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(57) ABSTRACT

Provided is an acenaphtho[1,2-k|benzo[e]acephenanthrene
derivative represented by general formula (1):

@

wherein R, to R, are each independently selected from a
hydrogen atom, a halogen atom, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted alkoxy
group, a substituted or unsubstituted amino group, a substi-
tuted or unsubstituted aryl group, and a substituted or unsub-
stituted heterocyclic group; and at least one of R to Rg and
R,,to R 5 is selected from a halogen atom, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted amino group, a
substituted or unsubstituted aryl group, and a substituted or
unsubstituted heterocyclic group.

5 Claims, 4 Drawing Sheets
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ORGANIC COMPOUND, LIGHT-EMITTING
DEVICE, AND IMAGE DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of U.S. patent applica-
tion Ser. No. 13/260,890 filed Sep. 28,2011, which wasa 371
national stage entry of International Application No. PCT/
IP2010/057642, filed Apr. 22, 2010 and claims priority to
Japanese Patent Application No. 2010-015851 filed Jan. 27,
2010, and Japanese Patent Application No. 2009-105356
filed Apr. 23, 2009, each of which are hereby incorporated by
reference herein in their entireties.

TECHNICAL FIELD

The present invention relates to a novel organic compound.
The present invention also relates to an organic light-emitting
device and image display apparatus that include the organic
compound.

BACKGROUND ART

Organic light-emitting devices include an anode, cathode,
and a thin film containing a fluorescent organic compound
and disposed between the anode and the cathode. Excitons of
the fluorescent organic compound are generated by injecting
electrons and holes from the electrodes, and the organic light-
emitting devices utilize light emitted when the excitons are
returned to the ground state. Such organic light-emitting
devices are also referred to as “organic electroluminescent
devices” or “organic EL devices”.

Recently, organic light-emitting devices have become
markedly advanced and the possibility of a wide variety of
applications has been suggested therefor because of the high
luminance achieved by a low applied voltage, a variety of
emission wavelengths, a high-speed responsiveness, and the
possibility of realization of a thin, lightweight light-emitting
devices. Heretofore, novel compounds have been actively
developed. This is because creation of novel compounds is
important to provide high-performance organic light-emit-
ting devices. For example, Patent Literatures 1 to 3 describe
examples of organic compounds used as the materials for a
light-emitting layer.

However, from the standpoint of practical application,
there is still a room for improvement in the organic com-
pounds described in Patent Literatures 1 to 3 and organic
light-emitting devices including the same. Specifically, for
practical application, an optical output with higher luminance
and higher conversion efficiency are necessary. Furthermore,
improvements are necessary in terms of durability, for
example, a change with time due to long-term use and deg-
radation due to an atmospheric gas containing oxygen, mois-
ture, or the like.

Furthermore, considering an application to a full-color dis-
play or the like, a blue-light emission having good color
purity and high luminous efficiency is necessary. However,
technologies related to these issues have not yet satisfactorily
been developed. Accordingly, in particular, an organic light-
emitting device having high color purity, high luminous effi-
ciency, and high durability and a material that realizes such an
organic light-emitting device have been desired.

CITATION LIST
Patent Literature
PTL 1 Japanese Patent Laid-Open No. 2-247278

PTL 2 Japanese Patent Laid-Open No. 8-113576
PTL 3 Japanese Patent Laid-Open No. 11-12205
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2
SUMMARY OF INVENTION

The present invention has been made to solve the above-
described problems in the related art. More specifically, the
present invention provides a novel organic compound that is
suitably used mainly in a blue-light-emitting device and an
organic light-emitting device including the same.

Solution to Problem

The present invention provides an acenaphtho[1,2-k]benzo
[e]acephenanthrene derivative represented by general for-
mula (1) below.

[Chem. 1]

@

In general formula (1), R, 1o R, are each independently
selected from a hydrogen atom, a halogen atom, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted amino group, a
substituted or unsubstituted aryl group, and a substituted or
unsubstituted heterocyclic group. In addition, at least one of
R, to Ry and R}, to R is selected from a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
amino group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group.

An organic light-emitting device including the novel com-
pound of the present invention can realize a light emission
with high efficiency and high luminance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view showing organic light-emitting
devices according to the present invention and units config-
ured to supply the organic light-emitting devices according to
the present invention with electrical signals.

FIG. 2 is a schematic view showing a pixel circuit con-
nected to a pixel and a signal line and current supply line that
are connected to the pixel circuit.

FIG. 3 is a diagram showing the pixel circuit.

FIG. 4 isa schematic cross-sectional view showing organic
light-emitting devices and TFTs disposed under the organic
light-emitting devices.

DESCRIPTION OF EMBODIMENTS

Compounds of the present invention will now be described
in detail. An organic compound according to the present
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invention is an acenaphtho[1,2-k]benzo[e]acephenanthrene
derivative represented by general formula (1).

[Chem. 1]

M

In general formula (1), R, to R, are each independently
selected from a hydrogen atom, a halogen atom, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted amino group, a
substituted or unsubstituted aryl group, and a substituted or
unsubstituted heterocyclic group. In addition, at least one of
R, to Ry and R, to R 5 is selected from a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
amino group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group.

In general formula (1), examples of the alkyl group in the
substituted or unsubstituted alkyl group include, but are not
limited to, a methyl group, an ethyl group, a n-propyl group,
an isopropyl group, a n-butyl group, a tert-butyl group, a
sec-butyl group, an octyl group, a 1-adamantyl group, and a
2-adamantyl group.

In general formula (1), examples of the alkoxy group in the
substituted or unsubstituted alkoxy group include, but are not
limited to, a methoxy group, an ethoxy group, a propoxy
group, a 2-ethyl-octyloxy group, a phenoxy group, a 4-tert-
butylphenoxy group, a benzyloxy group, and a thienyloxy
group.

In general formula (1), examples of the amino group in the
substituted or unsubstituted amino group include, but are not
limited to, an N-methylamino group, an N-ethylamino group,
an N,N-dimethylamino group, an N,N-diethylamino group,
an N-methyl-N-ethylamino group, an N-benzylamino group,
an N-methyl-N-benzylamino group, an N,N-dibenzylamino
group, an anilino group, an N,N-diphenylamino group, an
N,N-dinaphthylamino group, an N,N-difluorenylamino
group, an N-phenyl-N-tolylamino group, an N,N-ditoly-
lamino group, an N-methyl-N-phenylamino group, an N,N-
dianisolylamino group, an N-mesityl-N-phenylamino group,
an N,N-dimesitylamino group, an N-phenyl-N-(4-tert-bu-
tylphenyl)amino group, and an N-phenyl-N-(4-trifluorom-
ethylphenyl)amino group.

In general formula (1), examples of the aryl group in the
substituted or unsubstituted aryl group include, but are not

10

15

20

25

35

40

45

60

65

4
limited to, a phenyl group, a naphthyl group, an indenyl
group, a biphenyl group, a terphenyl group, and a fluorenyl
group.

In general formula (1), examples of the heterocyclic group
in the substituted or unsubstituted heterocyclic group include,
but are not limited to, a pyridyl group, an oxazolyl group, an
oxadiazolyl group, a thiazolyl group, a thiadiazolyl group, a
carbazolyl group, an acridinyl group, and a phenanthrolyl
group.

