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BENZOINDENOCHRYSENE COMPOUND
AND ORGANIC LIGHT-EMITTING DEVICE
USING THE SAME

TECHNICAL FIELD

[0001] Thepresent invention relates to a benzoindenochry-
sene compound and an organic light-emitting device using
the same.

BACKGROUND ART

[0002] An organic light-emitting device is an electronic
device in which a thin film comprising a fluorescent organic
compound or a phosphorescent organic compound is dis-
posed and supported between an anode and a cathode. With
excitons generated from a fluorescent compound or a phos-
phorescent compound in accordance with injection of holes
and electrons to each electrode, an organic light-emitting
device emits light as the excitons relax down to a ground state.

[0003] Recently, asignificant progress has been made relat-
ing to an organic light-emitting device. The characteristic
feature includes that high luminance, a variety of emission
wavelengths and a high-speed response can be obtained at a
low voltage and also a thin and light-weight light-emitting
device can be produced. For these reason, application of an
organic light-emitting device in a broad and diverse range has
been suggested.

[0004] At a practical level, however, optical output with
more improved luminance or higher conversion efficiency is
required. In addition, there are still a lot of problems associ-
ated with durability, for example, time-dependent change due
to use for a long period of time or degradation due to atmo-
spheric gas including oxygen, moisture or the like. Further-
more, for an application in a full-color display and the like,
light emission of red, green, and blue colors with good color
purity is required, but it cannot be said that such needs are
completely met at the present moment.

[0005] To solve the problems described above, specifically
problems like emission efficiency, luminance, color purity,
durability and the like, use of various materials has been
proposed. In Japanese Patent Application Laid-Open Nos.
H10-294177 and 2005-53806, a compound having a naph-
thofluorene skeleton in which a naphthalene ring is fused with
a fluoranthene skeleton is disclosed, and its use as a guest for
a light-emitting layer which emits blue or green color is
described.

DISCLOSURE OF THE INVENTION

[0006] The present invention is to solve the problems
described above. An object of the present invention is to
provide an organic light-emitting device which has light
emission with high efficiency, high luminance and good color
purity, as well as durability.

[0007] As aresult of intensive studies to solve the problems
described above, the present inventors have accomplished the
present invention. Specifically, the benzoindenochrysene

Oct. 6, 2011

compound of the present invention is a compound that is
represented by the following general formula (1).

M

[0008] Inthe Formula (1), X, X,, X5, X4, X, X4 X5, X,
Koy Xio: Xi1s Xyg, Xy35 Xyas Xys, and X each represent,
independently of one another, a hydrogen atom, a halogen
atom, a cyano group, a nitro group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted alkoxy
group, a substituted or unsubstituted alkenyl group, a substi-
tuted or unsubstituted alkynyl group, a substituted or unsub-
stituted aralkyl group, a substituted amino group, a substi-
tuted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, or a substituted or unsub-
stituted aryloxy group.

[0009] According to the present invention, an organic light-
emitting device which has light emission with high efficiency,
high luminance and good color purity, as well as durability,
can be provided.

BRIEF DESCRIPTION OF THE DRAWING

[0010] FIG. 1 is a schematic cross-sectional view illustrat-
ing a constitution of an organic light-transmitting device
according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0011] Herein below, the present invention will be
described in detail.

[0012] First, the benzoindenochrysene compound of the
present invention will be described in detail. The benzoinde-
nochrysene compound of the present invention is represented
by the following general formula (1).

@
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[0013] In the formula (1), X,, X5, X3, X4, X5, X4, X5, X,
Xos Xy Xi1s Xp2s X35 Xpas X5, and X each represent,
independently of one another, a hydrogen atom, a halogen
atom, a cyano group, a nitro group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted alkoxy
group, a substituted or unsubstituted alkenyl group, a substi-
tuted or unsubstituted alkynyl group, a substituted or unsub-
stituted aralkyl group, a substituted amino group, a substi-
tuted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, or a substituted or unsub-
stituted aryloxy group.

[0014] As a halogen atom that is represented by X, to X,
a fluorine, a chlorine, a bromine, an iodine and the like can be
mentioned. However, the present invention is not limited
thereto.

[0015] As an example of an alkyl group that is represented
by X, to X,,, a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, an n-butyl group, an iso-butyl
group, a sec-butyl group, a tert-butyl group, an n-pentyl
group, a neopentyl group, an n-hexyl group, an n-octyl group,
an n-decyl group, an n-dodecyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
norbornyl group, an adamantyl group and the like can be
mentioned. However, the present invention is not limited
thereto.

[0016] As an example of an alkoxy group that is repre-
sented by X, to X,,, a methoxy group, an ethoxy group, a
propoxy group and the like can be mentioned. However, the
present invention is not limited thereto.

[0017] As an example of an alkenyl group that is repre-
sented by X, to X, 5, avinyl group, a propenyl group, a butenyl
group, a phenylvinyl group, a diphenylvinyl group and the
like can be mentioned. However, the present invention is not
limited thereto.

[0018] As an example of an alkynyl group that is repre-
sented by X, to X4, an ethynyl group, a propynyl group, a
butynyl group, a phenethynyl group and the like can be men-
tioned. However, the present invention is not limited thereto.
[0019] As an example of an aralkyl group that is repre-
sented by X, to X, , a benzyl group, a phenethyl group and
the like can be mentioned. However, the present invention is
not limited thereto.

[0020] As an example of a substituted amino group that is
represented by X, to X4, a dimethylamino group, a diethy-
lamino group, a dibenzylamino group, a diphenylamino
group, a ditrylamino group, a ditertiary butylamino group, a
dianisolyl amino group, a carbazolyl group and the like can be
mentioned. However, the present invention is not limited
thereto.

[0021] As an example of an aryl group that is represented
by X, to X, . a phenyl group, a naphthyl group, an azulenyl
group, an acenaphthylenyl group, an indacenyl group, a
biphenyl group, a fluorenyl group, an anthryl group, a
phenanthryl group, a pyrenyl group, a chrysenyl group, a
benzofluorenyl group, a tetraphenyl group, a naphthacenyl
group, a triphenylenyl group, a fluoranthenyl group, a pyce-
nyl group, a pentacenyl group, a perylenyl group, a benzof-
luoranthenyl group, a naphthofluoranthenyl group, a ben-
zoindeno chrysenyl group and the like can be mentioned.
However, the present invention is not limited thereto.

