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(7) ABSTRACT

There is provided a benzo[a]fluoranthene compound repre-
sented by the formula (I):

Wy

wherein: at least one R, to R,, represents R, represented by
the formula (i):

R,~—An—X, o)

wherein: Ar, represents any one of the following groups (i-a)
to (i-¢): (i-a) a substituted or unsubstituted phenylene group,
(i-b) a substituted or unsubstituted monocyclic heterocyclic
group, and (i-¢) a composite substituent formed of two sub-
stituents selected from substituents corresponding to the
groups (i-a) and (i-b); and X, 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 R | to R, none of which is
represented by R, each represent a hydrogen atom, a halogen
atom or the like, and R, to R, none of which is represented
by R,, may be identical to or different from each other.
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BENZO[A]JFLUORANTHENE COMPOUND
AND ORGANIC LIGHT EMITTING DEVICE
USING THE SAME

TECHNICAL FIELD

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

BACKGROUND ART

[0002] Anorganiclightemitting 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 fluo-
rescent compound or the phosphorescent compound,
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 out-
put with even higher luminance or higher conversion effi-
ciency. 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] Theuse of abenzofluoranthene compound as a com-
ponent 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 ben-
zofluoranthene compound is used as a component for an
organic light emitting device.

DISCLOSURE OF THE INVENTION

[0007] 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.

[0008] A benzo[a]fluoranthene compound of the present
invention is represented by the following general formula (I).

)
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wherein:
[0009] atleast one of R}, to R, represents R, represented
by the following general formula (i):
R,—A—X, )
[0010] wherein:
[0011] Ar, 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
[0012] X, represents a substituted or unsubstituted alkyl
group having 2 or more carbon atoms, a substituted or
unsubstituted alkenyl group, or a substituted or unsub-
stituted alkynyl group; and
[0013] R,, toR,, none of which is represented by R, 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 unsubstituted aralkyl group, or
a substituted or unsubstituted amino group, and R, to R,,
none of which is represented by R, may be identical to or
different from each other.
[0014] According to the present invention, there can be
provided a novel benzo[a]fluoranthene compound. In addi-
tion, according to the present invention, there can be provided
an organic light emitting device having extremely good light
emitting efficiency, extremely good luminance, and durabil-
ity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a cross sectional view illustrating an
organic light emitting device according to a first embodiment
of the present invention.

[0016] FIG. 2 is a cross sectional view illustrating an
organic light emitting device according to a second embodi-
ment of the present invention.

[0017] FIG. 3 is a cross sectional view illustrating an
organic light emitting device according to a third embodiment
of the present invention.

[0018] FIG. 4 is a cross sectional view illustrating an
organic light emitting device according to a fourth embodi-
ment of the present invention.

[0019] 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

[0020] First, a benzo[a]fluoranthene compound of the
present invention will be described.

[0021] Here, the first embodiment of the benzo[a]fluoran-
thene compound of the present invention is a compound rep-
resented by the following general formula (I).
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O

Ryg Ry

[0022] Inthe general formula (1), atleastone of R ;, 10 R,,
represents R | represented by the following general formula

(0):

R, =—Ar—X, o)
[0023] wherein:
[0024] Ar, 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).
[0025] Examples of the monocyclic heterocyclic group
(i-b) represented by Ar, include thiophene, pyrrole, pyridine,
pyrazine, pyrimidine, oxazole, oxadiazole, thiazole, and thia-
diazole.
[0026] Examples of the composite substituent (i-c) repre-
sented by Ar, include a biphenyl group, a phenylpyridyl
group, a phenyloxazole group, a bipyridyl group, a phenylpy-
rimidyl group, and a phenylpyridyl group.
[0027] 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
diphenylamino group, a ditolylamino group, and a dianisoly-
lamino group; alkoxy groups such as a methoxy group, an
ethoxy group, a propoxy group, and a phenoxy group; acyano
group; a nitro group; and halogen atoms such as fluorine and
chlorine.
[0028] In the general formula (i), X, represents a substi-
tuted or unsubstituted alkyl group having 2 or more carbon
atoms, a substituted or unsubstituted alkenyl group, or a sub-
stituted or unsubstituted alkynyl group.
[0029] Examples of the alkyl group represented by X,
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.
[0030] Examples of the alkenyl group represented by X,
include a vinyl group and a buteny! group.
[0031] Examples of the alkynyl group represented by X,
include an ethyny! group and a butynyl group.
[0032] Examples of the substituent that the alkyl group, the
alkenyl group, and the alkynyl group may have include: alkyl
groups such as amethyl 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-bu-
tylphenyl group, and a 3,5-di-t-butylphenyl group; heterocy-
clic groups such as a thienyl group, a pyrrolyl group, and a

Sep. 23,2010

pyridyl group; amino groups such as a dimethylamino group,
a diethylamino group, a dibenzylamino group, a dipheny-
lamino 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; acyano group;
a nitro group; and halogen atoms such as fluorine and chlo-
rine.