In general formula (1), examples of the substituent that
may be included in the substituents R, to R, namely, the
alkyl, alkoxy, amino, aryl, and heterocyclic groups include,
but are not limited to, alkyl groups such as a methyl group, an
ethyl group, and a propyl group; aralkyl groups such as a
benzyl group; aryl groups such as a phenyl group and a
biphenyl group; heterocyclic groups such as a pyridyl group
and a pyrrolyl group; amino groups such as a dimethylamino
group, a diethylamino group, a dibenzylamino group, a
diphenylamino group, and a ditolylamino group; alkoxyl
groups such as a methoxyl group, an ethoxyl group, a pro-
poxyl group, and a phenoxyl group; a cyano group; and halo-
gen atoms such as fluorine, chlorine, bromine, and iodine.

Specific examples of the compound represented by general
formula (1) are shown below. However, the present invention
is not limited thereto.

[Chem. 2]
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-continued

C33

The novel organic compounds according to the present
invention will now be described in more detail.

In general, in order to increase the luminous efficiency of
organic light-emitting devices, it is desirable that a lumines-
cence center material have a high emission quantum yield. In
order to achieve this, it is necessary to satisfy the following
conditions:

(1) The oscillator strength is high.

(2) An oscillating portion of the skeleton related to light
emission is small.

As for a physical property required for a material suitable
for blue-light emission in organic EL displays, it is important
for a luminescent material to have an emission peak in the
range of 430 to 480 nm. The organic compounds according to
the present invention can emit light having an emission peak
in the range of 430 to 480 nm.

As for (1) above, it is important to increase the symmetry of
the molecular skeleton related to the light emission. However,
under a forbidden transition condition specific to highly sym-
metric molecules, light emission does not occur in some
cases. Alternatively, by further extending conjugation with a
direction in which the conjugate plane is the longest as an
axis, the dipole moment of the molecule is increased to
increase the oscillator strength. In this respect, the organic
compounds according to the present invention have a fused-
ring structure in which conjugation is extended from the
8-position to the 11-position of benzo[k]fluoranthene. This
structure further increases the moment of benzo[k|fluoran-
thene. As a result, the organic compounds according to the
present invention have structures with high oscillator
strengths.

As for (2) above, when the skeleton related to the light
emission does not have a rotational structure, a decrease in the
quantum yield due to rotational oscillation can be suppressed.

Furthermore, the basic skeleton of the organic compounds
according to the present invention, i.e., the acenaphtho[1,2-
k]benzo[e]acephenanthrene skeleton itself has a maximum
emission wavelength in the blue region.

Furthermore, since this basic skeleton does not have a
rotational structure, a decrease in the quantum yield due to
rotational oscillation can be suppressed. A description will be
made using benzo[k]fluoranthene as an example of a com-
parative basic skeleton. Comparing 7,12-diphenylbenzo[k]
fluoranthene, which is obtained by substituting each of the
7-position and the 12-position of benzo[k]fluoranthene witha
phenyl group, to 9,16-diphenylacenaphtho[1,2-k]|benzo[e]
acephenanthrene of the present invention, which is obtained
by substituting each of the 9-position and the 16-position of
acenaphtho[ 1,2-k]benzo[e]acephenanthrene with a phenyl
group, the former compound has a maximum emission wave-
length of 428 nm, whereas the compound of the present
invention has a maximum emission wavelength of 440 nm.
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[Chem. 3]
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7,12-Diphenylbenzo[k]fluoranthene

[Chem. 4]
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9,16-Diphenylacenaphtho[1,2-k]benzo[e]acephenanthrene

Accordingly, even the basic skeleton of the compounds of
the present invention alone has an emission wavelength suit-
able for blue-light emission, and in addition, a high quantum
yield is achieved. Furthermore, since the organic compounds
according to the present invention each have two five-mem-
bered ring structures in the skeleton thereof, they have low
energy levels of the HOMO and LUMO. Compounds having
a lower oxidation potential require larger energy to be oxi-
dized. That is, the organic compounds according to the
present invention are stable against oxidation. When the
organic compounds according to the present invention are
used as luminescent materials, the compounds are suitable as
electron-trapping luminescent materials.

Furthermore, according to the organic compounds of the
present invention, in order to adjust the wavelength to be
suitable for a desired device, a method of adjusting the wave-
length by introducing a substituent may be employed. As for
substituents suitable for shifting the wavelength to the long-
wavelength side, the substituents are preferably introduced
into the 1-position to the 8-position and the 10-position to the
15-position because substituents at the 9-position and the
16-position do not significantly change the wavelength.
Absorption values (S1) of the acenaphtho[1,2-k]benzo[e]
acephenanthrene skeleton and substituted acenaphtho[1,2-k]
benzo[e]acephenanthrene derivatives each having an aryl
group at different bonding positions were calculated. A
change in the maximum emission wavelength can be esti-
mated by the absorption values. As for the calculation
method, a quantum chemical calculation at the B3LYP/6-
31G* level was performed using the density function theory.
Table 1 shows the results.

TABLE 1

Structural formula Absorption value (S1)

Unsubstituted

Substituted with phenyl at
S-position

o

O 411.5 nm

422.1 nm

<1
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TABLE 1-continued

Structural formula Absorption value (S1)
Substituted with phenyl at 413.4 nm
9-position
Substituted with phenyl at 419.5 nm

12-position

oo

Substituted with pheny! at 420.1 nm
15-position
Substituted with phenyl at 411.7nm
16-position
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Although all positions of substitution were not calculated,
at the 9-position and the 16-position, the absorption value was
increased by 0.5 to 1.9 nm as compared with that of the
unsubstituted compound, and thus the wavelength is hardly
shifted to the long-wavelength side. In contrast, at the other
positions, the absorption value was increased by 8.0 to 10.6
nm, as compared with that of the unsubstituted compound.
Accordingly, in order to shift the wavelength to the long-
wavelength side in the wavelength control, substituents at the
1-position to the 8-position and the 10-position to the 15-po-
sition are preferable. According to the present invention, by
introducing substituents into the 1-position to the 8-position
and the 10-position to the 15-position, the emission wave-
length can be shifted to the long-wavelength side to prepare
luminescent materials suitable for blue, or green to red. In
addition, the organic compounds according to the present
invention have high planarity. Therefore, when the organic
compounds are unsubstituted, excimers are readily formed by
intermolecular stacking. Accordingly, in view of suppression
of the formation of excimers, an aryl group is preferably
introduced to each of the 9-position and the 16-position.

Al to A164 are compounds each constituted by only car-
bon atoms and hydrogen atoms. That is, these compounds do
not contain a heteroatom such as nitrogen. Furthermore, each
of the 9-position and the 16-position of Al to A164 is substi-
tuted with an aryl group. Specifically, this aryl group is a
phenyl group or other aryl group constituted by only carbon
atoms and hydrogen atoms (hereinafter referred to as “hydro-
carbon”). Since these positions are substituted with the aryl
groups, these compounds have steric hindrance. Furthermore,
at least one of the 1-position to the 8-position and the 10-po-
sition to the 15-position of A1 to A164 is substituted with an
aryl group. Specifically, this aryl group is also a phenyl group
or other aryl group constituted by only carbon atoms and
hydrogen atoms. Since at least one of these positions is sub-
stituted with such an aryl group, the emission wavelength of
the molecule is made longer than the emission wavelength of
the basic skeleton. The aryl group bonded to each of the
9-position and the 16-position and the aryl group bonded to at
least one of the 1-position to the 8-position and the 10-posi-
tion to the 15-position may be the same or different.

