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(57) ABSTRACT

The present invention relates to a compound having a substi-
tuted anthracene ring structure and a pyridoindole ring struc-

ture, which is represented by the following general formula
(1) or the following general formula (2); and an organic
electroluminescent device having a pair of electrodes and at
least one organic layer interposed therebetween, in which the
compound having a substituted anthracene ring structure and
a pyridoindole ring structure, which is represented by the
following general formula (1) or the following general for-
mula (2), is used as a constituent material of the aforemen-
tioned at least one organic layer.
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COMPOUND HAVING A SUBSTITUTED
ANTHRACENE RING STRUCTURE AND
PYRIDOINDOLE RING STRUCTURE, AND
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a compound suit-
able for an organic electroluminescent device which is a
self-luminescent device suitable for various displaying
devices, and the device. More specifically, it relates to a
compound having a substituted anthracene ring structure and
a pyridoindole ring structure, and to an organic electrolumi-
nescent device using the compound.

BACKGROUND ART

[0002] Since organic electroluminescent devices are self-
luminescent devices, they are bright and excellent in visibility
as compared with liquid-crystalline devices and capable of
giving clear display, so that the organic electroluminescent
devices have been actively studied.

[0003] In 1987, C. W. Tang et al. of Eastman Kodak Com-
pany put an organic electroluminescent device using organic
materials into practical use by developing a device having a
multilayered structure wherein various roles are assigned to
respective materials. In particular, they formed a lamination
ofa fluorescent material capable of transporting electrons and
an organic material capable of transporting holes, so that both
charges are injected into the layer of the fluorescent material
to emit light, thereby achieving a high luminance of 1,000
cd/m? or more at a voltage of 10 V or lower (see e.g., Patent
Documents 1 and 2).

[0004] To date, many improvements have been performed
for practical utilization of the organic electroluminescent
devices, and high efficiency and durability have been
achieved by an electroluminescent device wherein an anode,
a hole-injection layer, a hole-transport layer, a light-emitting
layer, an electron-transport layer, an electron-injection layer,
and a cathode are sequentially provided on a substrate, to
further segmentalize various roles (see e.g., Non-Patent
Document 1).

[0005] Moreover, for the purpose of further improvement
of luminous efficiency, utilization of triplet exciton has been
attempted and utilization of a phosphorescent material has
been investigated (see e.g., Non-Patent Document 2).

[0006] The light-emitting layer can be also prepared by
doping a charge-transport compound, generally called a host
material, with a fluorescent material or a phosphorescent
material. As described in the above-mentioned Non-Patent
Documents 1 and 2, the choice of the organic materials in
organic electroluminescent devices remarkably affects vari-
ous properties such as efficiency and durability of the devices.
[0007] In the organic electroluminescent devices, the
charges injected from the both electrode are recombined in
the light-emitting layer to attain light emission. However,
since the mobility of holes is higher than the mobility of
electrons, a problem of reduction in efficiency caused by a
part of the holes passing through the light-emitting layer
arises. Therefore, it is required to develop an electron-trans-
port material in which the mobility of electrons is high.
[0008] A representative light-emitting material, tris(8-hy-
droxyquinoline)aluminum (hereinafter referred to as Alq,,) is
commonly used also as an electron-transport material. How-
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ever, since the mobility of electrons in the material is low and
the material has a work function of 5.6 eV, it cannot be
considered that the material has enough hole-blocking capa-
bility.

[0009] As a technique to prevent the passing of a part of
holes through the light-emitting layer and to improve prob-
ability of charge recombination in the light-emitting layer,
there is a method of inserting a hole-blocking layer. As hole-
blocking materials, there have been hitherto proposed triazole
derivatives (see e.g., Patent Document 3), bathocuproine
(hereinafter referred to as BCP), a mixed ligand complex of
aluminum (e.g., bis(2-methyl-8-qunolinolate)-4-phenylphe-
nolato aluminum (IIT) (hereinafter, referred to as BAlq)) (see
e.g., Non-Patent Document 2), and the like.

