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Description

TECHNICAL FIELD

[0001] The present invention relates to a benzo[a]fluoranthene compound and an organic light emitting device using
the compound.

BACKGROUND ART

[0002] An organic light emitting device is a device in which a thin film including a fluorescent organic compound or a
phosphorescent organic compound is sandwiched between an anode and a cathode. Further, electrons and holes are
injected from the respective electrodes to generate exciton of the fluorescent compound or the phosphorescent com-
pound, whereby the organic light emitting device emits light when the exciton return to a ground.
[0003] Recent progress of an organic light emitting device is remarkable, and the characteristics of the device enable
a light emitting device with a high luminance at a low applied voltage, a variety of emission wavelengths, high-speed
responsiveness, thin and light weight. From this fact, it is suggested that the device have potential to find use in a wide
variety of applications.
[0004] However, the present situation calls for optical output with even higher luminance or higher conversion efficiency.
In addition, many problems still remain to be solved regarding durability against the change over time due to long-term
use, deterioration caused by atmospheric gas containing oxygen, moisture, or the like.
[0005] Further, when considering application to a full color display or similar device, the present art is still insufficient
against problems relating to the needs for light emission of blue, green, and red with a high color purity.
[0006] The use of a benzofluoranthene compound as a component for an organic light emitting device has been
proposed as a method of solving the above-mentioned problems. For example, in each of Japanese Patent Application
Laid-Open No. 10-189247, Japanese Patent Application Laid-Open No. 2002-8867, and Chem. Master. 2003, 15,
4854-4862, a benzofluoranthene compound is used as a component for an organic light emitting device.
[0007] JP 10 340785 A discloses an organic electroluminescence element material represented by an expression. In
the expression, R1 to R14 designate a hydrogen atom, a halogen atom, a cyano radical, a nitro radical, an alkyl radical,
an aryl radical, an alkoxy radical, an aryloxy radical, an alkylthio radical, an arylthio radical, a cycloalkyl radical, an allyl
radical, a heterocyclic radical, an amino radical, an alkylamino radical, and an arylamino radical, respectively. Further,
a new ring may be formed by bonding neighboring radicals among R1 to R14 to each other.
[0008] JP 2007 027356 A discloses a material for organic electroluminescence comprising: a compound expressed
by a general expression [1] wherein Ar1 is substituted or non-substituted perilenyl group, R1 and R2 are independent
substituted or non-substituted monohydric aromatic hydrocarbon groups or substituted or non-substituted monohydric
aromatic heterocyclic groups; and a compound expressed by a general expression [2] wherein X1 to X14 are independent
hydrogen atoms.
[0009] Benzo[a]fluoranthene compounds are further known from

- HUANG T H ET AL: "Benzo[a]aceanthrylene Derivatives for Red-Emitting Electroluminescent Materials", CHEM-
ISTRY OF MATERIALS, AMERICAN CHEMICAL SOCIETY, WASHINGTON, US, vol. 15, no. 25, 1 January 2003
(2003-01-01), pages 4854-4862 ISSN: 0897-4756, DOI: 10.1021/CM034631E

- JP 2002 069044 A (IDEMITSU KOSAN CO) 8 March 2002 (2002-03-08)

DISCLOSURE OF THE INVENTION

[0010] An object of the present invention is to provide a novel benzo[a]fluoranthene compound. Another object of the
present invention is to provide an organic light emitting device having extremely good light emitting efficiency, extremely
good luminance, and durability.
[0011] A benzo[a]fluoranthene compound of the present invention is represented by the following general formula (I).
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wherein:

at least one of R11 to R22 represents Rm represented by the following general formula (i):

Rm = -Ar1-X1 (i)

wherein:

Ar1 represents any one of the following groups (i-a) to (i-c):

(i-a) a substituted or unsubstituted phenylene group,
(i-b) a substituted or unsubstituted, monocyclic heterocyclic group, and
(i-c) a composite substituent formed of two substituents selected from substituents corresponding to the
groups (i-a) and (i-b); and

X1 represents a substituted or unsubstituted alkyl group having 2 or more carbon atoms, a substituted or
unsubstituted alkenyl group, or a substituted or unsubstituted alkynyl group; and
R11 to R22 none of which is represented by Rm each represent a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted alkenyl group, a substituted or unsubstituted alkynyl group, a substituted or unsub-
stituted aralkyl group, or a substituted or unsubstituted amino group, and R11 to R22 none of which is represented
by Rm may be identical to or different from each other.