Conjugation of the basic skeleton is extended by introduc-
ing an aryl group into at least one of these positions. As a
result, since the band-gap of the molecule is narrowed, the
substituted compound can emit light having a wavelength
longer than the emission wavelength of the basic skeleton
itself, which is an unsubstituted compound. In addition, since
the 9-position and the 16-position are orthogonal to the basic
skeleton, molecules having substituents at these positions
have a three-dimensional structure. As a result, stacking of the
molecules can be suppressed to suppress concentration
quenching. Accordingly, tuning of the emission wavelength
can be achieved by introducing substituents into the 1-posi-
tion to the 8-position and the 10-position to the 15-position.
Furthermore, formation of an excimer can be suppressed by
introducing substituents into the 9-position and the 16-posi-
tion. In addition, all the substituents of the organic com-
pounds are constituted by hydrocarbons. Accordingly, when
the half of the total of the oxidation potential and the reduc-
tion potential of the basic skeleton is assumed to be a center
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position, the potential width of oxidation-reduction of these
organic compounds can be changed while maintaining the
center position.

In the organic compounds according to the present inven-
tion, when a substituent is a hydrocarbon in which an alkyl
group is directly bonded, e.g., the substituent shown in any of
B1 to B37, the alkyl group is directly bonded to the basic
skeleton. As a result, the compound is subjected to the donat-
ing property of the substituent, the center position is shifted
from the oxidation-reduction potential, and the oxidation
potential tends to be high.

Furthermore, according to the organic compounds of the
present invention, since a substituent having an sp* hybrid
orbital is directly bonded to the basic skeleton, stacking ofthe
molecules can be suppressed. Thus, the formation of excimer
can be effectively suppressed. In addition, the formation of
excimer can be further suppressed by introducing, as an addi-
tional substituent, a substituent having a fused-ring structure
into an end ofan alkyl group which is a substituent introduced
into the basic skeleton.

In addition, when the organic compound has, as a substitu-
ent, a heteroatom-containing substituent such as a hetero-
structure-containing aryl group or amino group, as shown in
C1 to C33, it is possible to control a change in the oxidation-
reduction potential due to the heterostructure. As a result, not
only the maximum emission wavelength can be shifted to the
long-wavelength side and the organic compounds can be used
as an electron-trapping luminescent material, but also the
organic compounds can be used in applications such as an
electron transport material, a hole transport material, and a
hole-trapping luminescent material.

It was found that, in this respect, acenaphtho[1,2-k]benzo
[e]acephenanthrene derivatives which are organic com-
pounds according to the present invention can achieve a high
quantum yield that can be used in the blue region.

As described above, according to the organic light-emit-
ting device of the present invention, at least one acenaphtho
[1,2-k]benzo|e]acephenanthrene derivative compound is
contained in a layer composed of an organic compound. The
acenaphtho[ 1,2-k]benzo[e]acephenanthrene derivative com-
pounds of the present invention can be used as a luminescent
material for a blue-light-emitting device. However, the appli-
cations of the compounds are not limited thereto. Specifically,
the compounds of the present invention may be used as a
luminescent material, a host material, a transport material,
and the like for a green-light-emitting device.

Organic compounds represented by general formula (1)
can be synthesized by synthetic route 1 described below.
Although this synthesis method produces isomers depending
on the position of a substituent R, there is no significant
difference in the luminescence properties so long as the iso-
mers have the same R. Accordingly, a desired compound may
be isolated by recrystallization or the like and used or the
isomers may be used in the form of a mixture. The mixture
ratio 1s not particularly limited because the luminescence
properties of the mixture are not significantly decreased com-
pared with those of a single compound. When the compounds
are used as a mixture, crystallinity is suppressed and thus an
advantage such as suppression of concentration quenching
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can also be expected. As for other substituents, the synthesis
can be conducted by substituting hydrogen atoms with other
substituents such as an alkyl group, a halogen atom, a phenyl
group, and the like.

Synthetic Route 1

70

Various organic compounds according to the present
invention can be synthesized from starting materials D1 to
D4. Organic compounds that can be synthesized are shown in
the table below (syathetic compounds in Table 2 below).
Table 2 also shows the starting materials.
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Next, an organic light-emitting device according to the
present invention will be described. The organic light-emit-
ting device according to the present invention includes at least
a pair of electrodes, i.e., an anode and a cathode, and an
organic compound layer interposed between the electrodes.
This organic compound layer contains the organic compound
represented by general formula (1) above. Organic light-
emitting devices are devices in which a luminescent material,
which is an organic compound, disposed between a pair of 55
electrodes emits light. When one layer constituting the
organic compound layer is a light-emitting layer, the light-
emitting layer may be composed of the organic compound
according to the present invention alone or may be partly
composed of the organic compound according to the present
invention. The phrase “light-emitting layer may be partly
composed of the organic compound according to the present
invention” means that the organic compound according to the
present invention may be a main component of the light-
emitting layer or an auxiliary component thereof. Herein,
among all compounds constituting the light-emitting layer,
the main component refers to acompound contained in a large
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amount in terms of weight or the number of moles, for
example, and the auxiliary component refers to a compound
contained in a small amount. A material used as the main
component can also be referred to as “host material”. A mate-
rial used as the auxiliary component can also be referred to as
“dopant (guest) material”, “luminescence assist material” or
“charge injection material”.

When the organic compound according to the present
invention is used as the guest material, the concentration of
the guest material to the host material is preferably 0.01% by
weight or more and 20% by weight or less, and more prefer-
ably, 0.5% by weight or more and 10% by weight or less. The
wavelength of the light emitted from the light-emitting layer
can be made longer than the wavelength of the solution by 5
nm or more and 20 nm or less by varying the concentration of
the guest material in any one of these two ranges.

When the light-emitting layer is composed of ahost mate-
rial and guest material having a carrier transport property, a
main process that leads to light emission includes the follow-
ing steps.

1. Transportation of electrons and holes inside the light-emit-
ting layer.
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2. Generation of excitons of the host material.

3. Transmission of excitation energy among molecules of the
host material.

4. Transfer of the excitation energy from the host material to
the guest material.

A desired energy transfer and light emission in each of the
steps occur in competition with various deactivation steps.

Naturally, in order to increase the luminous efficiency of
the organic light-emitting device, the emission quantum yield
of a luminescence center material (e.g., guest material) itself
must be high. However, how the energy transfer between the
molecules of the host material or between the molecules of
the host material and the guest material is efficiently per-
formed is also an important factor. The cause of luminescence
degradation due to electrical conduction has not yet become
clear. However, it is believed that such degradation relates to
at least the luminescence center material itself or the environ-
mental changes that are brought to the luminescence center
material by the nearby molecules.

Under these circumstances, the inventors of the present
invention conducted various investigations and found that
when a compound represented by general formula (1) of the
present invention described above is used as the host material
or the guest material of a light-emitting layer, in particular, as
the guest material thereof., the device outputs light with a high
efficiency and high luminance and has markedly high dura-
bility.

Next, an organic light-emitting device of the present inven-
tion will be described in detail. The organic light-emitting
device of the present invention includes at least a pair of
electrodes, i.e., an anode and a cathode, and an organic com-
pound layer interposed between the electrodes. In the organic
light-emitting device, the organic compound layer contains at
least one organic compound represented by general formula
D).

At least one compound layer other than the organic com-
pound layer may be provided between the pair of electrodes.
Two or more compound layers including the organic com-
pound layer may be provided between the pair of electrodes.
Insuch acase, the device having such a structure is referred to
as “multilayer organic light-emitting device”.

A first example to a fifth example of multilayer organic
light-emitting devices will be described below.

The first example of the multilayer organic light-emitting
device has a structure in which an anode, a light-emitting
layer, and a cathode are sequentially provided on a substrate.
The organic light-emitting device of this example is useful
when a material having a hole transport property, an electron
transport property, and a light-emitting property by itself is
used in the light-emitting layer, or when compounds having
respective properties are mixed and used in the light-emitting
layer.