[0022] As an example of a heterocyclic group that is rep-
resented by X, to X,,. a thienyl group, a pyrrolyl group, a
pyridyl group, a bipyridyl group, an oxazolyl group, an oxa-
diazolyl group, a thiazolyl group, a thiadiazolyl group, a
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terthienyl group, a carbazolyl group, an acridinyl group, a
phenanthrolyl group and the like can be mentioned. However,
the present invention is not limited thereto.

[0023] As an example of an aryloxy group that is repre-
sented by X, to X4, a phenoxy group and the like can be
mentioned. However, the present invention is not limited
thereto.

[0024] As an example of a substituent which the above
described alkyl group, alkoxy group, alkenyl group. alkynyl
group, aralkyl group, aryl group, heterocyclic group and ary-
loxy group may further have, there are included an alkyl
group such as a methyl group, an ethyl group, a propyl group,
aniso-propyl group, and a tert-butyl group, an aryl group such
as a phenyl group, a naphthyl group, and a biphenyl, a het-
erocyclic group such as a thienyl group, a pyrrolyl group, and
apyridyl group, a substituted amino group such as a dimethy-
lamino group, a diethylamino group, a dibenzylamino group,
adiphenylamino group, a ditrylamino group, and a dianisolyl
amino, an alkoxy group such as a methoxy group, an ethoxy
group, and a propoxy group, an aryloxy group such as a
phenoxy group, a halogen atom such as a fluorine, a chlorine,
abromine, an iodine, a cyano group, and a nitro group. How-
ever, the present invention is not limited thereto.

[0025] The benzoindenochrysene compound that is repre-
sented by the Formula (1) is preferably a compound repre-
sented by the following Formula (2).

&)
X7

Photees
9,

[0026] IntheFormula (2),X,,, X 5, X 0, Xs0,and X,; each
represent, independently of one another, a hydrogen atom or
a substituted or unsubstituted aryl group.

[0027] As an examples of an aryl group that is represented
by X, to X,,, a phenyl group, a naphthyl group, an azulenyl
group, an acenaphthylenyl group, an indacenyl group, a
biphenyl group, a fluorenyl group, an anthryl group, a
phenanthryl group, a pyrenyl group, a chrysenyl group, a
benzofluorenyl group, a tetraphenyl group, a naphthacenyl
group, a triphenylenyl group, a fluoranthenyl group, a pyce-
nyl group, a pentacenyl group, a perylenyl group, a benzof-
luoranthenyl group, a naphthofluoranthenyl group, a ben-
zoindeno chrysenyl group and the like can be mentioned.
However, the present invention is not limited thereto.

[0028] As a substituent which the above described aryl
group may further have, there are included an alkyl group
such as a methyl group, an ethyl group, a propyl group, an
iso-propyl group, and a tert-butyl group and an aryl group
such as a phenyl group, a naphthyl group, and a biphenyl
group can be mentioned. However, the present invention is
not limited thereto.

[0029] As one way of extending the lifetime of an organic
light-emitting device, improving the emission efficiency can
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be mentioned. When the emission efficiency is improved,
since the voltage that is applied to the device for obtaining
light emission with a specific luminance can be decreased, not
only power consumption can be reduced, but also degradation
of the device due to carrier conduction can be reduced. Con-
sequently, the lifetime of the organic light-emitting device
can be extended.

[0030] As another way of extending the lifetime of an
organic light-emitting device, improving the emission quan-
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tum yield of a light-emitting material itself can be included.
Here, the present inventors measured emission quantum yield
in dilute solution of the benzoindenochrysene compound of
the present invention and naphthofluoranthene of the prior art
(dilute toluene solution with a concentration of 10~° mol/l).
As a result, data shown in Table 1 was obtained. Incidentally,
the quantum yields in Table 1 are relative quantum yield when
the quantum yield of naphthofluoranthene of the prior art is
setto 1.

TABLE 1
Relative
quantum
Compound Structural formula yield
Naphthofluoranthene O 1.00
B-1 2.22
E-25 2.32
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4
TABLE I-continued
Relative
quantum
Compound Structural formula yield
B-7 O 232
E-28 ‘ 241
[0031] Asshown in Table 1, the emission quantum yieldof ~ emission efficiency of an organic light-emitting device can be

the benzoindenochrysene compound of the present invention
is higher than that of naphthofluoranthene of the prior art.
Therefore, by using the benzoindenochrysene of the present
invention as a guest for a light-emitting layer, for example, the

improved.

[0032] Meanwhile, emission maximum wavelengths for
the benzoindenochrysene compounds of the present inven-
tion are shown in Table 2.

TABLE 2
Emission
maximum
Compound Structural formula wavelength
Naphthofluoranthene 420 nm

\ 4
QQ‘
\J
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TABLE 2-continued

Emission
maximum

Compound Structural formula wavelength

Benzo [k] 410 nm
fluoranthene

B-1 430 nm
E-30 443 nm
E-34 445 nm
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[0033] The benzoindenochrysene compounds shown in
Table 2 are representative examples. With respect to the ben-
zoindenochrysene compound of the present invention, the
emission maximum wavelength is 430 nm even for those
having a short wavelength. By further introducing a substitu-
ent group, shift to a longer wavelength can be achieved. Since
the emission maximum wavelength which is suitable for a
blue light-emitting material is within the range of 440 nm to
480 nm, in terms of the use as a blue light-emitting material,
it is sufficient to increase the emission maximum wavelength
by about 10 nm or less. In this case, the increase of the
emission maximum wavelength by about 10 nm can be
achieved by introduction of a substituent group having a
relatively small size, for example, an aryl group including a
naphthyl group and the like.

[0034] Meanwhile, since the emission maximum wave-
lengths of benzofluoranthene and naphthofluoranthene,
which are analogous compounds, are 410 nm and 420 nm,
respectively, if it is desired to use them as blue light-emitting
materials, the emission maximum wavelength needs to be
increased by about 30 nm at the maximum. In this case, in
order to increase the emission maximum wavelength by about
30 nm or so, since a substituent group having relatively nar-
row energy gap needs to be introduced, the types of the
substituent groups which can be introduced are limited.

