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A method of synthesizing the compound of the present
invention will be described below.

Of the compounds shown in Table 1, a compound substi-
tuted by a pyrenyl group having two substituents is preferably
synthesized by: introducing a pyrenyl group in 9-bromoan-
thracene; brominating the resultant; and subjecting the result-
ant to Suzuki coupling with a fluoranthene boron body from
the viewpoint of a synthesis yield. Alternatively, the pyrenyl
group may be introduced by: causing the boron body of an A
or C unit to react with 9,10-dibromoanthracene as a starting
material; and causing the boron body of the remaining one of
the A and C units to react with the remaining bromine portion.
Of course, the synthesis method is not limited to the forego-
ing.

gThe compounds shown in Tables 2 to 4 each use the
dibromo body of a B unit as a starting material. Each of the
compounds can be synthesized by: causing the boron body of
the A or C unit to react with the starting material by Suzuki
coupling; and causing the boron body of the remaining one of
the A and C units to react with the remaining bromine portion.
Of course, the synthesis method is not limited to the forego-
ing.

A group of compounds shown in Tables 1, 2, 3, 5, and 6 is
preferable from the viewpoints of the ease of availability of
the central unit B and the simplicity of the synthesis of the
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dihalogen body or monohalogen body of the unit B. A chry-
sene unit exemplified in any one of Table 3 and other tables is
also preferable from the viewpoint of the simplicity of the
synthesis of the dihalogen body or monohalogen body of the
unit B.

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; and one or more layers
each containing an organic compound, the one or more layers
being interposed between the pair of electrodes. In the
organic light emitting device, at least one layer of the one or
more layers each containing an organic compound contains at
least one kind of the above-mentioned compound of the
present invention.

The at least one layer of the one or more layers each
containing an organic compound is preferably a light emitting
layer.

FIG. 3 illustrates a preferable example of the organic light
emitting device of the present invention.

FIG. 3 illustrates the organic light emitting device having a
structure in which the anode 2, the hole transporting layer 5,
the light emitting layer 3, the electron transporting layer 6,
and the cathode 4 are provided on a substrate 1 in the stated
order. The organic layers including the light emitting layer are



US 8,026,664 B2

41

positioned between the anode and the cathode. One kind of
the fluoranthene compound of the present invention is
included in the organic layers. More specifically, the fluoran-
thene compound is included in the light emitting layer.

The organic light emitting device illustrated in FIG. 3 has
separate carrier-transporting function and light emitting func-
tion. The light emitting device is used in combination with
compounds each having hole-transporting property, electron-
transporting property, or light emitting property as appropri-
ate, thereby allowing a significant increase in freedom of
choice in material to be used. Various compounds having
different light emission wavelengths can be used, thereby
allowing an increase in variety of light emission hue. Further,
luminous efficiency can be improved by efficiently trapping
each carrier or exciton in the light emitting layer 3 provided in
the middle of the device. FIG. 3 is a sectional view illustrating
an example of the organic light emitting device according to
the present invention.

As an example other than FIG. 3, there is an organic light
emitting device having a structure in which the anode 2, the
light emitting layer 3, and the cathode 4 are provided on the
substrate 1 in the stated order. As the light emitting device
used here, a compound having all of hole-transporting prop-
erty, electron-transporting property, and light emitting prop-
erty, or compounds having the respective properties used in
combination, is/are useful.

Further, in a case of the organic light emitting device hav-
ing a structure in which the anode 2, the hole transporting
layer 5, the electron transporting layer 6, and the cathode 4 are
provided on the substrate 1 in the stated order, a light emitting
substance whose material has at least one of hole-transporting
property and electron-transporting property is used for any
one of the layers. It is useful to use the light emitting sub-
stance in combination with a non-illuminant hole-transport-
ing substance or electron-transporting substance. In this case,
the light emitting layer is formed of the hole transporting
layer 5 or the electron transporting layer 6.

Another structure is also provided in which the hole-inject-
ing layer is inserted into a side of the anode 2 of the organic
light emitting device of FIG. 3. This structure is effective for
improving adhesiveness between the anode 2 and the hole
transporting layer 5 or for improving hole-injecting property,
which is effective in lowering a voltage to be applied to the
device.

Further, another structure is provided in which a layer (the
hole/exciton-blocking layer) for blocking travel of a hole or
exciton to a side of the cathode 4 is inserted between the light
emitting layer 3 and the electron transporting layer 6 of the
organic light emitting device of FIG. 3. The structure uses a
compound having an extremely high ionization potential for
the hole/exciton-blocking layer, which is effective for
improving luminous efficiency.

Note that, the structures described above and illustrated in
FIG. 3 represent a basic device structure, and the structure of
the organic light emitting device using the compound of the
present invention is not limited to those structures. For
example, the organic light emitting device of the present
invention may have any one of various layer structures includ-
ing: a structure having an insulating layer provided at an
interface between the electrode and the organic layer; a struc-
ture having an adhesive or interference layer; and a structure
in which a hole transporting layer is composed of two layers
with different ionization potentials.

The organic light emitting device of the present invention
can be used in any one of the device structures described
above and illustrated in FIG. 3.

In particular, an organic layer using the compound of the
present invention is useful as a light emitting layer, an elec-
tron transporting layer, or a hole transporting layer. In addi-
tion, a layer formed by a vacuum vapor deposition method or
asolution coating method is hardly crystallized and has excel-
lent stability over time.
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In the present invention, the compound of the present
invention is used particularly as a component of the light
emitting layer. However, a conventionally known low-mo-
lecular-weight-based or polymer-based hole transportable
compound, luminescent compound, or electron transportable
compound can be used together as required.

Examples of the compounds are shown below.

A preferred hole-injection transporting material has excel-
lent mobility for facilitating injection of a hole from an anode
and for transporting the injected hole to a light emitting layer.
Examples of a low-molecular-weight-based or polymer-
based material having hole-injection transporting property
include, but are not limited to: a triarylamine derivative; a
phenylenediamine derivative; a triazole derivative; an oxadia-
zole derivative; an imidazole derivative; a pyrazoline deriva-
tive; a pyrazolone derivative; an oxazole derivative; a fluo-
renone derivative; a hydrazone derivative; a stilbene
derivative; a phthalocyanine derivative; a porphyrin deriva-
tive; poly(vinylcarbazole); poly(silylene); poly(thiophene);
and other conductive polymers.