The second example of the multilayer organic light-emit-
ting device has a structure in which an anode, a hole-trans-
porting layer, an electron-transporting layer, and a cathode
are sequentially provided on a substrate. The organic light-
emitting device of this example is useful when a material
having a hole transport property and a material having an
electron transport property are used in the corresponding
layers or when a material having both these properties is used
in both the hole-transporting layer and the electron-transport-
ing layer, and a luminescent substance is used in combination
with a simple hole transport substance or electron transport
substance that has no light-emitting property. In such a case,
the light-emitting layer is either the hole-transporting layer or
the electron-transporting layer.
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The third example of the multilayer organic light-emitting
device has a structure in which an anode, a hole-transporting
layer, a light-emitting layer, an electron-transporting layer,
and a cathode are sequentially provided on a substrate. This is
a device in which functions of carrier transportation and light
emission are separated from each other. A compound having
a hole transport property, a compound having an electron
transport property, and a compound having a light-emitting
property may be adequately used in combination. Accord-
ingly, the flexibility of material selection is significantly
increased, and various compounds having different emission
wavelengths can be used. Consequently, the hue of light emis-
sion can be diversified. Furthermore, carriers or excitons are
effectively confined in the center light-emitting layer to
improve the luminous efficiency.

The fourth example of the multilayer organic light-emit-
ting device has a structure in which an anode, a hole injection
layer, a hole-transporting layer, a light-emitting layer, an elec-
tron-transporting layer, and a cathode are sequentially pro-
vided on a substrate. The organic light-emitting device of this
exampleis advantageous in that the adhesiveness between the
anode and the hole-transporting layer is improved and a hole
injection property is improved. Accordingly, this structure is
effective for reducing the voltage.

The fifth example of the multilayer organic light-emitting
device has a structure in which an anode, a hole injection
layer, a hole-transporting layer, a light-emitting layer, a hole/
exciton-blocking layer, an electron-transporting layer, and a
cathode are sequentially provided on a substrate. In this struc-
ture, alayer (hole/exciton-blocking layer) that blocks holes or
excitons from passing through the cathode side is interposed
between the light-emitting layer and the electron-transporting
layer. The luminous efficiency can be effectively improved by
using a compound having a significantly high ionization
potential in the hole/exciton-blocking layer.

In the present invention, a light emission region containing
the compound represented by general formula (1) refers to a
region of the light-emitting layer described above. However,
the first to fifth examples of the multilayer organic light-
emitting devices are merely the basic device structures, and
the structure of an organic light-emitting device including the
organic compound according to the present invention is not
limited to the above examples. The organic light-emitting
device may have various other layer structures. For example,
an insulating layer may be provided between an electrode and
an organic layer. An adhesive layer or an interference layer
may be provided. Alternatively, the electron-transporting
layer or the hole-transporting layer may be composed of two
layers having different ionization potentials.

The compound represented by general formula (1) used in
the present invention can be used in any one of the first
example to the fifth example described above. In the organic
light-emitting device according to the present invention, at
least one organic compound represented by general formula
(1) used in the present invention is contained in a layer con-
taining an organic compound. In particular, the organic com-
pound represented by general formula (1) may be used as a
guest material in the light-emitting layer.

The organic compound according to the present invention
may be used as a host material in the light-emitting layer.

The organic compound according to the present invention
may be used in a layer other than the light-emitting layer,
namely, any one of a hole injection layer, a hole-transporting
layer, a hole/exciton-blocking layer, an electron-transporting
layer, and an electron injection layer.

In addition to the organic compound of the present inven-
tion, existing low-molecular weight or high-molecular
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weight hole-transporting compounds, luminescent com-
pounds, electron-transporting compounds, and the like may
be used in combination as required.

Examples of such compounds will be described below.
Hole injection/transport materials may have a high hole
mobility so that holes can be easily injected from an anode
and the injected holes can be transported to the light-emitting
layer. Examples of the low-molecular weight and high-mo-
lecular weight materials having hole injection/transport prop-
erties include, but are not limited to, triarylamine derivatives,
phenylenediamine derivatives, stilbene derivatives, phthalo-
cyanine derivatives, porphyrin derivatives, polyvinylcarba-
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zole, polythiophene, and other electrically conductive poly-
mets.

Examples of host materials mainly include, but are not
limited to, not only the compounds shown in Table 3 and
derivatives of the compounds shown in Table 3, but also
fused-ring compounds (such as fluorene derivatives, naphtha-
lene derivatives, anthracene derivatives, pyrene derivatives,
carbazole derivatives, quinoxaline detivatives, and quinoline
derivatives), organoaluminum complexes such as tris(8-
quinolinolato)aluminum, organozinc complexes, tripheny-
lamine derivatives, and polymer derivatives such as polyfluo-
rene derivatives and polyphenylene derivatives.
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The electron injection/transport material can be adequately
selected from materials to which electrons are easily injected
from a cathode and which can transport the injected electrons
to the light-emitting layer. The material is selected in consid-
eration of, for example, the balance with the hole mobility of
the hole injection/transport material. Examples of the mate-
rials having electron injection/transport properties include,
but are not limited to, oxadiazole derivatives, oxazole deriva-
tives, pyrazine derivatives, triazole derivatives, triazine
derivatives, quinoline derivatives, quinoxaline derivatives,
phenanthroline derivatives, and organoaluminum complexes.

The material for the anode may be a material having a work
function as high as possible. Examples thereof include metal
elements such as gold, platinum, silver, copper, nickel, palla-
dium, cobalt, selenium, vanadium, and tungsten; alloys
thereof, and metal oxides such as tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO), and indium zinc oxide.
Electrically conductive polymers such as polyaniline, poly-
pyrrole, and polythiophene can also be used. These electrode
substances may be used alone or in combinations of two or
more substances. The anode may have a single-layer structure
or a multilayer structure.

On the other hand, the material for the cathode may be a
material having a low work function. Examples thereof
include metal elements such as alkali metals, e.g., lithium;
alkaline earth metals, e.g., calcium; aluminum; titanium;
manganese; silver; lead; and chromium. Alloys combining
these metal elements can also be used. Examples thereof
include magnesium-silver, aluminum-lithium, and alumi-
num-magnesium. Metal oxides such as indium tin oxide
(ITO) can also be used. These electrode substances may be
used as alone or in combinations of two or more substances.
The cathode may have a single-layer structure or a multilayer
structure.

Examples of the substrate used in the organic light-emit-
ting device of the present invention include, but are not par-
ticularly limited to, opaque substrates such as a metal sub-
strate and a ceramic substrate, and transparent substrates such
as a glass substrate, a quartz substrate, and a plastic sheet. The
luminescent color can be controlled by providing a color filter
film, a fluorescent color conversion filter film, a dielectric
reflecting film, or the like on the substrate.

A protective layer or a sealing layer may be provided on the
prepared device in order to prevent the device contacting
oxygen, moisture, and the like. Examples of the protective
layer include inorganic material films such as a diamond thin
film, metal oxide films, and metal nitride films; polymer films
such as fluoracarbon resin films, a polyethylene film, silicone

25

40

45

60

65

resin films, and a polystyrene resin film; and photocurable
resin films. The device may be covered with, for example,
glass, a gas-impermeable film, or a metal and packaged with
an adequate sealing resin.

