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7) ABSTRACT

There are provided a novel benzofluoranthene compound and
an organic light-emitting device which uses the benzofluo-
ranthene compound, gives a blue emission hue with
extremely good purity, and has an optical output with a high
efficiency, a high luminance, and a long life. Specifically,
there are provided a benzofluoranthene compound repre-
sented by the general formula shown below and an organic
light-emitting device including a pair of electrodes including
an anode and a cathode one of which is a transparent or
translucent electrode material, and an organic compound
layer disposed between the pair of electrodes and including a
material for an organic light-emitting device containing the
benzofluoranthene compound.

L

In the general formula (1), one of X, X,, X3, X, X, and X
represents a substituted or unsubstituted fused heterocyclic
group having four or less rings, and the others of X, X, X,
X,, X, and X, each represent a hydrogen atom.
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BENZOFLUORANTHENE COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
USING THE COMPOUND

TECHNICAL FIELD

[0001] Thepresentinvention relates to a benzofluoranthene
compound and an organic light-emitting device using the
compound.

BACKGROUND ART

[0002] An organic light-emitting device is a device having
a thin film which contains a fluorescent or phosphorescent
organic compound and is interposed between electrodes.
Electrons and holes (positive holes) are injected from the
respective electrodes, whereby excitons of the fluorescent or
phosphorescent compound are produced. The excitons radi-
ate light upon return thereof to a ground state. Recent
progress of an organic light-emitting device is remarkable,
and the characteristics of the device enable a thin and light
weight light-emitting device with a high luminance at a low
applied voltage, a variety of emission wavelengths, and a
high-speed responsibility. From this fact, it is suggested that
the device have potential to find use in a wide variety of
applications.

[0003] However, in the present circumstances, an optical
output with a higher luminance or a higher conversion effi-
ciency is needed. In addition, the organic light-emitting
device still involves a large number of problems in terms of
durability such as a change over time due to long-term use and
degradation due to an atmospheric gas containing oxygen,
moisture or the like. Further, when the application of the
device to a full-color display or the like is taken into consid-
eration, the emission of blue, green, or red light with good
color purity is needed. However, these problems have not
been sufficiently solved yet.

[0004] Meanwhile, a benzofluoranthene compound has
been proposed as a blue-light-emitting material. Organic
light-emitting devices using a benzofluoranthene compound
as a light-emitting material have been disclosed in Japanese
Patent Application Laid-Open Nos. H10-294179, 2002-
69044, 2003-26616, and 2005-68087. Howevet, it is difficult
to say that those organic light-emitting devices have sufficient
life characteristics. In particular, when one attempts to apply
those devices to a full-color display, the compound cannot be
employed as a blue-light-emitting material which can satisfy
demands for satisfactory emission efficiency, durability life,
and color purity.

DISCLOSURE OF THE INVENTION

[0005] The present invention has been accomplished with a
view to solving such problems of the background art.

[0006] That is, an object of the present invention is to pro-
vide an organic light-emitting device which shows a blue
emission hue with extremely good purity and has an optical
output with a high efficiency, a high luminance, and a long
life.

[0007] Further, another object of the present invention is to
provide a benzofluoranthene compound which is used as a
material for an organic light-emitting device.

[0008] Moreover, still another object of the present inven-
tion is to provide an organic light-emitting device that can be
easily produced at a relatively low cost.
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[0009] The inventors of the present invention have made
extensive studies with a view to solving the above-mentioned
problems and have accomplished the present invention. That
is, the present invention provides a benzofluoranthene com-
pound represented by the following general formula (1):

M

X, X,
sula
()

Xs Xs

wherein one of X, X,, X;, X,, X, and X, represents a
substituted or unsubstituted fused heterocyclic group having
four or less rings, and the others of X, X, X5, X, X5, and X
each represent a hydrogen atom.

[0010] In the material for an organic light-emitting device
of the present invention, by incorporating a single fused het-
erocyclic ring having four or less rings at any specified posi-
tion of the 1- to 6-positions of a benzofluoranthene skeleton,
a stable amorphous film can be formed which exhibits excel-
lent electron-transporting property. Further, the incorporation
at the specified position of a single fused heterocyclic ring
having four or less rings, not two or more fused heterocyclic
rings each having four or less rings, can not only control
thermal decomposition of the material at the time of sublima-
tion to thereby suppress reduction in sublimation property of
the material but also cause the material to maintain an appro-
priate hole conduction level and an appropriate electron con-
duction level for a blue-light-emitting material. Therefore,
according to the present invention, there can be provided an
organic light-emitting device which emits blue light having
good color purity with a high efficiency, and a benzofluoran-
thene compound which is used in the organic light-emitting
device. In addition, the organic light-emitting device contain-
ing the benzofluoranthene compound of the present invention
can emit light with a high luminance at a low applied voltage,
and is excellent in durability.

[0011] Further feature of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a cross-sectional view illustrating a first
embodiment of an organic light-emitting device of the present
invention.

[0013] FIG. 2is a cross-sectional view illustrating a second
embodiment of the organic light-emitting device of the
present invention.

[0014] FIG. 3 is a cross-sectional view illustrating a third
embodiment of the organic light-emitting device of the
present invention.

[0015] FIG. 4 is a cross-sectional view illustrating a fourth
embodiment of the organic light-emitting device of the
present invention.
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[0016] FIG. 5 is a cross-sectional view illustrating a fifth
embodiment of the organic light-emitting device of the
present invention.

[0017] FIG. 6 is a graphical representation illustrating the
PL spectrum of a solution of Exemplified Compound No. 139
in toluene (1.0x107> mol/L).

[0018] FIG. 7 is a graphical representation illustrating the
PL spectrum of a solution of Exemplified Compound No. 129
in toluene (1.0x107> mol/L).

[0019] FIG. 8 is a graphical representation illustrating the
PL spectrum of a solution of Exemplified Compound No. 101
in toluene (1.0x107> mol/L).

[0020] FIG. 9 is a graphical representation illustrating the
PL spectrum of a solution of Exemplified Compound No. 301
in toluene (1.0x107> mol/L).

[0021] FIG. 10 is a graphical representation illustrating the
PL spectrum of a solution of Exemplified Compound No. 501
in toluene (1.0x107° mol/L).

BEST MODE FOR CARRYING OUT THE

INVENTION
[0022] Hereinafter, the present invention will be described
in detail.
[0023] First, the benzofluoranthene compound of the

present invention will be described. The application of the
compound to a material for an organic light-emitting device
as an example of a specific application will also be described.
[0024] Thepresentinvention relates to a benzofluoranthene
compound represented by the following general formula (1).

M

X, X,
sule
)

X; X5

[0025] Inthe general formula (1), 0neofX,;, X,, X;, X, X,
and X represents a substituted or unsubstituted fused hetero-
cyclic group having four or less rings, and the others of X,
X5, X5, X4y X5, and X each represent a hydrogen atom.
[0026] As the fused heterocyclic group having four or less
rings, there is preferably included a substituent represented
by the following general formula (2).

@

X0 X9
X11 \ X
P~
X7 N X5
X3

[0027] In the general formula (2), one of X, Xg, Xg, X0,
X, 1, X, and X, 5 represents a bond, the others of X, X;, X,
X0 X115 X9, and X5 each represent, independently of one
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another, a hydrogen atom or a substituent, and adjacent ones
of X, X, X, X0, Xy, X5, and X, ; may be joined to form
aring.

[0028] The term “substituent” as herein employed refers to
a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a cyano group.
[0029] Examples of the halogen atom represented by X, to
X5 include fluorine, chlorine, bromine, and iodine.