Examples of a usable material which is mainly involved in
a light emitting function except the compound to be used in
the organic light emitting device of the present invention
include, but are not limited to: a fused ring aromatic com-
pound (including a naphthalene derivative, a phenanthrene
derivative, a fluorene derivative, a pyrene derivative, a tet-
racene 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 pyran derivative; Nilered;
a pyrazine derivative; a benzoimidazole derivative; a ben-
zothiazole derivative; a benzoxazole derivative; a stilbene
derivative; an organometallic complex (including: an organic
aluminum complex such as tris(8-quinolinolato)aluminum;
or an organic beryllium complex); and a polymer derivative
(including a poly(phenylene vinylene)derivative, a poly(fluo-
rene) derivative, a poly(phenylene) derivative, a poly(thie-
nylene vinylene)derivative, or a poly(acetylene) derivative).

The electron-injection transporting material can be arbi-
trarily selected from materials which facilitate injection of an
electron from a cathode and which have a function of trans-
porting the injected electron to a light emitting layer. The
material is selected in consideration of, for example, the
balance with the mobility of a carrier of the hole transporting
material. Examples of a material having electron-injection
transporting property include, but are not limited to, an oxa-
diazole derivative, an oxazole derivative, a thiazole deriva-
tive, a thiadiazole derivative, 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 deriva-
tive, and an organometallic complex.

Inthe organic light emitting device according to the present
invention, the layer containing the compound of the present
invention and layers containing other organic compounds are
each formed by the following method. A thin film is generally
formed by a vacuum vapor deposition method, an ionized
vapor deposition method, sputtering, plasma, or a known
coating method (such as a spin coating, dipping, casting, LB,
or ink jet method) in which a compound is dissolved in an
appropriate solvent. In film formation by a coating method, in
particular, a film can be formed by using a compound in
combination with an appropriate binder resin.

The binder resin can be selected from a wide variety of
binder resins. Examples of the binder resin include, but not
limited to: a polyvinyl carbazole resin; a polycarbonate resin;
a polyester resin; a polyallylate resin; a polystyrene resin; an
ABS resin; a polybutadine resin; a polyurethane resin; an
acrylic resin; a methacrylic resin; a butyral resin; a polyvinyl
acetal resin; a polyamide resin; a polyimide resin; a polyeth-
ylene resin; a polyethersulfone resin; a diallyl phthalate resin;
aphenol resin; an epoxy resin; a silicone resin; a polysulfone
resin; and a urea resin. One kind of binder resin may be used
alone, or two or more kinds thereof may be mixed and used as
a copolymer. Further, an additive such as a known plasticizer,
antioxidant, or ultraviolet absorber may be used in combina-
tion as required.
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An anode material preferably has as large a work function
as possible, and examples thereof include: a metal element
such as gold, platinum, silver, copper, nickel, palladium,
cobalt, selenium, vanadium, or tungsten; an alloy thereof; and
a metal oxide such as tin oxide, zinc oxide, indium oxide,
indium tin oxide (ITO), or indium zinc oxide. Further, a
conductive polymer such as polyaniline, polypyrrole, poly-
thiophene, or polyphenylene sulfide can also be used. Each of
those electrode materials may be used alone, or two or more
kinds thereof may be used in combination. Further, the anode
can have a single layer structure or a multilayer structure.

Meanwhile, a cathode material preferably has a small work
function, and examples thereof include: a metal element such
as lithium, sodium, potassium, calcium, magnesium, alumi-
num, indium, ruthenium, titanium, manganese, yttrium, sil-
ver, lead, tin, or chromium; and an alloy thereof such as a
lithium-indium alloy, a sodium-potassium alloy, a magne-
sium-silver alloy, an aluminum-lithium alloy, an aluminum-
magnesium alloy, or a magnesium-indium alloy. A metal
oxide such as indium tin oxide (ITO) can also be used. Each
of those electrode materials may be used alone, or two or
more kinds thereof may be used in combination. Further, the
cathode can have a single layer structure or a multilayer
structure.

At least one of the anodes and the cathodes may be semi-
transparent.

The substrate to be used in the present invention is not
particularly limited, but examples thereof include: an opaque
substrate such as a metallic substrate or a ceramics substrate;
and a transparent substrate such as a glass substrate, a quartz
substrate, or a plastic sheet substrate. In addition, the sub-
strate can have a color filter film, a fluorescent color convert-
ing filter film, a dielectric reflection film, or the like for
controlling luminescent color.

44

Further, a protective layer or a sealing layer can be formed
on the produced device to prevent contact between the device
and oxygen or moisture. Examples of the protective layer
include: a diamond thin film; a film formed of an inorganic
material such as metal oxide or metal nitride; a polymer film
formed of a fluorine resin, polyparaxylene, polyethylene, a
silicone resin, and a polystyrene resin; and a photo-curable
resin. Further, the device itself can be covered with glass, an
airtight film or a metal and packaged with an appropriate
sealing resin.

The device of the present invention can be produced by
producing a thin film transistor (TFT) on a substrate, and then
connecting the device to the TFT.

Regarding the light extraction direction of a device, the
device can have a bottom emission structure (structure in
which light is extracted from a substrate side) or a top emis-
sion structure (structure in which light is extracted from an
opposite side of the substrate).

In addition, one characteristic of the present invention is
that a light emitting region contains the fluoranthene com-
pound of the present invention as a guest material and a host
material. A compound having a fused ring hydrocarbon skel-
eton which is tetracyclic or more is a particularly excellent
host material, and examples of the fused ring hydrocarbon
skeleton which is tetracyclic or more include a pyrene skel-
eton, a fluoranthene skeleton, a benzofluoranthene skeleton, a
tetracene skeleton, a triphenylene skeleton, and a chrysene
skeleton.

