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FUSED POLYCYCLIC COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
HAVING THE COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a novel fused poly-
cyclic compound and an organic light emitting device having
the compound.

BACKGROUND ART

[0002] An organic light emitting device is a device having
a thin film which contains a fluorescent or phosphorescent
organic compound, and is interposed between an anode and a
cathode; and injects ahole and an electron from the respective
electrodes.

[0003] Then, an exciton of the fluorescent or phosphores-
cent compound is produced. The exciton radiates light upon
return of the exciton to its ground state. The device utilizes the
light.

[0004] Recent progress of an organic light emitting device
is remarkable, and the characteristics of the device enable a
light emitting device with a high luminance at a low applied
voltage, a variety of emission wavelengths, high-speed
responsiveness, thin shape, and light weight. From this fact, it
is suggested that the device have potential to find use in a wide
variety of applications.

[0005] However, the present situation calls for optical out-
put with even higher luminance or higher conversion effi-
ciency. In addition, many problems still remain to be solved
regarding durability against the change over time due to long-
term use, deterioration caused by atmospheric gas containing
oxygen, moisture, or the like.

[0006] Further, when considering applications to a full
color display and the like, the present art is still insufficient
against problems relating to the need for light emission of
blue, green, and red with high color purity. Therefore, a
material for realizing an organic light emitting device having
good color purity, high light emitting efficiency, and good
durability has been demanded.

[0007] The use of a fused polycyclic compound as a com-
ponent for an organic light emitting device has been proposed
as a method of solving the above-mentioned problems. Japa-
nese Patent Application Laid-Open No. 2001-102173 dis-
closes an example in which a fused polycyclic compound is
used as a component for an organic light emitting device. In
addition, US Patent Application Publication No. 2004/
0076853 discloses an organic light emitting device using a
chrysene derivative. Japanese Patent Application Laid-Open
No. 10-189248 discloses an organic light emitting device
using a fluoranthene derivative. J. Org. Chem. 64, 1650-1656,
1999 discloses a fused polycyclic compound in which a chry-
sene skeleton and two benzene rings form a five-membered
ring.

DISCLOSURE OF THE INVENTION

[0008] An object of the present invention is to provide a
novel fused polycyclic compound. Another object of the
present invention is to provide an organic light emitting
device which has the novel fused polycyclic compound. The
organic light emitting device has an optical output with high
efficiency and high luminance and is durable.
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[0009] The present invention provides a fused polycyclic
compound represented by the following general formula (I):

]

where R, to R4 are each independently selected from the
group consisting of ahydrogen atom, a halogen atom, acyano
group, a nitro group, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxyl group, a substi-
tuted or unsubstituted alkenyl group, a substituted or unsub-
stituted alkynyl group, a substituted or unsubstituted aralkyl
group, a substituted or unsubstituted amino group, a substi-
tuted or unsubstituted aryl group, and a substituted or unsub-
stituted heterocyclic group.

[0010] The compound represented by the general formula
(D) of the present invention can provide a material for an
organic light emitting device having an excellent light emit-
ting characteristic and high stability, and hence can provide
an organic light emitting device which has an optical output
with extremely high efficiency and extremely high lumi-
nance, and which is extremely durable.

[0011] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1isa sectional view illustrating an example of
an organic light emitting device in the present invention.
[0013] FIG. 2 is a sectional view illustrating another
example of the organic light emitting device in the present
invention.

[0014] FIG. 3 is a sectional view illustrating another
example of the organic light emitting device in the present
invention.

[0015] FIG. 4 is a sectional view illustrating another
example of the organic light emitting device in the present
invention.

[0016] FIG. 5 is a sectional view illustrating another
example of the organic light emitting device in the present
invention.

[0017] FIG. 61is a view showing the fluorescence spectrum
(excitation wavelength: 360 nm) of a solution of Exemplified
Compound 3-15 in toluene (1x10~° mol/1).

[0018] FIG. 7isa view showing the fluorescence spectrum
(excitation wavelength: 360 nm) of a solution of Exemplified
Compound 3-7 in toluene (1x107® mol/1).