In the organic light-emitting device of the present inven-
tion, a layer containing the organic compound of the present
invention and layers composed of other organic compounds
are formed by the methods described below. In general, a thin
film is formed by a vacuum evaporation method, an ionized
vapor deposition method, a sputtering method, a plasma
deposition method, or an existing coating method (for
example, spin coating, dipping, a cast method, a Langmuir-
Blodgett (LB) technique, or an ink jet method) that involves
dissolving a compound in an adequate solvent. Among these,
when a layer is formed by a vacuum evaporation method, a
solution coating method, or the like, crystallization does not
readily occur and thus the resulting layer has good stability
with time. When a coating method is used to form a film, an
adequate binder resin may be used in combination with the
compound.

Examples of the binder resin include, but are not limited to,
polyvinylcarbazole resins, polycarbonate resins, polyester
resins, ABS resins, acrylic resins, polyimide resins, phenolic
resins, epoxy resins, silicone resins, and urea resins. These
binder resins may be used alone as a homopolymer or a
copolymer or used as a mixture of two or more types of resin.
Furthermore, existing additives such as a plasticizer, an anti-
oxidant, or an ultraviolet absorber may be optionally used in
combination.

The organic light-emitting device of the present invention
canbe applied to products that require energy saving and high
luminance. Application examples thereof include light
sources of display apparatuses, illuminating apparatuses, and
printers, and backlights for liquid crystal display apparatuses.

When the organic light-emitting device is applied to a
display apparatus, a high-visibility, lightweight, flat panel
display that realizes energy saving can be obtained. The dis-
play apparatus can be used as an image display apparatus such
as a personal computer, a television, or an advertizing
medium. Alternatively, the display apparatus may be used in
a display unit of an image pickup apparatus such as a digital
still camera or a digital video camera. Alternatively. the dis-
play apparatus may be used in an operation display unit of an
electrophotographic image-forming apparatus, namely, a
laser beam printer, a copy machine, or the like.

Alternatively, the organic light-emitting device may be
used as a light source that is used when a latent image is
exposed on a photosensitive member of an electrophoto-
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graphic image-forming apparatus, namely, a laser beam
printer, a copy machine, or the like. A plurality of organic
light-emitting devices that can be independently addressed
may be arranged into an array (e.g., lines) and desired expo-
sure may be performed on a photosensitive drum to form a
latent image. The use of organic light-emitting devices of the
present invention can decrease the space that has been previ-
ously required for arranging a light source, polygon mirrors,
and various optical lenses. When the organic light-emitting
device is applied to illuminating apparatuses and the back-
lights, the effect of energy saving can be expected. The
organic light-emitting device of the present invention can also
be used as a surface light source.

As described above, the luminescent color can be con-
trolled by providing a color filter film, a fluorescent color
conversion filter film, a dielectric reflecting film, or the like on
a substrate supporting the organic light-emitting device of the
present invention. A thin-film transistor (TFT) may be formed
on the substrate and connected to the organic light-emitting
device to control the emission/non-emission. Alternatively, a
plurality of organic light-emitting devices may be arranged in
a matrix shape, that is, arranged in an in-plane direction and
used as an illuminating apparatus.

Next, a display apparatus that uses the organic light-emit-
ting device of the present invention will be described. This
display apparatus includes the organic light-emitting device
of the present invention and a unit configured to supply elec-
trical signals to the organic light-emitting device of the
present invention.

The display apparatus of the present invention will now be
described with reference to the accompanying drawings by
taking an active matrix system as an example.

FIG. 11is a schematic view of an example of the structure of
a display apparatus according to an embodiment. The display
apparatus includes organic light-emitting devices of the
present invention and units configured to supply electrical
signals to the organic light-emitting devices of the present
invention. FIG. 2 is a schematic view showing a pixel circuit
connected to a pixel, and asignal line and a current supply line
that are connected to the pixel circuit.

The units configured to supply electrical signals to the
organic light-emitting devices of the present invention
include a scanning signal driver 11, an information signal
driver 12, and a current supply source 13 in FIG. 1 and a pixel
circuit 15 in FIG. 2.

Referring to a display apparatus 1 shown in FIG. 1, the
scanning signal driver 11, the information signal driver 12,
and the current supply source 13 are arranged and connected
to gate selection lines G, information signal lines I, and cur-
rent supply lines C, respectively. As shown in FIG. 2, pixel
circuits 15 are arranged at intersections between the gate
selection lines G and the information signal lines I. One pixel
14 constituted by the organic light-emitting device according
to the present invention is provided for each corresponding
pixel circuit 15. The pixel 14 is an organic light-emitting
device. Accordingly, in the drawing, organic light-emitting
devices are illustrated as luminous points. In the drawing, an
upper electrode of an organic light-emitting device may be
formed as a common upper electrode for other organic light-
emitting devices. Alternatively, the upper electrodes of the
respective organic light-emitting devices may be separately
formed.

The scanning signal driver 11 sequentially selects the gate
selection lines G1, G2, G3, . . . and Gn. In synchronization
with this, image signals are applied to the pixel circuits 15
from the information signal driver 12 through one of the
information signal lines I1, 12, 13, . . . and In.
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Next, operation of the pixels will be described. FIG. 3 is a
circuit diagram showing a circuit constituting one pixel
arranged in the display apparatus shown in FIG. 1. In FIG. 3,
a second thin-film transistor (TFT) 23 controls the current for
causing an organic light-emitting device 24 to emit light. Ina
pixel circuit 2 shown in FIG. 3, when a selection signal is
applied to the gate selection line G1, a first thin-film transistor
21 turns to the ON state, and an image signal Ii is supplied to
acapacitor (C, ;) 22 to determine a gate voltage of the second
thin-film transistor 23. A current is supplied from the current
supply line Ci to the organic light-emitting device 24 in accor-
dance with the gate voltage of the second thin-film transistor
23. The gate potential of the second thin-film transistor 23 is
retained in the capacitor (C,,,) 22 until the first thin-film
transistor 21 is scanned and selected next time. Accordingly,
the current continues to be supplied to the organic light-
emitting device 24 until the next time scanning is performed.
Thus, it is possible to constantly cause the organic light-
emitting device 24 to emit light during one frame period.

Although not shown in the drawings, the organic light-
emitting device according to the present invention can also be
used in a voltage-write display apparatus in which a thin-film
transistor controls the voltage between the electrodes of the
organic light-emitting device 24.

FIG. 4 is a schematic view showing an example of the
cross-sectional structure of a TFT substrate used in the dis-
play apparatus shown in FIG. 1. The structure will now be
described in detail by taking a process of producing the TFT
substrate as an example. In producing a display apparatus 3
shown in FIG. 4, first, a moisture-proof film 32 for protecting
components (TFTs and an organic layer) to be formed thereon
is formed on a substrate 31 composed of glass or the like by
coating. Silicon oxide, a composite material of silicon oxide
and silicon nitride, or the like is used as the material for the
moisture-proof film 32. Next, a gate electrode 33 is formed by
depositing a metal such as chromium (Cr) on the moisture-
prooffilm 32 by sputtering, and then patterning the chromium
film to have a predetermined circuit shape.

Subsequently, a gate insulating film 34 is formed by depos-
iting silicon oxide or the like by a plasma chemical vapor
deposition (CVD) method, a catalytic chemical vapor depo-
sition (cat-CVD) method, or the like, and then patterning the
silicon oxide film. Next, a semiconductor layer 35 is formed
by depositing a silicon film by the plasma CVD method or the
like (and annealing the silicon film at a temperature of 290° C.
or higher if necessary), and patterning the silicon film in
accordance with a circuit shape.