Examples of a compound having a pyrene skeleton among
such skeletons include, but not limited to, the following mate-
rials.
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-continued

Hereinafter, the present invention will be described more
specifically by way of examples, but the present invention is
not limited to the examples.

EXAMPLE 1

Method of Producing Exemplified Compound No.
101

Exemplified Compound No. 101 of the present invention
can be produced by, for example, the method to be described
below.

(1) Synthesis of 9-(7-tert-butyl-3-methylpyren-1-y1)
anthracene as Intermediate Compound 1

30
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-continued

Me
Compound 1

Under a nitrogen atmosphere, 5 g (19.4 mmol) of 9-bro-
moanthracene and 7.73 g (19.4 mmol) of 2-(7-tert-butyl-3-
methylpyren-1-y1)-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane
were dissolved in a mixed solvent of toluene (240 ml) and
ethanol (120 ml). Further, an aqueous solution prepared by
dissolving 3.93 g (38.8 mmol) of sodium carbonate in 40 ml
of distilled water was added to the resultant, and the whole
was stirred at 50° C. for 30 minutes. Tetrakis(triphenylphos-
phine)palladium (1.57 g, 1.36 mmol) was added to the result-
ant, and the whole was stirred under heat on a silicone oil bath
heated to 90° C. for 3.5 hours. After the resultant had been
cooled to room temperature, water, toluene, and ethyl acetate
were added to the resultant to separate an organic layer. Fur-
ther, a water layer was extracted with a mixed solvent of
toluene and ethyl acetate (twice), and was then added to the
solution of the organic layer that had been separated first. The
organic layer was washed with a saturated salt solution, and
was then dried with sodium sulfate. The solvent was removed
by distillation, and the residue was purified by means of silica
gel column chromatography (toluene:heptane 1:3), whereby
6.5 g of Intermediate Compound 1 were obtained.
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(2) Synthesis of 9-bromo-10-(7-tert-butyl-3-meth-
ylpyren-1-yl)anthracene as Intermediate Compound
2

e

Compound 1

Compound 2

Br

Me

Under a nitrogen atmosphere, Intermediate Compound 1
(6 g, 13.4 mmol) was dissolved in 100 ml of dioxane. An
aqueous solution prepared by dissolving 0.75 g (13.4 mmol)
of potassium hydroxide in 5 ml of distilled water was added to
the solution, and 2.56 g (16.1 mmol) of bromine were
dropped to the mixture. After the resultant had been stirred on
an oil bath heated to 40° C. for 30 minutes, 9.7 g (3.08 mmol)
of'a 5% sodium thiosulfate solution were added to the result-
ant, and the whole was stirred at 20° C. for an additional 2
hours. After having been filtrated, the resultant was washed
with methanol and recrystallized from toluene (twice). The
resultant was dried in a vacuum under heat, whereby 3.6 g of
Intermediate Compound 2 were obtained.

(3) Synthesis of Exemplified Compound No. 101

Compound 2 +

(E .

%‘

RS,
OOQ'O
9

Under a nitrogen atmosphere, Intermediate Compound 2
(3 g, 5.69 mmol) and 1.87 g (5.69 mmol) of fluoranthen-3-
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yl-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane were dissolved
in a mixed solvent of toluene (200 ml) and ethanol (100 ml).
Further, an aqueous solution prepared by dissolving 0.64 g
(11.4 mmol) of sodium carbonate in 30 ml of distilled water
was added to the resultant, and the whole was stirred at 50° C.
for 30 minutes. Tetrakis(triphenylphosphine)palladium (0.66
g,0.571 mmol) was added to the resultant, and the whole was
stirred under heat on a silicone oil bath heated to 90° C. for 5
hours. After the resultant had been cooled to room tempera-
ture, water, toluene, and ethyl acetate were added to the
resultant to separate an organic layer. Further, a water layer
was extracted with a mixed solvent of toluene and ethyl
acetate (twice), and was then added to the solution of the
organic layer that had been separated first. The organic layer
was washed with a saturated salt solution, and was then dried
with sodium sulfate. The solvent was removed by distillation,
and the residue was purified by means of silica gel column
chromatography (mobile phase; toluene:heptane=1:3). The
resultant was dried at 120° C. in a vacuum, and, furthermore,
was subjected to sublimation purification, whereby 2.3 g of
Exemplified Compound No. 101 as a pale yellow solid were
obtained.

Matrix assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) confirmed 648.4 as
the M+ of the compound (no matrix).

Further, NMR measurement identified the structure of the
compound (FIG. 1).

The glass transition temperature of the compound in a glass
state was measured with a DSC (Pyris 1) manufactured by
PerkinFlmer by increasing the temperature of the compound
from room temperature at a rate of temperature increase of
10° C./min. As a result, the glass transition temperature of the
compound was 216° C.

A mixed film was produced from a chloroform solution
containing 5 wt % of Exemplified Compound No. 101 with
respect to Compound 5 shown below as a host material, and
the PL spectrum of the film was measured. As a result, a
spectrum derived from Exemplified Compound No. 101 was
observed (FIG. 2).

EXAMPLE 2

An organic light emitting device having the structure illus-
trated in FIG. 3 was produced by the method described below.

First reference numerals of FIG. 3 will be described. There
are provided a substrate 1, an anode 2, a light emitting layer 3,
a cathode 4, a hole transporting layer 5, and an electron
transporting layer 6.

Indium tin oxide (ITO) as the anode 2 was formed as a film
having a thickness of 120 nm on a glass substrate as the
substrate 1 by a sputtering method, and the resultant was used
as a transparent conductive supporting substrate. The result-
ant substrate was subjected to ultrasonic cleaning in acetone
and isopropyl alcohol (IPA) in the stated order. Then, the
substrate was washed in boiling IPA and dried. The substrate
was further subjected to UV/ozone cleaning to be used as a
transparent conductive supporting substrate.

A chloroform solution containing 0.2 wt % was prepared
by using Compound 3 represented by the following structural
formula as a hole transporting material.
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Compound 3

This solution was dropped onto the above-mentioned ITO
electrode and formed into a film on the ITO electrode through
spin coating at a revolving speed of 500 rpm for 10 seconds at
first and then at a revolving speed of 1,000 rpm for 1 minute.
Then, the whole was placed in a vacuum oven at 80° C. and
dried for 10 minutes, to thereby completely remove the sol-
vent in the thin film. The thus-formed hole transporting layer
5 had a thickness of 15 nm.