[0035] The benzoindenochrysene compound of the present
invention preferably consists of hydrocarbon only. This is
because, when the compound itself consists of hydrocarbon
only, purification is easier as compared to a compound con-
taining a heteroatom. The reason for easier purification
includes that, in general a molecule containing a heterocycle
or a heteroatom is highly polar because of having a lone pair
of electrons and may easily incorporate ionic impurities as
compared to a molecule consisting of hydrocarbon only. It
has been known that when an impurity is incorporated into a
material which constitutes an organic light-emitting device,
the performance of the device is significantly impaired due to
the presence of such an impurity. For such reasons, in terms of
ause as a light-emitting material in particular, it is preferable
that the compound concerned consists only of hydrocarbon
which hardly incorporates any impurity. Furthermore, since
the electron-donating property or electron-withdrawing prop-
erty of a heterocyclic group or a heteroatom is stronger than
that of hydrocarbon, the energy value or energy gap of
HOMO-LUMO of the molecule is significantly large or
small. Meanwhile, the energy level (HOMO, LUMO) of a
compound consisting of hydrocarbon only can be varied sym-
metrically depending on the conjugation length of the mol-
ecule, and therefore it is also advantageous in that a com-
pound having desired energy level and energy gap can be
easily designed.

[0036] Molecular designing and creation of the benzoinde-
nochrysene compound of the present invention were accom-
plished in view of the aspects described above.

[0037] Next, a method for synthesizing the benzoindeno-
chrysene compound of the present invention will be
described. The benzoindenochrysene compounds that are
represented by the Formula (1) and the Formula (2) are syn-
thesized according to Scheme 1 to 4 shown below.
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(1) Diketonization of Chrysene Derivative

[0038]

Scheme 1

(2) Formation of Cyclopentadienone in Chrysene Derivative

[0039]

Scheme 2
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-continued

(3) Formation of Benzoindenochrysene Skeleton

[0040]

Scheme 3

toluene

Xas5 Xo4

Oct. 6, 2011

(4) Bromination of Benzoindenochrysene Derivative, Suzuki
Coupling Reaction

[0041]

Scheme 4

BTMA—Br;

ZnCl;
CH:>Cls

O
/
X33—B

0]

Pd(PPhs3)y
toluene
EtOH
NayCOsaq

[0042] In Scheme 1, by appropriately selecting a chrysene
derivative as a raw material, desired substituent groups can be
introduced into X,, to Xj;.

[0043] In Scheme 2, by appropriately selecting an acetone
derivative, it is possible to introduce desired substituent
groups to X5, and X55. In this regard, when the substituent
groups of X, and X, ; are aryl groups, that is, X, and X, in
the Formula (2) are aryl groups, a structure in which the aryl
group as a substituent group is orthogonal to the benzoinde-
nochrysene skeleton as a main skeleton is formed. This is
suggested when structure optimization is carried out based on
molecular orbital calculation and it may be attributable to
steric repulsion between hydrogen atoms of the benzoinde-
nochrysene skeleton and the aryl group. Thus, by having the
substituent group which is orthogonal to the main skeleton,
concentration quenching caused by association among mol-
ecules, etc. is inhibited and as a result, doping at high con-
centration can be achieved.
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[0044] In Scheme 3, by appropriately selecting an anthra-
nilic acid derivative, it is possible to introduce desired sub-
stituent groups to X,, to X,,. Specifically, according to
Scheme 3, various substituent groups can be introduced into
X,g and X, in the Formula (2). Furthermore, by using an
anthranilic acid derivative in which any one of X5 and X is
a halogen atom, a halogen atom can be introduced to any one
of X, ¢ and X, in the Formula (2). When any one of X, and
X, inthe Formula (2) is a halogen atom, a substituent group
can be easily introduced via Suzuki coupling reaction to a
position at which substitution with the halogen atom is car-
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ried out, and as a result, various compounds can be synthe-
sized. In addition, based on Suzuki coupling reaction, when a
substituent group is introduced to any one of X, s and X, in
the Formula (2), desired physical properties such as improved
emission efficiency and inhibited concentration quenching
can be obtained depending on the type of a boronic acid
derivative that is selected.

[0045] Furthermore, when a substituent group is intro-
duced to any one of X, and X, in the Formula (2), emission
maximum wavelength can be increased relatively signifi-
cantly. Specific examples are shown in the following Table 3.

TABLE 3

Emission maximum

Compound Structural formula wavelength
B-1 430 nm
E-25 435 nm
E-13 438 nm
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[0046] The compound E-25, in which a naphthyl group is
introduced to X,, position of the compound B-1 of the For-
mula (2), has a wavelength that is increased by about 5 nm as
compared to the compound B-1. On the other hand, when a
phenyl group, which has narrower energy gap as compared to
a naphthyl group, is introduced to X4 position of the com-
pound B-1 of the Formula (2), the wavelength is increased by
8 nm. Thus, by introducing a substituent group to any one of
X, gand X ; of the Formula (2), the emission maximum wave-
length can be increased more largely as compared to a case in
which the introduction is made to X, position. Thus, when it
is intended to increase wavelength more largely, it is prefer-
able that a substituent group is introduced into any one of X
and X, ; of the Formula (2).

[0047] Meanwhile, in Scheme 3, when X, is a hydrogen
atom, a substituent group can be further introduced into X,
position by following the method shown in Scheme 4. Spe-
cifically, by appropriately selecting a boronic acid derivative,
it is possible to introduce a substituent group that is repre-
sented by X5 to X,, ofthe Formula (2). In this case, since the
halogenation reaction shown in Scheme 4 has regioselectiv-
ity, a difficult purification process such as removal of posi-
tional substituent group is not required. In addition, by react-
ing the benzoindenochrysene compound in which a halogen
atom has been introduced by the halogenation reaction with
various boronic acid derivatives using Suzuki coupling reac-

Compound A-1

0
s
S

Compound A-3

Ni
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tion, various compounds can be easily synthesized. Further-
more, when a substituent group is introduced into X,; of the
Formula (2), desired physical properties such as improved
emission efficiency and inhibited concentration quenching
can be obtained depending on the type of the substituent
group.

[0048] Furthermore, when an aryl group is introduced into
X,, of the Formula (2), the plane of the main skeleton (ben-
zoindenochrysene skeleton) and the plane of the substituent
group (aryl group) do not exist on the same plane. This is
suggested when structure optimization is carried out based on
molecular orbital calculation and it may be attributable to
steric repulsion between hydrogen atoms in the benzoinde-
nochrysene skeleton and the aryl group. Consequently,
molecular association among the chrysene moieties that are
relatively highly planar is inhibited, and as a result, the com-
pound becomes a material which is even more difficult to be
subjected to concentration quenching.