Furthermore, a drain electrode 36 and a source electrode 37
are formed on the semiconductor layer 35 to form a TFT
device 38. Thus, a circuit as shown in FIG. 3 is formed. Next,
an insulating film 39 is formed on the TFT devices 38. Sub-
sequently, a contact hole (through-hole) 310 is formed so that
a metal anode 311 for an organic light-emitting device is
connected to the source electrode 37.

A multilayered or single-layered organic layer 312 and a
cathode 313 are sequentially stacked on the anode 311. As a
result, the display apparatus 3 is obtained. In order to prevent
degradation of the organic light-emitting devices, a first pro-
tective layer 314 and a second protective layer 315 may also
be provided. By driving the display apparatus including the
organic light-emitting devices of the present invention, high-
quality images can be stably displayed for a long period of
time. Note that the switching device of the above display
apparatus is not particularly limited. The display apparatus
can be easily applied to a single-crystal silicon substrate, an
MIM device, an amorphous-Si (a-Si) device, or the like.
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An organic light-emitting display panel can be obtained by
sequentially stacking a multilayer or single-layer organic
light-emitting layer and a cathode layer on the ITO electrode.
By driving the display panel that uses the organic compound
of the present invention, high-quality images can be stably
displayed for a long period of time.

As for a direction in which the light is output from the
device, either one of the bottom emission configuration (con-
figuration in which light is output from the substrate side) or
the top emission configuration (configuration in which light is
output from the side opposite the substrate) may be used.

EXAMPLES

The present invention will be more specifically described
by way of Examples, but the present invention is not limited
thereto.

Example 1

Synthesis of Exemplary Compounds A20 and A21

[Chem. 6]

Co,
e

HZN O
B

I

E2

E3

First, 10.5 g (48 mmol) of fluoranthene-3-amine (E1) was
mixed in 300 mL of dimethylformamide at 0° C., and 8.2 g
(48 mmol) of N-bromosuccinimide was added to the mixture.
The temperature of the reaction mixture was returned to the
room temperature, and the mixture was stirred for eight hours.
The mixture was poured into water, and the precipitate was
filtered and then recrystallized with ethanol. After the crystals
were filtered, the crystals were washed with heptane, and then
dried. As a result, 29 g of a brown solid E2 was obtained
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(vield: 60%). Subsequently, 10 g (34 mmol) of E2 was
charged in a 500-mL round-bottom flask, and the atmosphere
in the flask was replaced with argon. Next, 150 mL of meth-
oxycyclopentane was added thereto under the argon atmo-
sphere, and the solution was cooled to =75° C. Next, 64 mL of
a 1.6M n-butyllithium solution was added dropwise to the
solution. After the dropwise addition, the temperature of the
solution was returned to room temperature, and the solution
was stirred for one hour. Subsequently, the solution was again
cooled to =75° C., and 15 g of finely crushed dry ice was
added thereto. The temperature of the solution was gradually
returned to room temperature. After the temperature was
returned to room temperature, the solution was stirred for
eight hours. Subsequently, 1M hydrochloric acid was added
to terminate the reaction. Next, extraction was conducted
with ethyl acetate, and the organic layer was concentrated to
obtain a brownish-red liquid. The liquid was purified by col-
umn chromatography (ethyl acetate/heptane=1:3), and
recrystallization was then conducted with chloroform/metha-
nol. As a result, 2.5 g (vield: 28%) of E3 was obtained in the
form of yellow green crystals.

[Chem. 7]
O O
’ " (0] KOH

E6

Into 200 mL of ethanol, 13.1 g (50 mmol) of E4 and 10.5 g
(50 mmol) of ES were charged, and the solution was heated to
60° C. Subsequently, 20 mL of a 5SM aqueous potassium
hydroxide solution was added dropwise to the solution. After
the dropwise addition, the reaction mixture was heated to 80°
C., stirred for two hours, and then cooled. Subsequently, the
precipitate was filtered, washed with water and ethanol, and
then dried by heating at 80° C. under a reduced pressure. As
a result, 20 g (yield: 92%) of dark green solid E6 was
obtained.
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[Chem. §]
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Next, 2.3 g (5 mmol) of E6 and 1.57 g (6 mmol) of E3 were
charged in 50 mL of toluene, and the solution was heated to
80° C. Subsequently, 0.82 g (7 mmol) of isoamy] nitrite was
gradually added dropwise to the solution, and the reaction
mixture was then stirred at 110° C. for three hours. After
cooling, the mixture was washed twice with 100 mL of water
each time. The organic layer was washed with saturated saline
and dried over magnesium sulfate. The solution was filtered,
and the filtrate was then concentrated to obtain a brownish-
red liquid. The liquid was purified by column chromatogra-
phy (toluene/heptane=1:1), and recrystallization was con-
ducted with chloroform/methanol. As a result, 2.58 g (yield:
85%) of E7, which was a mixture of isomers, was obtained in
the form of yellow crystals.

[Chem. 9]

R —

B(OH),

E8
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-continued
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Into a 100-mL round-bottom flask, 1.21 g (2 mmol) of E7,
330 mg (2.2 mmol) of 2,6-dimethylphenylboronic acid (ES),
0.05 g of Pd(PPhs),, 20 mL of toluene, 10 mL of ethanol, and
20 mL of a 2M aqueous sodium carbonate solution were
charged, and the mixture was stirred under nitrogen at 80° C.
for eight hours. After the completion of the reaction, the
resulting crystals were separated by filtration, and dispersed
and washed in water, ethanol, and heptane. The crystals were
dissolved in toluene under heating, and the solution was sub-
jected to hot filtration. Recrystallization was conducted with
toluene/ethanol. The crystals were dried in a vacuum at 120°
C., and purified by sublimation. As a result, 950 mg (yield:
75%) of a mixture of Exemplary Compounds A20 and A21
was obtained in the form of pale yellow crystals. A part of the
mixture was further fractionated into A20 and A21 by recrys-
tallization.

The structure of the compound of this 1:1 mixture was
confirmed by NMR spectroscopy.

'H NMR (CDCl,, 500 MHz) o (ppm): 8.20 (s, 2H), 7.88-
7.87 (m, 4H), 7.83-7.65 (m, 22H), 7.39-7.05 (m, 20F), 6.60
(, 1H, J=7.25 Hz), 6.52 (d, 1H, J=3.6 Hy), 6.37 (d, 1M,
J=7.25 Hz), 6.28 (t, 1H, J=5.10 Hz), 1.89 (s, 13H).

The emission spectra of toluene solutions of Exemplary
Compounds A20 and A21 with a concentration of 1x107>
mol/I, were measured using a fluorescence spectrophotom-
eter F-4500 manufactured by Hitachi, Ltd. According to the
results of photoluminescence measured at an excitation
wavelength of 350 nm, each of the spectra had the maximum
intensity at 447 nm.
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Example 2

Synthesis of Exemplary Compounds A65 and A66
The reactions and purifications were conducted as in

Example 1 except that organic compound E8 used in Example
1 was changed to E9.

[Chem. 10]
E9

The structure of the compound of a 1:1 mixture was con-
firmed by NMR spectroscopy.

'H NMR (CDCl,, 500 MHz) o (ppm): 8.22 (d, 2H, J=6.2
Hz), 7.89-7.65 (m, 30H), 7.53 (d, 2H, J=8.8 Hz), 7.49-7.47
(m, 4H), 7.42-7.30 (m, 12H), 7.20-7.14 (m, 2H), 6.66 (d, 1H,
J=7.25 Hz), 6.53 (d, 1H, ]=7.25 Hz), 6.43 (d. 1H, J=7.3 Hz),
6.30 (d, 1H, J=7.0 Hz), 1.39 (s, 18H), 1.13 (s, 18H).

