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NOVEL COMPOUND AND ORGANIC LIGHT
EMITTING DEVICE USING THE
COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a novel compound
and an organic light emitting device using the compound, and
more specifically, to an organic light emitting device using the
novel compound in its light emitting layer.

BACKGROUND ART

[0002] An organic light emitting device includes: an anode;
a cathode; and a thin film containing a fluorescent organic
compound or a phosphorescent organic compound, the thin
film being interposed between the anode and the cathode. An
electron and a hole are injected from the respective elec-
trodes. As a result, the organic light emitting device generates
an exciton of the fluorescent organic compound or of the
phosphorescent organic compound. The device utilizes light
to be radiated when the exciton returns to its ground state.
Recent progress in an organic light emitting device is remark-
able. The organic light emitting device has such characteris-
tics that it can be turned into a thin, lightweight light emitting
device which: provides high luminance at a low applied volt-
age; and has the diversity of a luminous wavelength and
high-speed responsiveness. The characteristics suggest that
the light emitting device may be used in a wide variety of
applications.

[0003] However, the conventional organic light emitting
device requires optical output with additionally higher lumi-
nance or higher conversion efficiency. In addition, the organic
light emitting device still involves many problems in terms of
durability such as a change with time due to long-term use and
deterioration due to, for example, an atmospheric gas con-
taining oxygen or humidity. Further, when it is attempted that
the device is applied to a full-color display and the like, each
of blue light, green light, and red light must be emitted at a
good color purity. However, problems concerning the emis-
sion have not been sufficiently solved yet.

[0004] Inaddition, examples of a patent document describ-
ing a compound having a benzo[k]fluoranthene skeleton
include Japanese Patent Application Laid-Open Nos. H10-
189247, 2005-235787, 2000-007587, 2000-007594 and
2005-068087.

DISCLOSURE OF THE INVENTION

[0005] An object of the present invention is to provide a
novel mono(benzo[k]fluoranthene) compound formed of a
molecular structure containing at least one condensed ring
aromatic group which is tricyclic or more at any of 7- to
9-positions of benzo[k]fluoranthene.

[0006] Another object of the present invention is to provide
an organic light emitting device which uses the above com-
pound and which has an optical output with extremely high
efficiency and extremely high brightness. Another object of
the present invention is to provide an organic light emitting
device having extremely high durability. Another object of
the present invention is to provide an organic light emitting
device which can be easily produced at a relatively low cost.
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[0007] According tothe present invention, there is provided
a mono(benzo[k]fluoranthene) compound represented by the
following general formula (I):

@

where R, to R, each represent a hydrogen atom, a linear or
branched alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
provided that at least one of R, R,, and R, represents a
substituted or unsubstituted condensed ring aromatic group
which is tricyclic or more.

[0008] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound, in which
one or more of R, R, |, and R, in the general formula (I)
each represent a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heterocyclic group.

[0009] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound, in which
one or more of R, ,, R, ,, and R, in the general formula (I)
each represent a substituted or unsubstituted condensed ring
aromatic group which is tricyclic or more.

[0010] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound, in which
R, in the general formula (I) represents a substituted or
unsubstituted fluorenyl group.

[0011] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound which is
represented by the following general formula (II):

an

\ ,// (Rag)p

where:

[0012] R, to R, and Rg to R, , each represent a hydrogen
atom, a linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group; and

[0013] R, and R,, each represent a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heterocyclic group, and R, and
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R,, may be identical to or different from each other; R,; and
R,, each represent a hydrogen atom, an alkyl group, a sub-
stituted or unsubstituted aryl group, a substituted or unsub-
stituted heterocyclic group, a substituted amino group, or a
halogen atom; a represents an integer of 1 to 3, and b repre-
sents an integer of 1 to 4; and, when the number of any one of
R,;and R,, is two or more, R,3’s or R,,’s may be identical to
or different from each other.

[0014] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound, in which
the mono(benzo[k|fluoranthene) compound is represented by
the following general formula (I1I):

iy

Rg / Q R4

N\
7
7

Ry

\ 7// Rag)p

where:

[0015] R, to Ry, and R; to R, each represent a hydrogen
atom, a linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group; and

[0016] R,, R, Rys, and R, cach represent a hydrogen
atom, an alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
and R,;, R,,, R,5, and R, may be identical to or different
from each other; R,;, R,,, R,,, and R,, each represent a
hydrogen atom, an alky] group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heterocyclic group,
a substituted amino group, or a halogen atom; a and ¢ each
represent an integer of 1 to 3, and b and d each represent an
integer of 1 to 4, and, when the number of any one of R5, R,
R,;, and R, 1s two or more, R,3’s, R,,’s, R,.’s, and Rog’s
may be identical to or different from each other.

[0017] Further, according to the present invention, there is
provided a mono(benzo[k|fluoranthene) compound, in which
R, in the general formula (I) represents a substituted or
unsubstituted fluoranthenyl group.
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[0018] Further, according to the present invention, there is
provided a mono(benzo[k]fluoranthene) compound which is
represented by the following general formula (IV):

Iv)

Rs

Ra0)r

where:

[0019] R, to R, and Ry to R, each represent a hydrogen
atom, a linear or branched alky] group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group; and

[0020] R,, and R, each represent a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, a sub-
stituted or unsubstituted heterocyclic group, a substituted
amino group, or a halogen atom; e represents an integer of 1
to 5, and f represents an integer of 1 to 4; and, when the
number of any one of R, and R, is two or more, R,,’s or
R;,’s may be identical to or different from each other.
[0021] Accordingtothe present invention, there is provided
a mono(benzo[k]fluoranthene) compound which is repre-
sented by the following general formula (V):

)
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where:

[0022] R, toR,, and Rg to R'' each represent a hydrogen
atom, a linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic group; and

[0023] R,,toR,,eachrepresent a hydrogen atom, an alkyl
group, a substituted or unsubstituted aryl group, a substituted
or unsubstituted heterocyclic group, a substituted amino
group, or a halogen atom; e and g each represent an integer of
1 to 5, and f and h each represent an integer of 1 to 4; and,
when the number of any one of Ry, Ry, Ry, and Ry, is two
or more, R,o’s, Ry’s, Ry,’s, or Ry,’s may be identical to or
different from each other.

[0024] Specific examples of the substituents in the general
formulae (1), (I), (1II), IV), and (V) are shown below; pro-
vided that the examples are merely representative examples,
and the present invention is not limited to those examples.

[0025] As the alkyl group, there may be given a methyl
group, an ethyl group, a normal propyl group, an isopropyl
group, an normal butyl group, a tertiary butyl group, an octyl
group, a cyclohexyl group, a trifluoromethyl group, and the
like.

[0026] Examples of the aryl group include a phenyl group,
a biphenyl group, a terphenyl group, a fluorenyl group, a
naphtyl group, a fluoranthenyl group, an anthryl group, a
phenanthryl group, a pyrenyl group, a tetracenyl group, a
pentacenyl group, a triphenylenyl group, and a perylenyl
group.

[0027] As the heterocyclic group, there may be given a
thienyl group, a pyrrolyl group, a pyridyl group, an oxazolyl
group, an oxadiazolyl group, a thiazolyl group, a thiadiazolyl
group, and the like.

[0028] As the substituted amino group, there may be given
a dimethylamino group, a diethylamino group, a dibenzy-
lamino group, a diphenylamino group, a ditolylamino group,
a dianisolylamino group, and the like. As the halogen atom,
there may be given fluorine, chlorine, bromine, iodine, and
the like.

[0029] Examples of a condensed ring aromatic group
which is tricyclic or more include a fluorenyl group, a pyrenyl
group, a fluoranthenyl group, a benzofluoranthenyl group, a
tetracenyl group, a pentacenyl group, a triphenylenyl group, a
perylenyl group, and a chrysenyl group.

[0030] Examples of a condensed ring aromatic skeleton
which is tetracyclic or more include a pyrene skeleton, a
fluoranthene skeleton, a benzofluoranthene skeleton, a tet-
racene skeleton, a triphenylene skeleton, and a chrysene skel-
eton.