[0010] On the other hand, as an electron-transport material
excellent in hole-blocking ability, there is proposed 3-(4-
biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-triazole
(hereinafter referred to as TAZ) (see e.g., Patent Document 3).
[0011] Since TAZ has a work function as large as 6.6 eV
and thus exhibits a high hole-blocking ability, it is used as an
electron-transport hole-blocking layer to be laminated onto
the cathode side of a fluorescence-emitting layer or phospho-
rescence-emitting layer prepared by vacuum deposition,
coating or the like, and contributes to increase the efficiency
of organic electroluminescent devices (see e.g., Non-Patent
Document 3).

[0012] However, TAZ has a great problem of having low
electron-transport property, and it is necessary to prepare an
organic electroluminescent device in combination with an
electron-transport material having a higher electron-transport
performance (see e.g., Non-Patent Document 4).

[0013] Further, BCP has a work function as large as 6.7 eV
and a high hole-blocking ability, but has a low glass transition
point (Tg) which is 83° C., so that it is poor in thin-film
stability and thus it cannot be considered that it sufficiently
functions as a hole-blocking layer.

[0014] All the materials are insufficient in thin-film stabil-
ity or are insufficient in the function of blocking holes. In
order to improve device characteristics of the organic elec-
troluminescent devices, it is desired to develop an organic
compound which is excellent in electron-injection/transport
performances and hole-blocking ability and is highly stable in
thin-film state.

[0015] As acompound in which these characteristics have
been improved, a compound having an anthracene ring struc-
ture and benzimidazole ring structure is proposed (see, e.g.,
Patent Document 4).

[0016] However, although devices where such compounds
are used in electron injection layer and/or electron transport
layer are improved in luminous efficiency or the like, it is not
sufficient, and further lowering in driving voltage and
enhancing in luminous efficiency, in particular, enhancing in
current efficiency are required.
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SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0028] Objects of the present invention are to provide an
organic compound having excellent properties, which is
excellent in electron-injection/transport performances, has
hole-blocking ability and has high stability in thin-film state,
as a material for an organic electroluminescent device having
a high efficiency and a high durability, and to provide an
organic electroluminescent device having a high efficiency
and a high durability using the compound.

[0029] As physical properties that the organic compound to
be provided by the present invention is expected to have, there
may be mentioned (1) good electron-injection performance,
(2) high electron mobility, (3) excellent hole-blocking ability,
(4) good stability in thin-film state, and (5) excellent thermal
resistance. In addition, as physical properties that the organic
electroluminescent device to be provided by the present
invention is expected to have, there may be mentioned (1)
high luminous efficiency and power efficiency, (2) low light
emission initiation voltage, and (3) low practical driving volt-
age.

Means for Solving the Problems

[0030] Thus, in order to achieve the above objects, the
present inventors have designed and chemically synthesized
compounds having a substituted anthracene ring structure
and a pyridoindole ring structure, with focusing on the fact
that the pyridoindole ring structure has excellent electron-
transport performance and is excellent in thermal resistance.
The present inventors have experimentally produced various
organic electroluminescent devices using the compounds,
and have extensively performed property evaluation of the
devices. As a result, they have accomplished the present
invention.