[0012] According to the present invention, there can be provided a novel benzo[a]fluoranthene compound. In addition,
according to the present invention, there can be provided an organic light emitting device having extremely good light
emitting efficiency, extremely good luminance, and durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a cross sectional view illustrating an organic light emitting device according to a first embodiment of the
present invention.
FIG. 2 is a cross sectional view illustrating an organic light emitting device according to a second embodiment of
the present invention.
FIG. 3 is a cross sectional view illustrating an organic light emitting device according to a third embodiment of the
present invention.
FIG. 4 is a cross sectional view illustrating an organic light emitting device according to a fourth embodiment of the
present invention.
FIG. 5 is a cross sectional view illustrating an organic light emitting device according to a fifth embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] First, a benzo[a]fluoranthene compound of the present invention will be described.
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[0015] Here, the first embodiment of the benzo[a]fluoranthene compound of the present invention is a compound
represented by the following general formula (I).

[0016] In the general formula (I), at least one of R11 to R22 represents Rm represented by the following general formula
(i):

Rm= -Ar1-X1 (i)

wherein:

Ar1 represents any one of the following groups (i-a) to (i-c):

(i-a) a substituted or unsubstituted phenylene group,
(i-b) a substituted or unsubstituted monocyclic heterocyclic group, and
(i-c) a composite substituent formed of two substituents selected from substituents corresponding to the groups
(i-a) and (i-b).