[0030] Examples of an alkyl group represented by X, to
X, ; include, but are of course not limited to, a methyl group,
an ethyl group, an n-propyl group, an n-butyl group, an n-pen-
tyl group, an n-hexyl group, an n-heptyl group, an n-octyl
group, an n-decyl group, an iso-propyl group, an iso-butyl
group, a sec-butyl group, a tert-butyl group, an iso-pentyl
group, a neopentyl group, a tert-octyl group, a fluoromethyl
group, a difluoromethyl group, a trifluoromethyl group, a
2-fluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluo-
roethyl group, a 3-fluoropropyl group, a perfluoropropyl
group, a 4-fluorobutyl group, a perfluorobutyl group, a
5-fluoropentyl group, a 6-fluorohexyl group, a chloromethyl
group, a trichloromethyl group, 2-chloroethyl group, a 2,2,2-
trichloroethy! group, a 4-chlorobutyl group, a 5-chloropentyl
group, a 6-chlorohexyl group, a bromomethyl group, a 2-bro-
moethyl group, an iodomethyl group, a 2-iodoethyl group, a
hydroxymethyl group, a hydroxyethyl group, a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cyclopentylmethyl group, a cyclohexylmethyl
group, a cyclohexylethyl group, a 4-fluorocyclohexyl group,
a norbornyl group, and an adamantyl group.

[0031] Examples of an aryl group represented by X, to X 5
include, but are of course not limited to, a phenyl group, a
4-methylphenyl group, 4-ethylphenyl group, a 4-methox-
yphenyl group, a 4-fluorophenyl group, a 4-triftuorometh-
ylphenyl group, a 3,5-dimethylphenyl group, a 2,6-dieth-
ylphenyl group, a mesityl group, a 4-tert-butylphenyl group,
a ditolylaminophenyl group, and a biphenyl group.

[0032] Examples of the substituents with which the above-
mentioned alkyl group and aryl group may be substituted
include, but are of course not limited to: alkyl groups such as
a methyl group, an ethyl group, a propyl group, a tert-butyl
group, and a trifluoromethyl group; aryl groups such as a
phenyl group and a biphenyl group; alkoxy groups such as a
methoxy group and an ethoxy group; halogen atoms such as
fluorine, chlorine, bromine, and iodine; a hydroxyl group; a
cyano group; and a nitro group.

[0033] Of'the substituents represented by X, to X, 5, adja-
cent ones may be joined to form a ring.

[0034] As the fused heterocyclic group having four or less
rings, there is also preferably included a substituent repre-
sented by the following general formula (3).

3

X7 Xis
Xig N X5
Z N
X9
X2 Xy

[0035] In the general formula (3), one of X ., X5, X6,
17> X155 X o, and X, represents a bond, the others of X,

X5 X
X5 Xigs X175 X X0, and X5, each represent, indepen-
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dently of one another, a hydrogen atom or a substituent, and
adjacentones of X 4, X5, X, 6, X7, X8, X0, and X5, may be
joined to form a ring.

[0036] The term “substituent” as herein employed refers to
a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a cyano group.
[0037] The halogen atom, the alkyl group, and the aryl
group represented by X, to X,,, and the substituents with
which the alkyl group and the ary] group may be substituted
are as defined above for the substituents represented by X, to
X, ; of the above general formula (2).

[0038] Of'the substituents represented by X, to X, adja-
cent ones may be joined to form a ring.

[0039] As the fused heterocyclic group having four or less
rings, there is also preferably included a substituent repre-
sented by the following general formula (4).

@

[0040] In the general formula (4), one of X,,, X,,, X,;,
X, Xs5s Xy and X, represents a bond, and the others of
Xo1s Xoas Xoss Xoay Xos, Xs6, and X, each represent, inde-
pendently of one another, a hydrogen atom or a substituent.
[0041] The term “substituent” as herein employed refers to
a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a cyano group.
[0042] The halogen atom, the alkyl group, and the aryl
group represented by X,, to X,,, and the substituents with
which the alkyl group and the aryl group may be substituted
are as defined above for the substituents represented by X, to
X, ; of the above general formula (2).

[0043] Inthe general formula (4),R, and R, each represent,
independently of each other, a substituted or unsubstituted
alkyl group.

[0044] Examples of an alkyl group represented by R, and
R, include, but are of course not limited to, amethyl group, an
ethyl group, an n-propyl group, an n-butyl group, an n-pentyl
group, an n-hexyl group, an n-heptyl group, an n-octyl group,
an n-decyl group, an iso-propyl group, an iso-butyl group, a
sec-butyl group, a tert-butyl group, an iso-pentyl group, a
neopentyl group, a tert-octyl group, a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a 2-fluoroet-
hyl group, a 2,2,2-trifluoroethyl group, a perfluoroethyl
group, a 3-fluoropropyl group, a perfluoropropyl group, a
4-fluorobutyl group, a perfluorobutyl group, a S-fluoropentyl
group, a 6-fluorohexyl group, achloromethyl group, a trichlo-
romethyl group, 2-chloroethyl group, a 2,2,2-trichloroethyl
group, a 4-chlorobutyl group, a 5-chloropentyl group, a
6-chlorohexyl group, a bromomethyl group, a 2-bromoethyl
group, an iodomethyl group, a 2-iodoethyl group, a
hydroxymethyl group, a hydroxyethyl group, a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cyclopentylmethyl group, a cyclohexylmethyl
group, a cyclohexylethyl group, a 4-fluorocyclohexyl group,
a norbornyl group, and an adamantyl group.

[0045] Examples of the substituent with which the above-
mentioned alkyl group may be substituted include, but are of
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course not limited to: alkyl groups such as a methyl group, an
ethyl group, a propyl group, a tert-butyl group, and a trifluo-
romethyl group; aryl groups such as a phenyl group and a
bipheny! group; alkoxy groups such as a methoxy group and
an ethoxy group; halogen atoms such as fluorine, chlorine,
bromine, and iodine; hydroxyl groups; cyano groups; and
nitro groups.

[0046] As the fused heterocyclic group having four or less
rings, there is also preferably included a substituent repre-
sented by the following general formula (5).

®)
X

29
X6 / \N

X34 X33

X

30
X31

[0047] In the general formula (5), one of X,5, X505, X5,
X5 X550, X5, Xia, Xy5, and X, represents a bond, and the
others 0f X5g, X0, X30s X315 X325 X335 X345 X35, alld X3¢ each
represent, independently of one another, a hydrogen atom or
a substituent.

[0048] The term “substituent” as herein employed refers to
a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a cyano group.
[0049] The halogen atom, the alkyl group, and the aryl
group represented by X, to X, and the substituents with
which the alkyl group and the aryl group may be substituted
are as defined above for the substituents represented by X, to
X, ; of the above general formula (2).

[0050] As the fused heterocyclic group having four or less
rings, there is also preferably included a substituent repre-
sented by the following general formula (6).

(6)

[0051] In the general formula (6), one of X,., X;q, Xs0,
X0y Xays Xaas Xazy Xay, and X, represents a bond, and the
others 0of X7, X5, X305 Xags Xaps Xans Xazs Xy anld X5 each
represent, independently of one another, a hydrogen atom or
a substituent.

[0052] Theterm “substituent” as herein employed refers to
a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a cyano group.
[0053] The halogen atom, the alkyl group, and the aryl
group represented by X, to X5, and the substituents with
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which the alkyl group and the aryl group may be substituted
are as defined above for the substituents represented by X to
X ; of the above general formula (2).

[0054] The benzofluoranthene compound of the present
invention is preferably used as a material for an organic
light-emitting device.

[0055] In the benzofluoranthene compound of the present
invention, a single fused heterocyclic group with four or less
rings having an electron affinity, such as a fused heterocyclic
group represented by any one of the general formulae (2) to
(6) is incorporated at any position of X, to X, represented in
the general formula (1). Thereby, the reduction potential of
the compound itself becomes high, and the electron accept-
ability of the compound is increased. This effect is attribut-
able to that the compound has a specific electron conduction
level at the naphthalene moiety constituted of carbon atoms at
1- to 6-positions of the benzofluoranthene skeleton. There-
fore, by incorporating a single fused heterocyclic group
described above to any position of X, to X of the benzofluo-
ranthene compound represented by the general formula (1),
an electron conduction level suitable for blue light emission
can be attained to improve the electron acceptability. Inciden-
tally, the electron conduction level can be determined by a
simulation based on molecular orbital calculation of the ben-
zofluoranthene skeleton. Therefore, by appropriately select-
ing the position and type of a fused heterocyclic group to be
incorporated to any position of X, to X, represented by the
general formula (1), the driving voltage canbe reduced, a high
luminance can be maintained for a long period of time, and
the energization degradation can also be reduced.