DESCRIPTION OF THE EMBODIMENTS

[0019] A novel fused polycyclic compound according to
the present invention is a fused polycyclic compound repre-
sented by the following general formula (I):
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where R, to R, are each independently selected from the
group consisting of ahydrogen atom, a halogen atom, a cyano
group, a nitro group, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxyl group, a substi-
tuted or unsubstituted alkenyl group, a substituted or unsub-
stituted alkynyl group, a substituted or unsubstituted aralkyl
group, a substituted or unsubstituted amino group, a substi-
tuted or unsubstituted aryl group, and a substituted or unsub-
stituted heterocyclic group.

[0020] Specific examples of the substituents of the fused
polycyclic compound in the general formula (I) are shown
below, but are not limited thereto.

[0021] Specific examples of R, to R 4 are shown below.
[0022] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine.

[0023] Examples of the alkyl group include a methyl group,
an ethyl group, a normal-propyl group, an isopropyl group, a
normal-butyl group, a tertiary-butyl group, a secondary-butyl
group, an octyl group, a 1-adamantyl group, and a 2-adaman-
tyl group.

[0024] Examples of the alkoxyl group include a methoxyl
group, an ethoxyl group, a propoxyl group, and phenoxyl
group.

[0025] Examples of the alkenyl group include a vinyl
group, a propenyl group, a butenyl group, a phenylvinyl
group, and a diphenylvinyl group.

[0026] Examples of the alkynyl group include an ethynyl
group, a propynyl group, a butynyl group, and a phenethynyl
group.

[0027] Examples of the aralkyl group include a benzyl

group and a phenethyl group.

[0028] Examples of the amino group include a dimethy-
lamino group, a diethylamino group, a dibenzylamino group,
a diphenylamino group, a ditolylamino group, a ditertiarybu-
tylamino group, a dianisolylamino group, a naphthylpheny-
lamino group, and a carbazolyl group.

[0029] Examples of the aryl group include a phenyl group,
a naphthyl group, a pentalenyl group, an indenyl group, an
azulenyl group, an anthryl group. a pyreny] group, an indace-
nyl group, an acenaphthenyl group, a phenanthryl group, a
phenalenyl group, a fluoranthenyl group, a benzofluoranthe-
nyl group, an acephenanthryl group, an aceanthryl group, a
triphenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pentacenyl group, a biphenyl
group, a terphenyl group, and a fluorenyl group.

[0030] Examples of the heterocyclic group include a thie-
nyl group, a pyrrolyl group, a pyridyl group, a pyrimidinyl
group, a bipyridyl group, an oxazolyl group, an oxadiazolyl
group, a thiazolyl group, a thiadiazolyl group, a terthienyl
group, a quinolyl group, a quinoxalinyl group, a carbazolyl
group, an acrydinyl group, and a phenanthroryl group.
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[0031] The alkyl group, the alkoxyl group, the alkenyl
group, the alkynyl group, the aralkyl group, the amino group,
the aryl group, and the heterocyclic group may each have a
substituent. Examples of the substituent include:

[0032] alkyl groups such as a methyl group, an ethyl group,
apropyl group, and a tertiarybutyl group; aralkyl groups such
as a benzy! group and a phenethyl group;

[0033] aryl groups such as a phenyl group, a biphenyl
group, a naphthyl group, a pyrenyl group, an anthryl group,
and a fluorenyl group;

[0034] heterocyclic groups such as a thienyl group, a pyr-
rolyl group, a pyridyl group, a phenanthroryl group, and a
carbazolyl group;

[0035] amino groups such as a dimethylamino group, a
diethylamino group, a dibenzylamino group, a dipheny-
lamino group, a ditolylamino group, and a dianisolylamino
group;

[0036] alkoxyl groups such as a methoxyl group, an ethoxyl
group, a propoxyl group, and a phenoxyl group;

[0037] cyano groups; nitro groups; and halogen atoms such
as fluorine and chlorine.

[0038] The fused polycyclic compound represented by the
general formula (T) can be mainly used as a material for an
organic light emitting device.

[0039] Inparticular, the compound represented by the gen-
eral formula (I) can be used in a hole transport layer, an
electron transport layer, or an emission layer to provide a
device having high light emitting efficiency and a long life-
time.

[0040] In addition, when the fused polycyclic compound
represented by the general formula (I) is used in an emission
layer, the compound can be used in any one of the various
ways 1o provide a device having high color purity, high light
emitting efficiency, and a long lifetime.