[0033] Further, in general formula (I), R;; to R,, none of
which is represented by R ,, each represent a hydrogen atom,
ahalogen 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.
[0034] Examples ofthehalogen atom represented by R, to
R,, include fluorine, chlorine, bromine, and iodine.

[0035] Examples of the alkyl group represented by R ; to
R,, 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.

[0036] Examples of the alkoxy group represented by R, to
R,, include a methoxy group, an ethoxy group, and a propoxy
group.

[0037] Examples of the aryloxy group represented by R,
to R,, include a phenoxy group, a 4-methylphenoxy group,
and a naphthoxy group.

[0038] Examples of thealkenyl group represented by R, to
R,, include a vinyl group, a propenyl group, a butenyl group,
a phenylvinyl group, and a diphenylvinyl group.

[0039] Examples ofthealkynyl group representedbyR |, to
R,, include an ethinyl group, a propinyl group, a butinyl
group, and a phenethynyl group.

[0040] Examples of the aralkyl group represented by R, to
R,, include a benzyl group and a phenethyl group.

[0041] Examples of the amino group represented by R, to
R,, include a dimethylamino group, a diethylamino group, a
dibenzylamino group, a diphenylamino group, aditolylamino
group, a di-t-butylamino group, a dianisolylamino group, and
a carbazoyl group.

[0042] 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 adimethylamino group, adiethylamino group,
a dibenzylamino group, a diphenylamino group, a ditoly-
lamino 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.

[0043] R,,toR,, none of which is represented by R, may
be identical to or different from each other.

[0044] 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
R;, to R, in the general formula (I) represents R, having
large steric hindrance, the concentration quenching in the
light emitting layer is suppressed, so the reduction in lumi-
nance of the organic light emitting device can be suppressed.
[0045] In addition, the introduction of X, formed of a car-
bon chain enables the mi-conjugate planes of the molecules of



US 2010/0237328 Al

the benzo[a]fluoranthene compound to avoid overlapping
each other. As a result, the sublimation property and deposi-
tion 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.
[0046] Hereinafter, specific examples of the compound
represented by the general formula (T) will be shown below.
However, the present invention is not limited to these
examples.

Al

Sep. 23,2010

-continued

A5

CH;

CH;
CH;

A-6




US 2010/0237328 Al

-continued

A-10

[0047] 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 acomponent 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 propet-
ties are improved will be described below.

[0048] 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 elec-
tron withdrawing property resulting from the five-membered
ring structure. Accordingly, the use of the benzo[a]fluoran-
thene 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.

[0049] Inaddition, 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 consider-
ation.
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[0050] 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.

[0051] 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 with-
drawing effect originating from the five-membered ring
structure.

[0052] In addition, the chemical stability of the benzo[a]
fluoranthene compound of the present invention is addition-
ally 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.

[0053] In contrast, a nitrogen atom-containing substituent
such as an amino group is not preferable because the substitu-
ent is a substituent having high chemical reactivity, and
reduces the chemical stability of the benzo[a]fluoranthene
compound.

[0054] Here, the substituent formed of a carbon atom and a
hydrogen atom is preferably introduced into the position of
R, inthe benzo[a]fluoranthene compound ofthe formula (T).
Since the position is the substitution position at which elec-
trophilic 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.

[0055] Next, an organic light emitting device of the present
invention will be described in detail.

[0056] The organic light emitting device of the present
invention includes an anode, a cathode, and alayer formed of
an organic compound, the layer being interposed between the
anodeand 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.

[0057] Hereinafter, an organic light emitting device of the
present invention will be described in detail with reference to
the drawings.