[0031] That is, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (1) or the following general formula (2):
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(Inthe formula, Ar, and Ar, may be the same or different from
each other, wherein Ar, represents a substituted or unsubsti-
tuted aromatic hydrocarbon group, a substituted or unsubsti-
tuted aromatic heterocyclic group or a substituted or unsub-
stituted condensed polycyclic aromatic group, and Ar,
represents a substituted or unsubstituted aromatic hydrocar-
bon group or a substituted or unsubstituted condensed poly-
cyclic aromatic group; A and B may be the same or different
from each other and each represents a single bond, a substi-
tuted or unsubstituted aromatic hydrocarbon divalent group, a
substituted or unsubstituted aromatic heterocyclic divalent
group or a substituted or unsubstituted condensed polycyclic
aromatic divalent group; R | to R, may be the same or different
from one another, and each represents a hydrogen atom, a
deuterium atom, a fluorine atom, a chlorine atom, a cyano
group, a trifluioromethyl group, a linear or branched alkyl
group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group or a substituted or
unsubstituted condensed polycyclic aromatic group; Ry rep-
resents a deuterium atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group or a linear or branched
alkyl group having from 1 to 6 carbon atoms; ry represents 0
oran integer of from 1 to 8, wherein when r,, is 2 or more, two
ormore of Ry’s may be the same or different from one another
and when r is 0, it means no substitution with Rg; and each of
W, X,Y and Z represents a carbon atom or a nitrogen atom,
wherein only one of W, X, Y and Z is nitrogen atom and the
nitrogen atom in that case does not have the hydrogen atom or
substituent group of R, to R,);
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(Inthe formula, Ar;, Ar, and Ar5 may be the same or different
from one another, wherein Ar; represents a substituted or
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unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group or a substituted or
unsubstituted condensed polycyclic aromatic group, and each
of Ar, and Ar, represents a substituted or unsubstituted aro-
matic hydrocarbon group or a substituted or unsubstituted
condensed polycyclic aromatic group; C and D may be the
same or different from each other and each represents a single
bond, a substituted or unsubstituted aromatic hydrocarbon
divalent group, a substituted or unsubstituted aromatic het-
erocyclic divalent group or a substituted or unsubstituted
condensed polycyclic aromatic divalent group; R, to R, s may
be the same or different from one another and each represents
a hydrogen atom, a deuterium atom, a fluorine atom, a chlo-
rine atom, a cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic group or a
substituted or unsubstituted condensed polycyclic aromatic
group; R, ¢ represents a deuterium atom, a fluorine atom, a
chlorine atom, a cyano group, a trifluoromethyl group or a
linear or branched alkyl group having from 1 to 6 carbon
atoms; r, 4 represents 0 or an integer of from 1 to 7, wherein
when r| ¢ is 2 or more, two or more of R, ;’s may be the same
or different from one another and when r,4 is 0, it means no
substitution with R, ; and each of W, X, Y and Z represents a
carbon atom or a nitrogen atom, wherein only one of W, X, Y
and Z is nitrogen atom and the nitrogen atom in that case does
not have the hydrogen atom or substituent group of Ry toR  ,).
[0032] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (3):

[Chem. 3]
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(Inthe formula, Ar, and Ar, may be the same or different from
each other, wherein Ar, represents a substituted or unsubsti-
tuted aromatic hydrocarbon group, a substituted or unsubsti-
tuted aromatic heterocyclic group or a substituted or unsub-
stituted condensed polycyclic aromatic group, and Ar,
represents a substituted or unsubstituted aromatic hydrocar-
bon group or a substituted or unsubstituted condensed poly-
cyclic aromatic group; A and B may be the same or different
from each other and each represents a single bond, a substi-
tuted or unsubstituted aromatic hydrocarbon divalent group, a
substituted or unsubstituted aromatic heterocyclic divalent
group or a substituted or unsubstituted condensed polycyclic
aromatic divalent group; R,, to R,; may be the same or
different from one another and each represents a hydrogen
atom, a deuterium atom, a fluorine atom, a chlorine atom, a
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cyano group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group or a substituted or
unsubstituted condensed polycyclic aromatic group; R,, rep-
resents a deuterium atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group or a linear or branched
alkyl group having from 1 to 6 carbon atoms; r,, represents 0
oraninteger of from 1 to 8, wherein whenr,, is 2 or more, two
or more of R,,’s may be the same or different from one
another and when r,, is 0, it means no substitution with R,;
and each of W, X, Y and Z represents a carbon atom or a
nitrogen atom, wherein only one of W, X, Y and Z is nitrogen
atom and the nitrogen atom in that case does not have the
hydrogen atom or substituent group of R, to R,).

[0033] Inthe aforementioned general formula (3), it is pre-
ferred that each of A and B is a single bond, or A is a single
bond and B is a phenylene group.

[0034] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (3'):

[Chem. 4]

€D

(Inthe formula, Argand Ar, may be the same or different from
each other, wherein Ar represents a substituted or unsubsti-
tuted aromatic hydrocarbon group, a substituted or unsubsti-
tuted aromatic heterocyclic group or a substituted or unsub-
stituted condensed polycyclic aromatic group, and Ar,
represents a substituted or unsubstituted aromatic hydrocar-
bon group or a substituted or unsubstituted condensed poly-
cyclic aromatic group; and R, ,, R, g and R, to R,; may be the
same or different from one another and each represents a
hydrogen atom, a deuterium atom, a fluorine atom, a chlorine
atom, a cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic group or a
substituted or unsubstituted condensed polycyclic aromatic
group).