[0056] However, when two or more of the fused heterocy-
clic groups are incorporated, since the electron conduction
level is further increased as compared to that in the case where
a single fused heterocyclic group is incorporated, the energy
gap between the electron conduction level and the hole con-
duction level becomes smaller. As aresult, the emission color
shifts to a longer wavelength region, so that the compound is
no longer suitable for a blue-light-emitting material.

[0057] On the other hand, when a fused heterocyclic group
to be incorporated at any position of X, to X, of the benzof-
luoranthene compound represented by the general formula
(1) has more than four rings, the molecular weight of the
compound is so large that thermal decomposition of the com-
pound may be caused at the time of sublimation to reduce the
sublimation property. Further, when a fused heterocyclic ring
having more than four rings is incorporated, the emission
color will shift to a longer wavelength region, so that the
compound is no longer suitable for a blue-light-emitting
material having good color purity. Moreover, when a fused
heterocyclic group having more than four rings is incorpo-
rated, the incorporated fused heterocyclic group rather than
the benzofluoranthene skeleton becomes a main light-emit-
ting moiety in the entire molecule of the compound, so that
reduction in fluorescent quantum yield may be caused, which
is not preferable.

[0058] Therefore, by setting the number of fused heterocy-
clic groups to be incorporated as X, to X, represented in the
general formula (1) to one and by limiting the fused hetero-
cyclic group to a group having four or less rings, a blue-light-
emitting material having a good color purity and high electron
acceptability can be provided. The fused heterocyclic group is
preferably a fused heterocyclic group having two or more and
four or less rings, more preferably a fused heterocyclic group
represented by any one of the general formulae (2) to (6).
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[0059] 1In addition, in order to provide an organic light-
emitting device having an optical output with a high effi-
ciency, it is indispensable to improve the quantum yield of a
light-emitting material to be used in the organic light-emit-
ting device. A benzofluoranthene skeleton generally has a
fluorescent quantum yield which is higher than that of any
other fused polycyclic aromatic ring. However, in order to
further improve the fluorescent quantum yield, it is more
preferable to incorporate therein a fused heterocyclic group
represented by any one of the general formulae (2) to (6) atthe
position of X; or X, represented in the general formula (1). In
addition, because the positions of X; and X, represented in
the general formula (1) are high in reactivity, the incorpora-
tion of the fused heterocyclic group represented by any one of
the general formulae (2) to (6) at those positions additionally
improves the chemical stability of the material.

[0060] Further, by appropriately designing not only the
position at which the fused heterocyclic group is incorporated
but also the type of the fused heterocyclic group and the
position at which the compound represented by the general
formula (1) and the fused heterocyclic group are bonded to
each other, the molecular vibration can be controlled, so that
the emission spectrum can be made monodisperse and can
also be reduced in full width at half maximum. As a result,
blue light having a good color purity can be emitted.

[0061] As described above, the incorporation of a single
fused heterocyclic ring having four or less rings to 3- or
4-position of a benzofluoranthene skeleton can increase the
fluorescent quantum yield of a material for an organic light-
emitting device. In addition, the molecular vibration can be
controlled, so that the emission spectrum can be made mono-
disperse and can also be reduced in full width at half maxi-
mum. Thereby, a blue-light-emitting material having a high
efficiency and good color purity can be provided.

[0062] Hereinafter, specific structural formulae for the ben-
zofluoranthene compound of the present invention are shown
below. However, those formulae are merely representative
examples, and the present invention is not limited to the
examples.

Compound Example 1

[0063] Compound examples in each of which X; or X, in
the general formula (1) is represented by the general formula
(2), and X, in the general formula (2) represents a bond.
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-continued -continued
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Compound Example 2

[0064] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(2),and Xg, X, ,, or X, , in the general formula (2) represents

a bond.
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-continued
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Compound Example 3
[0065] Compound examples in each of which X; or X, in
the general formula (1) is represented by the general formula

(2),and X4, X, or X, ; in the general formula (2) represents
a bond.
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-continued -continued
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-continued -continued
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Compound Example 4

[0066] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(3), and X, . X4, X,5, or X,, in the general formula (3)
represents a bond.
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-continued

Compound Example 5
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[0067] Compound examples in each of which X; or X, in
the general formula (1) is represented by the general formula
(3),and X, 5, X4, or X, in the general formula (3) represents
a bond.
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-continued -continued
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O O % Compound Example 6
M
CO’/Q ) [0068] Compound examples in each of which X5 or X, in

the general formula (1) is represented by the general formula
(4), and X, in the general formula (4) represents a bond.
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-continued

Compound Example 7

[0069] Compound examples in each of which X; or X, in
the general formula (1) is represented by the general formula
(4), and X5, in the general formula (4) represents a bond.
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Compound Example 8

[0070] Compound examples in each of which X; or X, in
the general formula (1) is represented by the general formula
(4), and X, in the general formula (4) represents a bond.
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Compound Example 9

[0071] Compound examples in each of which X, or X, in

the general formula (1) is represented by the general formula
(4), and X, 5 in the general formula (4) represents a bond.
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Compound Example 10

[0072] Compound examples in each of which X or X, in
the general formula (1) is represented by the general formula
(5), and X, in the general formula (5) represents a bond.
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Compound Example 11

[0073] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(6), and X, in the general formula (6) represents a bond.
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Compound Example 12

[0074] Compound examples in each of which X5 or X, in
the general formula (1) is represented by the general formula
(6), and X5, in the general formula (6) represents a bond.
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Compound Example 13

[0075] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(6),and X5, X4, or X,; in the general formula (6) represents
abond.
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Compound Example 14

[0076] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(6), and any one of X,,, X435, X4, and X,5 in the general

formula (6) represents a bond.
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Compound Example 15 />
N
[0077] Compound examples in each of which X; or X, in O O
the general formula (1) is represented by the general formula /
(1), and the fused heterocyclic ring in the general formula (1)
contains two or more hetero atoms.
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Compound Example 16

[0078] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(2),and X, X4, X, ,, or X, , in the general formula (2) repre-
sents a bond.
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Compound Example 17

[0079] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(2),and X, X, or X, 5 in the general formula (2) represents
a bond.
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Compound Example 18

-continued

[0080] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula

(3),and X, 5, X4, or X, in the general formula (3) represents
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Compound Example 19

[0081] Compound examples in each of which X, or X, in
the general formula (1) is represented by the general formula
(3), and X,,, X, X,,, or X, in the general formula (3)
represents a bond.
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[0082] The organic light-emitting device of the present
invention has a pair of electrodes including an anode and a
cathode, and at least one layer containing an organic com-
pound interposed between the pair of electrodes, in which one
of the anode and the cathode is formed of a transparent or
translucent electrode material. The organic light-emitting
device of the present invention is preferably an electrolumi-
nescent device that emits light by applying a voltage between
the pair of electrodes.

[0083] Hereinafter, the organic light-emitting device of the
present invention will be described in detail with reference to
the drawings.

[0084] FIG. 1 is a schematic cross-sectional view illustrat-
ing a first embodiment of the organic light-emitting device of
the present invention. In the organic light-emitting device 10
shown in FIG. 1, there are sequentially provided on a sub-
strate 1, an anode 2, a light-emitting layer 3 and a cathode 4.
The configuration of the organic light-emitting device 10 is
useful when the light-emitting layer 3 is composed of a com-
pound having all of hole transporting ability, electron trans-
porting ability and light emitting ability, or when the light-
emitting layer 3 is composed of a mixture of compounds
having hole transporting ability, electron transporting ability
and light emitting ability, respectively.

[0085] FIG. 2 is a schematic cross-sectional view illustrat-
ing a second embodiment of the organic light-emitting device
of the present invention. In the organic light-emitting device
20 shown in FIG. 2, there are sequentially provided on a
substrate 1, an anode 2, a hole-transporting layer 5, an elec-
tron-transporting layer 6, and a cathode 4. The configuration
of the organic light-emitting device 20 is useful when a light-
emitting compound also having at least one of hole transport-
ing ability and electron transporting ability and an organic
compound having only hole-transporting ability or electron
transporting ability are used in combination. Incidentally, in
the organic light-emitting device 20 shown in FIG. 2, the
hole-transporting layer 5 and the electron-transporting layer 6
each serve also as a light-emitting layer.