[0058] 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, 40, and 50 each denote an organic light emitting device.
[0059] 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 ina
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



US 2010/0237328 Al

of a mixture of compounds each having one of the hole
transporting ability, the electron transporting ability, and the
light emitting property.

[0060] FIG. 2 is a cross sectional view illustrating the
organic light emitting device according to a second embodi-
ment of the present invention. The organic light emitting
device 20 of F1G. 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.

[0061] 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 trans-
porting 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.

[0062] FIG. 4 is a cross sectional view illustrating the
organic light emitting device according to a fourth embodi-
ment 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 transport-
ing layer 5 or on hole injection property, and is effective for a
reduction in voltage at which the device is driven.

[0063] 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.

[0064] It should be noted that the device structures accord-
ing to the first to fifthembodiments 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
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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.

[0065] The benzo[a]fluoranthene compound of the present
invention can be used in any one of the above-mentioned first
to fifth embodiments.

[0066] The benzo[a]fluoranthene compound of the present
invention can be used as a material for an organic light emit-
ting 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 emit-
ting efficiency and lifetime of the organic light emitting
device.

[0067] 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 beimproved in terms of color purity, light emitting
efficiency, and lifetime.

[0068] 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 ofa 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 a phospho-
rescent 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 perfor-
mance of the organic light emitting device in terms of color
purity, light emitting efficiency, and lifetime.

[0069] 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 dura-
bility 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 benzofluoranthene
derivative. Each of those derivatives has a high emission
quantum yield, and is chemically stable.

[0070] 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.

[0071] 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 particu-
larly limited, and can be appropriately selected depending on,
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for example, a desired luminescent color. In addition, a hole
transportable compound, an electron transportable com-
pound, or the like as well as the guest can be used as required
by doping the layer with such compound together with the
guest.

[0072] 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-molecu-
lar-weight-based and polymer-based hole transportable com-
pounds, Iuminous compounds, and electron transportable
compounds together with the benzo[a]fluoranthene com-
pound of the present invention as required.

[0073] Examples of the hole transportable compounds
include triarylamine derivatives, aryldiamine derivatives,
phthalocyanine derivatives, porphyrin derivatives, poly(vi-
nylcarbazole), poly(silylene), poly(thiophene), and other
conductive polymers.

[0074] Examples of the light emitting compound other than
the benzo[a]fluoranthene compound of the present invention
include: fused ring aromatic compounds (including naphtha-
lene derivatives, phenanthrene derivatives, fluorene deriva-
tives, 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 deriva-
tives; stilbene derivatives; organometallic complexes (includ-
ing organic aluminum complexes such as tris(8-quinolino-
lato)aluminum, and organic beryllium complexes); and high-
molecular derivatives such as poly(phenylene vinylene)
derivatives, poly(fluorene) derivatives, poly(phenylene)
derivatives, poly(thienylene vinylene) derivatives, and poly
(acetylene) derivatives.

[0075] Examples of the electron transportable compound
include oxadiazole derivatives, oxazole derivatives, triazole
derivatives, thiadiazole derivatives, pyrazine derivatives, tria-
zole derivatives, triazine derivatives, perylene derivatives,
quinoline derivatives, quinoxaline derivatives, fluorenone
derivatives, anthrone derivatives, phenanthroline derivatives,
and organometallic complexes.

[0076] A desirable anode material has as large a work func-
tion as possible. Examples of available anode include: metal
elements such as gold, platinum, silver, copper, nickel, palla-
dium, 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, polypyr-
role, polythiophene, and polyphenylene sulfide may also be
used. Fach 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.

[0077] 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, manga-
nese, 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-in-
dium, sodium-potassium, magnesium-silver, aluminum-
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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.

[0078] Substrates which may be used in the present inven-
tion include: opaque substrates such as metallic substrates
and ceramics substrates; and transparent substrates such as
glass, quartz, and plastic sheet substrates, but are not particu-
larly limited to these materials.

[0079] 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 to
a thin-film transistor (TFT) produced on a substrate.

[0080] Moreover, with respect to a direction of extracting
light of the device, both a bottom emission structure (struc-
ture 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.
[0081] 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]fluo-
ranthene compound of the present invention is preferably
formed by, for example, the vacuum vapor deposition method
or the solution application method because the crystallization
or the like of the layer itself to be formed hardly occurs, and
the layer is excellent in stability over time.