[0041] For example, the compound may be used alone in
the emission layer. Alternatively, the compound may be used
as a dopant (guest) material in the emission layer. Alterna-
tively, the compound may be used as a host material for each
of a fluorescent material and a phosphorescent material.
[0042] The content of the fused polycyclic compound rep-
resented by the general formula (I) when the compound is
used as a guest is preferably 0.1 wt % or more to 30 wt % or
less with respect to the total weight of the emission layer; the
content is more preferably 0.1 wt % or more to 15 wt % or less
in order that concentration quenching may be suppressed.
[0043] In addition, when the fused polycyclic compound
represented by the general formula (T) is used as a guest, a host
material is not particularly limited; a fused polycyclic deriva-
tive is preferably used in order that an organic light emitting
device formed of a stable amorphous film may be provided. In
addition, the host material itselfis requested to have high light
emitting efficiency, or the host itself is requested to have
chemical stability in order that an organic light emitting
device which has high efficiency and which is durable may be
provided. Accordingly, a fused polycyclic derivative having
high fluorescence quantum efficiency and chemical stability
such as a fluorene derivative, a pyrene derivative, a fluoran-
thene derivative, or a benzofluoranthene derivative is more
preferable.

[0044] On the other hand, when the fused polycyclic com-
pound represented by the general formula (I) is used as a host
compound, a guest is not particularly limited, and a guest has
only to be appropriately used depending on, for example, a
desired emission color. In addition, the compound can be
used after having been doped with a hole transportable com-
pound, electron transportable compound, or the like as well as
the guest as required.
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[0045] 1In order that the light emitting efficiency of an
organic light emitting device may be improved, the emission
quantum efficiency of a light emitting central material (guest)
itself is desirably large. In addition, when the organic light
emitting device is applied to a display device, it is important
for the light emitting central material to have high color
purity.

[0046] In general, at temperatures equal to or higher than
room temperature, many organic compounds each show a
wide fluorescence spectrum, and each tend to have poor color
purity. In view of the foregoing, the following molecular
design has been performed in a fused polycyclic compound:
a conjugated system is expanded so that a vibrational struc-
ture may be caused to appear on the spectrum of the com-
pound, and the color purity of the compound may be
increased.

[0047] However, it is not easy to apply the above approach
to blue fluorescence having large energy because the expan-
sion of the conjugated system involves the narrowing of an
energy gap.

[0048] Inview of the foregoing, the inventors of the present
invention have made extensive studies. As a result, the inven-
tors have found that the fused polycyclic compound repre-
sented by the general formula (I) shows a fluorescence spec-
trum having a salient vibrational structure, and generates
fluorescent emission having a high blue color purity. That is,
a conjugated system is properly expanded by using a naph-
thalene ring as one of the two aromatic rings used for the
formation of five-membered rings with a chrysene skeleton,
and a benzene ring as the other of the two aromatic rings. With
such a procedure, the relative intensity of a first peak as a 0-0
transition is made stronger than that of any other peak, and the
half width of the spectrum is narrowed, whereby an increase
in color purity can be achieved without the deviation of the
spectrum from a blue color region.

[0049] Further, the fused polycyclic compound represented
by the general formula (1) is suitable for the production of a
blue organic light emitting device having high efficiency and
high color purity because the compound has high quantum
efficiency resulting from its rigid skeleton.

[0050] In order that an organic light emitting device which
is durable may be provided, a compound for an organic light
emitting device of which the device is formed must have
chemical stability.

[0051] The fused polycyclic compound represented by the
general formula (I) has low reactivity based on the electro-
philic reaction of, for example, a singlet oxygen molecule by
virtue of the electron-withdrawing effect of each of the five-
membered ring structures, and is hence chemically stable. In
addition, the compound, which has the two five-membered

8’
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ring structures, has higher chemical stability than that of a
skeleton having one five-membered ring structure such as the
skeleton of fluoranthene or benzofluoranthene.

[0052] The fused polycyclic compound represented by the
general formula (1) has electron-injecting property by virtue
of the electron-withdrawing property of each of the five-
membered ring structures. As a result, when the compound is
used as a material for an organic light emitting device, the
voltage at which the device is driven can be reduced. In
addition, the compound, which has the two five-membered
ring structures, exerts a higher reducing effect on the voltage
atwhichthe device is driven than that of a skeleton having one
five-membered ring structure, such as the skeleton of fluo-
ranthene or benzofluoranthene.

[0053] The HOMO/LUMO level of the compound repre-
sented by the general formula (1) can be easily adjusted by
introducing a substituent.