[0017] Examples of the monocyclic heterocyclic group (i-b) represented by Ar1 include thiophene, pyrrole, pyridine,
pyrazine, pyrimidine, oxazole, oxadiazole, thiazole, and thiadiazole.
[0018] Examples of the composite substituent (i-c) represented by Ar1 include a biphenyl group, a phenylpyridyl group,
a phenyloxazole group, a bipyridyl group, a phenylpyrimidyl group, and a phenylpyridyl group.
[0019] Examples of the substituent that the substituents represented by the groups (i-a) to (i-c) may have include:
alkyl groups such as a methyl group, an ethyl group, and a propyl group; aralkyl groups such as a benzyl group and a
phenethyl group; amino groups such as a dimethylamino group, a diethylamino group, a dibenzylamino group, a diphe-
nylamino group, a ditolylamino group, and a dianisolylamino group; alkoxy groups such as a methoxy group, an ethoxy
group, a propoxy group, and a phenoxy group; a cyano group; a nitro group; and halogen atoms such as fluorine and
chlorine.
[0020] In the general formula (i), X1 represents a substituted or unsubstituted alkyl group having 2 or more carbon
atoms, a substituted or unsubstituted alkenyl group, or a substituted or unsubstituted alkynyl group.
[0021] Examples of the alkyl group represented by X1 include an ethyl group, an isopropyl group, a t-butyl group, and
an adamanthyl group. Preferable alkyl group is a t-butyl group or an adamanthyl group.
[0022] Examples of the alkenyl group represented by X1 include a vinyl group and a butenyl group.
[0023] Examples of the alkynyl group represented by X1 include an ethynyl group and a butynyl group.
[0024] Examples of the substituent that the alkyl group, the alkenyl group, and the alkynyl group may have include:
alkyl groups such as a methyl group, an ethyl group, a propyl group, and a t-butyl group; aralkyl groups such as a benzyl
group and a phenethyl group; aryl groups such as a phenyl group, a biphenyl group, a 2,4,6-trimethylphenyl group, a
4-t-butylphenyl group, and a 3,5-di-t-butylphenyl group; heterocyclic groups such as a thienyl group, a pyrrolyl group,
and a pyridyl group; amino groups such as a dimethylamino group, a diethylamino group, a dibenzylamino group, a
diphenylamino group, a ditolylamino group, and a dianisolylamino group; alkoxy groups such as a methoxy group, an
ethoxy group, a propoxy group, and a phenoxy group; a cyano group; a nitro group; and halogen atoms such as fluorine
and chlorine.
[0025] Further, in general formula (I), R11 to R22 none of which is represented by Rm each represent a hydrogen atom,
a halogen atom, a cyano group, a nitro group, a substituted or unsubstituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted aryloxy group, a substituted or unsubstituted alkenyl group, a substituted
or unsubstituted alkynyl group, a substituted or unsubstituted aralkyl group, or a substituted or unsubstituted amino group.
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[0026] Examples of the halogen atom represented by R11 to R22 include fluorine, chlorine, bromine, and iodine.
[0027] Examples of the alkyl group represented by R11 to R22 include a methyl group, an ethyl group, a normal propyl
group, an isopropyl group, a normal butyl group, a t-butyl group, a sec-butyl group, an octyl group, a 1-adamanthyl
group, and a 2-adamanthyl group.
[0028] Examples of the alkoxy group represented by R11 to R22 include a methoxy group, an ethoxy group, and a
propoxy group.
[0029] Examples of the aryloxy group represented by R11 to R22 include a phenoxy group, a 4-methylphenoxy group,
and a naphthoxy group.
[0030] Examples of the alkenyl group represented by R11 to R22 include a vinyl group, a propenyl group, a butenyl
group, a phenylvinyl group, and a diphenylvinyl group.
[0031] Examples of the alkynyl group represented by R11 to R22 include an ethinyl group, a propinyl group, a butinyl
group, and a phenethynyl group.
[0032] Examples of the aralkyl group represented by R11 to R22 include a benzyl group and a phenethyl group.
[0033] Examples of the amino group represented by R11 to R22 include a dimethylamino group, a diethylamino group,
a dibenzylamino group, a diphenylamino group, a ditolylamino group, a di-t-butylamino group, a dianisolylamino group,
and a carbazoyl group.
[0034] Examples of the substituent that the alkyl group may have include: alkyl groups such as a methyl group, an
ethyl group, and a propyl group; aralkyl groups such as a benzyl group and a phenethyl group; aryl groups such as a
phenyl group and a biphenyl group; heterocyclic groups such as a thienyl group, a pyrrolyl group, and a pyridyl group;
amino groups such as a dimethylamino group, a diethylamino group, a dibenzylamino group, a diphenylamino group,
a ditolylamino group, and a dianisolylamino group; alkoxy groups such as a methoxy group, an ethoxy group, and a
propoxy group; aryloxy groups such as an alkoxy group and a phenoxy group; halogen atoms such as fluorine and
chlorine; a cyano group; and a nitro group.
[0035] R11 to R22 none of which is represented by Rm may be identical to or different from each other.
[0036] Since an unsubstituted benzo[a]fluoranthene is of a structure having high planarity, the benzo[a]fluoranthene
is apt to cause a reduction in luminance of an organic light emitting device due to concentration quenching in a light
emitting layer. In view of the foregoing, when at least one of R11 to R22 in the general formula (I) represents Rm having
large steric hindrance, the concentration quenching in the light emitting layer is suppressed, so the reduction in luminance
of the organic light emitting device can be suppressed.
[0037] In addition, the introduction of X1 formed of a carbon chain enables the n-conjugate planes of the molecules
of the benzo[a]fluoranthene compound to avoid overlapping each other. As a result, the sublimation property and dep-
osition stability of the benzo[a]fluoranthene compound are improved, the crystallinity of the compound is reduced, and
the stability of a film formed of the compound is improved by the high glass transition temperature of the compound.
[0038] Hereinafter, specific examples of the compound represented by the general formula (I) will be shown below.
However, the present invention is not limited to these examples.
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[0039] The benzo[a]fluoranthene compound of the present invention can be used as a material of which an organic
light emitting device is formed. In addition, the incorporation of the benzo[a]fluoranthene compound of the present
invention as a component for the organic light emitting device improves the light emitting efficiency, color purity, and
durability of the organic light emitting device. The reason why those properties are improved will be described below.
[0040] The benzo[a]fluoranthene compound of the present invention contains a five-membered ring structure. Here,
the benzo[a]fluoranthene compound of the present invention is provided with electron injecting property by virtue of
electron withdrawing property resulting from the five-membered ring structure. Accordingly, the use of the benzo[a]
fluoranthene compound of the present invention as a material of which the organic light emitting device is formed can
reduce the voltage at which the device is driven because the use allows an electron generated from a cathode to be
efficiently transported. As a result, the light emitting efficiency of the organic light emitting device can be improved. In
addition, the use contributes also to the lengthening of the lifetime of the organic light emitting device.
[0041] In addition, the introduction of a substituent into the benzo[a]fluoranthene compound of the present invention
can appropriately adjust the levels of the HOMO and LUMO of the compound. Accordingly, a molecule of the compound
can be designed while a balance between the amount in which a hole as a carrier is injected and the amount in which
an electron as another carrier is injected is taken into consideration.
[0042] The chemical stability of a material of which an organic light emitting device is formed is an important factor