[0031] Examples of substituents which the above-men-
tioned substituents may have include: alkyl groups such as a
methyl group, an ethyl group, and a propyl group; aryl groups
such as a phenyl group and a biphenyl group; heterocyclic
groups such as a thienyl group, a pyrrolyl group, and a pyridyl
group; amino groups such as a dimethylamino group. a
diethylamino group, a dibenzylamino group, a dipheny-
lamino group, a ditolylamino group, and a dianisolylamino
group; and halogen atoms such as fluorine, chlorine, bromine,
and iodine.

[0032] Further, according to the present invention, there is
provided an organic light emitting device including: a pair of
electrodes formed of an anode and a cathode; and an organic
compound layer being interposed between the pair of elec-
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trodes, in which the organic compound layer contains at least
one kind of compound represented by the above-mentioned
general formula (I).

[0033] Further, according to the present invention, there is
provided an organic light emitting device in which the organic
compound layer is a light emitting layer. Further, according to
the present invention, there is provided an organic light emit-
ting device in which the light emitting layer is formed of at
least two kinds of compounds including a host and a guest.
[0034] Inaddition, according to the present invention, there
is provided an organic light emitting device including: a pair
of electrodes formed of an anode and a cathode; and an
organic compound layer placed between the pair of elec-
trodes, in which the organic compound layer contains a first
compound having a benzo[k]fluoranthene skeleton and a sec-
ond compound having a condensed ring aromatic skeleton
which is tetracyclic or more, the second compound having an
energy gap larger than that of the first compound.

[0035] Further, there is provided an organic light emitting
device, in which the condensed ring aromatic skeleton which
is tetracyclic or more is one of a pyrene skeleton and a fluo-
ranthene skeleton.

[0036] Further, there is provided an organic light emitting
device, in which the first compound is a mono(benzo[k]fluo-
ranthene) compound represented by the general formula (I).
[0037] Further, there is provided an organic light emitting
device, in which the first compound and the second com-
pound have the same condensed ring aromatic skeleton.
[0038] Further, there is provided an organic light emitting
device, in which the condensed ring aromatic skeleton
includes a fluorene skeleton.

[0039] Further, there is provided an organic light emitting
device, in which the organic light emitting device includes an
electroluminescence device that emits light by applying a
voltage between the pair of electrodes.

[0040] The compound of the present invention has a high
glass transition temperature, and the light emitting device of
the present invention using the compound of the present
invention as a host or guest for its light emitting layer can
realize highly efficient light emission with good color purity.
In addition, the device is an excellent device because the
device has high heat stability, and keeps high brightness for a
time period longer than that in the case where a convention-
ally used compound is used.

[0041] 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

[0042] FIG.1is asectional view showing an example of an
organic light emitting device of the present invention;
[0043] FIG. 2 is a sectional view showing another example
of the organic light emitting device of the present invention;
[0044] FIG. 3 is a sectional view showing still another
example of the organic light emitting device of the present
invention;

[0045] FIG. 4 is a sectional view showing yet another
example of the organic light emitting device of the present
invention;

[0046] FIG. 5 is a sectional view showing still yet another
example of the organic light emitting device of the present
invention;
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[0047] FIG. 6 is a sectional view showing still yet another
example of the organic light emitting device of the present
mvention;

[0048] FIG. 7 is a view showing the emission spectrum of a
solution of each of Compound No. A-1 of the present inven-
tion and Comparative Compound 13 in toluene having a
concentration of 1x107° mol/l; and

[0049] FIG. 8 is a view showing the emission spectrum and
absorption spectrum of a thin film of each of Compound No.
A-1 of the present invention and Comparative Compound 13
having a concentration of 1x107> mol/l.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0050] Hereinafter, the present invention will be described
in detail.

[0051] When alight emitting layer in an organic light emit-
ting device is formed of a carrier transporting host material
and a guest, a main process for light emission includes the
following several steps:

1. the transport of an electron or a hole in the light emitting
layer;

2. the generation of an exciton 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 mate-
rial to the guest.

[0052] Desired energy movement in each step, and light
emission occur in competition with various deactivation
steps.

[0053] Needless to say, the emission quantum yield of a
light emission central material itself must be large in order
that the luminous efficiency of an organic light emitting
device may be improved. However, the efficiency with which
energy movement between host and host molecules or
between host and guest molecules can be performed is also of
great concern. In addition, 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.

[0054] Inview ofthe foregoing, the inventors of the present
invention have made various studies. As a result, the inventors
have found thata device using a compound represented by the
general formula (I) as a host or guest for its light emitting
layer emits light with high efficiency, keeps high brightness
for a long time period, and shows small deterioration of light
emission due to energization.

[0055]  One possible cause for the deterioration of the light
emission due to the energization may be the deterioration of
the thin-film shape of the light emitting layer. The deteriora-
tion of the thin-film shape may result from the crystallization
ofthe organic thin film due to, for example, the temperature of
an environment in which the device is driven or heat genera-
tion 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
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material have a high glass transition temperature. An
improvement in durability of an organic light emitting device
can be expected from the compound represented by the gen-
eral formula (I) of the present invention because the com-
pound has a high glass transition temperature.

[0056] The compound of the present invention will be
described.

[0057] Benzo[k]fluoranthene is known to be a compound
having a quantum yield of 1.0 in a dilute solution (1. Photo-
chem. 18, 9-17 (1982)). However, the compound is extremely
apt to undergo concentration quenching, and a benzo[k]fluo-
ranthene thin film does not emit light. Accordingly, high
efficiency may not be obtained from benzo[k]fluoranthene
itself when benzo[k]fluoranthene is used in an organic EL
device. In addition, benzo[k]fluoranthene contains a large
amount of ultraviolet emission components each having a
maximum luminous wavelength of 400 nm; the wavelength is
not optimum enough to allow benzo[k]fluoranthene to be
used as a blue light emitting material. When benzo[k]fluo-
ranthene is used as a light emitting material in a light emitting
device, the device is doped with the light emitting material at
a relatively high concentration of about 0.1 to 20 wt % with
respect to a host material. Accordingly, unlike a state where
the concentration of the light emitting material is low, the
light emitting properties of the light emitting material in a
solid film are of extreme importance. In addition, a compound
having a large amount of emission components each having a
maximum luminous wavelength of 450 to 460 nm is expected
to emit blue light with high efficiency and good color purity
when the compound is used as a blue light emitting material
for a display.

[0058] The compound of the present invention has one
benza[k|fluoranthene site in its molecule. Accordingly, the
probability that benzo[k]fluoranthene sites collide with each
other in the film of a light emitting device in which the
compound is dispersed may be reduced, concentration
quenching may be suppressed, and highly efficient light emis-
sion may be expected. Further, a relatively large, condensed
ring aromatic group which is tricyclic or more is introduced
into any of 7- to 9-positions of benzo[k]fluoranthene, so the
suppression of concentration quenching may be expected
owing to the steric hindrance of a substituent. Further, the
presence of a substituted or unsubstituted aryl group or a
substituted or unsubstituted heterocyclic group at any of 10-
to 12-positions of benzo[k]|fluoranthene may improve not
only the ease with which the compound is synthesized but
also the stability of the compound. In addition, a compound
having a condensed ring aromatic group which is tricyclic or
more at 7-position of benzo[k]fluoranthene is particularly
preferable because a substituent may show large steric hin-
drance at 7-position of benzo[k]fluoranthene. A compound
having a condensed ring aromatic group which is tricyclic or
more at each of 7- and 12-positions of benzo[k]fluoranthene
is also preferable because a substituent may similarly show
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large steric hindrance at 12-position of benzo[k]fluoranthene.
Inaddition, from the viewpoint of a luminous wavelength, the
lengthening of a wavelength can be expected from the prop-
erty with which an electron is donated to benzo[k|fluoran-
thene. In addition, from the viewpoint of a quantum vield, a
compound having, as a substituent, a condensed ring aro-
matic structure which is tricyclic or more and which has a
large oscillator strength is preferable for the realization of a
high quantum yield. In addition, among the condensed ring
aromatic groups each of whichis tricyclic or more, a fluorenyl
group is a particularly preferable condensed ring aromatic
group which is tricyclic or more because the group is
expected to show steric hindrance by a substituent attached to
the carbon atom at 9-position of the group. A fluorantheny!
group is also particularly preferable because of the following
reason: when benzo[k|fluoranthene is substituted by the fluo-
ranthenyl group having a skeleton similar to that of benzo[k]
fluoranthene, the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
of a molecule of the resultant compound expand over the
entirety of the molecule, so an improvement in stability of the
molecule can be expected.