[0054] Accordingly, molecular design taking a balance
between the amounts in which carriers such as a hole and an
electron are injected into consideration can be performed. In
addition, the molecular design of light emitting materials for
various emission colors can be performed.

[0055] Further, when atleast one of R toR, g in the general
formula (I) represents a substituent, the presence of the sub-
stituent leads to an avoiding effect on the overlap of the
molecules of the fused polycyclic compound, and contributes
to: the sublimation property and deposition stability of the
compound; and the stability of a film made of the compound
due to a reduction in crystallinity of the compound or the high
glass transition temperature of the compound. The substituent
represented by at least one of R to R, is preferably a sub-
stituted or unsubstituted aryl group, or a substituted or unsub-
stituted heterocyclic group; R;, R,, Ry, and R, , each more
preferably represent a substituted or unsubstituted aryl group,
or a substituted or unsubstituted heterocyclic group. In par-
ticular, when a substituent enters each of R,, R,, Ry, and R,
the steric hindrance of any one of the substituents with an
adjacent group is so large that the avoiding effect on the
overlap of the molecules becomes large.

[0056] The present invention has been made by molecular
design based on such a discussion as described above.

[0057] Hereinafter, the present invention will be described
in more detail.
[0058] Specific examples of the above fused polycyclic

compound represented by the general formula (I) are shown
below. However, the present invention is not limited to these
examples.

Compound Example 1
[0059]
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[0062] Next, an organic light emitting device ofthe present
invention will be described in more detail.

[0063] The organic light emitting device of the present
invention includes a pair of electrodes formed ofan anode and
a cathode, and an organic compound layer interposed
between the pair of electrodes. In the organic light emitting
device, the organic compound layer contains at least the fused
polycyclic compound according to the present invention.
[0064] FIGS.1 to 5 each illustrate a preferable example of
the organic light emitting device of the present invention.
[0065] First, each reference numeral will be described.
[0066] Provided are a substrate 1, an anode 2, an emission
layer 3, a cathode 4, a hole transport layer 5, an electron
transport layer 6, a hole injection layer 7, and a hole/exciton-
blocking layer 8.

[0067] FIG.1isa sectional view illustrating an example of
an organic light emitting device according to the present
invention. As illustrated in FIG. 1, the organic light emitting
device has a structure in which the anode 2, the emission layer
3, and the cathode 4 are provided on the substrate 1 in the
stated order. The light emitting device used herein is useful in
the case where the device itself has hole-transporting prop-
erty, electron-transporting property, and light emitting prop-
erty or where compounds having the respective properties are
used in combination.

[0068] FIG. 2 is a sectional view illustrating another
example of the organic light emitting device according to the
present invention. As illustrated in FIG. 2, the organic light

emitting device has a structure in which the anode 2, the hole
transport layer 5, the electron transport layer 6, and the cath-
ode 4 are provided on the substrate 1 in the stated order. A
light emitting substance is useful in the case where a material
having one or both of hole-transporting property and elec-
tron-transporting property is used for each layer, and the light
emitting substance is used in combination with a non-illumi-
nant hole-transporting substance or electron-transporting
substance. In this case, the emission layer 3 is formed of the
hole transport layer 5 or the electron transport layer 6.
[0069] FIG. 3 is a sectional view illustrating still another
example of the organic light emitting device according to the
present invention. As illustrated in FIG. 3, the organic light
emitting device has a structure in which the anode 2, the hole
transport layer 5, the emission layer 3, the electron transport
layer 6, and the cathode 4 are provided on the substrate 1 in
the stated order. This organic light emitting device has sepa-
rate carrier-transporting function and light emitting function.
The device is used in combination with compounds each
having hole-transporting property, electron-transporting
property, or light emitting property as appropriate, thereby
allowing a substantial increase in freedom of choice in mate-
rial to be used. Further, various compounds having different
emission wavelengths can be used, thereby allowing an
increase in the variety of emission hue. Further, light emitting
efficiency may be improved by efficiently trapping each car-
rier or exciton in the emission layer 3 provided in the middle
of the device.
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[0070] FIG. 4 is a sectional view illustrating yet another
example of the organic light emitting device according to the
present invention. FIG. 4 has a structure illustrated in FIG. 3
except that a hole injection layer 7 is inserted into a side of the
anode 2. This structure is effective for improving adhesive-
ness between the anode 2 and the hole transport layer 5 or for
improving hole-injecting property, which is effective in low-
ering a voltage to be applied to the device.