Next, as the light emitting layer 3, Exemplified Compound
No. 101 described above as a first compound and Compound
4 represented by the following structural formula as a below-
mentioned second compound were co-deposited from the
vapor on the hole transporting layer 5. The resultant light
emitting layer 3 had a thickness of 25 nm. A degree of vacuum
during vapor deposition was 1.0x10~* Pa and a film formation
rate during vapor deposition was 0.2 nm/second or more to
0.3 nm/second or less.

Compound 4

Further, as the electron transporting layer 6, 2,9-[2-(9,9'-
dimethylfluorenyl)]-1,10-phenanthroline was formed into a
film having a thickness of 25 nm through a vacuum vapor
deposition method. A degree of vacuum during vapor depo-
sition was 1.0x10™* Pa and a film formation rate during vapor
deposition was 0.2 nm/second or more to 0.3 nm/second or
less.
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Next, lithium fluoride (LiF) was formed into a film having
a thickness of 0.5 nm on the above-mentioned organic layer
by a vacuum vapor deposition method, and an aluminum film
having a thickness of 100 nm was formed thereon through a
vacuum vapor deposition method, to thereby produce an elec-
tron-injection electrode (cathode 4). As a result, an organic
light emitting device with the electron-injection electrode
(cathode 4) was produced. A degree of vacuum during depo-
sition was 1.0x107* Pa. According to the condition of forma-
tion, a lithium fluoride film formation rate was 0.05 nm/sec-
ond, and an aluminum film formation rate was 1.0 nm/second
or more to 1.2 nm/second or less.

The obtained organic EL. device was covered with a pro-
tective glass and sealed with an acrylic resin binder in a dry air
atmosphere to prevent degradation of the device due to
adsorption of moisture thereon.

Under application of a voltage of 4 V to the thus-obtained
device having the ITO electrode (anode 2) as a positive elec-
trode and the Al electrode (cathode 4) as a negative electrode,
blue light emission with a luminous efficiency of 3.8 Im/W
was observed. The CIE chromaticity was x=0.15,y=0.14, and
blue light with good color purity was emitted and observed.

Further, a voltage was applied to the device under a nitro-
gen atmosphere for 100 hours. As a result, the device was
observed to emit light with good property continuously.

EXAMPLE 3

A device was produced in the same manner as in Example
2 except that Compound 5 represented by the following struc-
tural formula was used instead of Compound 4 of Example 2.
The device of this example was observed to emit light with a
luminous efficiency of 4 Im/W at an applied voltage of4 V. In
addition, the device was observed to emit blue light having
CIE chromaticity coordinates (x,y) of (0.15,0.14) and a good
color purity.

Further, a voltage was applied to the device under a nitro-
gen atmosphere for 100 hours. As a result, the device was
observed to emit good light continuously.
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EXAMPLE 4
Synthesis of Exemplified Compound No. 111

Exemplified Compound No. 111 can be synthesized in the
same manner as in Example 1 except that 5,8-di-tert-bu-
tylfluoranthen-3-yl-4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
lane is used instead of fluoranthen-3-yl-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane of Example 1.

EXAMPLE 5
Synthesis of Exemplified Compound No. 115

Exemplified Compound No. 115 can be synthesized in the
same manner as in Example 1 except that fluoranthen-8-yl-
4,4.5,5-tetramethyl-[ 1,3,2]dioxaborolane is used instead of
fluoranthen-3-y1-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane
of Example 1.

EXAMPLE 6
Synthesis of Exemplified Compound No. 103

Exemplified Compound No. 103 can be synthesized in the
same manner as in Example 1 except that 2-(7-iso-propyl-3-
methylpyren-1-y1)-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane
is used instead of 2-(7-tert-butyl-3-methylpyren-1-y1)-4,4,5,
S-tetramethyl-[1,3,2]dioxaborolane of Example 1.

EXAMPLE 7
Synthesis of Exemplified Compound No. 105

Exemplified Compound No. 105 can be synthesized in the
same manner as in Example 1 except that 2-(2,7-di-tert-3-
butylpyren-4-y1)-4,4,5 5-tetramethyl-[ 1,3,2]dioxaborolane
is used instead of 2-(7-tert-butyl-3-methylpyren-1-y1)-4,4,5,
S-tetramethyl-[1,3,2]dioxaborolane of Example 1.

EXAMPLE 8
Synthesis of Exemplified Compound No. 116

(1) Synthesis of 1-bromo-4-(7-tert-butylpyren-1-yl)
naphthalene as Intermediate Compound 7

Intermediate Compound 7 can be synthesized in the same
manner as in the synthesis of Intermediate Compound 1 of
Example 1 except that: 1,4-dibromonaphthalene is used
instead of 9-bromoanthracene used in the synthesis of Inter-
mediate Compound 1 of Example 1; 2-(7-tert-butylpyren-1-

15

25

35

40

45

55

54

Compound 5

y1)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane is used instead
of 2-(7-tert-butyl-3-methylpyren-1-yl)-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane used in the synthesis of Intermediate
Compound 1 of Example 1; and a solution of 2-(7-tert-bu-
tylpyren-1-yl)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane in
the mixture of toluene and ethanol is dropped to the mixed
solution of 1,4-dibromonaphthalene, an aqueous solution of
sodium carbonate, and tetrakis(triphenylphosphine)palla-
dium.

(2) Synthesis of Exemplified Compound No. 116

Exemplified Compound No. 116 can be synthesized in the
same manner as in Example 1 except that 1-bromo-4-(7-tert-
butylpyren-1-yl)naphthalene is used instead of 9-bromo-10-
(7-tert-butyl-3-methylpyren-1-yl)anthracene used in the syn-
thesis of Exemplified Compound No. 101 of Example 1.