The emission spectrum of a toluene solution of the mixture
of Exemplary Compounds A65 and A66 with a concentration
of 1x10~> mol/L. was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 451 nm.

Example 3

Synthesis of Exemplary Compounds A96 and A97

The reactions and purifications were conducted as in
Example 1 except that organic compound E5 used in Example
1 was changed to E10 and organic compound ES8 used in
Example 1 was changed to E11.

[Chem. 11]

E10

El1

B(OH),

The structure of the compound of a 1:1 mixture was con-
firmed by NMR spectroscopy.

'"HNMR (CDCl,, 500 MHz) o (ppm): 8.35 (s, 1H), 8.32 (s,
1H), 7.88-7.81 (m, 6H), 7.75 (s, 2H), 7.70 (s, 2H), 7.55 (s,
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4H), 7.52-7.51 (m, 4H), 7.39-7.16 (m, 13H), 7.07-7.02 (m,
2H), 6.96 (s, 3H), 6.62 (d, 1H, J=7.2 Hz), 6.52 (d, 1H, J=6.5
Hz), 6.38 (d, 1H, J=7.0 Hz), 6.32 (d, 1H, J=7.0 Hz), 2.36 (s,
6H), 1.87 (s, 12H), 1.44 (t, 36H, J=3.35 Hz), 1.40 (s, 36H).

The emission spectrum of a toluene solution of the mixture
of Exemplary Compounds A96 and A97 with a concentration
of 1x107> mol/L, was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 449 nm.

Example 4

Synthesis of Exemplary Compounds A85 and A89

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E12.

[Chem. 12]
EL2

The structure of the compound of a 1:1 mixture was con-
firmed by NMR spectroscopy.

'HNMR (CDCl;, 500 MHz) o (ppm): 8.22 (d, 2H, J=6.45
Hz), 7.99-7.97 (m, 4H), 7.92 (s, 2H), 7.88 (d, 4H, I=7.25 Hz),
7.84-7.67 (m, 20H), 7.42-7.24 (m, 24H), 7.18-7.14 (m, 8H),
7.05 (d, 1H, J=7.0 Hz), 6.66 (d, 1H, J=7.15 Hz), 6.52 (d, 1H,
J=6.5 Hz), 6.43 (d, 1H, J=7.5 Hz), 6.29 (d, 1H, J=6.6 Hz),
2.83 (s, 6H), 2.24 (s, 6H).

The emission spectrum of a toluene solution of the mixture
of Exemplary Compounds A85 and A89 with a concentration
of 1x107> mol/L. was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 451 nm.

Example 5

Synthesis of Exemplary Compounds A26 and A27

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E11.

[Chem. 13]

Ell

B(OH),
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The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A26 and A27 with a concentration of
1x10~° mol/L was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 445 nm.

Example 6

Synthesis of Exemplary Compounds A93 and A95

The reactions and purifications were conducted as in
Example 1 except that organic compound ES used in Example
1 was changed to E13.

[Chem. 14]
El3

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A93 and A95 with a concentration of
1x10~° mol/L. was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 449 nm.

Examples 7 to 30

In Examples 7 to 30, the multilayer organic light-emitting
devices described in the fifth example (anode/hole injection
layer/hole-transporting layer/light-emitting layer/hole.exci-
ton-blocking layer/electron-transporting layer/cathode) were
prepared. In each example, first, an ITO film having a thick-
ness of 100 nm was patterned on a glass substrate. On the
substrate having the ITO film thereon, organic layers and
electrode layers described below were successively deposited
by a resistance-heating vacuum evaporation method in a
vacuum chamber at a pressure of 107> Pa so that the area of the
electrodes facing each other was 3 mm>. When a guest mate-
rial includes two types of compounds, the guest material is a
mixture of structural isomers having substituents at different
positions, the mixture having a ratio of about 1:1.

Hole injection layer/Hole-transporting layer (30 nm): G-1
Light-emitting layer (30 nm); Host: G-2, Guest: Exemplary
Compound (weight ratio: 5%)

Hole/exciton-blocking layer (10 nm): G-3
Electron-transporting layer (30 nm): G-4

Metal electrode layer 1 (1 nm): LiF

Metal electrode layer 2 (100 nm): Al
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[Chem. 15]

The current-voltage characteristic of each EL device was
measured with a pA meter 4140B manufactured by Hewlett-
Packard Development Company, and the light-emission
luminance thereof was measured with a luminance meter

BM7 manufactured by Topcon Corporation. The luminous
efficiency and the voltage of Example 7 to Example 30 are
shown in Table 4.

TABLE 4
Luminous efficiency ~ Voltage

Guest G-2 (cd/A) v)
Example 7 Al Hi2 6.5 4.2
Example 8 Al, A2 Hi2 6.5 4.2
Example 9 A4 H4 6.1 4.0
Example 10 A20 H21 6.4 4.2
Example 11 A20,A21 H21 6.4 4.2
Example 12 A20,A21 H10 5.8 4.0
Example 13 A21 H21 6.4 4.2
Example 14 A26,A27 H22 6.0 4.6
Example 15 A35,A36 H9 5.8 5.0
Example 16 A37 HI1S 5.8 4.7
Example 17 Ad4 H23 6.6 4.1
Example 18 Ad4, A45 H27 5.6 5.0
Example 19 A48, AS0 HS8 5.5 4.8
Example 20 AS51,A52 H10 5.5 4.7
Example 21 A65, A66 H22 6.5 45
Example 22 A67,A68 H27 6.0 43
Example 23 A5, A89 H28 5.6 5.1
Example 24 A96, A9T H9 54 5.3
Example 25 Al13,A114  HI0 5.8 4.7
Example 26 Al18 H2 3.9 5.9
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TABLE 4-continued

Luminous efficiency ~ Voltage

Guest G-2 (cd/A) (V)
Example 27 B4 H23 6.4 4.3
Example 28 B23 H28 6.3 4.0
Example 29 C5,C8 H23 43 5.5
Example 30 C10 H18 4.8 6.1

Examples 31 to 35

In Examples 31 to 35, the multilayer organic light-emitting
devices described in the fifth example (anode/hole injection
layer/hole-transporting  layer/light-emitting layer/electron-
transporting layer/electron injection layer/cathode) were pre-
pared. Organic light-emitting devices having a resonating
structure were prepared by a method described below. In each
example, first, an aluminum alloy (AINd) functioning as a
reflective anode was deposited on a glass substrate function-
ing as a support by a sputtering method so as to have a
thickness of 100 nm. Furthermore, ITO functioning as a trans-
parent anode was deposited by a sputtering method so as to
have a thickness of 80 nm. Next, an element isolation film
composed of an acrylic resin and having a thickness of 1.5 pm
was formed in a peripheral portion of the anode, and an
opening with a radius of 3 mm was formed therein. The
substrate was sequentially washed with ultrasonic waves
using acetone and isopropyl alcohol (IPA). The substrate was
then washed with [PA under boiling, and dried. Furthermore,
UV/ozone cleaning was conducted on the surface of the sub-
strate. Furthermore, organic layers described below were suc-
cessively deposited by a resistance-heating vacuum evapora-
tion method in a vacuum chamber at a pressure of 10~° Pa.
Subsequently, [ZO was deposited as a cathode by a sputtering
method to form a transparent electrode having a thickness of

30 nm. After the formation, sealing is performed in a nitrogen
atmosphere. Thus, the organic light-emitting devices were
prepared.
Hole injection layer (95 nm): G-11
Hole-transporting layer (10 nm): G-12
Light-emitting layer (35 nm); Host: G-13, Guest: Exemplary
Compound (weight ratio: 2%)
Electron-transporting layer (10 nm): G-14
Electron injection layer (70 nm): G-15 (weight ratio: 80%),
Li (weight ratio: 20%)
[Chem. 16]

G-11
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-continued
G-12
G-14

G-15

The current-voltage characteristic of each EL device was
measured with a pA meter 4140B manufactured by Hewlett-
Packard Development Company, and the light-emission
luminance thereof was measured with a luminance meter
BM7 manufactured by Topcon Corporation. The luminous
efficiency and the voltage of Example 31 to Example 35 are
shown in Table 5.