[0071] FIG. 5 is a sectional view illustrating still yet
another example of the organic light emitting device accord-
ing to the present invention. FIG. 5 has a structure illustrated
in FIG. 3 except that a layer (the hole/exciton-blocking layer
8) for blocking travel of a hole or exciton to a side of the
cathode 4 is inserted between the emission layer 3 and the
electron transport layer 6. This structure uses a compound
having an extremely high ionization potential for the hole/
exciton-blocking layer 8 and is effective for improving light
emitting efficiency.

[0072] Note that FIGS. 1 to 5 each illustrate a basic device
structure, and the structure of the organic light emitting
device using the compound of the present invention is not
limited to the structures illustrated in FIGS. 1 to 5. For
example, the organic light emitting device of the present
invention may have any one of the various layer structures
including; a structure in which an insulating layer is provided
at an interface between an electrode and an organic layer; a
structure in which an adhesive or interference layer is pro-
vided; and a structure in which a hole transport layer is
formed of two layers with different ionization potentials.
[0073] The fused polycyclic compound represented by the
general formula (1) and used in the present invention may be
used for any one of the structures illustrated in FIGS. 1 to 5.
[0074] In particular, when an organic layer using the com-
pound of the present invention is formed by a vacuum depo-
sition method, a solution coating method, or the like, the layer
is hardly crystallized and has excellent stability over time.
[0075] In the present invention, the fused polycyclic com-
pound represented by the general formula (I) is used particu-
larly as a component of the emission layer. In addition, a
conventionally known compound such as a low-molecular-
weight-based or polymer-based hole transportable com-
pound, luminescent compound, or electron transportable
compound can be used together as required.

[0076] Examples of the hole transportable compound
include: a triarylamine derivative; a phenylenediamine
derivative; a triazole derivative; an oxadiazole derivative; an
imidazole derivative; a pyrazoline derivative; a pyrazolone
derivative; an oxazole derivative; a fluorenone derivative; a
hydrazone derivative; a stilbene derivative; a phthalocyanine
derivative; a porphyrin derivative; poly(vinylcarbazole); poly
(silylene); poly(thiophene); and other conductive polymers.
[0077] Examples of the luminescent compound besides the
fused ring aromatic compound of the present invention
include: a naphthalene derivative, a phenanthrene derivative,
a fluorene derivative, a pyrene derivative, a tetracene deriva-
tive, a coronene derivative, a chrysene derivative, a perylene
derivative, a 9,10-diphenylanthracene derivative, rubrene, a
quinacridone derivative, an acridone derivative, a coumarin
derivative, a pyran derivative, Nile red, a pyrazine derivative,
a benzoimidazole derivative, a benzothiazole derivative, a
benzoxazole derivative, and a stilbene derivative; an organo-
metallic complex (for example, an organic aluminum com-
plex such as tris(8-quinolinolato)aluminum; and an organic
beryllium complex), and a polymer derivative including a
poly(phenylene vinylene) derivative, a poly(fluorene) deriva-
tive, a poly(phenylene) derivative, a poly(thienylene
vinylene) derivative, and a poly(acetylene) derivative.
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[0078] Examples of the electron transportable compound
include an oxadiazole derivative, an oxazole derivative, a
thiazole derivative, 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 derivative, and an organometallic complex.
[0079] Examples of a material which constitutes the anode
include: a metal element such as gold, platinum, silver, cop-
per, nickel, palladium, cobalt, selenium, vanadium, or tung-
sten; 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, polythiophene, or polyphenylene sulfide may
also be used. Each of those electrode materials may be used
alone, or two or more kinds thereof may be used in combina-
tion. Further, the anode may have a single layer structure or a
multilayer structure.

[0080] Examples of a material which constitutes the cath-
ode include: a metal element such as lithium, sodium, potas-
sium, calcium, magnesium, aluminum, indium, ruthenium,
titanium, manganese, yttrium, silver, lead, tin, or chromium;
and an alloy thereof such as a lithium-indium alloy, a sodium-
potassium alloy, a magnesium-silver alloy, an aluminum-
lithium alloy, an aluminum-magnesium alloy, or a magne-
sium-indium alloy. A metal oxide such as indium tin oxide
(ITO) may 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 may have a single layer
structure or a multilayer structure.