[0049] By following Scheme 1 to Scheme 4 described
above, the benzoindenochrysene compound of the present
invention can be synthesized. However, the above Scheme 1
to Scheme 4 are only one of specific examples of the synthetic
method, and the present invention is not limited thereto.
[0050] Herein below, specific examples of the benzoinde-
nochrysene compound of the present invention are enumer-
ated. However, the present invention is not limited thereto.

Compound A-2
Compound A-4

0 ] '
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-continued
Compound A-5 Compound A-6

O,

Compound A-7 Compound A-8

Compound A-9 Compound A-10

Compound A-11 Compound A-12
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Compound A-13 Compound A-14
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Compound A-17 Compound A-18

Compound A-19 Compound A-20
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-continued

Compound B-7 Compound B-8

Compound B-9 Compound B-10
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-continued
Compound B-11 Compound B-12

Compound C-1 Compound C-2

Compound C-3 Compound C-4
Compound C-5 Compound C-6
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Compound C-11 Compound C-12
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Compound D-3 Compound D-4
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-continued
Compound E-43

Compound E-45

Compound E-47 Compound E-48
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Compound E-60

Compound E-62

Compound E-64
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-continued

Compound E-65

Compound E-66

Compound E-67

[0051] Next, the organic light-emitting device of the
present invention will be described in detail.

[0052] The organic light-emitting device of the present
invention includes an anode and a cathode, and an organic
compound layer that is disposed between the anode and the
cathode.

[0053] The organic compound layer that is provided
between the anode and the cathode of the organic light-emit-
ting device may be either a single layer or a plurality of layers.
[0054] As a specific example of layer constitution, a first
layer constitution is a constitution in which a substrate, an
anode, a light-emitting layer and a cathode are stacked in the
mentioned order.

[0055] A second layer constitution is a constitution in
which a substrate, an anode, a hole transport layer, an electron
transport layer, and a cathode are stacked in the mentioned
order. A case in which a light-emitting layer is a hole transport
layer and an electron transport layer is also included. In this
case, light emission occurs at an interface of the two layers.
[0056] A third layer constitution is a constitution in which
a substrate, an anode, a hole transport layer, a light-emitting
layer, an electron transport layer and a cathode are stacked in
the mentioned order.

[0057] As an example of the organic light-emitting device,
the third layer constitution is shown in FIG. 1. FIG. 1 illus-
trates an organic light-emitting device 30. In the figure, ref-
erence numeral 1 denotes a substrate such as a glass plate, 2
denotes an anode, 5 denotes a hole transport layer, 3 denotes
a light-emitting layer, 6 denotes an electron transport layer,

Compound E-68

and 4 denotes a cathode. The anode 2 is, for example, a
reflection side electrode and is formed of a reflective member
or a transparent electrode having a reflective member. In the
case where the anode 2 is a reflection side electrode, the
cathode 4 is, for example, a light extracting electrode. In this
case, the cathode is a light-transmissive electrode such as
ITO.

[0058] Thebenzoindenochrysene compound of the present
invention can be contained in any one of the layers that are
provided in the layer constitutions described above.

[0059] The constitution of an organic light-emitting device
which uses the benzoindenochrysene compound of the
present invention is not limited to those described above. For
example, other various layer constitutions are available and a
constitution in which an insulating layer, an adhesive layer or
an interfering layer is provided at an interface between an
electrode and an organic compound layer, a constitution in
which a hole transport layer consists of two layers having
different ionization potentials, a constitution in which an
light-emitting layer has a stacked structure with at least two
layers, etc. can be mentioned.

[0060] Thebenzoindenochrysene compound of the present
invention which is contained in one layer may be a single
species or a plurality of species.

[0061] Among the layers that are included in the specific
layer constitutions described above, the benzoindenochry-
sene compound of the present invention is preferably con-
tained in any one layer of a light-emitting layer, a hole trans-



US 2011/0240982 Al

port layer and an electron transport layer. More preferably, it
is contained in a light-emitting layer.

[0062] When the benzoindenochrysene compound of the
present invention is contained in a light-emitting layer, it is
possible that the light-emitting layer consists of only the
benzoindenochrysene compound of the present invention.
However, preferably, it consists of 2 host and a guest. Herein,
the guest 1s a compound which is responsible for major light
emission in a light-emitting layer. The host is a compound
which is present as a matrix around a guest in a light-emitting
layer, and it is mainly responsible for carrier transport and
supply of excitation energy to a guest. When a light-emitting
layer consists of a host and a guest, the benzoindenochrysene
compound of the present invention is preferably used as a
guest. As a result, the emission efficiency of the organic
light-emitting device is improved and light emission with
high luminance can be maintained for a long period of time.
[0063] Incidentally, use of the benzoindenochrysene com-
pound of the present invention is not limited to a material for
constituting alight-emitting layer. For example, it can be used
as a constitutional material for a hole transport layer, an
electron transport layer, a hole blocking layer, an electron
blocking layer, a hole injection layer, an electron injection
layer and the like.

[0064] The organic light-emitting device of the present
invention uses the benzoindenochrysene compound of the
present invention as a constitution material of a light-emitting
layer, in particular. However, if necessary, a low molecular
weight type and a polymer type hole transport compound,
light-emitting compound, electron transport compound and
the like that are hitherto known in the field can be also used

together.

[0065] Herein below, examples of such compounds are
given.

[0066] As for a hole injection transport material, a material

which is suitable for easy hole injection from an anode and
has a high hole transporting property to transport the injected
hole to a light-emitting layer is preferable. Examples of a low
molecular weight type and a polymer type material having a
hole injection transporting property include, but not limited
to, a triarylamine derivative, a phenylene diamine derivative,
a stilbene derivative, a phthalocyanin derivative, a porphyrin
derivative, poly(vinylcarbazole), poly(thiophene) and other
conductive polymers.

[0067] As for a light-emitting material mainly associated
with light-emitting function, in addition to the benzoindeno-
chrysene compound of the present invention, a fused ring
compound (for example, a fluorene derivative, a pyrene
derivative, a tetracene derivative, 9,10-diphenylanthracene
derivative, lubrene and the like), a quinacridone derivative, a
coumarine derivative, a stilbene derivative, an organoalumi-
num complex such as tris(8-quinolinolate)aluminum, an
organoberyllium complex, and a polymer derivative such as a
poly(phenylenevinylene) derivative, a poly(fluorene) deriva-
tive, and a poly(phenylene) derivative can be mentioned, but
not limited thereto.