[0035] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (3"):
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[Chem. 5]

3"
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(Inthe formula, Ar, and Ar, may be the same or different from
each other, wherein Ar, represents a substituted or unsubsti-
tuted aromatic hydrocarbon group, a substituted or unsubsti-
tuted aromatic heterocyclic group or a substituted or unsub-
stituted condensed polycyclic aromatic group, and Ar,
represents a substituted or unsubstituted aromatic hydrocar-
bon group or a substituted or unsubstituted condensed poly-
cyclic aromatic group; and R |, R s and R, to R,; may be the
same or different from one another and each represents a
hydrogen atom, a deuterium atom, a fluorine atom, a chlorine
atom, a cyano group, a triflioromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic group or a
substituted or unsubstituted condensed polycyclic aromatic
group).

[0036] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (4):

[Chem. 6]
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(Inthe formula, Arg, Ary and Ar, , may be the same or different
from one another, wherein Ar, represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group or a substituted or
unsubstituted condensed polycyclic aromatic group, and each
of Ar, and Ar, , represents a substituted or unsubstituted aro-
matic hydrocarbon group or a substituted or unsubstituted
condensed polycyclic aromatic group; C and D may be the

Sep. 13,2012

same or different from each other and each represents a single
bond, a substituted or unsubstituted aromatic hydrocarbon
divalent group, a substituted or unsubstituted aromatic het-
erocyclic divalent group or a substituted or unsubstituted
condensed polycyclic aromatic divalent group; R,5 to R,
may be the same or different from one another and each
represents a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, a cyano group, a trifluoromethyl
group, a linear or branched alkyl group having from 1 to 6
carbon atoms, a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic hetero-
cyclic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R, represents a deuterium atom,
a fluorine atom, a chlorine atom, a cyano group, a trifluorom-
ethyl group or a linear or branched alkyl group having from 1
to 6 carbon atoms; r;, represents O or an integer of from 1 to
7, wherein when ry, is 2 or more, two or more of R5,’s may be
the same or different from one another and when r, is 0, it
means no substitution with R;,; and each of W, X, Y and Z
represents a carbon atom or a nitrogen atom, wherein only
one of W, X, Y and Z is nitrogen atom and the nitrogen atom
in that case does not have the hydrogen atom or substituent
group of R, 5 to R,y).

[0037] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (5):

[Chem. 7]
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(In the formula, Ar,,, Ar,, and Ar,; may be the same or
different from one another, wherein Ar, | represents a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and each of Ar,, and Ar, ; represents a substituted or
unsubstituted aromatic hydrocarbon group or a substituted or
unsubstituted condensed polycyclic aromatic group; C and D
may be the same or different from each other and each rep-
resents a single bond, a substituted or unsubstituted aromatic
hydrocarbon divalent group, a substituted or unsubstituted
aromatic heterocyclic divalent group or a substituted or
unsubstituted condensed polycyclic aromatic divalent group;
R;; to R;, may be the same or different from one another and
eachrepresents a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, a cyano group, a trifluoromethyl
group, a linear or branched alkyl group having from 1 to 6
carbon atoms, a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic hetero-
cyclic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R, represents a deuterium atom,
a fluorine atom, a chlorine atom, a cyano group, a trifluorom-
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ethyl group or a linear or branched alkyl group having from 1
to 6 carbon atoms; r,, represents 0 or an integer of from 1 to
7, wherein whenr,,, is 2 or more, two or more of R,,’s may be
the same or different from one another and when r,, is 0, it
means no substitution with R,,; and each of W, X, Y and Z
represents a carbon atom or a nitrogen atom, wherein only
one of W, X,Y and Z is nitrogen atom and the nitrogen atom
in that case does not have the hydrogen atom or substituent
group of R;; to R, ().

[0038] Inthe aforementioned general formula (5), it is pre-
ferred that each of C and D is a single bond.

[0039] Further, the present invention provides a compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure, which is represented by the following
general formula (5"):

[Chem. 8]

(In the formula, Ar,,, Ar,, and Ar,; may be the same or
different from one another, wherein Ar,, represents a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and each of Ar,, and Ar |, represents a substituted or
unsubstituted aromatic hydrocarbon group or a substituted or
unsubstituted condensed polycyclic aromatic group; and R,
R,, and R;4 to Ry, may be the same or different from one
another and each represents a hydrogen atom, a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
triftuioromethyl group, a linear or branched alkyl group hav-
ing from 1 to 6 carbon atoms, a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group or a substituted or unsubstituted
condensed polycyclic aromatic group).