[0081] 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.

[0082] Inaddition, the substrate may have acolor filter film,
afluorescent color converting filter film, a dielectric reflection
film, or the like for controlling the Iuminescent color. In
addition, a thin film transistor (TFT) as a switching device
may be produced on a substrate, and then a device which can
control the on/off of light emission may be produced by
connecting to the TFT. In this case, the so-called active drive
is permitted. Of course, whether or not the organic light
emitting device according to the present invention emits light
may be controlled by the so-called passive drive (simple
matrix drive).

[0083] Alternatively, the organic light emitting device
according to the present invention may be driven by one of
duty drive and static drive.

[0084] Regarding the emission direction of a device, the
device may have a bottom emission structure (structure in
which light is emitted from a substrate side) or a top emission
structure (structure in which light is emitted from an opposite
side of the substrate).

[0085] In addition, the following procedure may be
adopted: the multiple organic light emitting devices accord-
ing to the present invention are placed on the same substrate,
and are each used as a pixel. In this case, a controlling unit for
controlling each pixel may be further provided. In addition, in
this case, a display apparatus having any such organic light
emitting device as a pixel at any one of its pixel portions can
be provided. The display apparatus is, for example, a thin
display. Alternatively, the display apparatus may be used in
the operating portion of an electrophotographic image form-
ing apparatus.

[0086] As described above, the organic light emitting
device of the present invention can be used in any one of the
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various apparatuses. Examples of the various apparatuses apparatus having the organic light emitting device as anexpo-

include the display and the electrophotographic image form- sure light source can be provided.

ing apparatus described above. The examples further include [0087] Hereinafter, the present invention is described more
imaging apparatuses such as a digital still camera and a digital specifically with reference to examples, but the present inven-
video camera. Alternatively, the organic light emitting device, tion is not limited to the examples.

for example, may be mounted on a display to be mounted in

a vehicle such as an automobile (such as a four-wheel auto- Example 1

mobile or two-wheel automobile) or a train. Alternatively, a
lighting apparatus having the organic light emitting deviceas ~ Synthesis of Exemplified Compound 3-15
its light source, or an electrophotographic image forming [0088]
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-continued

(a) Synthesis of Intermediate Compound 4-1

[0089] 20.0 g (87.6 mmol) of chrysene, 46.7 g (350 mmol)
of aluminum chloride, and 400 ml of dichloromethane were
loaded into a 500-ml three-necked flask. While the mixture
was stirred at —=78° C. in a nitrogen atmosphere, 55.6 g (438
mmol) of oxalyl chloride were dropped to the mixture. After
that, the resultant mixture was stirred for 30 minutes, and
subsequently. its temperature was increased to room tempera-
ture over 2 hours. The reaction solution was poured into 4 1of
ice water while the ice water was stirred. The resultant solid
was separated by filtration, and was then dispersed in and
washed with 100 ml of methanol. The solid was filtrated and
dried by heating in a vacuum, whereby 21.5 g of Intermediate
Compound 4-1 (orange powder) were obtained (87% vield).

(b) Synthesis of Intermediate Compound 4-3

[0090] 2.01 g (7.10 mmol) of Compound 4-1, 1.50 g (7.13
mmol) of Compound 4-2, and 100 m] of ethanol were loaded
into a 200-ml three-necked flask. While the mixture was
stirred at room temperature in a nitrogen atmosphere, 25 ml of
an aqueous solution in which 4.00 g of potassium hydroxide
had been dissolved were dropped to the mixture. Next, the
temperature of the resultant mixture was increased to 75° C.,
and then the mixture was stirred for 1 hour and 30 minutes.
After the reaction liquid had been cooled, the precipitated
solid was separated by filtration and dried, whereby 3.08 g of
Intermediate Compound 4-3 (green powder) were obtained
(95% yield).

(c) Synthesis of Intermediate Compound 4-4

[0091] 4.00 g (8.76 mmol) of Compound 4-3, 1.26 g (9.19
mmol) of anthranilic acid, 1.50 ml (11.2 mmol) of isoamyl
nitrite, and 300 ml of toluene were loaded into a 500-ml
three-necked flask. In a nitrogen atmosphere, the temperature
of the mixture was increased to 85° C., and then the mixture
was stirred for 2 hours. After the reaction liquid had been
cooled, water was added to the reaction liquid, and the mix-
ture was subjected to two-phase extraction. The organic phase
was dried with anhydrous sodium sulfate, and was then puri-
fied with a silica gel column (using a mixture of toluene and
heptane as a developing solvent), whereby 2.27 g of Interme-
diate Compound 4-4 (yellow powder) were obtained (51%
vield).