[0068] As for an electron injection transport material, any
one that is suitable for easy electron injection from a cathode
and can transport the injected electron to a light-emitting
layer can be selected, and it is selected in consideration of
balance with carrier transporting property of a hole transport
material, etc. Examples of a material having an electron injec-
tion transporting property include, but not limited to, an oxa-
diazole derivative, an oxazole derivative, a pyrazine deriva-
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tive, a triazole derivative, a triazine derivative, a quinoline
derivative, a quinoxaline derivative, a phenanthroline deriva-
tive, an organoaluminum complex and the like.

[0069] As foramaterial constituting an anode, those having
as large a work function as possible are preferred. Examples
thereof include a metal element such as gold, platinum, silver,
copper, nickel, palladium, cobalt, selenium, vanadium, and
tungsten, or alloys of these elements, or a metal oxide such as
tin oxide, zinc oxide, indium oxide, indium tin oxide (ITO),
and zinc indium oxide. In addition, a conductive polymer
such as polyaniline, polypyrrole, and polythiophene can be
also used. These electrode materials can be used alone or in
combination of two or more. In addition, the anode may
consist of one layer or a plurality of layers.

[0070] As for a material constituting a cathode, those hav-
ing as small a work function as possible are preferred.
Examples thereof include an alkali metal such as lithium, an
alkali earth metal such as calcium, and an elemental metal
such as aluminum, titanium, manganese, silver, lead, and
chromium. An alloy combining these metal elements can be
also used. For example, magnesium-silver, aluminum-
lithium, aluminum-magnesium and the like can be used. A
metal oxide such as indium tin oxide (ITO) can be also used.
These electrode materials can be used alone or in combina-
tion of two or more. In addition, the cathode may consist of
one layer or a plurality of layers.

[0071] The substrate used in the organic light-emitting
device of the present invention is not particularly limited, but
an opaque substrate such as a metal substrate, and a ceramic
substrate or a transparent substrate such as glass, quartz, and
a plastic sheet can be used. In addition, a color filter film, a
fluorescent color conversion filter film, a dielectric reflection
film and the like can be used for the substrate to control the
emitted light.

[0072] Incidentally, the produced device may be provided
with a protective layer or an encapsulating layer for the pur-
pose of preventing the device from contacting oxygen or
moisture, and the like, for example. Examples of the protec-
tive layer include a diamond thin film, an inorganic material
film made of, for example, a metal oxide or a metal nitride, a
polymer film such as fluororesin, polyethylene, silicone resin,
or polystyrene resin, and a photocurable resin and the like. In
addition, the device may be covered with glass, a gas impet-
meable film, a metal, or the like, and the device itself can be
packaged with an appropriate encapsulating resin.

[0073] It is also possible to make a thin film transistor
(TFT) on a substrate and produce the organic light-emitting
device of the present invention so as to be connected thereto.
[0074] Inaddition, withregard to the direction of extracting
light from the device, both a bottom emission configuration
(i.e., a configuration in which light is extracted from a sub-
strate side) and a top emission configuration (i.e., a configu-
ration in which light is extracted from the side opposite to the
substrate side) are available.

[0075] With respect to the organic light-emitting device of
the present invention, an organic compound layer including a
layer which contains the benzoindenochrysene compound of
the present invention is formed by the processes described
below. In general, a thin film is formed by a vacuum evapo-
ration process, an ionized evaporation process, a sputtering
process, or a plasma process, or by dissolving a film material
in an appropriate solvent and subjecting the solution to a
known application method (such as a spin coating process, a
dipping process, a casting process, an LB process, or an ink
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jet process). In this case, when a layer is formed by a vacuum
evaporation process or by a solution coating process, crystal-
lization and the like hardly occurs and the stability over time
is excellent. Furthermore, when a film is formed by the coat-
ing method, a film may be formed by additionally using an
appropriate binder resin.

[0076] Examples of the binder resin include, but are not
limited to, a polyvinyl carbazole resin, a polycarbonate resin,
a polyester resin, an ABS resin, an acrylic resin, a polyimide
resin, a phenol resin, an epoxy resin, a silicone resin, a urea
resin and the like. Furthermore, these binder resins are used in
the form of a homopolymer or a copolymer. Moreover, they
can be used alone or in combination of two or more. Still
furthermore, if required, a known additive such as a plasti-
cizer, an antioxidant, and a UV absorber may be used in
combination with the binder resin.

EXAMPLES
[0077] Herein below, the present invention will be

described more specifically by way of Examples. However,
the present invention is not limited to these Examples.

Example 1

Synthesis of Exemplified Compound B-1
[0078]

0
Q O

. EtOH
Q O

KOHaq

Compound 2
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(1) Synthesis of Compound 2

Compound B-1

[0079] The following reagents and solvent were placedina
reaction vessel.

[0080] Chrysene: 20.0 g (87.6 mmol)

[0081] Aluminum chloride: 46.7 g (350 mmol)

[0082] Dichloromethane: 400 mL

[0083] Next, after establishing a nitrogen atmosphere in the

reaction vessel, the reaction solution was cooled to =78° C.
and 55.6 g (438 mmol) of oxalyl chloride was added dropwise
thereto with stirring at that temperature. Then, while main-
taining the liquid temperature at —=78° C., the reaction solution
was stirred for 30 minutes and warmed to room temperature
over 2 hours. Next, the reaction solution was poured into 4 L
of ice water with stirring and a resulting solid was separated
by filtration. Then, the solid was dispersed and washed with
100 mL of methanol. After washing, the solid was vacuum
dried with heating to give 21.5 g (yield: 87%) of Compound
2.

(2) Synthesis of Compound 3

[0084] The following reagents and solvent were placed ina
reaction vessel.

[0085] Compound 2: 2 g (7.1 mmol)

[0086] 1.3-Diphenylpropan-2-one: 1.5 g (7.1 mmol)
[0087] Ethanol: 100 mL

[0088] Next, 25 mL of 2M aqueous potassium hydroxide

solution was added dropwise to the reaction solution. Then,
after heating the reaction solution to 75° C., the reaction
solution was stirred for 2 hours at that temperature. Subse-
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quently, the precipitate formed when cooling the reaction
solution was filtered. The precipitate was washed with etha-
nol and water sequentially, and dried to give 3.2 g (7.1 mmol)
of Compound 3.

(3) Synthesis of Exemplified Compound B-1

[0089] The following reagents and solvent were placed in a
reaction vessel.