for the durability of the device.
[0043] The benzo[a]fluoranthene compound of the present invention is chemically stable because the compound
shows low reactivity against the electrophilic reaction of a singlet oxygen molecule or the like by virtue of an electron
withdrawing effect originating from the five-membered ring structure.
[0044] In addition, the chemical stability of the benzo[a]fluoranthene compound of the present invention is additionally
improved when the compound has a substituent in its benzo[a]fluoranthene skeleton. The substituent is preferably a
substituent formed of a carbon atom and a hydrogen atom. To be specific, an alkyl group, an alkenyl group, an alkynyl
group, an aralkyl group, or an aryl group is preferable, and an alkyl group or an aryl group is more preferable.
[0045] In contrast, a nitrogen atom-containing substituent such as an amino group is not preferable because the
substituent is a substituent having high chemical reactivity, and reduces the chemical stability of the benzo[a]fluoranthene
compound.
[0046] Here, the substituent formed of a carbon atom and a hydrogen atom is preferably introduced into the position
of R15 in the benzo[a]fluoranthene compound of the formula (I). Since the position is the substitution position at which
electrophilic reactivity is highest in the benzo[a]fluoranthene skeleton, the introduction of a substituent having a lower
elimination ability and lower chemical reactivity than those of a hydrogen atom into the position additionally improves
the chemical stability of the benzo[a]fluoranthene compound. In addition, an alkoxy group or a heterocyclic group as
well as a substituent formed of a carbon atom and a hydrogen atom (such as an alkyl group, an alkenyl group, an alkynyl
group, an aralkyl group, or an aryl group) may be introduced into the position.
[0047] Next, an organic light emitting device of the present invention will be described in detail.
[0048] The organic light emitting device of the present invention includes an anode, a cathode, and a layer formed of
an organic compound, the layer being interposed between the anode and cathode. In addition, the layer formed of an
organic layer contains at least one kind of a benzo[a]fluoranthene compound of the present invention.
[0049] Hereinafter, an organic light emitting device of the present invention will be described in detail with reference
to the drawings.
[0050] Reference numeral 1 denotes a substrate; 2, an anode; 3, a light emitting layer; 4, a cathode; 5, a hole trans-
porting layer; 6, an electron transporting layer; 7, a hole injecting layer; 8, a hole/exciton blocking layer; and 10, 20, 30,
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40, and 50 each denote an organic light emitting device.
[0051] FIG. 1 is a cross sectional view illustrating an organic light emitting device according to a first embodiment of
the present invention. The organic light emitting device 10 of FIG. 1 includes the anode 2, the organic light emitting layer
3, and the cathode 4, which are sequentially formed on the substrate 1. The organic light emitting device 10 is useful in
a case where the light emitting layer 3 is formed of a compound which has all the properties including a hole transporting
ability, an electron transporting ability, and light emitting property or a case where the light emitting layer 3 is formed of
a mixture of compounds each having one of the hole transporting ability, the electron transporting ability, and the light
emitting property.
[0052] FIG. 2 is a cross sectional view illustrating the organic light emitting device according to a second embodiment
of the present invention. The organic light emitting device 20 of FIG. 2 includes the anode 2, the hole transporting layer
5, the electron transporting layer 6, and the cathode 4, which are sequentially formed on the substrate 1. The organic
light emitting device 20 is useful in a case where a light emitting organic compound having one of hole transporting
property and electron transporting property and an organic compound having electron transporting property alone or
hole transporting property alone are used in combination. In addition, in the light emitting device 20, the hole transporting
layer 5 or the electron transporting layer 6 serves as the light emitting layer.
[0053] FIG. 3 is a cross sectional view illustrating the organic light emitting device according to a third embodiment
of the present invention. The organic light emitting device 30 of FIG. 3 illustrate a structure in which the light emitting
layer 3 is inserted between the hole transporting layer 5 and the electron transporting layer 6 in the organic light emitting
device 20 of FIG. 2. In the organic light emitting device 30, a carrier transporting function and a light emitting function
are separated from each other. Thus, the device can be used appropriately in combination with organic compounds
each having one of the hole transporting property, electron transporting property, and light emitting property. Therefore,
the degree of freedom in selection of a material extremely increases as well as various compounds different from each
other in emission wavelength can be used. As a result, the range of luminescent colors can be widened. Further, a light
emitting efficiency of the organic light emitting device 30 can be improved by effectively trapping carrier or exciton in the
central light emitting layer 3.
[0054] FIG. 4 is a cross sectional view illustrating the organic light emitting device according to a fourth embodiment
of the present invention. The organic light emitting device 40 of FIG. 4 illustrate a structure in which the hole injecting
layer 7 is provided between the anode 2 and the hole transporting layer 5 in the organic light emitting device 30 of FIG.
3. The provision of the hole injecting layer 7 in the organic light emitting device 40 imparts an improving effect on
adhesiveness between the anode 2 and the hole transporting layer 5 or on hole injection property, and is effective for
a reduction in voltage at which the device is driven.
[0055] FIG. 5 is a cross sectional view illustrating the organic light emitting device according to a fifth embodiment of
the present invention. The organic light emitting device 50 of FIG. 5 illustrate a structure in which a layer for inhibiting
the escape of a hole or exciton toward the side of the cathode 4 (hole/exciton blocking layer 8) is inserted between the
light emitting layer 3 and the electron transporting layer 6 in the organic light emitting device 30 of FIG. 3. The use of a
compound having an extremely high ionization potential as the hole/exciton blocking layer 8 improves the light emitting
efficiency of the organic light emitting device 50.
[0056] It should be noted that the device structures according to the first to fifth embodiments are each merely very
basic one, and the structure of the organic light emitting device using the benzo[a]fluoranthene compound of the present
invention is not limited to those. For example, an insulating layer may be provided onto an interface between an electrode
and an organic layer, an adhesive layer or an interference layer may be provided thereonto, and a hole transporting
layer may be formed of two layers having different ionization potentials.
[0057] The benzo[a]fluoranthene compound of the present invention can be used in any one of the above-mentioned
first to fifth embodiments.
[0058] The benzo[a]fluoranthene compound of the present invention can be used as a material for an organic light
emitting device. To be specific, the compound can be used as a material of which each of the hole transporting layer,
electron transporting layer, and light emitting layer of the device is formed. In this case, one benzo[a]fluoranthene
compound of the above kind may be used, or multiple benzo[a]fluoranthene compounds of the above kind may be used.
Alternatively, the benzo[a]fluoranthene compound may be incorporated into each of multiple layers. The use of the
benzo[a]fluoranthene compound of the present invention improves the light emitting efficiency and lifetime of the organic