[0086] FIG. 3 is a schematic cross-sectional view illustrat-
ing a third embodiment of the organic light-emitting device of
the present invention. The organic light-emitting device 30
shown in FIG. 3 is different from the organic light-emitting
device 20 shown in FIG. 2 in that a light-emitting layer 3 is
additionally provided betweena hole-transporting layer 5 and
an electron-transporting layer 6. The organic light-emitting
device 30 has a configuration in which the functions of carrier
transportation and light emission are separated from each
other, so that organic compounds having characteristics of
hole-transporting property, electron-transporting property
and light-emitting property, respectively, can suitably be
combined and used. Therefore, since the degree of freedom in
selecting materials can significantly be increased, and further
since various organic compounds having different emission
wavelengths can be used, a wide variety of emission hues can
be provided. Further, it also becomes possible to effectively
confine carriers or excitons in the light-emitting layer 3,
thereby improving the emission efficiency.

[0087] FIG. 4 is a schematic cross-sectional view illustrat-
ing a fourth embodiment of the organic light-emitting device
of the present invention. The organic light-emitting device 40
shown in FIG. 4 is different from the organic light-emitting
device 30 shown in FIG. 3 in that a hole injection layer 7 is
additionally provided between an anode 2 and a hole-trans-
porting layer 5. In the organic light-emitting device 40, by
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additionally providing the hole injection layer 7, the adhesion
between the anode 2 and the hole-transporting layer 5 is
improved and the hole injection property is also improved, so
that the driving voltage can be effectively reduced.

[0088] FIG. 5is a schematic cross-sectional view illustrat-
ing a fifth embodiment of the organic light-emitting device of
the present invention. The organic light-emitting device 50
shown in FIG. 5 is different from the organic light-emitting
device 30 shown in FIG. 3 in that a layer (hole/exciton block-
ing layer 8) for blocking holes or excitons from passing to a
cathode 4 side is additionally provided between a light-emit-
ting layer 3 and an electron-transporting layer 6. The configu-
ration improves the emission efficiency of the organic light-
emitting device 50 by using an organic compound with a
significantly high ionization potential as the hole/exciton
blocking layer 8.

[0089] FIGS.1to 5 merely show very basic device configu-
rations and the configuration, of the organic light-emitting
device according to the present invention is not limited
thereto. For example, it is possible to adopt various layer
structures, such as one in which an insulating layer is formed
at an interface between an electrode and an organic layer, one
in which an adhesive layer or an interference layer is formed,
and one in which a hole-transporting layer is composed of two
layers having different ionization potentials.

[0090] At least one of the benzofluoranthene compounds of
the present invention is incorporated into a layer containing
an organic compound such as a light-emitting layer 3, a hole-
transporting layer 5, an electron-transporting layer 6, a hole
injection layer 7, or a hole/exciton blocking layer 8 such as
illustrated in FIGS. 1 to 5. The compound is incorporated
preferably into a layer having light emitting ability, more
preferably into a light-emitting layer 3. The use of the ben-
zofluoranthene compound of the present invention can pro-
vide a device which has good emission efficiency, maintains
high luminance for a long period of time, and is less suscep-
tible to energization degradation. The benzofluoranthene
compound of the present invention can be used alone, or can
be used as a dopant (guest) material or a host material.
[0091] When a light-emitting layer is formed of a carrier
transporting host material and a guest, the process for light
emission is composed of the following several steps.

[0092] 1. Transportation of electrons/holes in the light-
emitting layer

[0093] 2. Generation of excitons in the host

[0094] 3. Transmission of excitation energy between host
molecules

[0095] 4. Transfer of the excitation energy from the host to
the guest

[0096] The desired energy transfer andlight emissionin the

respective steps are caused in competition with various deac-
tivation steps.

[0097] It is needless to say that in order to increase the
emission efficiency of an organic light-emitting device, the
emission quantum yield of a luminescent center material
itself must be large. However, how high efficiency of energy
transfer between hosts or between a host and a guest can be
achieved is also a large problem. In addition, the cause for
degradation of light emission due to energization has not been
clarified yet. However, it is assumed that the degradation is
related at least to a luminescent center material itself or an
environmental change of a light-emitting material due to sur-
rounding molecules. One possible cause for the degradation
of light emission due to energization is degradation of light
emission due to degradation of a thin-film shape of a light-
emitting layer. It is believed that the degradation of the thin-
film shape results from crystallization of an organic thin film
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due to a temperature of drive environment or heat generation
at the time of driving a device. This is considered to originate
from a low glass transition temperature of a material used for
an organic light-emitting device, so that an organic light-
emitting material is required to have a high glass transition
temperature.

[0098] The benzofluoranthene compound of the present
invention has a high glass transition temperature and is there-
fore expected to highly improve the durability of an organic
light-emitting device.

[0099] The use of the benzofluoranthene compound of the
present invention particularly as a host or guest for a light-
emitting layer can provide a device which has good emission
efficiency, maintains high luminance for a long period of
time, and is less susceptible to energization degradation
[0100] Inaddition, when the light-emitting layer is formed
of a host and a guest, the host or the guest is preferably the
benzofluoranthene compound of the present invention. Inci-
dentally, the term “guest” as herein employed refers to a
compound that emits mainly light in response to recombina-
tion between holes and electrons in a light-emitting region of
an organic light-emitting device, and the guest is contained in
another compound (host) which forms the light-emitting
region.

[0101] The use of the benzofluoranthene compound of the
present invention as a guest for a light-emitting layer exhibits
an excellent effect. That is, by incorporating a single fused
heterocyclic ring having four or less rings at a specific posi-
tion of the compound, the light-emitting layer gives high-
luminance light emission ofa blue hue with an emission peak
of 430 nm or more and 460 nm or less as well as extremely
good purity at a low applied voltage and is excellent in dura-
bility.

[0102] When the benzofluoranthene compound of the
present invention is used as a guest, the content of the ben-
zofluoranthene compound based on the entire light-emitting
layer is preferably 0.01 wt % or more and 80 wt % or less,
more preferably 0.1 wt % or more and 30 wt % or less, and
particularly preferably 0.1 wt % or more and 15 wt % or less.
The guest material may be contained in the entirety of a layer
formed of a host material uniformly or with a concentration
gradient, or may be contained in a part of a host material layer
such that the layer has a region in which no guest material is
present.

[0103] Inaddition, when the benzofluoranthene compound
of the present invention is used as a guest in a light-emitting
layer, the layer preferably contains a host having an energy
gap (value calculated from an optical absorption edge of UV
measurement) larger than that of the guest. With such consti-
tution, energy transfer from the guest to the host can be
controlled, and the emission efficiency of the layer can be
increased by light emission only from the guest.

[0104] When the benzofluoranthene compound of the
present invention is used as a host, a light-emitting material
which emits green light or red light is preferably used as a
guest. When the benzofluoranthene compound of the present
invention is used as a host, the content of the benzofluoran-
thene compound based on the entire light-emitting layer is
preferably within the range of 50 wt % to 99.9 wt %.

[0105] The benzofluoranthene compound of the present
invention may be contained only in a light-emitting layer, but
may be contained also in a layer other than a light-emitting
layer (such as a hole injection layer, a hole-transporting layer,
an electron injection layer, an electron-transporting layer, or
an electron-blocking layer) as needed.

[0106] In particular, an organic layer using the benzofluo-
ranthene compound of the present invention is useful as a
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light-emitting layer, an electron-transporting layer, or a hole-
transporting layer. In addition, a layer formed by, for
example, a vacuum evaporation method or a solution coating
method hardly undergoes crystallization or the like, and is
excellent in stability over time.