(d) Synthesis of Intermediate Compound 4-5

[0092] 1.00 g (1.98 mmol) of Compound 4-4, 1.06 g (7.92
mmol) of aluminum chloride, and 50 m] of dichloromethane
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were loaded into a 100-ml three-necked flask. While the
mixture was stirred at =78° C. in a nitrogen atmosphere, 1.26
2(9.90 mmol) of oxalyl chloride were dropped to the mixture.
After that, the resultant mixture was stirred for 30 minutes,
and subsequently, its temperature was increased to room tem-
perature over 2 hours. The reaction solution was poured into
11 of ice water while the ice water was stirred. The resultant
solid was separated by filtration, and was then dispersed in
and washed with 30 ml of methanol. The solid was filtrated
and dried by heating in a vacuum, whereby 1.11 g of Inter-
mediate Compound 4-5 (orange powder) were obtained
(100% yield).

(e) Synthesis of Intermediate Compound 4-7

[0093] 1.11g(1.98 mmol)of Compound4-5,0.856 g (1.97
mmol) of Compound 4-6, 100 ml of ethanol, and 10 ml of
toluene were loaded into a 200-ml three-necked flask. While
the mixture was stirred at room temperature in a nitrogen
atmosphere, 5> ml of an aqueous solution in which 1.11 g of
potassium hydroxide had been dissolved were dropped to the
mixture. Next, the temperature of the resultant mixture was
increased to 75° C., and then the mixture was stirred for 1
hour and 30 minutes. After the reaction liquid had been
cooled, the precipitated solid was separated by filtration and
dried, whereby 0.87 g of Intermediate Compound 4-7 (green
powder) were obtained (46% yield).

(D) Synthesis of Exemplified Compound 3-15

[0094] 0.87 g (0.91 mmol) of Compound 4-7, 8.38 g (91
mmol) of 2,5-norbornadiene, and 40 ml of acetic anhydride
were loaded into a 200-ml three-necked flask. In a nitrogen
atmosphere, the temperature of the mixture was increased to
90° C., and then the mixture was stirred for 18 hours. The
mixture was cooled to room temperature, and the solvent was
removed by distillation under reduced pressure. After that, the
remainder was purified with a silica gel column (using a
mixture of toluene and heptane as a developing solvent),
whereby 0.25 g of Exemplified Compound 3-15 (yellow pow-
der) was obtained (29% yield).

[0095] Mass spectrometry confirmed that the M+ of the
compound was identical to that of Exemplified Compound
3-15,1.e., 955.

[0096] In addition, the emission spectrum of a dilute solu-
tion of the compound in toluene having a concentration of
107° mol/l was measured with a fluorescernce spectrophotom-
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eter (F-4500 manufactured by Hitachi, Ltd.) by setting an
excitation wavelength to 360 nm. As a result of the measure-
ment, the fluorescence spectrum shown in FIG. 6 was
obtained, and the compound showed good blue light emission
having an emission local maximum at 464 nm.

Example 2

Synthesis of Exemplified Compound 3-7

[0097] Exemplified Compound 3-7 was synthesized by the
same synthesis method as that of Example 1; specifically, the
synthesis was performed under the same conditions as those
of Example 1 except that Compound 4-6 in Example 1 was
changed to Compound 4-2.

Feb. 3, 2011

[0098] Mass spectrometry confirmed that the M+ of the
compound was identical to that of Exemplified Compound
3-7,1.e., 730.

[0099] In addition, the emission spectrum of a dilute solu-
tion of the compound in toluene having a concentration of 10°
mol/l was measured by setting an excitation wavelength to
360 nm. As a result of the measurement, the fluorescence
spectrum shown in FIG. 7 was obtained, and the compound
showed good blue light emission having an emission local
maximum at 463 nm.

[0100] Hereinafter, each of Exemplified Compounds 2-5,
2-9,3-13,3-14,3-16,3-17,3-18,3-19, 3-25, and 3-26 can be
synthesized by the same synthesis method as that of Example
1; specifically, the synthesis is performed under the same
conditions as those of Example 1 except that ketone deriva-
tives shown in Table 1 below are used instead of Compound
4-2 (first ketone derivative) and Compound 4-6 (second
ketone derivative) in Example 1.