EXAMPLE 9
Synthesis of Exemplified Compound No. 121

Exemplified Compound No. 121 can be synthesized in the
same manner as in Example 8 except that 1,5-dibromonaph-
thalene is used instead of 1,4-dibromonaphthalene of
Example 8.

EXAMPLE 10
Synthesis of Exemplified Compound No. 124

Exemplified Compound No. 124 can be synthesized in the
same manner as in Example 8 except that 1,5-dibromo-3,7-
dimethylnaphthalene is used instead of 1,4-dibromonaphtha-
lene of Example 8.

EXAMPLE 11
Synthesis of Exemplified Compound No. 129

Exemplified Compound No. 129 can be synthesized in the
same manner as in Example 8 except that 6,12-dibromochry-
sene is used instead of 1,4-dibromonaphthalene of Example
8.

EXAMPLE 12
Synthesis of Exemplified Compound No. 139

Exemplified Compound No. 139 can be synthesized in the
same manner as in Example 1 except that 9-bromo-10-(naph-
thalen-1-yl)anthracene obtained by causing 1 equivalent of
2-(naphthalen-1-y1)-4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
lane to react with 9,10-dibromoanthracene under the condi-
tions of a Suzuki coupling reaction identical to those of the
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synthesis of Intermediate Compound 7 of Example 8 is used
instead of 9-bromo-10-(7-tert-butyl-3-methylpyren-1-yl)an-
thracene.

EXAMPLE 13
Synthesis of Exemplified Compound No. 144

Exemplified Compound No. 144 can be synthesized in the
same manner as in Example 12 except that 2-(phenanthren-
3-y1)-4,4,5,5-tetramethyl-[1,3,2]dioxaborolane  is  used
instead of 2-(naphthalen-1-yl1)-4,4,5,5-tetramethyl-[1,3,2]di-
oxaborolane of Example 12.

EXAMPLE 14
Synthesis of Exemplified Compound No. 153

Exemplified Compound No. 153 can be synthesized in the
same manner as in Example 12 except that 2-(chrysene-6-yl)-
4,4.5,5-tetramethyl-[ 1,3,2]dioxaborolane is used instead of
2-(naphthalen-1-yl)-4,4,5,5-tetramethyl-[1,3,2]dioxaboro-
lane of Example 12.

EXAMPLE 15

This application claims the benefit of Japanese Patent
Application No. 2006-116903, filed Apr. 20, 2006, and Japa-
nese Patent Application No. 2007-040901, filed Feb. 21,
2007, which are hereby incorporated by reference herein in
their entirety.

The invention claimed is:

1. An organic light emitting device comprising:

a pair of electrodes; and

an organic compound layer interposed between the pair of

electrodes,

wherein the organic compound layer is a light emitting

layer which comprises a host material and a guest mate-
rial, and

wherein the guest material is a compound of formula (2):

56

where R, R,, and R, each represent a group selected from

the group consisting of a hydrogen atom, a halogen

atom, a substituted or unsubstituted alkyl group, a sub-

stituted or unsubstituted aralkyl group, a substituted or

5 unsubstituted alkoxy group, a substituted or unsubsti-

tuted aryl group, and a substituted or unsubstituted het-

erocyclic group, R,’s are identical to or different from

each other, R,’s are identical to or different from each

other, R;’s are identical to or different from each other,

and R,, R,, and R; are identical to or different from one

another, a and b each represent an integer of 1 to 9, and
¢ represents an integer of 1 to 8; and

wherein the host material is selected from the group con-
sisting of:

gaSIga s 80
(D

2

<

25

2. The organic light emitting device according to claim 1,
wherein the guest material is the compound represented by

20 the following formula:
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COMPOUND AND ORGANIC LIGHT
EMITTING DEVICE

TECHNICAL FIELD

The present invention relates to a compound and a light
emitting device using the compound.

DESCRIPTION OF THE RELATED ART

Recent progress in an organic light emitting device is
remarkable. The organic light emitting device has such char-
acteristics that it can be turned into a thin, lightweight light
emitting device which: provides high luminance at a low
applied voltage; and has the diversity of a luminous wave-
length and high-speed responsiveness. The characteristics
suggest that the light emitting device may be used in a wide
variety of applications.

However, 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 deterioration due
to: an atmospheric gas containing oxygen or moisture. When
the application of the device to a full-color display is taken
into consideration, the emission of blue, green, or red light
with an additionally long lifetime, additionally high conver-
sion efficiency, and an additionally high color purity has been
needed at present, and various proposals have been made to
cope with the application.

In addition, examples of a patent document concerning an
organic light emitting device include Japanese Patent Appli-
cation Laid-Open No. H10-189248, International Publication
No. WO 2005/061656, Japanese Patent Application Laid-
Open No. 2002-69044, and Japanese Patent Application
Laid-Open No. 2001-284050.

The present invention has been made with a view to solving
such problems of the prior art, and an object of the present
invention is to provide a compound for an organic light emit-
ting device showing a light emission hue with an extremely
good purity and having an optical output with high efficiency,
high luminance, and a long lifetime. Another object of the
present invention is to provide an organic light emitting
device that can be easily produced at a relatively low cost.

DISCLOSURE OF THE INVENTION

The inventors of the present invention have made extensive
studies with a view to solving the above-mentioned problems.
As a result, they have completed the present invention.

That is, according to the present invention, there is pro-
vided a compound represented by the following general for-
mula (1):

| (Rl)a
S AN

where R, and R, each represent a group selected from the
group consisting of a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
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2

unsubstituted aralkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group, R,’s or R,’s
may be identical to or different from each other,and R, and R,
may be identical to or different from each other, X represents
a divalent arylene group which is a divalent aromatic group
selected from a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted phenanthrylene group, a
substituted or unsubstituted anthrylene group, a substituted or
unsubstituted chrysenylene group, a substituted or unsubsti-
tuted dibenzo[a,h]anthrylene group, a substituted or unsub-
stituted naphthacenylene group, a substituted or unsubsti-
tuted pentacenylene group, and a substituted or unsubstituted
perylenylene group, R ’s or R,’s may be bonded to each other
to form aring, and a and b each represent an integer of 1 to 9.