[0040] Further, the present invention provides an organic
electroluminescent device having a pair of electrodes and at
least one organic layer interposed therebetween, wherein the
aforementioned at least one organic layer contains the com-
pound having a substituted anthracene ring structure and a
pyridoindole ring structure, which is represented by the gen-
eral formula (1), general formula (2), general formula (3),
general formula (3'), general formula (3"), general formula
(4), general formula (5), or general formula (5").

[0041] The “aromatic hydrocarbon group”, “aromatic het-
erocyclic group” or “condensed polycyclic aromatic group”
in the “substituted or unsubstituted aromatic hydrocarbon
group”, “substituted or unsubstituted aromatic heterocyclic
group”, or “substituted or unsubstituted condensed polycy-
clic aromatic group”, represented by Ar,, Ar,, Ar,, Arg, and
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Ar,, in the general formulae (1) to (5), general formula (3'),
general formula (3"), and general formula (5"), specifically
includes a phenyl group, a biphenylyl group, a terphenylyl
group, a tetrakisphenyl group, a styryl group, a naphthyl
group, an anthryl group, an acenaphthenyl group, a phenan-
thryl group, a fluorenyl group, an indenyl group, a pyrenyl
group, a pyridyl group, a triazyl group, a pyrimidyl group, a
furanyl group, a pyronil group, a thienyl group, a quinolyl
group, an isoquinolyl group, a benzofuranyl group, a ben-
zothienyl group, an indolyl group, a carbazolyl group, a ben-
zoxazolyl group, a benzothiazolyl group, a quinoxalyl group,
a benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl
group, a dibenzothienyl group, a naphthyridinyl group, a
phenanthroliny] group and an acridinyl group.

[0042] The “substituent” in the “substituted aromatic
hydrocarbon group”, “substituted aromatic heterocyclic
group”, or “substituted condensed polycyclic aromatic
group”, represented by Ar,, Ar;, Arg, Arg, and Ar,, in the
general formulae (1) to (5), general formula (3'), general
formula (3"), and general formula (5"), specifically includes a
deuterium atom, a fluorine atom, a chlorine atom, a cyano
group, a trifluoromethyl group, a hydroxyl group, a nitro
group, a linear or branched alkyl group having 1 to 6 carbon
atoms, a cyclopentyl group, a cyclohexyl group, a linear or
branched alkoxy group having 1 to 6 carbon atoms, a dialky-
lamino group substituted with a linear or branched alkyl
group having 1 to 6 carbon atoms, a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group, a styryl group, a
pyridyl group, a pyridoindolyl group, a quinolyl group, and a
benzothiazolyl group. These substituents may be further sub-
stituted.

[0043] The “aromatic hydrocarbon group” or “condensed
polycyclic aromatic group” in the “substituted or unsubsti-
tuted aromatic hydrocarbon group” or “substituted or unsub-
stituted condensed polycyclic aromatic group”, represented
by Ar,, Ar,, Ars, Ar,, Arg, A1, Ar,,, and Ar, ; in the general
formulae (1) to (5), general formula (3'), general formula (3"),
and general formula (5"), specifically includes a phenyl group,
a biphenylyl group, a terphenylyl group, a naphthyl group, an
anthryl group, a phenanthryl group, a fluorenyl group, an
indenyl group, and a pyrenyl group.

[0044] The “substituent” in the “substituted aromatic
hydrocarbon group” or “substituted condensed polycyclic
aromatic group”, represented by Ar,, Ar,, Ars, Ar,, Arg, Ary o,
Ar,,, and Ar,; in the general formulae (1) to (5), general
formula (3'), general formula (3"), and general formula (5'),
specifically includes a deuterium atom, a fluorine atom, a
chlorine atom, a cyano group, a trifluoromethyl group, a
hydroxyl group, a nitro group, a linear or branched alkyl
group having 1 to 6 carbon atoms, a cyclopentyl group, a
cyclohexyl group, a linear or branched alkoxy group having 1
to 6 carbon atoms, a dialkylamino group substituted with a
linear or branched alkyl group having 1 to 6 carbon atoms, a
phenyl group, a naphthyl group, an anthryl group, a fluorenyl
group, a styryl group, a pyridyl group, a pyridoindolyl group,
a quinolyl group, and a benzothiazolyl group. These substitu-
ents may be further substituted.