Exemplified
compeund First ketone derivative Second ketone derivative
2-5 N== ==N N= ==\
0] 6]
2-9 O O N= == N
I O
313 m
]
0] 0]

?Q
o O O

?O
O

L0

O
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-continued
Exemplified
compound First ketone derivative Second ketone derivative
318 O O
O O ' O
3-19 O O
0
o]
- O O
o] 0
326 O
0
o]

Example 3

Production of Organic Light Emitting Device

[0101] InExample3,an organic light emitting device illus-
trated in FIG. 3 was produced. First, patterning was per-
formed ona glass substrate (substrate 1) with indium tin oxide
(ITO) (anode 2) having a thickness of 100 nm, to thereby
produce a glass substrate with an ITO electrode. The glass
substrate with an [TO electrode was subjected to ultrasonic
cleaning with acetone and isopropyl alcohol (IPA) sequen-
tially. Then, the substrate was subjected to boiling cleaning
with IPA, followed by drying, and further subjected to
UV/ozone cleaning. The thus treated substrate was used as a
transparent conductive supporting substrate.

[0102] Next, layers each formed of an organic compound

and a cathode were continuously formed on the glass sub-

strate with an ITO electrode by vacuum vapor deposition
based on resistance heating. To be specific, first, Compound A
shown below was formed into a layer having a thickness of 20
nm to serve as the hole transport layer 5. Next, the emission
layer 3 was formed by co-depositing Compound B shown
below as a host and Exemplified Compound 3-15 as a guest so
that the content of Exemplified Compound 3-15 with respect
to Compound B might be 1 wt %. In this case, the thickness of
the emission layer 3 was set to 30 nm. Next, Compound C
shown below was formed into a layer having a thickness of 30
nm to serve as the electron transport layer 6. Next, KF was
formed into a layer having a thickness of 1 nm to serve as a
first metal electrode layer. Finally, Al was formed into a layer
having a thickness of 100 nm to serve as a second metal
electrode layer. Here, KF and Al collectively function as the
cathode 4.
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Compound A

SO

[0103] Tt should be noted that the pressure in a vacuum
chamber upon formation the layers was set to 107 Pa. In
addition, opposing electrodes were each caused to have an
area of 3 mm? upon production of a device. An organic light
emitting device was thus obtained.

[0104] The characteristics of the resultant organic light
emitting device were measured and evaluated. To be specific,
the current-voltage characteristic of the device was measured
with amicroammeter 4140B manufactured by Hewlett-Pack-
ard Company, and the emission luminance of the device was
measured with a BM7 manufactured by TOPCON CORPO-
RATION. As a result, the device was observed to show good
blue light emission having an emission luminance of 420
cd/m? at an applied voltage of 4.0 V. Further, a voltage was
applied to the device under a nitrogen atmosphere for 100
hours. As a result, the device was observed to continue the
good light emission.

[0105] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

Compound B

Compound C

[0106] This application claims the benefit of Japanese
Patent Application No. 2008-134318, filed May 22, 2008,
which is hereby incorporated by reference in its entiretY.

1. A fused polycyclic compound represented by the follow-

ing general formula (I):

]
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where R, to R4 are each independently selected from the
group consisting of ahydrogen atom, a halogen atom, acyano
group, a nitro group, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxyl group, a substi-
tuted or unsubstituted alkenyl group, a substituted or unsub-
stituted alkynyl group, a substituted or unsubstituted aralkyl
group, a substituted or unsubstituted amino group, a substi-
tuted or unsubstituted aryl group, and a substituted or unsub-
stituted heterocyclic group.

2. The fused polycyclic compound according to claim 1,
wherein at least one of R, Ry, Ry, and R, in the general

Feb. 3, 2011

formula (T) represents the substituted or unsubstituted aryl
group.
3. An organic light emitting device, comprising:
a pair of electrodes including an anode and a cathode; and
an organic compound layer provided between the pair of
electrodes,
wherein the organic compound layer contains at least the
fused polycyclic compound according to ¢laim 1.
4. The organic light emitting device according to claim 3,
wherein the organic compound layer is an emission layer.

* ok ok sk ok
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