TABLE §
Luminous efficiency ~ Voltage
Guest G-13 (ed/A) V)
Example 31 A20,A21 H7 3.0 4.1
Example 32 A38,A39 H22 3.1 4.5
Example 33 A48, A50 HR 34 43
Example 34 A51,A52 H10 34 4.6
Example 35 A93, A9S HR 3.1 4.0
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Example 36

Synthesis of Exemplary Compounds A44 and A45

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E14.

[Chem. 17]

E14

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A44 and A45 with a concentration of
1x107> mol/L was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, L.td. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 450 nm.

Example 37

Synthesis of Exemplary Compounds A147 and A148

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E15.

[Chem. 18]

E15

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A147 and A148 with a concentration
of 1x107> mol/I. was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 451 nm.

Example 38

Synthesis of Exemplary Compounds A35 and A36

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E16.
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The emission spectrumofa toluene solution of a mixture of

[Chem. 19]

E16

Exemplary Compounds A35 and A36 with a concentration of
1x107° mol/L was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 451 nm.

Example 39

Synthesis of Exemplary Compounds A149 and A150

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E17.

[Chem. 20]
E17

B(OH),

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A149 and A150 with a concentration
of 1x107° mol/L, was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 448 nm.

Example 40

Synthesis of Exemplary Compounds A155 and A156

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E18.
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[Chem. 21]
EI8

B(OH),

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A155 and A156 with a concentration
of 1x107> mol/I. was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 447 nm.

Example 41

Synthesis of Exemplary Compounds A151 and A152

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E19.

[Chem. 22]
E19

B(OH),

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A151 and A152 with a concentration
of 1x107> mol/I, was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 446 nm.

Example 42

Synthesis of Exemplary Compounds A163 and A164

The reactions and purifications were conducted as in
Example 1 except that organic compound E8 used in Example
1 was changed to E20.

[Chem. 23]

E20

B(OH),

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A163 and A164 with a concentration
of 1x107° mol/L, was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
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to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 446 nm.

Example 43

Synthesis of Exemplary Compounds A157 and A158

The reactions and purifications were conducted as in
Example 1 except that organic compound ES used in Example
1 was changed to E10 and organic compound E8 used in
Example 1 was changed to E17.

[Chem. 24]

E10

E17

B(OH),

The emission spectrum ofa toluene solution of a mixture of
Exemplary Compounds A157 and A158 with a concentration
of 1x107> mol/I, was measured using a fluorescence spectro-
photometer F-4500 manufactured by Hitachi, Ltd. According
to the result of photoluminescence measured at an excitation
wavelength of 350 nm, the spectrum had the maximum inten-
sity at 447 nm.

Examples 44 to 54

In Examples 44 to 54, the multilayer organic light-emitting
devices described in the fifth example (anode/hole injection
layer/hole-transporting layer/light-emitting layer/
holesexciton-blocking layer/electron-transporting  layer/
cathode) were prepared. In each example, first, an 1TO film
having a thickness of 100 nm was patterned on a glass sub-
strate. On the substrate having the ITO film thereon, organic
layers and electrode layers described below were succes-
sively deposited by a resistance-heating vacuum evaporation
method in a vacuum chamber at a pressure of 10~ Pa so that
the area of the electrodes facing each other was 3 mm>. When
a guest material includes two types of compounds, the guest
material is a mixture of structural isomers having substituents
at different positions, the mixture having a ratio of about 1:1.
Hole injection layer (20 nm): G-16
Hole-transporting layer (10 nm): G-17
Light-emitting layer (30 nm); Host: G-18, Guest: Exemplary
Compound (weight ratio: 5%)

Hole/exciton-blocking layer (10 nm): G-19
Electron-transporting layer (30 nm): G-20
Metal electrode layer 1 (1 nm): LiF

Metal electrode layer 2 (100 nm): Al
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G-17

G-19
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-continued

G-20

The current-voltage characteristic of each EL device was
measured with a pA meter 4140B manufactured by Hewlett-
Packard Development Company, and the light-emission
luminance thereof was measured with a luminance meter
BM7 manufactured by Topcon Corporation. The luminous
efficiency and the voltage of Example 44 to Example 54 are
shown in Table 6.

TABLE 6
Luminous efficiency ~ Voltage

Guest G-18 (cd/A) V)
Example 44 A20,A21 H31 6.1 4.2
Example 45 A35,A36 H30 6.2 4.1
Example 46 Ad4, A45 H10 5.8 4.0
Example 47 Ad4, A45 H21 6.4 4.2
Example 48 Al47,A148  H29 6.3 4.2
Example 49  Al149,A150  H31 6.5 4.1
Example 50  Al155,A156  H21 6.4 4.2
Example 51 Al151,A152  H31 6.0 4.3
Example 52 A157,A158  H8 5.1 4.0
Example 53 Al163,A164 H21 6.1 4.0
Example 54  A163,A164  H31 6.3 4.2

RESULTS AND DISCUSSION

The organic compounds according to the present invention
are novel compounds which exhibit a high quantum yield and
which are suitable for blue-light emission. When the organic
compounds according to the present invention are used in
organic light-emitting devices, it is possible to make light-
emitting devices having good luminescence properties.

While the present invention has been described with refer-
ence 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.

This application claims the benefit of Japanese Patent
Application No. 2009-105356, filed Apr. 23, 2009 and No.
2010-015851 filed Jan. 27, 2010, which are hereby incorpo-
rated by reference herein in their entirety.
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The invention claimed is:
1. An acenaphtho[1,2-k]benzo| e]acephenanthrene deriva-
tive represented by general formula (1):

[Chem. 1]
@

wherein R to R are each independently selected from a
hydrogen atom, a halogen atom, a substituted or unsub-
stituted alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted amino
group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group; and

at least one of R, to R, and R, to R, 5 is selected from a
halogen atom, a substituted or unsubstituted alkyl group,
a substituted or unsubstituted alkoxy group, a substi-
tuted or unsubstituted amino group, a substituted or
unsubstituted aryl group, and a substituted or unsubsti-
tuted heterocyclic group.

2. The acenaphtho[l,2-k]benzo[e]acephenanthrene
derivative according to claim 1, wherein R, to R, ; are each
independently selected from a hydrogen atom and a substi-
tuted or unsubstituted aryl group.

3. An organic light-emitting device comprising:

a cathode;

an anode; and

an organic compound layer disposed between the anode
and the cathode,

wherein the organic compound layer contains the acenaph-
tho[1,2-k]benzo[e]acephenanthrene derivative accord-
ing to claim 1.

4. The organic light-emitting device according to claim 3,

wherein the organic compound layer is a light-emitting layer.

5. An image display apparatus comprising:

a plurality of pixels, each of which is the organic light-
emitting device according to claim 3; and

a unit configured to supply an electrical signal to the
organic light-emitting device.
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