[0045] The “aromatic hydrocarbon group”, “aromatic het-
erocyclic group” or “condensed polycyclic aromatic group”,
in the “substituted or unsubstituted aromatic hydrocarbon
group”, “substituted or unsubstituted aromatic heterocyclic
group”, or “substituted or unsubstituted condensed polycy-
clic aromatic group”, represented by R, to R, Rg toR 5, R,
to R,3, Ry5to R;;, and Ry to R, in the general formulae (1)
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to (5), general formula (3'), general formula (3"), and general
formula (5"), specifically includes a phenyl group, a bipheny-
lyl group, a terphenylyl group, a tetrakisphenyl group, a styryl
group, a naphthyl group, an anthryl group, an acenaphthenyl
group, a fluorenyl group, a phenanthryl group, an indenyl
group, a pyrenyl group, a pyridyl group, a triazyl group, a
pyrimidyl group, a furanyl group, a pyronil group, a thienyl
group, a quinolyl group, an isoquinolyl group, a benzofuranyl
group, a benzothienyl group, an indolyl group, a carbazolyl
group, a benzoxazolyl group, a benzothiazolyl group, a qui-
noxalyl group, a benzimidazolyl group, a pyrazolyl group, a
dibenzofuranyl group, a dibenzothienyl group, a naphthyridi-
nyl group, a phenanthrolinyl group, an acridinyl group, and a
pyridoindolyl group.

[0046] The <“substituent” in the “substituted aromatic
hydrocarbon group”, “substituted aromatic heterocyclic
group”, or “substituted condensed polycyclic aromatic
group”, represented by R; toR,, Rgto R, 5, R, to R,5, Ry to
R;,,and Ry to R,, in the general formulae (1) to (5), general
formula (3'), general formula (3"), and general formula (5"),
specifically includes a deuterium atom, a fluorine atom, a
chlorine atom, a trifluoromethyl group, a linear or branched
alkyl group having 1 to 6 carbon atoms, a phenyl group, a
biphenylyl group, a terphenylyl group, a tetrakisphenyl
group, a styryl group, a naphthyl group, a fluorenyl group,
phenanthryl group, an indenyl group, a pyrenyl group, and a
pyridoindolyl group. These substituents may be further sub-
stituted.

[0047] The “linear or branched alkyl group having 1 to 6
carbon atoms”, represented by R, to R, in the general for-
mulae (1) to (5), the general formula (3'), the general formula
(3"), and the general formula (5'), specifically includes a
methyl group, an ethyl group, an n-propyl group, an i-propy!l
group, an n-butyl group, an i-butyl group, a t-butyl group, an
n-pentyl group, an i-pentyl group, a t-pentyl group, an
n-hexyl group, an i-hexyl group, and a t-hexyl group.

[0048] The “aromatic hydrocarbon divalent group”, “aro-
matic heterocyclic divalent group” or “condensed polycyclic
aromatic divalent group”, in the “substituted or unsubstituted
aromatic hydrocarbon divalent group”, “substituted or unsub-
stituted aromatic heterocyclic divalent group” or “substituted
or unsubstituted condensed polycyclic aromatic divalent
group”, represented by A, B, C, and D in the general formulae
(1) to (5), specifically includes a phenylene group, a biphe-
nylylene group, a terphenylylene group, a tetrakisphenylene
group, a naphthylene, an anthrylene group, a phenanthrylene
group, a fluorenylene group, a phenanthrolylene group, an
indenylene group, a pyrenylene group, a pyridinylene group,
a pyrimidinylene group, a quinolylene group, a iso-
quinolylene group, an indolylene group, a carbazolylene
group, a quinoxalinylene group, a benzimidazolylene group,
a pyrazolylene group, a naphthyridinylene group, a phenan-
throlinylene group, and an acridinylene group.