[0090] Compound 3: 3 g (6.6 mmol)

[0091] Toluene: 300 mL

[0092] Anthranillic acid: 950 mg (6.9 mmol)

[0093] Isoamyl nitrite: 850 pl (6.9 mmol)

[0094] Next, the reaction solution was heated to 85° C. and
stirred for 5 hours at that temperature. Then, after cooling the
reaction solution, liquid-liquid separation was carried out
with 1M aqueous hydrochloric acid solution, aqueous sodium
hydrocarbonate solution, and aqueous sodium chloride solu-
tion sequentially and the organic layer was recovered. After
drying the organic layer over sodium sulfate, the solvent was

BTMA—Br;

_ mCy
T CHCL

Compound B-1

0

\

B
)
O O

Compound 5

1
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evaporated under reduced pressure to give a crude product.
The crude product was purified with column chromatography
(chromatography gel: BW300 (trade name; manufactured by
FUIl SILYSIA CHEMICAL LTD.); developing solvent:
toluene), and recrystallized from toluene to give 2.7 g (3
mmol) of Exemplified Compound B-1 (yield: 80.0%).
[0095] Twenty four protons were assigned according to
'H-NMR. *H-NMR (CDCl): & (ppm)=8.57 (d, 1H), 8.43
ppm (d, 1H), 8.03 ppm (d, 1H), 7.95-7.90 ppm (m, 2H),
7.87-7.80 ppm (m, 4H), 7.78 ppm (1, 1H), 7.72-7.54 ppm (m,
10H), 7.50 ppm (t, 1H), 7.47-7.40 ppm (m, 2H), 6.73 ppm (d,
1H)

[0096] From MALDI-TOF MS (Matrix Assisted Ioniza-
tion-Time of Flight Mass Spectrometry), a peak of m/z=504
was obtained, and Exemplified Compound B-1 was identi-
fied.

Example 2

[0097] Synthesis of Exemplified Compound E-32

BH
o]

Ni(dppp)2

NEtg
Q toluene

Compound 4

()
O"O
oS

Compound 4
Pd(PPh3)4

toluene
EtOH
Na,COsaq
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(1) Synthesis of Compound 4

[0098] The following reagents and solvent were placed ina
reaction vessel.

[0099] Compound B-1: 1 g (2.0 mmol)

[0100] BTMA-Br,: 0.73 g (2.0 mmol)

[0101] Zinc chloride: 0.3 g (2.2 mmol)

[0102] Methylene chloride: 80 mL

[0103] Next, the reaction solution was stirred at room tem-

perature for 10 hours. Next, after adding aqueous sodium
sulfite solution, liquid-liquid separation with water was car-
ried out and the organic layer was recovered. After drying the
organic layer over sodium sulfate, the solvent was evaporated
under reduced pressure to give a crude product. The crude
product was recrystallized from toluene to give 1.1 gof Com-
pound 4 (yield: 95.0%).

(2) Synthesis of Compound 5

[0104] The following reagent and solvent were placed in a
reaction vessel.

[0105] Compound 4: 0.5 g (0.86 mmol)

[0106] Toluene: 25 mL

[0107] Next, after introducing nitrogen gas into the reaction

vessel and replacing the inside atmosphere of the reaction
system with nitrogen atmosphere, the following reagents
were further added.

[0108] 4.4,5,5-Tetramethyl-[1,3,2]dioxaborolane: 350 pl
(2.6 mmol)

[0109] Ni(dppp) Cl,: 70 mg (0.13 mmol)

[0110] Triethylamine: 10 mL (4.0 mmol)

[0111] Next, the reaction solution was heated to 105° C.

and stirred for 8 hours at that temperature. Then, after cooling
the reaction solution, liquid-liquid separation with water was
carried out and the organic layer was recovered. After drying
the organic layer over sodium sulfate, the solvent was evapo-
rated under reduced pressure to give a crude product. The
crude product was purified with column chromatography
(chromatography gel: BW300 (trade name; manufactured by
FUII SILYSIA CHEMICAL LTD.); developing solvent: hep-

Compound E-32

tane/toluene=1/4). and recrystallized from toluene to give
0.23 g of Compound 5 (yield: 41.3%).

(3) Synthesis of Exemplified Compound E-32

[0112] The following reagents and solvents were placed in
a reaction vessel.

[0113] Compound 4: 102 mg (0.17 mmol)

[0114] Compound 5: 100 mg (0.16 mmol)

[0115] Toluene: 10 mL

[0116] Ethanol: 5 mL

[0117] 2M Aqueous sodium carbonate solution: 10 mL
[0118] Next, after introducing nitrogen gas into the reaction

vessel and replacing the inside atmosphere of the reaction
system with nitrogen atmosphere, 8 mg of Pd(PPh;), was
added. Next, the reaction solution was heated to 75° C. and
stirred for 6 hours at that temperature. After cooling the
reaction solution, liquid-liquid separation with water was
carried out and the organic layer was recovered. After drying
the organic layer over sodium sulfate, the solvent was evapo-
rated under reduced pressure to give a crude product. The
crude product was purified with column chromatography
(chromatography gel: BW300 (trade name; manufactured by
FUIISILYSIA CHEMICAL LTD.); developing solvent: hep-
tane/toluene=1/4), and recrystallized from toluene to give 90
g (0.14 mmol) of Exemplified Compound E-32 (yield:
69.4%).

[0119] Twenty four protons were assigned according to
"H-NMR. 'H-NMR (CDCL,): d (ppm)=8.77 (s, 2H), 8.42
ppm (d, 2H), 8.18 ppm (d, 2H), 8.01 ppm (s, 2H), 7.95-7.87
ppm (m, 6H), 7.87-7.76 ppm (m, 6H), 7.76-7.64 ppm (m,
12H), 7.61 ppm (t, 2H), 7.53-7.45 ppm (m, 8H), 7.35 ppm (1,
2H), 6.78 ppm (d, 2H))

[0120] From MALDI-TOF MS (Matrix Assisted Ioniza-
tion-Time of Flight Mass Spectrometry), a peak of m/z=1007
was obtained, and Exemplified Compound E-32 was identi-
fied.
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Example 3

Synthesis of Exemplified Compound E-28
[0121]
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[0122] The following reagents and solvents were placed in
a reaction vessel.

[0123] Compound 4: 120 mg (0.21 mmol)

[0124] 3-Fluoranthenyl boronic acid: 36 mg

[0125] Toluene: 10 mL

[0126] Ethanol: 5 mL

[0127] 2M Aqueous sodium carbonate solution: 10 mL
[0128] Next, after introducing nitrogen gas into thereaction
vessel and replacing the inside atmosphere of the reaction
system with nitrogen atmosphere, 8 mg of Pd(PPh;), was
further added.