light emitting device.
[0059] The benzo[a]fluoranthene compound of the present invention is particularly preferably used as a material of
which the light emitting layer is formed not only because the compound can be used in any one of various embodiments
but also because the performance of the organic light emitting device can be improved in terms of color purity, light
emitting efficiency, and lifetime.
[0060] The light emitting layer may be formed only of the benzo[a]fluoranthene compound of the present invention.
Alternatively, the light emitting layer may be formed of a host and a guest. Here, the benzo[a]fluoranthene compound
of the present invention can be used in any one of a dopant material serving as a guest, and a fluorescent material and
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a phosphorescent material each serving as a host. The use of the benzo[a]fluoranthene compound of the present
invention as a host or guest in the light emitting layer can improve the performance of the organic light emitting device
in terms of color purity, light emitting efficiency, and lifetime.
[0061] When the benzo[a]fluoranthene compound of the present invention is used as a guest for the light emitting
layer, the corresponding host, which is not particularly limited, is preferably a fused polycyclic derivative from the following
viewpoint: an organic light emitting device formed of a stable amorphous film should be provided. Here, in order that an
organic light emitting device having high efficiency and durability may be provided, the emission quantum yield of the
host itself must be high, and the host itself must be chemically stable. A preferable fused polycyclic derivative satisfying
those requests is, for example, a fluorene derivative, a pyrene derivative, a fluoranthene derivative, or a benzofluoran-
thene derivative. Each of those derivatives has a high emission quantum yield, and is chemically stable.
[0062] Here, when the benzo[a]fluoranthene compound of the present invention is used as a guest for the light emitting
layer, the content of the compound is preferably 0.1 wt% or more to 30 wt% or less with respect to the total weight of
the materials of which the light emitting layer is formed; the content is more preferably 0.1 wt% or more to 15 wt% or
less from the viewpoint of the suppression of concentration quenching.
[0063] On the other hand, when the benzo[a]fluoranthene compound of the present invention is used as a host for
the light emitting layer, the corresponding guest is not particularly limited, and can be appropriately selected depending
on, for example, a desired luminescent color. In addition, a hole transportable compound, an electron transportable
compound, or the like as well as the guest can be used as required by doping the layer with such compound together
with the guest.
[0064] The organic light emitting device of the present invention uses the benzo[a]fluoranthene compound of the
present invention particularly as a material of which the light emitting layer of the device is formed. In addition, the organic
light emitting device of the present invention can use, for example, any one of the conventionally known low-molecular-
weight-based and polymer-based hole transportable compounds, luminous compounds, and electron transportable
compounds together with the benzo[a]fluoranthene compound of the present invention as required.
[0065] Examples of the hole transportable compounds include triarylamine derivatives, aryldiamine derivatives,
phthalocyanine derivatives, porphyrin derivatives, poly(vinylcarbazole), poly(silylene); poly(thiophene), and other con-
ductive polymers.
[0066] Examples of the light emitting compound other than the benzo[a]fluoranthene compound of the present invention
include: fused ring aromatic compounds (including naphthalene derivatives, phenanthrene derivatives, fluorene deriv-
atives, pyrene derivatives, tetracene derivatives, coronene derivatives, chrysene derivatives, perylene derivatives, 9,10-
diphenylanthracene derivatives, and rubrene); quinacridone derivatives; acridone derivatives; coumarin derivatives;
pyran derivatives; Nile red; pyrazine derivatives; benzoimidazole derivatives; benzothiazole derivatives; benzoxazole
derivatives; stilbene derivatives; organometallic complexes (including organic aluminum complexes such as tris(8-qui-
nolinolato)aluminum, and organic beryllium complexes); and high-molecular derivatives such as poly(phenylene vi-
nylene) derivatives, poly(fluorene) derivatives, poly(phenylene) derivatives, poly(thienylene vinylene) derivatives, and
poly(acetylene) derivatives.
[0067] Examples of the electron transportable compound include oxadiazole derivatives, oxazole derivatives, thiazole
derivatives, thiadiazole derivatives, pyrazine derivatives, triazole derivatives, triazine derivatives, perylene derivatives,
quinoline derivatives, quinoxaline derivatives, fluorenone derivatives, anthrone derivatives, phenanthroline derivatives,
and organometallic complexes.
[0068] A desirable anode material has as large a work function as possible. Examples of available anode include:
metal elements such as gold, platinum, silver, copper, nickel, palladium, cobalt, selenium, vanadium, and tungsten, and
alloys thereof; and metal oxides such as tin oxide, zinc oxide, indium oxide, indium tin oxide (ITO), and indium zinc
oxide. Further, conductive polymers such as polyaniline, polypyrrole, polythiophene, and polyphenylene sulfide may
also be used. Each of those electrode substances may be used singly. Alternatively, two or more of them may also be
used in combination. Further, the anode may be formed of a single layer and may be formed of multiple layers.
[0069] A desirable cathode material has as small a work function as possible. Examples of available cathode include:
metal elements such as lithium, sodium, potassium, calcium, magnesium, aluminum, indium, ruthenium, titanium, man-
ganese, yttrium, silver, lead, tin, and chromium. Alternatively, those metal elements may be used in combination as
alloys. For example, the following alloys can be used: lithium-indium, sodium-potassium, magnesium-silver, aluminum-
lithium, aluminum-magnesium, and magnesium-indium alloys. Further, metal oxides such as indium tin oxide (ITO) may
also be used. Each of those electrode substances may be used singly or in combination of two or more. Further, the
cathode may be formed of a single layer and may be formed of multiple layers.
[0070] Substrates which may be used in the present invention include: opaque substrates such as metallic substrates
and ceramics substrates; and transparent substrates such as glass, quartz, and plastic sheet substrates, but are not
particularly limited to these materials.
[0071] In addition, a color filter film, a fluorescent color converting film, a dielectric reflection film, or the like may be
used in the substrate to control emitted light. The device of the present invention can also be produced by being connected
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to a thin-film transistor (TFT) produced on a substrate.
[0072] Moreover, with respect to a direction of extracting light of the device, both a bottom emission structure (structure
in which light is extracted from the substrate side) and a top emission structure (structure in which light is extracted from
a side opposite to the substrate) can be acceptable.
[0073] The organic light emitting device of the present invention is produced by a method such as a vacuum vapor
deposition method, a solution application method, a transfer method involving the use of laser or the like, or a spray
method. Here, an organic layer containing the benzo[a]fluoranthene compound of the present invention is preferably
formed by, for example, the vacuum vapor deposition method or the solution application method because the crystalli-
zation or the like of the layer itself to be formed hardly occurs, and the layer is excellent in stability over time.
[0074] Hereinafter, the present invention will be further specifically described with reference to Examples, but is not
limited thereto.