[0049] The <“substituent” in the “substituted aromatic
hydrocarbon divalent group”, “substituted aromatic hetero-
cyclic divalent group” or “substituted condensed polycyclic
aromatic divalent group”, represented by A, B, C, and D in the
general formulae (1) to (5), specifically includes a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluvoromethyl group, a linear or branched alkyl group hav-
ing 1 to 6 carbon atoms, a phenyl group, a biphenyl group, a
terphenyl group, a tetrakisphenyl group, a styryl group, a
naphthyl group, a fluorenyl group, a phenanthryl group, an
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indenyl group, a pyrenyl group, and a pyridoindolyl group.
These substituents may be further substituted.

[0050] Thecompound having a substituted anthracene ring
structure and a pyridoindole ring structure, which is repre-
sented by the general formula (1) or general formula (2) of the
present invention, is a novel compound, has high electron
mobility as compared with conventional electron-transport
materials, has excellent hole-blocking ability, can be present
with thermal stability under high temperature condition, and
is stable in thin-film state.

[0051] Thecompound having a substituted anthracene ring
structure and a pyridoindole ring structure, which is repre-
sented by the general formula (1) or general formula (2) ofthe
present invention, can be used as a constituent material for an
electron-injection layer and/or an electron-transport layer of
an organic electroluminescent device (hereinafter referred to
as an “organic EL device”). The use of the material of the
present invention, which is excellent in electron-injection/
transport performances as compared with conventional mate-
rials, provides effects of an improvement in electron-trans-
port efficiency from the electron-transport layer to the light-
emitting layer to improve luminous efficiency as well as
lowering in driving voltage to improve durability of the
organic EL device.

[0052] Thecompound having a substituted anthracene ring
structure and a pyridoindole ring structure, which is repre-
sented by the general formula (1) or general formula (2) ofthe
present invention, can be also used as a constituent material
for a hole-blocking layer of an organic EL device. The use of
the material of the present invention, which is excellent in
hole-blocking ability and electron-transport performance as
compared with conventional materials and has high stability
in thin-film, provides effects of lowering in driving voltage
while maintaining high luminous efficiency and an improve-
ment in current durability to improve maximum light-emis-
sion luminance of the organic EL device.

[0053] The compound having a substituted anthracene ring
structure and a pyridoindole ring structure, which is repre-
sented by the general formula (1) or general formula (2) ofthe
present invention, can be also used as a constituent material
for a light-emitting layer of an organic EL device. The use of
a light-emitting layer in which the material of the present
invention, excellent in electron-transport performance as
compared with conventional materials and having a wide
band-gap, as a host material for the light-emitting layer, and
by a fluorescent material or a phosphorescent material, called
a dopant, is carried, provides an effect of realizing an organic
EL device exhibiting a lowered driving voltage and having an
improved luminous efficiency.

[0054] The organic EL device of the present invention
employs the compound having a substituted anthracene ring
structure and a pyridoindole ring structure, which compound
exhibits high electron mobility as compared with conven-
tional electron-transport materials, has excellent hole-block-
ing ability, can be present with thermal stability under high
temperature condition, and is stable in thin-film state. There-
fore, it becomes possible to realize high efficiency and high
durability.

Effects of the Invention

[0055] The compound having a substituted anthracene ring
structure and a pyridoindole ring structure is useful as a
constituent material for an electron-injection layer, an elec-
tron-transport layer, a hole-blocking layer, or a light-emitting
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layer of an organic EL. device, and the compound exhibits
excellent hole-blocking ability, is stable in thin-film state, and
has excellent thermal resistance. The organic EL device of the
present invention exhibits high luminous efficiency and
power efficiency, whereby the practical driving voltage of the
device can be lowered. By lowering the light emission initia-
tion voltage, the durability can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG.1isa 1H-NMR chart of the compound (Com-
pound 10) of Invention Example 1.

[0057] FIG. 2 is a IH-NMR chart of the compound (Com-
pound 75) of Invention Example 2.

[0058] FIG. 3 is a '"H-NMR chart of the compound (Com-
pound 78) of Invention Example 3.

[0059] FIG. 4 is a IH-NMR chart of the compound (Com-
pound 16) of Invention Example 4.

[0060] FIG.5 is a '"H-NMR chart of the compound (Com-
pound 115) of Invention Example 5.

[0061] FIG. 6 is a IH-NMR chart of the compound (Com-
pound 116) of Invention Example 6.

[0062] FIG. 7 This is a drawing showing the constitution of
the EL devices of Examples 10 to 12, and Comparative
Example 1.