[0129] Next, the reaction solution was heated to 75° C. and
stirred for 6 hours at that temperature. After cooling the
reaction solution, liquid-liquid separation with water was
carried out and the organic layer was recovered. After drying

I
/

>
\

¢

the organic layer over sodium sulfate, the solvent was evapo-
rated under reduced pressure to give a crude product. The
crude product was purified with column chromatography
(chromatography gel: BW300 (trade name; manufactured by
FUJI SILYSIA CHEMICAL LTD.), developing solvent: hep-
tane/toluene=1/4). and recrystallized from toluene to give 90
g (0.14 mmol) of Exemplified Compound E-28 (yield:
69.4%).

[0130] Twenty four protons were assigned according to
'H-NMR. 'H-NMR (CDCL): § (ppm)=8.70 (s, 1H), 8.42
ppm (d, 1H), 8.18 ppm (d, 1H), 8.12 ppm (s, 1H), 8.05-7.93
ppm (m, 4H), 7.93-7.86 ppm (m, 3H), 7.86-7.61 ppm (m,
12H), 7.53-7.40 ppm (m, 8H), 6.78 ppm (d, 1H)

[0131] From MALDI-TOF MS (Matrix Assisted Ioniza-
tion-Time of Flight Mass Spectrometry), a peak of m/z=630
was obtained, and Exemplified compound E-28 was identi-
fied.
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Example 4

Synthesis of Exemplified Compound E-13

[0132]

Compound 3

Compound 6

toluene

_ Pd(PPhyy
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Compound E-13
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(1) Synthesis of Compound 6

[0133] The following reagents and solvent were placedina
reaction vessel.

[0134] Compound 3: 4 g (8.8 mmol)

[0135] Toluene: 400 mL

[0136] 4-Bromoanthranillic acid: 1890 mg (8.8 mmol)
[0137] Isoamyl nitrite: 1030 mg (8.8 mmol)

[0138] Next, the reaction solution was heated to 85° C. and
stirred for 4 hours at that temperature. After cooling the
reaction solution, liquid-liquid separation was carried out
with 1M aqueous hydrochloric acid solution, aqueous sodium
hydrogen carbonate solution, and aqueous sodium chloride
solution sequentially and the organic layer was recovered.
After drying the organic layer over sodium sulfate, the solvent
was evaporated under reduced pressure to give a crude prod-
uct. The crude product was purified with column chromatog-
raphy (chromatography gel: BW300 (trade name; manufac-
tured by FUII SILYSIA CHEMICAL LTD.); developing
solvent: toluene), and recrystallized from toluene to give 3.1
2 (5.3 mmol) of Compound 6 (yield: 60.2%).

[0139] From MALDI-TOF MS (Matrix Assisted loniza-
tion-Time of Flight Mass Spectrometry), a peak of m/z=584
was obtained, and Compound 6 was identified.

(2) Synthesis of Exemplified Compound E-13

[0140] The following reagents and solvents were placed in
a reaction vessel.

[0141] Compound 6: 500 mg (0.86 mmol)

[0142] Phenyl boronic acid: 125 mg (1.03 mmol)
[0143] Toluene: 30 mL

[0144] Ethanol: 15 mL

[0145] 2M Aqueous sodium carbonate solution: 30 mL

[0146] Next, after replacing the inside atmosphere of the
reaction system with nitrogen atmosphere, 50 mg of
Pd(PPh,), was added. Then, the reaction solution was heated
to 85° C. and stirred for 6 hours at that temperature. After
cooling the reaction solution, liquid-liquid separation with
water was carried out and the organic layer was recovered.
After drying the organic layer over sodium sulfate, the solvent
was evaporated under reduced pressure to give a crude prod-
uct. The crude product was purified with column chromatog-
raphy (chromatography gel: BW300 (trade name; manufac-
tured by FUIJI SILYSIA CHEMICAL LTD.); developing
solvent: heptane/toluene=1/4), and recrystallized from tolu-
ene to give 441 g (0.76 mmol) of Compound E-13 (yield:
88.3%).

[0147] Twenty four protons were assigned according to
'H-NMR. '"H-NMR (CDCL,): 8 (ppm)=8.59 (d, 1H), 8.45
ppm (d, 1H), 8.03 ppm (d, 1H), 7.97-7.91 ppm (m, 2H),
7.90-7.82 ppm (m, SH), 7.76-7.54 ppm (m, 13H), 7.51 ppm (t,
1H), 7.45-7.37 ppm (m, 2H), 7.37-7.31 (m, 1H), 6.75 ppm1 (d,
1H)

[0148] From MALDI-TOF MS (Matrix Assisted Ioniza-
tion-Time of Flight Mass Spectrometry), a peak of m/z=581
was obtained, and Exemplified Compound E-13 was identi-
fied.
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Example 5

[0149] Anorganiclight-emitting device having a layer con-
stitution as described in the third layer constitution above and
shown in FIG. 1 was produced according to the following
method.

[0150] By forming anindium tin oxide (ITO) film ona glass
substrate using a sputtering method, an anode was formed.
The film thickness of the anode 2 was 120 nm. Next, the
substrate on which the ITO electrode has been formed was
ultrasonically cleaned sequentially with acetone and isopro-
pyl alcohol (IPA), and then washed with boiled IPA. After
drying, the substrate was cleaned with UV/ozone. The sub-
strate treated according to the method described above was
used as a transparent conductive support substrate.

[0151] Next, Compound 7 shown below and chloroform
were mixed with each other to prepare a chloroform solution
having 0.1 weight% concentration. Then, to the anode, the
chloroform solution obtained above was dropped and coated,
and a film was formed by a spin coating method to give a hole
transport layer. At this time, the thickness of the hole transport
layer was 20 nm.

[0152] Next, the substrate having the layers up to and
including the hole transport layer formed thereon was trans-
ferred to a vacuum chamber. After adjusting the inside pres-
sure of the vacuum chamber to 10~> Pa, with vacuum evapo-
ration based on resistive heating, continuous film formation
of an organic compound layer and an electrode layer on the
hole transport layer was carried out. Specifically, Compound
8 as a host shown below and Exemplified Compound E-28 as
a guest were co-evaporated in a weight concentration ratio of
95 1o 5 to form a light-emitting layer. At this time, the film
thickness of the light-emitting layer was 20 nm. Thereafter,
film formation of Compound 8 shown below was carried out
to form an electron transport layer. At this time, the film
thickness of the electron transport layer was 40 nm. Then, LiF
film formation was carried out to form a first metal electrode
layer. At this time, the film thickness of the first metal elec-
trode layer was 0.5 nm. Next, Al film formation was carried
out to form a second metal electrode layer. At this time, the
film thickness of the second metal electrode layer was 150
nm. As a result, an organic light-emitting device was
obtained.