[0059] In addition, as described above, a compound to be
used in an organic EL device is required to have a high glass
transition temperature. In general, a material having a larger
molecular weight has a higher glass transition temperature.
When a substituent to be introduced into benzo[k]fluoran-
thene is limited to a small aromatic ring such as a phenyl
group or a tolyl group, the resultant compound has a small
molecular weight, so a high glass transition temperature may
not be expected. In addition, the introduction of only an alkyl
group may reduce the glass transition temperature of the
resultant compound, though the introduction increases the
molecular weight of the compound. Accordingly, as the sub-
stituent to be introduced into benzo[k]fluoranthene, the con-
densed ring aromatic group which is tricyclic or more used in
the present invention is preferable from the viewpoint of a
glass transition temperature.

[0060] Accordingly, the compound of the present invention

is a compound represented by any one of the following gen-
eral formulae (I) to (V).

-continued
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-continued

Rao)r

[0061] Inthe formulae,R,toR,,,R* andR,,, andR,, and
R, each independently represent a hydrogen atom; an alkyl
group such as amethyl group, an ethyl group, a normal propyl
group, an isopropyl group, a normal butyl group, a tertiary
butyl group, an octyl group, a cyclohexyl group, or a trifluo-
romethyl group; an aryl group such as a phenyl group, a
biphenyl group, a terphenyl group, a fluorenyl group, a naph-
thyl group, a fluoranthenyl group, an anthryl group, a phenan-
thryl group, a pyrenyl group, a tetracenyl group, a pentacenyl
group, a triphenylenyl group, or a perylenyl group; or a het-
erocyclic group such as a thienyl group, a pyrrolyl group, a
pyridyl group, an oxazolyl group, an oxadiazolyl group, a
thiazolyl group, or a thiadiazolyl group, provided that at least
one of R, Ry, and R, represents a condensed ring aromatic
group which is tricyclic or more such as a fluorenyl group, a
pyrenyl group, a fluoranthenyl group, a benzofluoranthenyl
group, a tetracenyl group, a pentacenyl group, a triphenylenyl
group, a perylenyl group, or a chrysenyl group, and one or
more of R, R;;, and R, , each represent an aryl group such

A-1

905 8
0

O O
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as a phenyl group, a biphenyl group, a terphenyl group, a
fluorenyl group, a naphthyl group, a fluoranthenyl group, an
anthryl group, a phenanthryl group, a pyrenyl group, a tet-
racenyl group, a pentacenyl group, a triphenylenyl group, or
a perylenyl group; or a heterocyclic group such as a thienyl
group, a pyrrolyl group, a pyridyl group, an oxazolyl group,
an oxadiazolyl group, a thiazolyl group, or a thiadiazolyl
group.

[0062] R., andR,,, and R,5 and R, each preferably rep-
resent an alkyl group in terms of the stability of the carbon
atom at 9-position of a fluorenyl group against a radical. In
addition, an increase in the length of an alkyl chain at 9-po-
sition of the fluorenyl group may reduce the glass transition
temperature. Accordingly, R,; andR,,,and R, and R, each
more preferably represent an alkyl group having a short car-
bon chain such as a methyl group or an ethyl group. In
addition, R, and R,,, and R, s and R,¢, which may be iden-
tical to or different from one another, are preferably identical
to one another from the viewpoint of the ease with which the
compound is synthesized.

[0063] R,;andR,,,R,,andR,,, and R,, to R, each rep-
resent a hydrogen atom, an alkyl group such as a methyl
group, an ethyl group, a normal propyl group, an isopropyl
group, a normal butyl group, a tertiary butyl group, an octyl
group, a cyclohexyl group, or a trifluoromethyl group; an aryl
group such as a phenyl group, a biphenyl group, a terphenyl
group, a fluoreny! group, a naphthyl group, a fluoranthenyl
group, an anthryl group, a phenanthryl group, a pyrenyl
group, a tetracenyl group, a pentacenyl group, a triphenylenyl
group, or a perylenyl group; a heterocyclic group such as a
thienyl group, a pyrrolyl group, a pyridyl group, an oxazolyl
group, an oxadiazolyl group, a thiazolyl group, or a thiadia-
zolyl group; an amino group such as a dimethylamino group,
a diethylamino group, a dibenzylamino group, a dipheny-
lamino group, a ditolylamino group, or a dianisolylamino
group; or a halogen atom such as fluorine, chlorine, bromine,
or iodine. a and ¢ each represent an integer of 1 to 3, band d
each represent an integer of 1 to 4, e and g each represent an
integer of 1 to 5, and fand h each represent an integer of 1 to
4. When the number of any one of R,; and R, R,, and R,
and R,sto R4, istwoormore, R,5’s, R547s, Ry578, Rag’s, Rog s,
Ry.’s, Ry s, or Ry,’s may be identical to or different from
each other.

[0064] Hereinafter, specific examples of the structural for-
mula of an organic compound to be used in the present inven-
tion are shown below. It should be noted that the examples are
merely representative examples, and the present invention is
not limited to the examples.
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[0065] Next, an organic light emitting device ofthe present
invention will be described in detail.

[0066] The organic light emitting device of the present
invention is an organic light emitting device having at least
one pair of electrodes formed of an anode and a cathode, and
an organic compound layer interposed between the pair of
electrodes, and the organic compound layer contains a com-
pound represented by the general formula (T).

[0067] The organic light emitting device of the present
invention may be further provided with another organic com-
pound layer in addition to the above organic compound layer.
[0068] In the organic light emitting device of the present
invention, the above organic compound layer may further
contain another compound in addition to the compound rep-
resented by the general formula (I).

[0069] At least alight emitting layer among the layers each
containing an organic compound of the organic light emitting
device of the present invention preferably contains at least
one kind of the above described compounds. In addition, inan
organic light emitting device having a light emitting layer
formed of two or more compounds including a host and a
guest, the host or the guest is preferably the above described
compound. The term “guest” as used in the present invention
refers to a compound that mainly emits light in response to
recombination between a hole and an electron in the light
emitting region of the organic light emitting device. The guest
is incorporated into another compound (host) of which the
light emitting region is formed.

[0070] The content of the compound represented by the
general formula (I) according to the present invention to be
used as the guest is preferably 50 wt % or less, more prefer-
ably 0.1 wt % or more to 30 wt % or less, or particularly
preferably 0.1 wt % or more to 15 wt % or less.

[0071] The content of the compound represented by the
general formula (I) according to the present invention to be
used as the host is preferably 50 wt % or less, more preferably
70 wt % or more to 99.9 wt % or less, or particularly prefer-
ably 85 wt % or more to 99.9 wt % or less.

[0072] On the other hand, when the compound represented
by the general formula (I) according to the present invention
is used as a host compound, the guest is not particularly
limited, and, for example, a compound to be described later
can be appropriately used depending on, for example, a
desired luminescent color. In addition, the light emitting layer
may be doped with a hole transporting compound, an electron
transporting compound, or the like as required together with
the guest.

[0073] The compound of the present invention, which may
be used only in the light emitting layer among the organic
compound layers, can be used in, for example, a hole inject-
ing layer, a hole transporting layer, an electron injecting layer,
an electron transporting layer, or an electron blocking layer in
addition to the light emitting layer as required.