[0107] The benzofluoranthene compound of the present
invention is used particularly as a component of a light-
emitting layer of an organic light-emitting device of the
present invention. In addition, in the organic light-emitting
device of the present invention, the benzofluoranthene com-
pound of the present invention can be used not only singly but
also in combination with a hitherto known low-molecular or
polymer hole-transporting compound, light-emitting com-
pound, or electron-transporting compound as needed.

[0108] Examples of such compounds will be now described
below.
[0109] Tt is preferable that the hole injecting/transporting

material facilitates injection of holes from an anode and has
an excellent mobility for transporting the injected holes to a
light-emitting layer. Examples of low molecular materials
having the hole injecting/transporting ability include, but not
limited to, a triarylamine derivative, a phenylenediamine
derivative, a triazole derivative, an oxadiazole derivative, an
imidazole derivative, a pyrazoline derivative, a pyrazolone
derivative, an oxazole derivative, a fluorenone derivative, a
hydrazone derivative, a stilbene derivative, a phthalocyanine
derivative, and a porphyrin derivative. Examples of polymer
materials having the hole injecting/transporting ability
include, but not limited to, poly(vinylcarbazole), poly(si-
lylene), poly(thiophen) and other conductive polymers.

[0110] As a material which is mainly involved in a light-
emitting function and can be used in addition to the com-
pound used in the organic light-emitting device of the present
invention, there are included, for example, a fused ring aro-
matic compound (such as a naphthalene derivative, a phenan-
threne derivative, a fluorene derivative, a pyrene derivative, a
tetracene derivative, a coronene derivative, a chrysene deriva-
tive, a perylene derivative, a 9,10-diphenylanthracene deriva-
tive, or rubrene), a quinacridone derivative, an acridone
derivative, a coumarin derivative, a pyrane derivative, Nile
Red, apyrazine derivative, a benzimidazole derivative, a ben-
zothiazole derivative, a benzoxazole derivative, a stilbene
derivative, an organometallic complex (such as an organic
aluminum complex such as tris(8-quinolinolato)aluminum or
an organic beryllium complex), or a polymer derivative such
as a poly(phenylenevinylene) derivative, a poly(fluorene)
derivative, a poly(phenylene) derivative, a poly(thienylenevi-
nylene) derivative, or a poly(acetylene) derivative.

[0111] The electron injecting/transporting material can be
arbitrarily selected from those materials which facilitate
injection of electrons from a cathode and have a function of
transporting the injected electrons to a light-emitting layer,
and is selected in consideration of a balance with the carrier
mobility of the hole-transporting material. Examples of the
material having electron injecting/transporting capability
include, but is not limited to, an oxadiazole derivative, an
oxazole derivative, athiazole derivative, a thiadiazole deriva-
tive, a pyrazine derivative, a triazole derivative, a triazine
derivative, a perylene derivative, a quinoline derivative, a
quinoxaline derivative, a fluorenone derivative, an anthrone
derivative, a phenanthroline derivative and an organometallic
complex.

[0112] An anode material used preferably has as large a
work function as possible, and includes, for instance, an
elemental metal such as gold, platinum, silver, copper, nickel,
palladium, cobalt, selenium, vanadium and tungsten, an alloy
thereof, and a metal oxide such as stannic oxide, zinc oxide,
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indium oxide, indium tin oxide (ITO) and indium zinc oxide.
Further, a conductive polymer such as polyaniline, polypyt-
role, polythiophene and polyphenylene sulfide can be
employed. These electrode materials can be used singly or in
combination. In addition, the anode may be either of a single
layer configuration or of a multilayer configuration.

[0113] On the other hand, a cathode material used prefer-
ably has a low work function, and include, for instance, an
elemental metal such as lithium, sodium, potassium, calcium,
magnesium, aluminum, indium, ruthenium, titanium, manga-
nese, yttrium, silver, lead, tin, and chromium. Alternatively,
an alloy made of a plurality of the above metals, such as
lithium-indium, sodium-potassium, magnesium-silver, alu-
minum-lithium, aluminum-magnesium, and magnesium-in-
dium can also be used. A metal oxide such as indium tin oxide
(ITO) can be also used. These electrode materials can be used
singly or in combination. In addition, the cathode may be
either of a single layer configuration or of a multilayer con-
figuration.

[0114] A substrate used in the present invention is not par-
ticularly limited, but an opaque substrate such as a metal
substrate and a ceramic substrate or a transparent substrate
such as glass, quartz, and a plastic sheet is used. Further, it is
also possible to employ, for a substrate, a color filter film, a
fluorescent color conversion filter film and a dielectric reflec-
tion film to thereby control the emission color.

[0115] Incidentally, after a device has been produced, a
protective layer or an encapsulation layer may further be
provided, for the purpose of preventing contact with oxygen
or moisture. Examples of such a protective layer include a
diamond thin film; a film of an inorganic material such as a
metal oxide and a metal nitride; a film of a polymer such as a
fluororesin, poly-p-xylene, polyethylene, silicone resin, and
polystyrene resin; and further a photocurable resin. Further,
the produced device may also be covered with glass, a gas-
impermeable film and a metal, or be packaged with a suitable
encapsulation resin.

[0116] In addition, in the organic light-emitting device of
the present invention, it is also possible to provide a thin film
transistor (TFT) on the substrate and form a device by con-
necting thereto.

[0117] Further, as to the direction in which light is taken out
of the device, any one of a bottom emission configuration
(configuration in which light is taken out from a substrate
side) and a top emission configuration (configuration in
which light is taken out from a side opposite to the substrate
side) may be adopted as needed.

[0118] In the organic light-emitting device of the present
invention, a layer containing an organic compound of the
present invention and other layers composed of an inorganic
compound are formed by the below-mentioned methods.
Generally, a thin film is formed by a vacuum evaporation
method, anion plating method, a sputtering method, a plasma
CVD method, or awell-known coating method of applying an
organic compound dissolved in a suitable solvent (such as
spin coating, dipping, casting, LB method, ink jet method).
Particularly, when the film is formed with the coating method,
the film can be formed by additionally using a suitable binder
resin.

[0119] The above described binder resin can be selected
from a wide range of binding resins, and includes, for
instance, polyvinylcarbazole resin, polycarbonate resin,
polyester resin, polyarylate resin, polystyrene resin, ABS
resin, polybutadiene resin, polyurethane resin, acrylic resin,
methacrylic resin, butyral resin, polyvinylacetal resin, polya-
mide resin, polyimide resin, polyethylene resin, polyether
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sulfonic resin, diallylphthalate resin, phenolic resin, epoxy
resin, silicone resin, polysulfonic resin and urea resin, but is
not limited to them.

[0120] In addition, the binder resin may be singly used, or
be used in combination as a copolymer. Furthermore, an
additive such as a well-known plasticizer, antioxidant, and
ultraviolet absorber may be further used, as needed.

[0121] In the organic light-emitting device of the present
invention, the benzofluoranthene compound of the present
invention is formed into a film layer) between the anode and
the cathode by a vacuum evaporation method or a solution
coating method. The thickness of the layer containing the
benzofluoranthene compound is less than 10 um, preferably
0.5 um or less, and more preferably 0.01 um or more and 0.5
pm or less.

EXAMPLES

[0122] Hereinafter, the present invention will be specifi-
cally described by way of examples, but the present invention
is not limited thereto.