[0082] 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

[0083]
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O CH,
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A-l

(a) Synthesis of Intermediate Compound 1-2

[0084] 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

[0085] 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 atmo-
sphere 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).
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(b) Synthesis of Exemplified Compound A-1

[0086] Reagents and solvents shown below were loaded
into a 200-ml three-necked flask.

Compound 1-2:
Compound 1-3:

0.500 g (1.51 mmol)
0.432 g (1.66 mmol)

Toluene: 50 ml
Ethanol: 20 ml
[0087] Next, an aqueous solution prepared by mixing 1.35

g of cesium carbonate and 50 m1 of water was dropped to the
reaction solution while the reaction solution was stirred under
a nitrogen atmosphere at room temperature. Subsequently,
0.174 g of tetrakis(triphenylphosphine)palladium(0) was
added to the reaction solution. Next, the temperature 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 chromatography
(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).

[0088] Mass spectrometry confirmed that Exemplified
Compound A-1 had an M+ of 384.

[0089] In addition, "H-NMR measurement identified the
structure of Exemplified Compound A-1.

[0090] ‘H-NMR (CDCl;, 400 MHz) o (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)

[0091] In addition, an emission spectrum in a dilute solu-
tion of Exemplified Compound A-1 in toluene having a con-
centration of 10° mol/l was measured. As a result, the emis-
sion 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 manufac-
tured by Hitachi, Ltd.) at an excitation wavelength of 340 nm.
[0092] 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.

TABLE 1

Exemplified Compound Pinacolborane derivative

A-3

A-3

HC
jife

(0]
\
H;C B CHCH;3
/
(6]

jife

HiC 7
H,C o |
\ X CH;
HyC B N
/ CH;
H,C 0 b,
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TABLE 1-continued
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Exemplified Compound Pinacolborane derivative
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3 3
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mC 0 N N CH;
A2 HsC

H;C 0 Ne— 3
3 3
/N
HC Y N

CH;
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Example 2
Production of Organic Light Emitting Device

[0093] As ananode, a film oftin 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 acetone and
isopropyl alcohol (IPA) subsequently. Then, the resultant was

washed in boiling IPA, followed by drving. Further, the
resultant was subjected to UV/ozone cleaning. The thus-
treated glass substrate was used as a transparent conductive
supporting substrate.

[0094] Next, a 0.1 wt % solution of Compound 2-1 shown
below in chloroform was formed into a film having a thick-
ness of 20 nm on the transparent conductive supporting sub-
strate by a spin coating method, whereby a hole transporting
layer was formed.
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[0095] 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 107> 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.

e lavad
SO0

2-2

2-3

L CH

[0096] Thus, an organic light emitting device was pro-
duced.
[0097] 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/m? at a current density of 17 mA/cm?.
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[0098] Further, the organic light emitting device of this
example was continuously driven for 100 hours under a nitro-
gen atmosphere while a current density was kept at 165
mA/cm?. 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.

[0099] While the 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.

[0100] This application claims the benefit of Japanese
Patent Application No. 2007-130526, filed May 16, 2007, and
Japanese Patent Application No. 2008-095675, filed Apr. 2,
2008, which are hereby incorporated by reference herein in
their entirety.

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

Y

wherein:

at least one of R, to R,, represents R, represented by the
following general formula (i):

R,=—An—X, ®
wherein:
Ar, 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
X, represents a substituted or unsubstituted alkyl group
having 2 or more carbon atoms, a substituted or unsub-
stituted alkenyl group, or a substituted or unsubstituted
alkynyl group; and
R, to R,, none of which is represented by R, each repre-
sent 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 unsub-
stituted alkynyl group, a substituted or unsubstituted
aralkyl group, or a substituted or unsubstituted amino
group,andR |, toR,, none of whichisrepresented by R,
may be identical to or different from each other.
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2. The benzo[a]fluoranthene compound according to claim wherein at least one layer of the one or more layers each
1, wherein X, in the general formula (i) represents an ethyl containing an organic compound contains at least one
group, an isopropyl group, a t-butyl group, or an adamantyl kind of the benzo[a]fluoranthene compound according
£rotp. .o o . - to claim 1.

3. An organic light emitting device comprising:

an anode; 4. The organic light emitting device according to claim 3,

a cathode; and wherein the benzo[a]fluoranthene compound is contained ina

one or more layers each containing an organic compound, light emitting layer.

the one or more layers being interposed between the
anode and the cathode,
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