<Example 1>

Synthesis of Exemplified Compound A-1

[0075]

(a) Synthesis of Intermediate Compound 1-2

[0076] A reagent and a solvent shown below were loaded into a 200-ml three-necked flask.
Compound 1-1: 1.0 g (3.96 mmol)
Dichloromethane: 50 ml
[0077] Next, a solution prepared by mixing 0.20 ml of bromine and 10 ml of dichloromethane was dropped to the
mixture while the mixture was stirred under a nitrogen atmosphere and under ice cooling. Next, the reaction solution
was stirred for 5 hours. After the completion of the reaction, the reaction solution was filtrated, and the resultant crystal
was washed with methanol, whereby 1.24 g of Intermediate 1-2 as a yellow crystal were obtained (95% yield).

(b) Synthesis of Exemplified Compound A-1

[0078] Reagents and solvents shown below were loaded into a 200-ml three-necked flask.

[0079] Next, an aqueous solution prepared by mixing 1.35 g of cesium carbonate and 50 ml of water was dropped to
the reaction solution while the reaction solution was stirred under a nitrogen atmosphere at room temperature. Subse-
quently, 0.174 g of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next, the temperature

Compound 1-2: 0.500 g (1.51 mmol)
Compound 1-3: 0.432 g (1.66 mmol)
Toluene: 50 ml
Ethanol: 20 ml
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of the reaction solution was increased to 77˚C, and the reaction solution was stirred for 5 hours. After the completion of
the reaction, the organic layer was extracted with toluene and dried with anhydrous sodium sulfate, and then the solvent
was removed by distillation under reduced pressure. Next, the remainder was purified by silica gel column chromatog-
raphy (developing solvent: a mixed solvent of toluene and heptane), whereby 0.476 g of Exemplified Compound A-1 as
a yellow crystal was obtained (82% yield).
[0080] Mass spectrometry confirmed that Exemplified Compound A-1 had an M+ of 384.
[0081] In addition, 1H-NMR measurement identified the structure of Exemplified Compound A-1.
1H-NMR (CDCl3, 400 MHz) σ(ppm): 8.84(d, 1H), 8.44(d, 1H), 8.05-7.99(m, 3H), 7.73(d, 1H), 7.69-7.65(m, 1H), 7.60(d,
2H), 7.57(dd, 1H), 7.50(t, 1H), 7.45(d, 2H), 7.44-7.40(m, 2H), 1.48(s, 9H)
[0082] In addition, an emission spectrum in a dilute solution of Exemplified Compound A-1 in toluene having a con-
centration of 10-6 mol/l was measured. As a result, the emission spectrum showed a good green color having an emission
peak at 505 nm. It should be noted that the emission spectrum was measured with a fluorophotometer (F-4500 manu-
factured by Hitachi, Ltd.) at an excitation wavelength of 340 nm.
[0083] Each of Exemplified Compounds A-3, A-5, A-6, A-9, A-10, A-11, and A-12 can be synthesized by using the
corresponding one of the pinacolborane derivatives shown in Table 1 below instead of Compound 1-3 in the section (b)
of Example 1.