Example 1

Production Method of Exemplified Compound No.
139

[0123]

O [
Me \
oM |
O ( -
B\ N
Me
0 Pd(PPh3)4
O" Me toluene
EtOH

Na2CO3/H20

I\

o2e%

Exemplified Compound No. 139

[0124] Under nitrogen flow, the following compounds were
sequentially placed in a 200 mL reaction vessel. 5-bromo-
quinoline: 0.26 g (0.93 mmol) 2-(7,12-diphenylbenzo[k]
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fluoranthene-3-y1)-4,4,5, 5-tetramethyl-1,3,2-dioxaborolane:
0.50 g (0.94 mmol)

Toluene: 25 mL
Ethanol: 12 mLL

[0125] 10% Aqueous sodium carbonate solution: 10 mL
Tetrakis(triphenylphosphine)palladium: 0.054 g (0.05 mmol)
[0126] Next, after the reaction solution was stirred under
heating and reflux for 4 hours, the solution was cooled to
room temperature and added with water, and the stirring was
stopped. Toluene was added to the solution, and an organic
layer was separated and washed with water twice, and then
the solvent was evaporated and the obtained residue was
purified by column chromatography (silica gel: 76 q; mobile
phase: toluene/ethyl acetate=30/1). Finally, the purified prod-
uct was slurry washed with a mixed solvent of heptane/ac-
etone to give 0.37 g of Exemplified Compound No. 139 as a
pale yellow crystal.
[0127] When Exemplified Compound No. 139 was sub-
jected to mass spectrometry by use of a mass spectrometer
manufactured by Waters, 530.2 as M+was confirmed.
[0128] In addition, '"H-NMR of Exemplified Compound
No. 139 was measured. The results are shown below.
[0129] ‘H-NMR (CDCI,): & (ppm)=8.89 (dd, 1H, J1=4.12,
J2=1.83 Hz), 8.19 (d, 1H, J=8.70 Hz), 7.85-7.77 (m, 2H),
7.73-7.52 (m, 13H), 7.42 (td, 2H, J1=6.53, 12=3.21 Hz), 7.32
(d, 1H, J=7.33 Hz), 7.23-7.17 (m, 3H), 6.71 (d, 1H, J=7.33
Hz), 6.62 (dd, 1H, J1=6.41, J2=1.37 Hz)
[0130] Further, when a photoluminescence (PL) spectrum
of a solution of Exemplified Compound No. 139 in toluene
(1.0x107° mol/L) was measured, the spectrum illustrated in
FIG. 6 was obtained. The solution showed a blue emission
spectrum having an emission peak at 433 nm, a full width at
half maximum of 55 nm, and excellent color purity.
[0131] Further, each of the following exemplified com-
pounds can be synthesized by following the same procedure
as in Example 1 with the exception that each of the following
compounds is used instead of 5-bromoquinoline of Example
L.
[0132] (Exemplified Compound 119): 3-bromoquinoline
[0133] (Exemplified Compound 121): 6-bromo-2-meth-
ylquinoline
[0134] (Exemplified Compound 126): 7-bromo-2-meth-
ylquinoline
[0135] (Exemplified Compound 130): 4-bromo-2-meth-
ylquinoline
[0136] (Exemplified Compound 136): 4-chloro-2-phe-
nylquinoline

[0137] (Exemplified Compound 211): 4-bromoisoquino-
[Ogl{; (Exemplified Compound 225): 6-bromoisoquino-
[0:;196] (Exemplified Compound 229): 7-bromoisoquino-
[Oiléil()e] (Exemplified Compound 401): 9-bromo-acridine

[0141] (Exemplified Compound 601): 5-bromoquinoxa-
[03126] (Exemplified Compound 602): 5-bromo-2,3-dim-

ethylquinoxaline

[0143] (Exemplified Compound 607): 2-bromoquinoxa-
line
[0144] (Exemplified Compound 610): 6-bromo-2-pheny-

loxazolo[4,5-b]pyridine
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Example 2
Production Method of Exemplified Compound No.
129
[0145]
Me Me  Me
-
O O
N B/
A
N
O Pd(PPh3)4
toluene
EtOH
Na2CO3/H20

O’g 2

Exemplified Compound No. 129

[0146] By performing a synthesis following the same pro-
cedure as in Example 1 with the exception that 0.26 g (1.13
mmol) of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
quinoline was used instead of 0.26 g (0.93 mmol) of 5-bro-
moquinoline in Example 1 and 0.50 g (1.03 mmol) of
3-bromo-7,12-diphenylbenzo[k]fluoranthene ~ was  used
instead of 0.50 g (0.94 mmol) of 2-(7,12-diphenylbenzo[k]
fluoranthen-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
in Example 1, 0.32 g of Exemplified Compound No. 129 was
obtained as a pale yellow crystal.

[0147] When Exemplified Compound No. 129 was sub-
jected to mass spectrometry by use of a mass spectrometer
manufactured by Waters, 530.2 as M+ was confirmed.
[0148] In addition, 'H-NMR of Exemplified Compound
No. 129 was measured. The results are shown below.

[0149] ‘H-NMR (CDCl,): & (ppm)=8.98 (d, 1H, J=4.57
Hz), 8.18 (d, 1H, J=8.23 Hz), 7.71-7.52 (m, 13H), 7.42 (td,
2H, J1=6.52, J2=3.35 Hz), 7.38-7.32 (m, 3H), 7.25-7.13 (m,
3H), 6.71 (d, 1H, J=6.86 Hz), 6.61 (d, 1H, J=6.86 Hz)
[0150] Further, when a PL spectrum of a solution of Exem-
plified Compound No. 129 in toluene (1.0x10™> mol/L) was
measured, the spectrum illustrated in FIG. 7 was obtained.
The solution showed a blue emission spectrum having an
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emission peak at 436 nm, a full width at half maximum of 56
nm, and excellent color purity.

Example 3

Production Method of Exemplified Compound No.
101

[0151]

O Me
0 Me N
O { |
B 2
Y% c” "N
Me —  o5ioprau
Mo Pd(PPL3)4
toluene
EtOH
! Na2CO3/H20

Exemplified
Compound No. 101

[0152] By performing a synthesis following the same pro-
cedure as in Example 1 with the exception that 0.15 g (0.92
mmol) of 2-chloroquinoline was used instead of 0.26 g (0.93
mmol) of 5-bromoquinoline of Example 1, 0.41 g of Exem-
plified Compound No. 101 was obtained as a yellow crystal.
[0153] When Exemplified Compound No. 101 was sub-
jected to mass spectrometry by use of a mass spectrometer
manufactured by Waters, 530.2 as M+ was confirmed.
[0154] In addition, 'H-NMR of Exemplified Compound
No. 101 was measured. The results are shown below.

[0155] 'H-NMR (CDCly): 8 (ppm)=8.25 (d, 1H, J=8.69
Hz),8.22 (d, 1H,J=8.23 Hz), 8.19 (d, 1H, J=8.69 Hz), 7.87 (d,
1H,J=7.32Hz),7.76-7.74 (m, 2H), 7.70-7.55 (m, 14H), 7.40
(dq, 2H, 11=6.63, J2=3.32 Hz), 7.35 (dd, 1H, J1=8.23, J2=7.
32 Hz), 6.72 (d. 1H, J=7.32 Hz), 6.65 (d, 1H, J=6.86 Hz)
[0156] Further, when a PL spectrum of a solution of Exem-
plified Compound No. 101 in toluene (1.0x10~> mol/L) was
measured, the spectrum illustrated in FIG. 8 was obtained.
The solution showed a blue emission spectrum having an
emission peak at 450 nm, a full width at half maximum of 59
nm, and excellent color purity.

[0157] Further, each of the following exemplified com-
pounds can be synthesized by following the same procedure
as in Example 3 with the exception that each of the following
compounds is used instead of 2-chloroquinoline of Example
3.
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[0158] (Exemplified Compound 201): 1-bromo-isoquino-
line

[0159] (Exemplified Compound 206): 1-chloro-5-phenyl-
isoquinoline

[0160] (Exemplified Compound 208): 1-chloro-3-phenyl-
isoquinoline

[0161] (Exemplified Compound 221): 3-bromoisoquino-
line

[0162] (Exemplified Compound 222): 3-bromo-1-methyl-

isoquinoline
[0163] Further, Exemplified Compound No. 701 can be
synthesized by following the same procedure as in Example 3
with the exception that 2-(7,12-diphenylbenzo[k]fluoran-
then-2-y1)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane is used
instead of 2-(7,12-diphenylbenzo[k]fluoranthen-3-y1)-4,4,5,
S-tetramethyl-1,3,2-dioxaborolane of Example 3.

Example 4

Production Method of Exemplified Compound No.
301

[0164]

O )
Me,

Me
\
N
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[0166] When Exemplified Compound No. 301 was sub-
jected to mass spectrometry by use of a mass spectrometer
manufactured by Waters, 597.2 as M+ was confirmed.
[0167] In addition, 'H-NMR of Exemplified Compound
No. 301 was measured. The results are shown below.