[0074] In the organic light emitting device of the present
invention, the compound represented by the above general
formula (I) is formed between the anode and the cathode by a
vacuum deposition method or a solution coating method. The
thickness of the organic layer may be smaller than 10 pm,
preferably 0.5 um or less, or more preferably 0.01 pm or more
to 0.5 um or less.

[0075] FIGS. 1, 2, 3, 4, 5 and 6 each show a preferable
example of the organic light emitting device of the present
invention.

[0076] First, provided are a substrate 1, an anode 2, a light
emitting 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.

[0077] FIG. 11is a sectional view showing an example of an
organic light emitting device according to the present inven-
tion. As shown in FI1G. 1, the organic light emitting device has
a structure in which the anode 2, the light-emitting layer 3,
and the cathode 4 are provided on the substrate 1 in this order.
In this example, the light emitting device including a com-
pound having all of hole-transporting property, electron-
transporting property, and light-emitting property or includ-
ing compounds having the respective properties in
combination, is useful.

[0078] FIG. 2 is a sectional view showing another example
of the organic light emitting device according to the present
invention. As shown 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 cathode 4 are
provided on the substrate 1 in this order. In this example, the
following case is useful. That is, a light-emitting substance
whose material has at least one of hole-transporting property
and electron-transporting property is used for each layer, and
the light-emitting substance is used in combination with a
non-illuminant hole-transporting substance or electron-trans-
porting substance. In this case, the light-emitting layer is
formed of either the hole transport layer 5, or the electron
transport layer 6.

[0079] FIG. 3 is a sectional view showing still another
example of the organic light emitting device according to the
present invention. As shown in FIG. 3, the organic light emit-
ting device has a structure in which the anode 2, the hole
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transport layer 5, the light emitting layer 3, the electron trans- Hole Transporting Compounds

port layer 6, and the cathode 4 are provided on the substrate 1

in this order. This organic light emitting device has a carrier- ~ [0086]

transporting function and a light-emitting function which are

separated. This device may be used in combination with

compounds each having hole-transporting property, electron-

transporting property, or light-emitting property as appropri- CH; CH;

ate, thereby allowing a substantial increase in freedom of
choice in material to be used. Further, various compounds
having different emission wavelengths can be used, thereby
allowing an increase in variety of luminescent colors. Further,
N

luminous efficiency may be improved by efficiently trapping
each carrier or exciton in the light-emitting layer provided in
the middle of the device.

[0080] FIG. 4 is a sectional view showing yet another
example of the organic light emitting device according to the
present invention. The organic light emitting device of FIG. 4
has a structure shown in FIG. 3 except that the hole-injecting
layer 7 is inserted into a side of the anode. This structure is
effective for improving adhesiveness between the anode and

the hole transport layer or for improving hole-injecting prop-
erty, which is effective in lowering a voltage to be applied to
N

TPD

the device.

[0081] Each of FIGS. 5 and 6 is a sectional view showing

still yet another example of the organic light emitting device

according to the present invention. The organic light emitting

device of FIG. 5 has a structure shown in FIG. 3 except that a

layer (the hole/exciton-blocking layer 8) for blocking travel

ofahole orexciton to a side of the cathode is inserted between

the light-emitting layer and the electron transport layer. The

organic light emitting device of FIG. 6 has a structure shown
in FIG. 4 except that a layer (the hole/exciton-blocking layer
8) for blocking travel of a hole or exciton to a side of the
cathode is inserted between the light-emitting layer and the
electron transport layer. Each of those structures uses a com-
pound having an extremely high ionization potential in the
hole/exciton-blocking layer 8 and is effective for improving
luminous efficiency.

[0082] However, FIGS.1,2,3,4, 5and 6 each show a basic
device structure, and the structure of the organic light emit-
ting device using the compound of the present invention is not
limited to the structures described above. For example, the
organic light emitting device of the present invention may
have any one of various layer structures including: a structure
having an insulating layer provided at an interface between
the electrode and the organic layer; a structure having an
adhesive layer or an interference layer provided; and a struc-
ture in which a hole transport layer is composed of two layers
with different ionization potentials.

[0083] The compound shown in the formula (I) of the

present invention may be used for any of the structures shown

inFIGS.1.2,3,4,5and 6. H;C
[0084] In the present invention, the compound represented
by the general formula (I) is used as a constituent component
for the light emitting layer; a conventionally known hole
transporting compound, luminous compound, electron trans-
porting compound, or the like can be used together with the
compound as required.

a-NPD

&
*

m-MIDATA

[0085] Hereinafter, examples of those compounds are
shown.
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Polymeric Light Emitting Materials and Charge
Transporting Materials

[0096]

CpaHas  CioHos

CpHys  CeHps

[0097] In the organic light emitting device according to the
present invention, the layer containing the compound shown
in the formula (I) and layers containing other organic com-
pounds may be formed generally by a vacuum deposition
method or by a coating method in which the compound is
dissolved in an appropriate solvent. In film formation by the
coating method, in particular, a film may be formed by using
the compound in combination with an appropriate binder
resirL.

[0098] The binder resin may be selected from a wide vari-
ety of binder resins. Examples of the binder resin include, but
not limited to: a polyvinyl carbazole resin; a polycarbonate
resin; a polyester resin; a polyarylate resin; a polystyrene
resin; an acrylic resin; a methacrylic resin; a butyral resin; a
polyvinyl acetal resin; a diallyl phthalate resin; a phenol resin;

os¥epds
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an epoxy resin; a silicone resin; a polysulfone resin; and a
urea resin. These resins may be used alone, or in combination
of at least two kinds thereof as a homopolymer or copolymer.
[0099] An anode material may have as large a work func-
tion as possible, and examples thereofinclude: a metal simple
substance such as gold, platinum, nickel, palladium, cobalt,
selenium, or vanadium; an alloy thereof; and a metal oxide
such as tin oxide, zinc 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 combination.

[0100] Meanwhile, a cathode material may have a small
work function, and examples thereof include: a metal simple
substance such as lithium, sodium, potassium, cesium, cal-
cium, magnesium, aluminum, indium, silver, lead, tin, or
chromium; and an alloy of two or more kinds thereof. A metal
oxide such as indium tin oxide (ITO) may also be used.
Further, the cathode may have a single layer structure or a
multilayer structure.

[0101] 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
substrate may have a color filter film, a fluorescent color
converting filter film, a dielectric reflection film, or the like for
controlling luminescent color.

[0102] Further, a protective layer or a sealing layer may be
formed on the fabricated device to prevent contact between
the device and oxygen, moisture, or the like. Examples of the
protective layerinclude: 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,
polyethylere, a silicone resin, a polystyrene resin, or the like;
and a photo-curable resin. Further, the device itself may be
covered with glass, a gas-impermeable film, a metal, or the
like and packaged with an appropriate sealing resin.

[0103] Inaddition, the present invention is characterized in
that the light emitting region contains a compound having a
benzo[k]fluoranthene skeleton as a guest material and a com-
pound having a condensed ring hydrocarbon skeleton which
is tetracyclic or more as a host material. Examples of the
condensed ring hydrocarbon skeleton which is tetracyclic or
more include a pyrene skeleton, a fluoranthene skeleton, a
benzofluoranthene skeleton, a tetracene skeleton, a triph-
enylene skeleton, and a chrysene skeleton. Of those, the
pyrene skeleton or the fluoranthene skeleton is preferable
from the viewpoints of a band gap and carrier transporting
property.

[0104] Examples of a compound having a pyrene skeleton
include, but not limited to, the following materials.
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[0105] In addition, the compound having a benzo[k]fluo-
ranthene skeleton as the guest used in the present invention is
not particularly limited; a compound represented by any of
the above general formulae (I) to (V) of the present invention

is preferably used as the compound. K R
[0106] Further, the host and the guest preferably have the Ry Riz
same condensed ring aromatic structure. The introduction of R;
the same condensed ring aromatic structure into the molecu- Rio Lo C“ .
lar structures of the materials, that is, the host and the guest
improves compatibility between the host and the guest, O Ry
whereby a light emitting device having good durability may Rg R
be achieved. Examples of the above condensed ring aromatic s § y .
8 6 5

structure include a naphthalene skeleton, a fluorene skeleton,
a pyrene skeleton, a fluoranthene skeleton, a benzofluoran- Compound 1 Compound 2
thene skeleton, a tetracene skeleton, a triphenylene skeleton,
and a chrysene skeleton. Of those, the fluoranthene skeleton is
particularly preferable from the viewpoints of a band gap and
an oscillator strength.

