic light-emitting device, comprising:

a pair of electrodes formed of an anode and a cathode; and

an organic compound layer interposed between the pair of

electrodes,

wherein the organic compound layer contains a 1,5-naph-

thyridine compound according to claim 4.

8. An organic light-emitting device according to claim 5,
wherein the organic compound layer is oneof a light-emitting
layer and an electron transport layer.

9. An organic light-emitting device according to claim 6,
wherein the organic compound layer is one of a light-emitting
layer and an electron transport layer.

10. An organic light-emitting device according to claim 7,
wherein the organic compound layer is oneof a light-emitting
layer and an electron transport layer.
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