[0168] ‘H-NMR (CDCl,): & (ppm)=8.25 (d, 1H, J=8.69
Hz), 8.08 (dd, 1H, J1=6.40, 12=2.29 Hz), 7.78 (d, 1 H, J=7.78
Hz), 7.71-70.58 (m, 13H), 7.51-7.48 (m, 2H), 7.43-7.39 (m,
4H), 7.34 (dd, 1H, J1=8.23, 12=7.32 Hz), 6.71 (d, 1 H, J=7.32
Hz), 6.64 (d, 1H, J=6.86 Hz)

[0169] Further, a PL spectrum of a solution of Exemplified
Compound No. 301 in toluene (1.0x10™> mol/L) was mea-
sured. As a result, the spectrum illustrated in FIG. 9 was
obtained. The solution showed a blue emission spectrum
having an emission peak at 445 nm, a full width at half
maximum of 57 nm, and excellent color purity.

[0170] Further, each of the following exemplified com-
pounds can be synthesized by following the same procedure
as in Example 4 with the exception that each of the following
compounds is used instead of 2-chloro-5,5-dimethyl-5H-in-
deno[1,2-b]pyridine of Example 4.

0
O (
BN
al
0 Me
Q N

Pd(PPh3)4
toluene
EtOH
Na2CO3/H20

Exemplified
Compound No. 301

[0165] By performing a synthesis following the same pro-
cedure as in Example 1 with the exception that 0.22 g (0.94
mmol) of 2-chloro-5,5-dimethyl-SH-indeno[ 1,2-b|pyridine
was used instead 0f 0.26 g (0.93 mmol) of 5-bromoquinoline
of Example 1, 0.38 g of Exemplified Compound No. 301 was
obtained as a yellow crystal.

[0171] (Exemplified Compound 305): 4-chloro-3,5-dim-
ethyl-SH-indeno[1,2-b]pyridine

[0172] (Exemplified Compound 311): 8-bromo-3,5-dim-
ethyl-SH-indeno[1,2-b]pyridine

[0173] (Exemplified Compound 316): 8-bromo-3,5-dim-
ethyl-2-phenyl-5H-indeno[ 1,2-b]pyridine
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[0174] (Exemplified Compound 317): 7-bromo-5,5-dim-
ethyl-5SH-indeno[1,2-b]pyridine

[0175] (Exemplified Compound319): 7-bromo-2,5,5-trim-
ethyl-5SH-indeno[1,2-b]pyridine

Example 5

Production Method of Exemplified Compound No.
501

[0176]

O
O / i | O
B\ >
Cl N

Q Mo Pd(PPh3)4
toluene
EtOH

Na2CO3/H20

Exemplified
Compound No. 501

(1) Synthesis of 2-chloroindeno[1,2,3-de|quinoline

[0177] By following the procedure described in Journal of
Medicinal Chemistry 1990, 42, 1556-1575, 11.4 g of 2-chlor-
oindeno[1,2,3-de]quinoline was synthesized according to the
following synthesis scheme.

o

J

1) SOCl,
—_——
2) NH; aq

. CrO3
—_—

COOH
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-continued

NaOCl
—_—

BrCH,COB: PPh,
CH,CL

Toluene

NaH
0 _—
DMF

(2) Synthesis of Exemplified Compound No. 501

[0178] By following the same procedure as in Example 1
with the exception that 0.23 g (0.94 mmol) of 2-chloroindeno
[1,2,3-de]quinoline synthesized according to the above syn-
thesis scheme was used instead of 0.26 g (0.93 mmol) of
5-bromoquinoline of Example 1, 0.35 g of Exemplified Com-
pound No. 501 was obtained as a yellow crystal.

[0179] When Exemplified Compound No. 501 was sub-
jected to mass spectrometry by use of a mass spectrometer
manufactured by Waters, 605.1 as M+ was confirmed.
[0180] In addition, 'H-NMR of Exemplified Compound
No. 501 was measured. The results are shown below.

[0181] 'H-NMR (CDCL): & (ppm)=8.19 (d, 1H, J=8.23
Hz), 8.08 (s, 1H), 8.05 (d, 1H, I=8.23 Hz), 7.90-7.88 (m, 3H),
7.78 (dd, 1H, J1=8.46, 12=7.09 Hz), 7.73-7.55 (m, 13H), 7.48
(td, 1H, J1=7.55, J2=1.22 Hz), 7.44-7.34 (m, 4H), 6.74 (d,
1H, =732 Hz), 6.66 (d, 1H, J=7.32 Hz)

[0182] Further, when a PL spectrum of a solution of Exem-
plified Compound No. 501 in toluene (1.0x107° mol/L) was
measured, the spectrum illustrated in FIG. 10 was obtained.
The solution showed a blue emission spectrum having an
emission peak at 462 nm, a full width at half maximum of 58
nm, and excellent color purity.

[0183] Further, each of the following exemplified com-
pounds can be synthesized by following the same procedure
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as in Example 5 with the exception that each of the following

compounds is used instead of 2-chloroindeno[1,2,3-de]

quinoline of Example 5.

[0184] (Exemplified Compound 509): indeno[1,2,3-de]
quinoline-4-yltrifluoromethanesulfonate

[0185] (Exemplified Compound 510): 2-methyl-indenol1,
2,3-de]quinolin-4-yltrifluoromethanesulfonate

[0186] (Exemplified Compound 515): S-chloro-indenol[1,
2,3-de]quinoline

[0187] (Exemplified Compound 531): 9-bromo-indenol1,
2,3-de]quinoline

Example 6

[0188] An organic light-emitting device having a structure
shown in FIG. 4 was produced by the following method.
[0189] On a glass substrate (substrate 1), indium tin oxide
(ITO) was formed into a film in a thickness of 120 nm as an
anode 2 by a sputtering method. Next, the glass substrate
having the ITO film formed thereon was ultrasonically
cleaned sequentially with acetone and isopropyl alcohol
(IPA), subsequently cleaned with pure water, dried, and fur-
ther cleaned with UV/ozone. The glass substrate thus treated
was used as a transparent conductive support substrate.
[0190] Next, a solution of Compound 1 represented by the
following formula as a hole-transporting material in chloro-
form (concentration: 0.1 wt %) was prepared, and was
dropped onto the above transparent conductive support. After
the dropping, the substrate was subjected to spin coating by
being rotated initially at 500 RPM for 10 seconds and then at
1,000 RPM for 40 seconds, whereby a film was formed. After
that, the film was dried in a vacuum oven at 80° C. for 10
minutes so that the solvent in the film was completely
removed, whereby a hole injection layer 7 was formed.

Compound 1

Me,
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[0191] Next, on the hole injection layer 7, Compound 2
represented by the following formula was deposited into a
film in a thickness of 15 nm by a vacuum evaporation method
to form the hole-transporting layer 5.

Compound 2

[0192] Then, on the hole-transporting layer 5, Exemplified
Compound No. 139 as a guest and Compound 3 as a host
represented by the following formula were coevaporated in a
thickness of 30 nm to provide a light emitting layer 3. At this
time, the content of Exemplified Compound No. 139 in the
entire light-emitting layer was set to 5 wt %. In addition, the
light-emitting layer 3 was formed under the conditions of a
degree of vacuum during evaporation of 1.0x10™* Pa and a
film formation rate of 0.1 to 0.2 nm/sec. Incidentally, Exem-
plified Compound No. 139 had an energy gap of 2.87 eV, and
Compound 3 represented by the following formula had an
energy gap of 3.06 eV.

Compound 3

Me

Me
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[0193] Further, on the light-emitting layer 3, a film of 2,9-
bis[2-(9,9"-dimethylfluorenyl)]-1,10-phenanthroline ~ was
deposited in a thickness of 30 nm by a vacuum evaporation
method to form an electron-transporting layer 6. Incidentally,
the electron-transporting laver 6 was formed under the con-
ditions of a degree of vacuum during evaporation of 1.0x10™*
Pa and a film formation rate of 0.1 to 0.2 nm/sec.