The compound of the present invention has a high glass
transition temperature, and the incorporation of the com-
pound of the present invention particularly as a host or guest
for a light emitting layer can provide highly efficient light
emission. An organic light emitting device of the present
invention emits light with high efficiency at a low applied
voltage, has high heat stability, and is excellent in durability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing the "H-NMR (CDCl,) spectrum
of Exemplified Compound No. 101 in the present invention.

FIG. 2 is a view showing the PL spectrum of a mixed film
produced from a chloroform solution containing 5 wt % of
Exemplified Compound No. 101 with respect to Compound 5
as a host material by a spin coating method.

FIG. 3 is a sectional view showing an example of an
organic light emitting device in the present invention.

DESCRIPTION OF THE EMBODIMENTS

Provided is a compound represented by the following gen-
eral formula (1):

)

\

(),

7
x

where R, and R, each represent a group selected from the
group consisting of a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group, R,’s or R,’s
may be identical to or different from each other,and R, and R,
may be identical to or different from each other, X represents
a divalent arylene group which is a divalent aromatic group
selected from a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted phenanthrylene group, a
substituted or unsubstituted anthrylene group, a substituted or
unsubstituted chrysenylene group, a substituted or unsubsti-
tuted dibenzo[a,h]anthrylene group, a substituted or unsub-
stituted naphthacenylene group, a substituted or unsubsti-
tuted pentacenylene group, and a substituted or unsubstituted
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perylenylene group, R, ’s or R,’s may be bonded to each other
to form a ring, and a and b each represent an integer of 1 to 9.

Further, provided is a compound in which X in the general
formula (1) represents a substituted or unsubstituted
anthrylene group so that the compound is represented by the
following general formula (2):

where R, to R, each represent a group selected from the group
consisting of a hydrogen atom, a halogen atom, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted aryl group, and a substituted or
unsubstituted heterocyclic group, R,’s, R,’s, or R;’s may be
identical to or different from each other, and R;, R,, and R,
may be identical to or different from each other, R, ’s, R,’s, or
R;’s may be bonded to each other to form a ring, a and b each
represent an integer of 1 to 9, and ¢ represents an integer of 1
to 8.

Further, provided is a compound represented by the fol-
lowing general formula (3):

(Rl)a

|

where R, and R, each represent a group selected from the
group consisting of a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group, R,’s or R;’s
may be identical to or different from each other, and R, and R
may be identical to or different from each other, Y, represents
a fused ring aromatic group selected from a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
phenanthryl group, a substituted or unsubstituted acenaph-
thyl group, a substituted or unsubstituted acephenanthryl
group, a substituted or unsubstituted aceanthryl group, a sub-
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4

stituted or unsubstituted benzo[alanthryl group, a substituted
or unsubstituted triphenylenyl group, a substituted or unsub-
stituted chrysenyl group, a substituted or unsubstituted benzo
[c]phenanthryl group, a substituted or unsubstituted naph-
thacenyl group, a substituted or unsubstituted pentacenyl
group, a substituted or unsubstituted dibenzo[a,h]anthryl
group, a substituted or unsubstituted picenyl group, and a
substituted or unsubstituted perylenyl group, R,’s or R;’s
may be bonded to each other to form a ring, a represents an
integer of 1 to 9, and ¢ represents an integer of 1 to 8.

In addition, according to the present invention, there is
provided an organic light emitting device including one or
more layers each containing an organic compound, the one or
more layers being interposed between a pair of electrodes
formed of an anode and a cathode at least one of which is
transparent or semitransparent, in which at least one layer of
the one or more layers each containing an organic compound
contains at least one kind of a fluoranthene compound repre-
sented by any one of the general formulae (1) to (3) and
having, as a substituent, a fused ring aromatic group which is
bicyclic or more and which substitutes for a fused ring aro-
matic group or heterocyclic group which is bicyclic or more.

Further, according to the present invention, there is pro-
vided an organic light emitting device in which the layer
containing at least one kind of a compound represented by
any one of the general formulae (1) to (3) is at least one layer
having a light emitting region.

Further, according to the present invention, there is pro-
vided an organic light emitting device in which the at least one
layer having the light emitting region is a light emitting layer.

Further, according to the present invention, there is pro-
vided an organic light emitting device in which the light
emitting layer is formed of at least two kinds of compounds
including a host and a guest.

Hereinafter, the present invention will be described in
detail.

First, a fluoranthene compound of the present invention
characterized by being substituted by a specific fused ring
aromatic group which is bicyclic or more and which has a
selected fused ring aromatic group or heterocyclic group
which is bicyclic or more will be described.

A compound to be used in the present invention can be used
as a material for an organic light emitting device. When the
compound is used for a light emitting layer in the device, the
compound can be used in the light emitting layer alone and to
serve as a dopant (guest) material or a host material. Thus, a
device emitting light with high efficiency, maintaining high
luminance for a long time period, and showing small deterio-
ration due to energization can be obtained.

When a light emitting layer is formed of a carrier trans-
portable host material and a guest, a main process for light
emission includes the following several steps:

1. the transport of electrons or holes in the light emitting
layer;

2. the generation of excitons of the host material;

3. the transfer of excitation energy between host material
molecules; and

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

Desired energy movement in each step and light emission
occur in competition with various deactivation steps.

Needless to say, the light emission quantum efficiency of a
light emission central material itself must be large in order to
improve the luminous efficiency of an EL (electrolumines-
cence) device. However, the efficiency with which energy
movement between host molecules or between host and guest
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molecules can be performed is also of great concern. In addi-
tion, the deterioration of light emission due to energization is
assumed to be related to a change in environment surrounding
a light emitting material due to at least the light emission
central material itself or a molecule around the light emission
central material, though no causes for the deterioration have
been revealed at present.

In view of the foregoing, the inventors of the present inven-
tion have made various studies.