EXAMPLES

[0107] Hereinafter, the present invention will be described
more specifically by way of examples. However, the present
invention is not limited to these examples.

[0108] It should be noted that a benzo[k]fluoranthene
derivative represented by a general formula (I) can be pro-
duced in accordance with the following production method
by, for example, a Diels-Alder reaction between Compound 1
and Compound 2 or a Diels-Alder reaction between Com-
pound 3 and Compound 4.
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Compound 3

Example 1

Synthesis of Exemplified Compound No. A-1
(1-1) Synthesis of Synthetic Intermediate Compound 6
[0109]

COOH 4N—NaOH aq COOMe
Mel
Dioxane
CTIo 70° C., 16 hours CHO
Compound 5 Compound 6

[0110] 41 g (0.273 mol) of 2-carboxybenzaldehyde (Com-
pound 5), 410 mL of dioxane, 80 mL of iodomethane, and 82
mL (0.328 mol) of a 4N aqueous solution of sodium hydrox-
ide were added to a 1-L reaction vessel. The solution was
vigorously stirred at 70° C. for 16 hours. Dioxane was
removed under reduced pressure, and 200 mL of distilled
water was added to the solution, followed by extraction with
ethyl acetate (200 mLxtwice). An organic layer was col-
lected, washed with saturated sodium bicarbonate water, dis-

ass

Jul. 15, 2010

26

tilled water, and a saturated salt solution, and dried with
anhydrous MgSQO,. After that, the solution was condensed,
whereby 43 g of a colorless liquid was obtained. The liquid
was purified by means of silica gel column chromatography
(mobile phase; hexane:ethyl acetate=3:1), whereby 37.7 g
(0.230 mol, yield=84%) of Compound 6 as a colorless liquid
were obtained.

(1-2) Synthesis of Synthetic Intermediate Compound 7
[0111]

CHO
Compound 6
Q Q 8 O O

Compound 7

[0112] 58.5 g (183 mmol) of 2-i0do-9,9-dimethylfluorene
and 600 mL of diethyl ether were added to a 1-L reaction
vessel. The solution was cooled to -78°C., and 116 mL (183
mmol) of a solution of n-butyllithium in hexane having a
concentration of 1.57 mol/L was added to the solution over 10
minutes. After the solution had been stirred at the temperature
for 30 minutes, Compound 6 (15 g, 91.3 mmol) dissolved in
100 mL of diethy! ether and cooled to -20° C. was added to
the solution in one stroke. The solution was heated to room
temperature while a cooling bath was attached, and 300 mL of
10% ammonia water was added to the suspension, followed
by extraction with ethyl acetate (200 mLxtwice). An organic
layer was collected, washed with distilled water and a satu-
rated salt solution, and dried with anhydrous MgSO,,. After
that, the solution was condensed and dried in a high vacuum,
whereby 53.6 g of Compound 7 as a tan solid was obtained.
(1-3) Synthesis of Exemplified Compound No. A-1

EWae
-0

Compound 7
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[0113] Compound 7 as a solid was loaded into a 1-L reac-
tion vessel, and 600 mL of xylene, 5.2 g (27.3 mol) of p-tolu-
enesulfonic acid, and 13.9 g (91.3 mmol) of acenaphthylene
were added to the vessel. The solution was vigorously stirred
at 150° C. for 36 hours. Xylene was removed under reduced
pressure, and 100 mL of saturated sodium bicarbonate water
and 400 mL of distilled water were added to the solution,
followed by extraction with chloroform (500 mLxtwice). An
organic layer was collected, washed with saturated sodium
bicarbonate water, distilled water, and a saturated salt solu-
tion, and dried with anhydrous MgSO,,. After that, the desic-
cant was separated by filtration. 600 g of silica gel was added
to the filtrate, and the solvent was condensed and removed,
whereby a black silica gel carrier was obtained. The carrier
was purified by means of silica gel column chromatography
(mobile phase; chloroform:hexane=1:3 to chloroform:hex-
ane=1:1), whereby a reddish brown solid was obtained. The
solid was suspended in a small amount of chloroform, and
diethyl ether was added to the suspension to precipitate a
crystal. The crystal was taken by filtration and purified by
means of silica gel column chromatography (mobile phase;
chloroform:hexane=1:3 to chloroform:hexane=1:2) again,
whereby a reddish brown solid was obtained. The solid was
suspended in a small amount of chloroform, and diethyl ether
was added to the suspension, followed by filtration. After that,
the resultant crystal was dried in a vacuum, and was then
subjected to sublimation purification, whereby 23.6 g (36.3
mmol, 40% vield) of Exemplified Compound No. A-1 was
obtained.

[0114] Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) confirmed that
the compound had an M+ of 636.3.

[0115] The glass transition temperature of the compound in
a glass state was measured with a DSC (Pyris 1) manufac-
tured by PerkinElmer from room temperature at a rate of
temperature increase of 20° C./min. As a result, the glass
transition temperature was 196° C. In addition, the compound
was heated to its melting point. However, no recrystallization
was observed, so it was confirmed that the compound was a
material having high glass property.

-0

[0116] Inaddition, the structure of the compound was iden-
tified by NMR measurement.

[0117] 'H NMR (CDCl,, 400 MHz) o(ppm): 8.04 (d, 2H,
J=1.6Hz),7.90(d, 2H,J=6.7 Hz), 7.79 (m, 2H), 7.67 (1, 4H),
7.55 (m, 4H), 7.47-7.39 (m, 6H), 7.24 (m, 2H), 6.71 (m, 2H),
1.59 (s, 6H), 1.57 (s, 6H).

[0118] In addition, a dilute solution of the compound in
toluene having a concentration of 1x107> mol/l was prepared,
and the emission spectrum of the solution was measured with
a fluorescence spectrophotometer F-4500 manufactured by
Hitachi, Ltd. In addition, the absorption spectrum of the solu-
tion was measured with an ultraviolet and visible spectropho-
tometer V-560. Further, a solution of the compound in chlo-
roform with its concentration adjusted to 0.1 wt % was
applied onto a glass substrate by spin coating, and the absorp-
tion spectrum and emission spectrum of the solution were
measured. Then, the quantum yield of the compound in a thin
film was measured. The luminous wavelength of benzo[k]
fluoranthene as a comparative substance was also measured.

TABLE 1

In a solution having a concentration of 1.0 x 10> mol/l

Luminous wavelength

431 nm
410 nm

Compound No. A-1
Benzo[k]fluoranthens

TABLE 2

Thin film

Luminous wavelength

449 nm
No light emission

Compound No. A-1
Benzo[k]fluoranthene

[0119] In addition, the highest occupied molecular orbital
(HOMO) energy of the compound was measured by photo-
electron spectroscopy (measuring device name AC-1 manu-
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factured by RIKENKIKI CO., LTD). The lowest unoccupied
molecular orbital (LUMO) energy of the compound was cal-
culated from a measured value for an energy gap and the
above HOMO energy. The HOMO energy was -5.89 eV, and
the LUMO energy was —2.98 eV.

Comparative Example 1
Synthesis of Comparative Compound 13

[0120]

0]

Ph \)k/ Ph
O,
’ Compound 9
O O

Compound 8
HN COOH

Compound 11

_</\ONO

O @
Q Q O Compound 12
e e o

Compound 10

N
S
U

Comperative Compound 13

[0121] 1.82 g (10.0 mmol) of Compound 8, 2.62 g (12.5
mmol) of Compound 9, and 50 ml of ethanol were loaded into
a 100-m! three-necked flask. In a nitrogen atmosphere, the
mixture was heated to 75° C., and was stitred for 2 hours. The
resultant solution was cooled, and was then filtrated. The
resultant black solid was washed with 10 ml of methanol,
whereby 1.91 g (53.8% yield) of Compound 10 as a blackish
green solid were obtained.