[0194] Next, on the electron-transporting layer 6, a film of
lithium fluoride (LiF) was deposited in a thickness of 0.5 nm
by a vacuum evaporation method under the conditions of a
degree of vacuum during evaporation of 1.0-107* Pa and a
film formation rate of 0.01 nm/sec. Finally, on the LiF film, an
aluminium film having a thickness of 100 nm was formed by
a vacuum evaporation method under the conditions of a
degree of vacuum during evaporation of 1.0x10™* Pa and a
film formation rate of 0.5 to 1.0 nm/sec. Thus, the organic
light-emitting device was produced.

[0195] Theresultant organic light-emitting device was cov-
ered with a protective glass plate in a dry air atmosphere so
that the device was not degraded through adsorbing moisture,
and was encapsulated with an acrylic resin adhesive.

[0196] A voltage of 4 V was applied to the device thus
obtained with the ITO electrode (anode 2) being connected to
a positive electrode of a power supply and the Al electrode
(cathode 4) being connected to a negative electrode of the
power supply. As a result, the device was observed to emit
light with a current efficiency of 5.4 cd/A and an emission
efficiency 0f4.3 lm/W. In addition, the device was observed to
emit blue light of good color purity with CIE chromaticity
coordinates of x=0.15 and y=0.12.

[0197] Further, when a voltage was applied to the device in
anitrogen atmosphere at a current density of 30 mA/cm? for
100 hours, the luminance was degraded from 1,543 cd/m? to
920 cd/m>, but the device was confirmed to satisfactorily
continue to emit light.

Example 7

[0198] A device was produced by following the same pro-
cedure as in Example 6 with the exception that Exemplified
Compound No. 129 described above was used instead of
Exemplified Compound No. 139 used in Example 6 above.
Incidentally, Exemplified Compound No. 129 had an energy
gap of 2.87 eV.

[0199] A voltage of 4 V was applied to the thus produced
device. As a result, the device was observed to emit light with
a current efficiency of 4.5 ¢d/A and an emission efficiency of
3.6 Im/W. In addition, the device was observed to emit blue
light of good color purity with CIE chromaticity coordinates
of x=0.14 and y=0.12.

[0200] Further, when a voltage was applied to the device in
anitrogen atmosphere at a current density of 30 mA/cm? for
100 hours, the luminance of the device was degraded from
1,373 cd/m? to 965 cd/m?, but the device was confirmed to
satisfactorily continue to emit light.

Example 8

[0201] A device was produced by following the same pro-
cedure as in Example 6 with the exception that Exemplified
Compound No. 101 described above was used instead of
Exemplified Compound No. 139 used in Example 6 above.
Incidentally, Exemplified Compound No. 101 had an energy
gap of 2.79 V.
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[0202] A voltage of 4 V was applied to the thus produced
device. As aresult, the device was observed to emit light with
a current efficiency of 6.2 cd/A and an emission efficiency of
4.91 Im/W. In addition, the device was observed to emit blue
light of good color purity with CIE chromaticity coordinates
of x=0.14 and y=0.18. In other words, the device was
observed to emit blue light with a good color purity.

[0203] Further, a voltage was applied to the device in a
nitrogen atmosphere at a current density of 30 mA/cm” for
100 hours. As a result, the luminance of the device was
degraded from 1,803 cd/m? to 1,482 cd/m?, but the device was
confirmed to satisfactorily continue to emit light.

Comparative Example 1

[0204] A device was produced by following the same pro-
cedure as in Example 6 with the exception that Compound 4
represented by the structure shown below was used instead of
Exemplified Compound No. 139 used in Example 6 above.
Incidentally, Compound 4 had an energy gap of 2.94 eV.

Compound 4

QQO
>

[0205] A voltage of 4 V was applied to the thus produced
device. As aresult, the device was observed to emit light with
a current efficiency of 2.4 cd/A and an emission efficiency of
1.9 Im/W.

[0206] Further, when a voltage was applied to the device in
a nitrogen atmosphere for 20 hours such that the current
density was kept at 30 mA/cm?, an initial luminance of 840
cd/m* was degraded down to 406 cd/m?, which was less than
half of the initial luminance, in 20 hours.

[0207] 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.
[0208] This application claims the benefit of Japanese
Patent Application No. 2006-349579, filed Dec. 26, 2006,
which is hereby incorporated by reference herein in its
entirety.
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1. A benzofluoranthene compound represented by the gen-
eral formula (1):

&)

X

|/ X X,
L%
/| X¢ X5
X

wherein one of X, X,, X;, X,, X5, and X, represents a
substituted or unsubstituted fused heterocyclic group having
four or less rings, and the others of X, X, X5, X4, X, and X
each represent a hydrogen atom.

2. The benzofluoranthene compound according to claim 1,
wherein the fused heterocyclic group is a substituent repre-
sented by the general formula (2):

@

X0 X9
X N Xg
Z
X3 N X5
X3

wherein one of X, X, X,, X, 0, X, X, and X ; represents
abond, the others of X, Xg, Xo, X0, X, X5, and X ; each
represent, independently of one another, a hydrogen atom or
a substituent, and adjacent ones of X, X5, Xq, X0, X, 15 X125
and X, ; may be joined to form a ring.

3. The benzofluoranthene compound according to claim 1,
wherein the fused heterocyclic group is a substituent repre-
sented by the general formula (3):

X7 Xis
Xis AN Xis
/ N
X9
X0 X4

wherein one of X, X5, X6, X7, X5, X0, and X, repre-
sents a bond, the others of X, X, 5, X 4, X7, X5 X0, and
X, each represent, independently of one another, a hydrogen
atom or a substituent, and adjacent ones of X | ,, X 5, X | 5, X7,
X, X,g, and X, may be joined to form a ring.

4. The benzofluoranthene compound according to claim 1,
wherein the fused heterocyclic group is a substituent repre-
sented by the general formula (4):
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&

wherein one of X, X5, X,3, Xous Xss, Xz, and X, repre-
sents a bond, and the others of X, X5, X53, Xo4, X555 Xa6s
and X, each represent, independently of one another, a
hydrogen atom or a substituent.

5. The benzofluoranthene compound according to claim 1,
wherein the fused heterocyclic group is a substituent repre-
sented by the general formula (5):

®)
X

29 X0
X3
7/ N\
N

wherein one of X,q, Xs5, X530, X315 X312, X335 X345 X35, and
X, represents a bond, and the others of X, 5, X0, X;0, X5,
X305 X33, X34, X35, and X5 each represent, independently of
one another, a hydrogen atom or a substituent.

6. The benzofluoranthene compound according to claim 1,
wherein the fused heterocyclic group is a substituent repre-
sented by the general formula (6):

(6)

X39

wherein one of X, Xy5, X560, Xa0s X415 Xazs Xuzs Xag and
X5 represents a bond, and the others of X, X34, X356, X40,
Xa1s Xazs Xuzs X4s and X, each represent, independently of
one another, a hydrogen atom or a substituent.
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7. The benzofluoranthene compound according to claim 1,
wherein X; or X, represents the fused heterocyclic group.
8. A material for an organic light-emitting device compris-
ing the benzofluoranthene compound set forth in claim 1.
9. An organic light-emitting device comprising;
apairofelectrodes including an anode and a cathode one of
which is formed of a transparent or translucent electrode
matetial; and
an organic compound layer disposed between the pair of
electrodes,
wherein the organic compound layer comprises the mate-
rial for an organic light-emitting device set forth in claim
8.
10. The organic light-emitting device according to claim 9,
wherein the organic compound layer has light-emitting prop-
erty.

Nov. 12,2009

11. The organic light-emitting device according to claim
10, wherein the layer having light-emitting property is a light-
emitting layer.

12. The organic light-emitting device according to claim
11, wherein the light-emitting layer comprises a host and a
guest.

13. The organic light-emitting device according to claim
12, wherein the guest is the material for an organic light-
emitting device, and the host is a compound having an energy
gap larger than that of the material for an organic light-
emitting device.

14. The organic light-emitting device according to claim 9,
which is an electroluminescent device that emits light by
applying a voltage between the pair of electrodes.

® ok & k&
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