Compound 7
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Compound 8

Compound 9

[0153]
light-emitting device were then measured and evaluated. Spe-

The characteristics of the thus obtained organic

cifically, the current/voltage characteristics of the device
were measured by using Pico-Amp Meter 4140B (manufac-
tured by Hewlett-Packard Development Company L.P.) and
the emission luminance of the device was measured by BM7
(manufactured by TOPCON CORPORATION). As aresult of
the measurement, it was found that the organic light-emitting
device of the present example showed blue light emission
having CIE standard colorimetric system (chromaticity coor-
dinates) of (x, y)=(0.140, 0.189) when the emission lumi-
nance was 2000 cd/m?. Furthermore, the emission efficiency
was 6.9 cd/A and the external quantum yield was 4.8%.
Moreover, when a voltage was continuously applied for 100
hours to the device in a nitrogen atmosphere, favorable light
emission was observed continuously.

Examples 6 to 14

[0154] Organic light-emitting devices were prepared by
following the same procedure as in Example 5 with the excep-
tion that the host and the guest and their mixing ratio by
weight in the light-emitting layer were changed to those
shown in Table 4 below. With the resulting devices, the evalu-
ation was carried out in the same manner as in Example 5. The
results are shown in Table 4.



US 2011/0240982 Al Oct. 6, 2011
34
TABLE 4
CIE Standard
colorimetric ~ Emission External
Light-emitting layer system officiency  quantum yield

Host Guest X y [cd/A] [%]

Example 6 Compound & E-30 0.140 0.172 7.3 5.5
(95 weight %) (5 weight %)

Example 7 Compound & E-30 0.141 0.190 7.6 5.5
(90 weight %) (10 weight %)

Example 8 Compound & E-28 0.140 0.189 6.9 4.8
(95 weight %) (5 weight %)

Example 9 Compound & E-36 0.140 0.189 6.5 4.6
(95 weight %) (5 weight %)

Example 10 Compound 8 E-36 0.141 0.215 8.1 53
(90 weight %) (10 weight %)

Example 11~ Compound 8 B-7 0.144 0.126 5.1 4.7
(95 weight %) (5 weight %)

Example 12 Compound 8 B-7 0.145 0.138 4.3 3.7
(90 weight %) (10 weight %)

Example 13 Compound 8 E-25 0.143 0.121 5.2 5.0
(95 weight %) (5 weight %)

Example 14 Compound 8 E-25 0.142 0.124 5.2 4.9
(90 weight %) (10 weight %)

[0155] As shown in Table 4 above, the organic light-emit- substituted or unsubstituted alkoxy group, a substituted or

ting devices that were prepared according to Examples 6 to 14
all exhibited blue light emission. Furthermore, when a volt-
age was continuously applied for 100 hours to each of the
devices in a nitrogen atmosphere, favorable light emission
was observed continuously.
[0156] 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.
[0157] This application claims the benefit of Japanese
Patent Application No. 2008-314391, filed Dec. 10, 2008,
which is hereby incorporated by reference herein in its
entirety.

1. A benzoindenochrysene compound represented by the
general formula (1):

M

wherein Xls XZs X35 X4s XSs X6s X7s XSs X9a X105 Xlls Xlzs
X3 Xy4, Xy5, and X ¢ each represent, independently of one
another, a hydrogen atom, a halogen atom, a cyano group, a
nitro group, a substituted or unsubstituted alkyl group, a

unsubstituted alkenyl group, a substituted or unsubstituted
alkynyl group, a substituted or unsubstituted aralkyl group, a
substituted amino group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heterocyclic group, or a
substituted or unsubstituted aryloxy group.

2. The benzoindenochrysene compound according to
claim 1, which is represented by the general formula (2):

X7

Ql l l Xig
X2

X

wherein X, X g, X, Xo,and X, each represent, indepen-
dently of one another, a hydrogen atom or a substituted or
unsubstituted aryl group.

3. An organic light-emitting device comprising;

an anode and a cathode and,

an organic compound layer disposed between the anode

and the cathode,

wherein at least one layer of the organic compound layer

comprises at least one kind of the benzoindenochrysene
compound set forth in claim 1.

4. The organic light-emitting device according to claim 3,
wherein the benzoindenochrysene compound is contained in
a light-emitting layer.

5. The organic light-emitting device according to claim 4,
wherein the light-emitting layer comprises a host and a guest
and the benzoindenochrysene compound is the guest.

LI I T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRIRBAA

KRN

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

ENEANBHEESHE  ERENRFEAEURMAMNEX. B
MAEXEBDEAR , FARAIZEERRAMPRZENENLENERE
HpZE L -—BREILENEREREEL —MHABXRTINEHRES R
EY (1) EFXIEX16GEERABRTIERT , NET , 8& , ¥

B BASABRRNERE  IRRARRHEEE , AR AKERHF
B BANSARRHRE  BRFIARANETRE KNSR , |
RBFARRHETE , RRBRBAWERE |, SBRIRBANETE

H,

EHE_BLEWANERENEINL RS

US20110240982A1 AFF(AE)A
US13/133631 BiE A
E Iy s
ERER R 4t
E Yy s

NISHIURA CHIAKI
KAMATANI JUN
TOMONO HIROYUKI

NISHIURA, CHIAKI
KAMATANI, JUN
TOMONO, HIROYUKI

HO1L51/54 C07C13/62

patsnap

2011-10-06

2009-11-27

C07C13/62 C07C25/22 C07C205/06 C07C2103/54 HO5B33/14 C09K11/06 C09K2211/1011 HO1L51

/0056 HO1L51/5036 C07D471/04 C07C2603/54 HO1L51/0057

2008314391 2008-12-10 JP

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/4371d0d1-00d0-452f-acb1-88187cbee20b
https://worldwide.espacenet.com/patent/search/family/042242745/publication/US2011240982A1?q=US2011240982A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110240982%22.PGNR.&OS=DN/20110240982&RS=DN/20110240982