Jul. 15, 2010

[0122] 1.0 g (2.91 mmol) of Compound 10, 0.55 g (4.00
mmol) of Compound 11, 3.0 ml of isoamy] nitrite Compound
12, and 50 ml of tetrahydrofuran were loaded into a 100-ml
three-necked flask. In a nitrogen atmosphere, the mixture was
heated to 55° C., and was stirred for 4 hours. After the reac-
tion, the resultant solution was condensed and purified with a
silica gel column (heptane+toluene mixed developing sol-
vent), whereby 0.840 g (71.5% yield) of Comparative Com-
pound 13 (whitish yellow crystal) was obtained.

[0123] Inaddition, the structure of the compound was iden-
tified by NMR measurement.

[0124] ‘HNMR (CDCl,, 400 MHz) o(ppm): 7.63-7.70 (m,
10H), 7.57 (d, 4H), 7.40 (m, 2H), 7.32 (t, 2H), 7.61 (d, 2H).
[0125] The glass transition temperature of the compound in
a glass state was measured with a DSC (Pyris 1) manufac-
tured by PerkinElmer from room temperature at a rate of
temperature increase of 20° C./min, and the glass transition
temperature was 96° C.

[0126] In addition, the luminous wavelength of the com-
pound was measured by the same approach as that of
Example 1.

TABLE 3

In a solution having a concentration of 1.0 x 10> mol/l

Luminous wavelength

Compound No. A-1 431 nm
Comparative Compound 13 420 nm
Benzo[k]fluoranthene 410 nm

[0127] FIG. 7 shows an emission spectrum in a solution.
[0128] The compound of the present invention has a lumi-
nous wavelength longer than that of each of Comparative
Compound 13 and benzo[k|fluoranthene. Accordingly, the
compound may be a blue light emitting compound having a
wavelength appropriate for a light emitting device having
high efficiency and good color purity when the compound is
used in a display.

TABLE 4
Thin film
Luminous Emission
wavelength intensity
Compeund No. A-1 449 nm 1.93
Comparative Compound 13 429 nm 1.00

Benzo[k]fluoranthene No light emission

[0129] FIG. 8 shows an emission spectrum in a thin film.
The emission intensities of two materials, that is, Compound
No. A-1 and Comparative Compound 13 were compared by
using a wavelength of 354 nm, represented by the point of
intersection of the absorption curves of the materials at which
the materials had the same absorbance, as an excitation wave-
length. In addition, the thin film of benzo[k]fluoranthene was
not observed to emit light.

[0130] When the compound ofthe present invention is used
as a light emitting material in a light emitting device, the
device is doped with the material at a concentration of about
0.1 to 20 wt % with respect to a host material. Accordingly,
the light emitting properties of the light emitting materialin a
solid film are of extreme importance.
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[0131] When the emission intensity of Comparative Com-
pound 13 in a thin film is set to 1.0, Compound No. A-1 of the
present invention has an emission intensity of 1.93: Com-
pound No. A-1 has a quantum yield about twice as high as that
of Comparative Compound 13.

[0132] In addition, each of the HOMO energy and LUMO
energy of each of Compound No. A-1 and Comparative Com-
pound 13 was measured by the same approach as that of
Example 1.

TABLE §
HOMO LUMO
Compound Ne. A-1 -5.89 eV -2.98 eV
Comparative Compound -591eV -2.96eV

13

[0133] Compound No. A-1 of the present invention may
have improved hole injecting property because the compound
has HOMO energy larger than that of Comparative Com-
pound 13. In addition, Compound No. A-1 may have
improved electron injecting property as well because the
compound has LUMO energy smaller than that of Compara-
tive Compound 13. Accordingly, Compound No. A-1 may be
a compound more appropriate for an electroluminescence
device than Comparative Compound 13.

Quoly
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Example 2

[0134] As the anode, a film of indium tin oxide (ITO) hav-
ing a thickness of 120 nm was formed on a glass substrate by
a sputtering method, and the resultant was used as a transpar-
ent conductive supporting substrate. The resultant substrate
was subjected to ultrasonic cleaning in acetone and isopropyl
alcohol (IPA) in this 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.

[0135] A chloroform solution of a compound represented
by Compound 14 shown below was formed into a film having
a thickness of 20 nm by a spin coating method on the trans-
parent conductive supporting substrate, whereby a hole trans-
porting layer was formed.

[0136] Further, the following organic layers and electrode
layers were continuously formed by vacuum deposition
based on resistance heating in a vacuum chamber having a
pressure of 107> Pa, whereby a device was produced.

Light emitting layer (20 nm): Exemplified Compound No.
A-1 (2% in weight ratio): Compound 15

Electron transporting layer (30 nm): Bphen (manufactured by
DOJINDO LABORATORIES)

Metal electrode layer 1 (0.5 nm): LiF

Metal electrode layer 2 (150 nm): Al

Compound 14

Beeay

Compound 15
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[0137] The current-voltage characteristics of the resultant
EL device were measured with a microammeter 4140 B
manufactured by Hewlett-Packard Company, and the emis-
sion brightness of the device was measured with a BM 7
manufactured by TOPCON CORPORATION. The device of
this example was observed to emit light with an emission
brightness of 957 cd/m® and a luminous efficiency of 2.9
wm/W at an applied voltage of 4.5 V. In addition, the device
was observed to emit blue light having CIE chromaticity
coordinates (x, y) of (0.15, 0.10) and good color purity.
[0138] Further, a voltage was applied to the device for 100
hours under anitrogen atmosphere. As a result, the device was
observed to emit light in a favorable manner continuously.

Example 3

[0139] A device was produced in the same manner as in
Example 2 except that Compound 16 was used instead of
Compound 15 of Example 2. The device of this example was
observed to emit light with an emission brightness of 980
cd/m* and a luminous efficiency of 2.7 um/W at an applied
voltage of 4.5 V. In addition, the device was observed to emit
bluelight having CIE chromaticity coordinates (x,y) of (0.15,
0.10) and good color purity.

[0140] Further, a voltage was applied to the device for 100
hours under anitrogen atmosphere. As a result, the device was
observed to emit light in a favorable manner continuously.

Compound 16

[0141] As can be seen from Examples 2 and 3, a light
emitting device using a material having a skeleton obtained
by combining a benzo[k]fluoranthene skeleton and a fluorene
skeleton is excellent from the viewpoints of light emitting
properties (a luminous wavelength and luminous efficiency),
and heat stability. It has been also found that a light emitting
device using the above guest and a material having a skeleton
obtained by combining a pyrene skeleton and a fluorene skel-

eton as a host is excellent from the viewpoints of light emit-
ting properties (a luminous wavelength and luminous effi-
ciency), and durability.

Example 4
Synthesis of Exemplified Compound No. A-2

[0142] Exemplified Compound No.A-2 can be synthesized
in the same manner as in Example 1 except that 2-iodo-9,9-
diethylfluorene is used instead of 2-iodo-9,9-dimethylfluo-
rene of Example 1.

Example 5
Synthesis of Exemplified Compound No. A-3

[0143] Exemplified Compound No.A-3 can be synthesized
in the same manner as in Example 1 except that 2-iodo-9,9-
diisoprophylfluorene is used instead of 2-iodo-9,9-dimeth-
ylfluorene of Example 1.

Example 6
Synthesis of Exemplified Compound No. A-54

[0144] Exemplified Compound No. A-54 was synthesized
(15% synthesis yield) in the same manner as in Example 1
except that 3-bromofluoranthene was used instead of 2-iodo-
9,9-dimethylfluorene of Example 1.

[0145] Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) confirmed that
the compound had an M+ of 652.2.

[0146] Inaddition, the structure of the compound was iden-
tified by NMR measurement.