<Example 2> (Production of organic light emitting device)

[0084] As an anode, a film of tin oxide indium (ITO) having a film thicknesses of 120 nm was formed on a glass
substrate by a sputtering method. Next, the obtained substrate thus formed was subjected to ultrasonic cleaning with

Table 1

Exemplified Compound Pinacolborane derivative

A-3

A-5

A-6

A-9

A-10

A-11

A-12
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acetone and isopropyl alcohol (IPA) subsequently. Then, the resultant was washed in boiling IPA, followed by drying.
Further, the resultant was subjected to UV/ozone cleaning. The thus-treated glass substrate was used as a transparent
conductive supporting substrate.
[0085] Next, a 0.1 wt% solution of Compound 2-1 shown below in chloroform was formed into a film having a thickness
of 20 nm on the transparent conductive supporting substrate by a spin coating method, whereby a hole transporting
layer was formed.

[0086] Next, any other organic layer and a layer of which a cathode was formed were continuously formed by a vacuum
vapor deposition method based on resistance heating in a vacuum chamber at 10-5 Pa. To be specific, first, Exemplified
Compound A-1 as a guest and Compound 2-2 shown below were co-deposited at a weight concentration ratio of 5 : 95
so as to serve as a light emitting layer. At that time, the thickness of the light emitting layer was 20 nm. Next, Compound
2-3 shown below was formed into an electron transporting layer having a thickness of 40 nm. Next, LiF was formed into
a metal electrode layer 1 having a thickness of 0.5 nm. Next, Al was formed into a metal electrode layer 2 having a
thickness of 150 nm. Here, the metal electrode layer 1 and the metal electrode layer 2 each function as a cathode.

[0087] Thus, an organic light emitting device was produced.
[0088] A voltage of 6.1 V was applied to the organic light emitting device produced in this example. As a result, the
device was observed to emit green light having an emission luminance of 1,560 cd/m2 at a current density of 17 mA/cm2.
[0089] Further, the organic light emitting device of this example was continuously driven for 100 hours under a nitrogen
atmosphere while a current density was kept at 165 mA/cm2. As a result, the percentage by which the luminance of the
device degraded after the driving for 100 hours as compared to the initial luminance of the device was as small as 5%
or less.

Claims

1. A benzo[a]fluoranthene compound represented by the following general formula (I):
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wherein:

at least one of R11 to R22 represents Rm represented by the following general formula (i):

Rm= -Ar1-X1 (i)

wherein:

Ar1 represents any one of the following groups (i-a) to (i-c):

(i-a) a substituted or unsubstituted phenylene group,
(i-b) a substituted or unsubstituted monocyclic heterocyclic group, and
(i-c) a composite substituent formed of two substituents selected from substituents corresponding to
the groups (i-a) and (i-b); and

X1 represents a substituted or unsubstituted alkyl group having 2 or more carbon atoms, a substituted or
unsubstituted alkenyl group, or a substituted or unsubstituted alkynyl group; and

R11 to R22 none of which is represented by Rm each represent a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted alkenyl group, a substituted or unsubstituted alkynyl group, a substituted or unsub-
stituted aralkyl group, or a substituted or unsubstituted amino group, and R11 to R22 none of which is represented
by Rm may be identical to or different from each other.

2. The benzo[a]fluoranthene compound according to claim 1, wherein X1 in the general formula (i) represents an ethyl
group, an isopropyl group, a t-butyl group, or an adamantyl group.

3. An organic light emitting device comprising:

an anode;
a cathode; and
one or more layers each containing an organic compound, the one or more layers being interposed between
the anode and the cathode,
wherein at least one layer of the one or more layers each containing an organic compound contains at least
one kind of the benzo[a]fluoranthene compound according to claim 1.

4. The organic light emitting device according to claim 3, wherein the benzo[a]fluoranthene compound is contained in
a light emitting layer.