First, a compound represented by the following general
formula (4) in which different fused ring aromatic groups
were bonded, and, furthermore, a fluoranthenyl group was
introduced so that an electron trap effect might be expected
was investigated:

“
7
\

{

] (Rl)a

In the general formula (4), R, represents group selected from
the group consisting of a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted aryl group, and a
substituted or unsubstituted heterocyclic group, and may be
identical to or different from each other. X represents a diva-
lent arylene group and a divalent aromatic group selected
from the group consisting of a substituted or unsubstituted
naphthylene group, a substituted or unsubstituted phenan-
thrylene group, a substituted or unsubstituted anthrylene
group, a substituted or unsubstituted chrysenylene group, a
substituted or unsubstituted dibenzo[a,c]anthrylene group, a
substituted or unsubstituted benzo[a,h]anthrylene group, a
substituted or unsubstituted naphthacenylene group, a substi-
tuted or unsubstituted pentacenylene group, and a substituted
or unsubstituted perylenylene group. Y, represents a fused
ring aromatic group selected from the group consisting of a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthryl group, a substituted or unsubsti-
tuted acenaphthyl group, a substituted or unsubstituted
acephenanthryl group, a substituted or unsubstituted acean-
tolyl group, a substituted or unsubstituted benzo[alanthryl
group, a substituted or unsubstituted pyrenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
benzo[c]phenanthryl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted pentace-
nyl group, a substituted or unsubstituted dibenzo[a,c]antolyl
group, a substituted or unsubstituted dibenzo[a,h]antolyl
group, a substituted or unsubstituted picenyl group, and a
substituted or unsubstituted perylenyl group, or a substituted
or unsubstituted heterocyclic group. R,’s may bind with each
other to form a ring. a represents an integer of 1 to 9.

As a result, the inventors have paid attention to a fluoran-
thene compound characterized by having, as a substituent, a
fused ring aromatic group which is bicyclic or more and
which substitutes for a fused ring aromatic group or hetero-
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cyclic group which is bicyclic or more. Then, the inventors
have invented a compound represented by any one of the
general formulae (1) to (3) and an organic light emitting
device using the compound. The inventors have found that, in
particular, a device using the compound as a host or guest for
its light emitting layer among the organic light emitting
devices emits light with high efficiency, maintains high lumi-
nance for a long time period, and shows small deterioration
due to energization.

One possible cause for the deterioration of the light emis-
sion due to the energization is the deterioration of the thin-
film shape of the light emitting layer. The deterioration of the
thin-film shape may result from the crystallization of the
organic thin film due to, for example, the temperature of an
environment in which the device is driven or heat generation
at the time of the driving of the device. The crystallization
may originate from the low glass transition temperature of a
material for the thin film, so it is desired that an organic EL
material have a high glass transition temperature. An
improvement in durability of an organic EL device can be
expected from the compound of the present invention because
the compound has a high glass transition temperature (for
example, 216° C. for Exemplified Compound No. 101).

The compound to be used in the present invention is a
fluoranthene compound characterized by having, as a sub-
stituent, a fused ring aromatic group which is bicyclic or more
and which substitutes for a fused ring aromatic group or
heterocyclic group which is bicyclic or more. Therefore, the
molecular structure of the fluoranthene compound which can
be formed is such that rotation between respective fused ring
aromatic groups in any one of the molecules of the compound
is restrained. In the present invention, a molecule of the com-
pound was designed while the suppression of molecular
vibration due to the structural factor and the wave form of
emitted light with no vibrational structure in association with
the vibration were taken into consideration. In addition, from
the viewpoint of quantum efficiency, substituents each having
a fused ring aromatic structure such as anthracene, pyrene, or
fluoranthene are preferably combined for realizing high
quantum efficiency. Further, in order that concentration
quenching due to an interaction between the fused ring aro-
matic groups of the molecules of the compound may be
suppressed, the introduction of a steric hindrance group such
as a tert-butyl group in a fused ring aromatic group is also
preferable for an improvement in quantum efficiency.

In addition, as described above, a compound to be used in
an organic light emitting device is required to have a high
glass transition temperature. In general, a material having a
large molecular weight has a high glass transition tempera-
ture. The fluoranthene compound of the present invention is a
fluoranthene compound characterized by having, as a sub-
stituent, a fused ring aromatic group which is bicyclic or more
and which substitutes for a fused ring aromatic group or
heterocyclic group which is bicyclic or more. Moreover, the
fluoranthene compound has a molecular weight of about 500
or more to 900 or less; the molecular weight is proper when
the property with which the compound is deposited from the
vapor is taken into consideration. Fluoranthene having, as a
substituent, only a small aromatic ring such as a phenyl group
oratolyl group has a molecular weight smaller than that of the
fluoranthene compound of the present invention, so a high
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glass transition temperature may not be expected from such
fluoranthene. In addition, the introduction of only an alkyl
group may reduce the glass transition temperature of a com-
pound to be obtained. The present invention has been made by
designing a molecule of the fluoranthene compound on the
basis of the foregoing discussion.

Note that when the fluoranthene compound of the present
invention is used as a dopant material, the following numeric
value range is a preferred numeric value range. That is, a
dopant concentration with respect to the host material is 0.01
wt % or more to 80 wt % or less, or preferably 1 wt % or more
to 40 wt % or less. The dopant material may be incorporated
into the entirety of a layer formed of the host material uni-
formly or with a concentration gradient. Alternatively, the
dopant material may be incorporated into a certain region of
the host material layer partially so that a region of the host
material layer containing no dopant material is present.

In the compound of the present invention, a hydrogen
substituent may be substituted by deuterium.

In the compound of the present invention, examples of a
substituted or unsubstituted alkyl group include, but are not
limited to: a methyl group; a methyl-dl group; a methyl-d3
group; an ethyl group; an ethyl-d5 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-
propy! group; an iso-propyl-d7 group; an iso-butyl group; a
sec-butyl group; a tert-butyl group; a tert-butyl-d9 group; an
iso-pentyl group; a neopentyl group; a tert-octyl group; a
fluoromethyl group; a difluoromethyl group; a triffuorom-
ethyl group; a 2-fluoroethyl group; a 2,2,2-trifluoroethyl
group; a perfluoroethyl group; a 3-fluoropropyl group; a per-
fluoropropyl group; a 4-fluorobutyl group; a perfluorobutyl
group; a S-fluoropentyl group; a 6-fluorohexyl group; a chlo-
romethyl group; a trichloromethyl 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-io-
doethyl group; a hydroxymethyl group; a hydroxyethyl
group; acyclopropyl group; a cyclobutyl group; a cyclopentyl
group; a cyclohexyl group; a cyclopentylmethyl group; a
cyclohexylmethyl group; a cyclohexylethyl group; a 4-fluo-
rocyclohexyl group; a norbornyl group; and an adamantyl
group.