[0147] HNMR (CDCl,, 400 MHz) o(ppm):8.26 (dd, 2H,
J=1.5 Hz), 8.09 (m, 2H), 8.02 (m, 4H), 7.91 (dd, 2H, I=15.7
Hz), 7.59 (m, 4H), 7.54-7.43 (m, 8H), 7.32 (m, 2H), 7.10 (t,
2H, J=8 Hz), 6.37 (d, 2H, J=7 Hz).

[0148] In addition, a dilute solution of the compound in
toluene having a concentration of 1x10™> mol/l was prepared,
and the emission spectrum of the solution was measured with
a fluorescence spectrophotometer F-4500 manufactured by
Hitachi, Ltd. The emission of blue light having good color
purity and a narrow half width was observed; the light had a
maximum luminous wavelength of 447 nm and a half width
of 70 nm.

Example 7

Synthesis of Exemplified Compound No. A-55

[0149] Exemplified Compound No. A-55 can be synthe-
sized in the same manner as in Example 1 except that bro-
mopyrene is used instead of 2-i0do-9,9-dimethylfluorene of
Example 1.
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Example 8
Synthesis of Exemplified Compound No. A-56
[0150] Exemplified Compound No. A-56 can be synthe-

sized in the same manner as in Example 1 except that 7-ter-
tiary butyl-bromopyrene is used instead of 2-iodo-9,9-dim-
ethylfluorene of Example 1.
Example 9
Synthesis of Exemplified Compound No. A-5

[0151] Exemplified Compound No. A-2 can be synthesized
in the same manner as in Example 1 except that 2-iodo-7-
tertiary buty1-9,9-dimethylfluorene is used instead of 2-iodo-
9,9-dimethylfluorene of Example 1.

Example 10
Synthesis of Exemplified Compound No. A-44

[0152] Exemplified Compound No. A-44 can be synthe-
sized in the same manner as in Example 1 except that Com-
pound 17 is used instead of 2-iodo-9,9-dimethylfluorene of
Example 1.

Cempound 17

50

Br

Example 11

[0153] An example of a method of producing a compound
represented by the general formula (I) in which R, and R | are
different and each represent substituents other than hydrogen
atom is shown below.

R,—X

Ry —MgX
Compound 18
—_—

COOMe

CHO
Compound 6
Rp—X
0 ol Rl 27 Li
Compound 19
MeOr R, —
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Compound 20

[0154] Inthe formula, X represents a halogen atom. Com-
pound 20 thus obtained is subjected to a reaction in the same
manner as in the section (1-3) of Example 1, whereby a target
product can be obtained.

Synthesis of Exemplified Compound No. A-20

[0155] Exemplified Compound No. A-20 can be synthe-
sized by using bromobenzene and 2-iodo-9,9-dimethylfluo-
rene as Compound 18 and Compound 19 in the above reaction
formula, respectively.

Example 12
Synthesis of Exemplified Compound No. A-22

[0156] Exemplified Compound No. A-22 can be synthe-
sized in the same manner as in Example 11 except that 3-bro-
motoluene is used instead of bromobenzene of Example 11.

Example 13
Synthesis of Exemplified Compound No. A-24

[0157] Exemplified Compound No. A-24 can be synthe-
sized in the same manner as in Example 11 except that 2-bro-
mobiphenyl is used instead of bromobenzene of Example 11.

Example 14
Synthesis of Exemplified Compound No. A-27

[0158] Exemplified Compound No. A-27 can be synthe-
sized in the same manner as in Example 11 except that 1-bro-
monaphthalene is used instead of bromobenzene of Example
11.

Example 15
Synthesis of Exemplified Compound No. A-32

[0159] Exemplified Compound No. A-32 can be synthe-
sized in the same manner as in Example 11 except that 5-bro-
mophenanthrene is used instead of bromobenzene of
Example 11.

Example 16
Synthesis of Exemplified Compound No. A-35

[0160] Exemplified Compound No. A-35 can be synthe-
sized in the same manner as in Example 11 except that Com-
pound 17 is used instead of bromobenzene of Example 11.
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Example 17

[0161] A device was produced in the same manner as in
Example 2 except that Compound 21 was used instead of
Compound 15 of Example 2.

Compound 21

[0162] The device of this example was observed to emit
blue light.

Example 18
Synthesis of Exemplified Compound No. A-70

[0163] Exemplified Compound No. A-70 was synthesized
(9% synthesis yield) in the same manner as in Example 1
except that 2-bromo-9-methyl-9-trifluoromethylfluorene was
used instead of 2-iodo-9,9-dimethylfluorene of Example 1.
[0164] Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) confirmed that
the compound had an M+ of 744.2.

[0165] Inaddition, the structure of the compound was iden-
tifled by NMR measurement.

[0166] 'H NMR (CDCl,, 400 MHz) o(ppm): 8.07 (d, 2H,
J=7.6 Hz), 7.92 (m, 2H), 7.88 (m, 2H), 7.78-7.65 (m, 8H),
7.56 (m, 2H), 7.46 (m, 4H), 7.26 (m, 2H), 6.69 (m, 2H), 1.83
(s, 3H), 1.82 (s, 3H).

[0167] In addition, a dilute solution of the compound in
toluene having a concentration of 1x107> mol/l was prepared,
and the emission spectrum of the solution was measured with
a fluorescence spectrophotometer F-4500 manufactured by
Hitachi, Ltd. The emission of blue light having good color
purity and a narrow half width was observed; the light had a
maximum luminous wavelength of 448 nm and a half width
of 61 nm.

Example 19

[0168] A device was produced in the same manner as in
Example 2 except that Exemplified Compound No. A-54 was
used instead of Exemplified Compound No. A-1 of Example
2. The device of this example was observed to emit light with
an emission brightness of 130 cd/m? at an applied voltage of
4.5V, and current efficiency and power efficiency were 4.0
cd/A and 2.7 um/W, respectively. In addition, the device was
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observed to emit blue light having CIE chromaticity coordi-
nates (%, y) of (0.15, 0.13) and good color purity.

[0169] Further, a voltage was applied to the device for 100
hours under anitrogen atmosphere. As aresult, the device was
observed to emit light in a favorable manner continuously.

Example 20

[0170] A device was produced in the same manner as in
Example 2 except that Exemplified Compound No. A-70 was
used instead of Exemplified Compound No. A-1 of Example
2. The device of this example was observed to emit light with
an emission brightness of 570 e¢d/m” at an applied voltage of
4.5V, and current efficiency and power efficiency were 3.7
cd/A and 2.4 lm/W, respectively. In addition, the device was
observed to emit blue light having CIE chromaticity coordi-
nates (x, y) of (0.15, 0.09) and good color purity.

[0171] Further, a voltage was applied to the device for 100
hours under anitrogen atmosphere. As aresult, the device was
observed to emit light in a favorable manner continuously.

Example 21
Synthesis of Exemplified Compound No. A-33
[0172]

o*
s

Compound 22

B
)

@

n-BuLi

[
o,
30

O

[0173] 5.97 g(18.3 mmol) of 3-bromofluoranthene and 200
ml of diethyl ether were added to a 300 mL reaction vessel.
The solution was cooled to =78° C., and 11.6 mL (18.3 mmol)
of a solution of n-butyllithium in hexane having a concentra-
tion of 1.57 mol/L were added to the solution over 10 minutes.
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After the solution had been stirred at the temperature for 30
minutes, Compound 22 (5.15 g, 18.3 mmol) dissolved in 50
mL of diethyl ether was added to the solution in one stroke.
The solution was heated to room temperature while a cooling
bath was attached, and 100 mL of a 10% aqueous solution of
ammonium chloride were added to the suspension, followed
by extraction with ethyl acetate (100 mLxtwice). An organic
layer was collected, washed with distilled water and a satu-
rated salt solution, and dried with anhydrous MgSO,,. After
that, the solution was condensed and dried in a high vacuum,
whereby a tan solid compound was obtained.