5. The organic light emitting device according to claim 3, further comprising a color filter.

Patentansprüche

1. Benzo[a]fluoranthen-Verbindung, die durch die folgende allgemeine Formel (I) dargestellt ist:
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wobei:

zumindest eines von R11 bis R22 Rm darstellt, das durch die folgende allgemeine Formel (i) dargestellt ist:

Rm= - - Ar1- - X1 (i)

wobei:

Ar1 irgendeine der folgenden Gruppen (i-a) bis (i-c) darstellt:

(i-a) eine substituierte oder unsubstituierte Phenylengruppe,
(i-b) eine substituierte oder unsubstituierte monocyclische heterocyclische Gruppe, und
(i-c) einen zusammengesetzten Substituenten, der aus zwei Substituenten gebildet ist, die aus Sub-
stituenten ausgewählt sind, die den Gruppen (i-a) und (i-b) entsprechen; und

X1 eine substituierte oder unsubstituierte Alkylgruppe mit 2 oder mehr Kohlenstoffatomen, eine substituierte
oder unsubstituierte Alkenylgruppe oder eine substituierte oder unsubstituierte Alkynylgruppe darstellt; und

R11 bis R22, von welchen keine durch Rm dargestellt ist, jeweils ein Wasserstoffatom, ein Halogenatom, eine
Cyanogruppe, eine Nitrogruppe, eine substituierte oder unsubstituierte Alkylgruppe, eine substituierte oder
unsubstituierte Alkoxygruppe, eine substituierte oder unsubstituierte Alkenylgruppe, eine substituierte oder
unsubstituierte Alkynylgruppe, eine substituierte oder unsubstituierte Aralkylgruppe oder eine substituierte oder
unsubstituierte Aminogruppe darstellen, und R11 bis R22, von welchen keine durch Rm dargestellt ist, können
identisch sein oder voneinander verschieden sein.

2. Benzo[a]fluoranthen-Verbindung nach Anspruch 1, wobei X1 in der allgemeinen Formel (i) eine Ethylgruppe, eine
Isopropylgruppe, eine t-Butylgruppe oder eine Adamantylgruppe darstellt.

3. Organische Licht-emittierende Vorrichtung, die umfasst:

eine Anode;
eine Kathode; und
eine oder mehr Schichten, die jeweils eine organische Verbindung enthalten, wobei die eine oder mehr Schichten
zwischen der Anode und der Kathode angeordnet sind,
wobei zumindest eine Schicht der einen oder mehr Schichten, die jeweils eine organische Verbindung enthalten,
zumindest eine Art von der Benzo[a]fluoranthen-Verbindung nach Anspruch 1 enthält.

4. Organische Licht-emittierende Vorrichtung nach Anspruch 3, wobei die Benzo[a]fluoranthen-Verbindung in einer
Licht-emittierenden Schicht enthalten ist.

5. Organische Licht-emittierende Vorrichtung nach Anspruch 3, ferner umfassend einen Farbfilter.



EP 2 162 414 B1

14

5

10

15

20

25

30

35

40

45

50

55

Revendications

1. Dérivé de benzo[a]fluoranthène représenté par la formule générale (I) suivante :

dans laquelle :

au moins un de R11 à R22 représente un groupe Rm représenté par la formule générale (i) suivante :

Rm= -Ar1-X1 (i)

dans laquelle :

Ar1 représente n’importe lequel des groupes (i-a) à (i-c) suivants :

(i-a) un groupe phénylène substitué ou non substitué,
(i-b) un groupe hétérocyclique monocyclique substitué ou non substitué, et
(i-c) un substituant composite formé de deux substituants choisis parmi des substituants correspon-
dants au groupes (i-a) et (i-b) ; et

X1 représente un groupe alkyle, substitué ou non substitué, ayant 2 ou plus de 2 atomes de carbone, un
groupe alcényle substitué ou non substitué, ou un groupe alcynyle substitué ou non substitué ; et
R11 à R22, dont aucun n’est représenté par Rm, représentent chacun un atome d’hydrogène, un atome
d’halogène, un groupe cyano, un groupe nitro, un groupe alkyle substitué ou non substitué, un groupe
alkoxy substitué ou non substitué, un groupe alcényle substitué ou non substitué, un groupe alcynyle
substitué ou non substitué, un groupe aralkyle substitué ou non substitué, ou un groupe amino substitué
ou non substitué, et R11 à R22, dont aucun n’est représenté par Rm, peuvent être identiques ou différents
les uns des autres.

2. Dérivé de benzo[a]fluoranthène suivant la revendication 1, dans lequel X1 dans la formule générale (i) représente
un groupe éthyle, un groupe isopropyle, un groupe tertiobutyle ou un groupe adamantyle.

3. Dispositif électroluminescent organique comprenant :

une anode ;
une cathode ; et
une ou plusieurs couches contenant chacune un composé organique, la ou les couches étant interposées entre
l’anode et la cathode,
dans lequel au moins une couche de la ou des couches contenant chacune un composé organique contient
au moins un type du dérivé de benzo[a]fluoroanthène suivant la revendication 1.

4. Dispositif électroluminescent organique suivant la revendication 3, dans lequel le dérivé de benzo[a]fluoranthène
est présent dans une couche électroluminescente.

5. Dispositif électroluminescent organique suivant la revendication 3, comprenant en outre un filtre de couleur.
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