Examples of a substituted or unsubstituted aralkyl group
include, but are not limited to: a benzyl group; a 2-phenyl-
ethyl group; a 2-phenylisopropyl group; a 1-naphthylmethyl
group; a 2-naphthylmethyl group; a 2-(1-napthyl)ethyl
group; a 2-(2-napthyl)ethyl group; a 9-anthrylmethyl group; a
2-(9-anthryl)ethyl group; a 2-fluorobenzyl group; a 3-fluo-
robenzyl group; a 4-fluorobenzyl group; a 2-chlorobenzyl
group; a 3-chlorobenzyl group; a 4-chlorobenzyl group; a
2-bromobenzyl group; a 3-bromobenzyl group; and a 4-bro-
mobenzyl group.

Examples of a substituted or unsubstituted aryl group
include, but are not limited to: a phenyl group; a phenyl-d5
group; a 4-methylphenyl group; a 4-methoxyphenyl group; a
4-ethylphenyl group; a 4-fluorophenyl group; a 4-trifluo-
rophenyl group; a 3,5-dimethylphenyl group; a 2,6-dieth-
ylphenyl group; a mesityl group; a 4-tert-butylpheny! group;
a ditolylaminophenyl group; a biphenyl group; a terphenyl
group; a naphthyl group; a naphthyl-d7 group; an acenaphth-
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ylenyl group; an anthryl group; an anthryl-d9 group; a
phenanthryl group; a phenanthryl-d9 group; a pyrenyl group;
a pyrenyl-d9 group; an acephenanthrylenyl group; an acean-
thrylenyl group; a chrysenyl group; a dibenzo chrysenyl
group; a benzoanthryl group; a benzoanthryl-d11 group; a
dibenzo[a,h]anthryl group; a naphthacenyl group; a picenyl
group; a pentacenyl group; a fluorenyl group; a triphenylenyl
group; a perylenyl group; and a perylenyl-d11 group.

Examples of a substituted or unsubstituted heterocyclic
group include, but are not limited to: a pyrrolyl group; a
pyridyl group; a pyridyl-dS group; a bipyridyl group; a meth-
ylpyridyl group; a pyrimidinyl group; a pyrazinyl group; a
pyridazinyl group; a terpyrrolyl group; a thienyl group; a
thienyl-d4 group; a terthienyl group; a propylthienyl group; a
benzothienyl group; a dibenzothienyl group; a dibenzothie-
nyl-d7 group; a furyl group; a furyl-d4 group; a benzofuryl
group; an isobenzofuryl group; dibenzofuryl group; a diben-
zofuryl-d7 group; a quinolyl group; a quinolyl-d6 group; an
isoquinolyl group; a quinoxalinyl group; a naphthylidinyl
group; a quinazolinyl group; a phenanthridinyl group; an
indolizinyl group; a phenazinyl group; a carbazolyl group; an
oxazolyl group; an oxadiazolyl group; a thiazolyl group; a
thiadiazolyl group; an acridinyl group; and a phenazinyl
group.

Examples of a substituted or unsubstituted alkoxy group
include: an alkyloxy group or aralkyloxy group having the
above-mentioned substituted or unsubstituted alkyl group or
aralkyl group; and an aryloxy group having the above-men-
tioned substituted or unsubstituted aryl group or heterocyclic
group. Specific examples thereof 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-butylphe-
noxy group; a benzyloxy group; and a thienyloxy group.

Examples of a halogen atom include: fluorine; chlorine;
bromine; and iodine.

The substituent may further have a substituent including:
an alkyl group such as a methyl group, an ethyl group, or a
propyl group; an aryl group such as a phenyl group or a
biphenyl group; a heterocyclic group such as a thienyl group,
a pyrrolyl group, or a pyridyl group; an amino group such as
a dimethylamino group, a diethylamino group, a dibenzy-
lamino group, a diphenylamino group, a ditolylamino group,
or a dianisolyl group; an alkoxy group such as a methoxy
group or an ethoxy group; a halogen atom such as fluorine,
chlorine, bromine, or iodine; a hydroxyl group; a cyano
group; a nitro group, but the substituent is not limited thereto.

Further, specific examples of the fluoranthene compound
to be used in the present invention characterized by being
substituted by a specific fused ring aromatic group which is
bicyclic or more and which has a selected fused ring aromatic
group or heterocyclic group which is bicyclic or more are
listed in Table 1 below. However, the present invention is of
course not limited to these examples. In Table 1, the com-
pound to be used in the present invention is represented by
A-B-C, and the position to which A or C is bonded is shown
in B. That is, Exemplified Compound No. 101 is represented
as shown below.



US 8,026,664 B2

9 10
TABLE 1
tBu
+
Me
A
B
C
Me II l.
Examplified Compound No. 101
A—B—C
Compound No. A B

101 tBu ‘ II

Me
102 tBu ‘ II

OMe

o ?o

AC
AC
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TABLE 1-continued
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US8026664 K (2E)R

US11/912710 RiEH
ERERA a4t
Rtk a4t
FRERA 24t

SAITOH AKIHITO
OKINAKA KEMI

IGAWA SATOSHI
KAMATANI JUN
YAMADA NAOKI
HASHIMOTO MASASHI
MURATSUBAKI MASANORI
TAKIGUCHI TAKAO
SENOO AKIHIRO
OKADA SHINJIRO
NAKASU MINAKO

SAITOH, AKIHITO
OKINAKA, KEJI
IGAWA, SATOSHI
KAMATANI, JUN
YAMADA, NAOKI
HASHIMOTO, MASASHI
MURATSUBAKI, MASANORI
TAKIGUCHI, TAKAO
SENOO, AKIHIRO
OKADA, SHINJIRO
NAKASU, MINAKO
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