[0174] The resultant solid compound was loaded into a 500
mL reaction vessel, and 100 mL of xylene, 1.56 g (8.19 mol)
of p-toluenesulfonic acid, and 4.17 g (27.4 mmol) of acenaph-
thylene were added to the vessel. The solution was vigorously
stirred at 150° C. for 36 hours. Xylene was removed under
reduced pressure, and 100 mL of saturated sodium bicarbon-
ate water and 100 mL of distilled water were added to the
solution, followed by extraction with chloroform (100
mLxtwice). An organic layer was collected, washed with
saturated sodium bicarbonate water, distilled water, and a
saturated salt solution, and dried with anhydrous MgSO,.
After that, the desiccant was separated by filtration. After the
filtrate was condensed, a black silica gel carrier was obtained.
The carrier was purified by means of silica gel column chro-
matography (mobile phase; chloroform:hexane=1:3 to chlo-
roform:hexane=1:1), whereby a reddish brown solid was
obtained. The solid was suspended in a small amount of
chloroform, and diethyl ether was added to the suspension to
precipitate a crystal. The crystal was taken by filtration and
purified by means of silica gel column chromatography (mo-
bile phase; chloroform:hexane=1:3 to chloroform:hexane=1:
2) again, whereby a reddish brown solid was obtained. The
solid was suspended in a small amount of chloroform, and
diethy] ether was added to the suspension, followed by filtra-
tion. After that, the resultant crystal was dried in a vacuum,
and was then subjected to sublimation purification, whereby
2.5 g (3.88 mmol, 21% yield) of Exemplified Compound No.
A-33 were obtained.

[0175] Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) confirmed that
the compound had an M+ of 644.3.

INDUSTRIAL APPLICABILITY

[0176] The compound represented by the general formula
(I) of the present invention has a high glass transition tem-
perature and high thin-film stability. Accordingly, the com-
pound can be used as a guest for the light emitting layer of an
organic light emitting device capable of emitting blue light
with high brightness and good color purity at a low applied
voltage.

[0177] 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.
[0178] This application claims the benefit of Japanese
Patent Application Nos. 2006-099896, filed Mar. 31, 2006,
and 2006-334985, filed Dec. 12, 2006, which are hereby
incorporated by reference herein in their entirety.
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1. A mono(benzo[k|fluoranthene) compound represented
by the following general formula (I):

@

where R, to R, each represent a hydrogen atom, a linear or
branched alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
provided that at least one of R, Ry, and R, and at least one of
R0, Ry;, and R, represent a substituted or unsubstituted
condensed ring aromatic group, which is tricyclic or more.

2-3. (canceled)

4. A mono(benzo[k]fluoranthene) compound according to
claim 1, wherein R, in the general formula (I) represents a
substituted or unsubstituted fluorenyl group.

5. A mono(benzo[k]fluoranthene) compound according to
claim 1, which is represented by the following general for-
mula (IT):

(n

where:

R, to R4, and Rg to R, each represent a hydrogen atom, a
linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted
heterocyclic group, provided that at least one of R,
R,;, and R, represents a substituted or unsubstituted
condensed ring aromatic group, which is tricyclic or
more;

R,, and R,, each represent a hydrogen atom, an alkyl
group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heterocyclic group, and R,
and R, may be identical to or different from each other;
and

R,; and R,, each represent a hydrogen atom, an alkyl
group, a substituted or unsubstituted aryl group, a sub-
stituted or unsubstituted heterocyclic group, a substi-
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tuted amino group, or a halogen atom; a represents an
integer of 1 to 3, and b represents an integer of 1 to 4; and
when the number of any one of R,; and R,, is two or
more,R,5’s orR,,’s may beidentical to or different from
each other.
6. A mono(benzo[k]fluoranthene) compound according to
claim 1, which is represented by the following general for-
mula (III):

8y

where:

R, to Ry, and Ry to R | each represent a hydrogen atom, a
linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted
heterocyclic group;

R,;,R,,, R,s, and R, each represent a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, or
a substituted or unsubstituted heterocyclic group, and
R,;, Ry, Rys, and R, may be identical to or different
from each other; and

R,;, Ry, R, and R, each represent a hydrogen atom, an
alkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, a sub-
stituted amino group, or a halogen atom; a and ¢ each
represent an integer of 1 to 3, and b and d each represent
an integer of 1 to 4, and, when the number of any one of
R,3, Ry4, Ror,and Rog is two or more, R557s, R, ’s, Ry, s,
and R,¢’s may be identical to or different from each
other.

7. A mono(benzo[k]fluoranthene) compound according to

claim 1, wherein R, in the general formula (I) represents a
substituted or unsubstituted fluoranthenyl group.
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8. A mono(benzo[k]fluoranthene) compound according to
claim 1, which is represented by the following general for-
mula (IV):

av)

(R30)r

where:

R, to Rg,and Rg to R, each represent a hydrogen atom, a
linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted
heterocyclic group, provided that at least one of R,
R,,, and R, represents a substituted or unsubstituted
condensed ring aromatic group, which is tricyclic or
more; and

R, and R, each represent a hydrogen atom, an alkyl
group, a substituted or unsubstituted aryl group, a sub-
stituted or unsubstituted heterocyclic group, a substi-
tuted amino group, or a halogen atom; e represents an
integer of 1 to 5, and frepresents an integer of 1 to 4; and,
when the number of any one of R,, and R,, is two or
more, R,5’s or Ry,’s may be identical to or different from
each other.

9. A mono(benzo[k]fluoranthene) compound according to

claim 1, which is represented by the following general for-
mula (V)

)
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where:

R, to R, and Ry to R, each represent a hydrogen atom, a
linear or branched alkyl group, a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted
heterocyclic group; and

R,s to Ry, each represent a hydrogen atom, an alkyl group,
a substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, a substituted amino
group, or a halogen atom; e and g each represent an
integer of 1 to 5, and f and h each represent an integer of
1 to 4; and, when the number of any one 0f R, R34, R5,,
and R, is two ormore, R,4’s, R54’s, R5,’s, or Ry, ’s may
be identical to or different from each other.

10. An organic light emitting device comprising a pair of
electrodes formed of an anode and a cathode, and an organic
compound layer interposed between the pair of electrodes,
wherein the organic compound layer contains the compound
according to claim 1.

11. An organic light emitting device according to claim 10,
wherein the organic compound layer comprises a light emit-
ting layer.

12. An organic light emitting device according to claim 10,
wherein the organic compound layer comprises a light emit-
ting layer formed of at least two kinds of compounds includ-
ing a host and a guest.

13. An organic light emitting device comprising a pair of
electrodes formed of an anode and a cathode, and an organic
compound layer, wherein the organic compound layer con-
tains a first compound having a benzo[k]fluoranthene skel-
eton and a second compound having a condensed ring aro-
matic skeleton which is tetracyclic or more, the second
compound having an energy gap larger than that of the first
compound.

14. An organic light emitting device according to claim 13,
wherein the condensed ring aromatic skeleton which is tetra-
cyclic or more comprises one of a pyrene skeleton and a
fluoranthene skeleton.
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15. An organic light emitting device according to claim 13,
wherein the first compound is mono(benzo[k]fluoranthene)
compound represented by the following general formula (I):

@

where R, to R, each represent a hydrogen atom, a linear or
branched alkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group,
provided that at least one of R, Ry, and R, and at least one of
R Ry, and R, represent a substituted or unsubstituted
condensed ring aromatic group, which is tricyclic or more.

16. An organic light emitting device according to claim 13,
wherein the first compound and the second compound have
the same condensed ring aromatic skeleton.

17. An organic light emitting device according to claim 13,
wherein the condensed ring aromatic skeleton comprises a
fluorene skeleton.

18. An organic light emitting device according to claim 10,
wherein the organic light emitting device comprises an elec-
troluminescence device that emits light by applying a voltage
between the pair of electrodes.

19. An organic light emitting device according to claim 13,
wherein the organic light emitting device comprises an elec-
troluminescence device that emits light by applying a voltage
between the pair of electrodes.

k ok ok k%
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