MODE FOR CARRYING OUT THE INVENTION

[0063] The compound having the substituted anthracene
ring structure and pyridoindole ring structure, which is rep-

[Chem. 9]
t-C4Hyg
: \ (O~ )
@
Y N
(Compound 6)
[Chem. 11]
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resented by the general formula (1) or general formula (2) of
the present invention, is a novel compound, and these com-
pounds can be synthesized, for example, in the following
manner. Firstly, by carrying out cyclization reaction of a
corresponding halogenoanilinopyridine by a palladium cata-
lyst to synthesize a corresponding pyridoindole derivative
(see e.g., Non-Patent Document 5) and carrying out a con-
densation reaction such as Ullmann reaction or Buchwald-
Hartwig reaction with various halide of aromatic hydrocar-
bon compounds, condensed polycyclic aromatic compounds
or aromatic heterocyclic compounds, a pyridoindole deriva-
tive in which the corresponding S-position is substituted with
aryl group can be synthesized. By carrying out bromination of
this pyridoindole derivative in which the corresponding 5-po-
sition is substituted with aryl group, with N-bromosuccinim-
ide and the like, a corresponding bromo compound can be
synthesized. By carrying out a cross coupling reaction such as
Suzuki coupling (see e.g., Non-Patent Document 7) of this
corresponding bromo compound with a boric acid or boric
ester having anthracene ring structure synthesized by a con-
ventional method (see e.g., Non-Patent Document 6), a com-
pound having a substituted anthracene ring structure and a
pyridoindole ring structure can be synthesized.

[0064] Among the compounds having a substituted
anthracene ring structure and a pyridoindole ring structure,
which is represented by the general formula (1) or general
formula (2) of the present invention, illustrative examples of
the preferred compounds are shown in the following, thought
the present invention is not limited to these compounds.

[Chem. 10]
. L O
\ O
L
N
(Compound 7)
[Chem. 12]

o nta Yo
"'

(Compound 8)

(Compound 9)
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-continued

[Chem. 13] [Chem. 14]

(Compound 10) (Compound 11)
[Chem. 15] [Chem. 16]
D Q ¢
: A = )
D
: D W,
Y,
N
(Compound 12) (Compound 13)
[Chem. 17] [Chem. 18]
QQQO QQOO
® W, ' )
N/ . O
(Compound 14) {Compound 15)
[Chem. 19] [Chem. 20]

(Compound 16) (Compound 17)
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-continued

[Chem. 21]
N \
e
(Compound 18)
[Chem. 22]
[Chem. 23]
(Compound 20)
[Chem. 24]

o
00800

S
L
N
(Compound 21)
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10
-continued
[Chem. 25]
(Compound 22)
[Chem. 26] [Chem. 27]

N
P QQO O

{Compound 23) (Compound 24)

[Chem. 28] [Chem. 29]

(Compound 25) (Compound 26)
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-continued

[Chem. 30] [Chem. 31]

(Compound 27) (Compound 28)

[Chem. 32] [Chem. 33]

(Compound 29)

[Chem. 35]

(Compound 31) (Compound 32)
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-continued

[Chem. 36] [Chem. 37]

L
9

(Compound 33) (Compound 34)

[Chem. 38] [Chem. 39]

{Compound 35) (Compound 36)
[Chem. 40] [Chem. 41]
S eTets e
K OXY,
L
N
{Compound 38)
[Chem. 42]

(Compound 39)
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-continued

[Chem. 43]

{Compound 40)

[Chem. 44] [Chem. 45]

(Compound 41) (Compound 42)

[Chem. 46]

[Chem. 47]

(Compound 44)
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14
-continued
[Chem. 48]
(Compound 45)
[Chem. 49]
[Chem. 50]
(Compound 47)
[Chem. 51] [Chem. 52]
o VeV
> )
L,
N

(Compound 48) (Compound 49)
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15
-continued
[Chem. 53]
[Chem. 54]
[Chem. 55]
(Compound 52)
[Chem. 56]
[Chem. 57]

(Compound 54)
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-continued

[Chem. 58] [Chem. 59]

(Compound 55) (Compound 56)

[Chem. 60] [Chem. 61]

{Compound 57) (Compound 58)

[Chem. 62] [Chem. 63]

(Compound 59) {Compound 60)
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-continued

[Chem. 64] [Chem. 65]

(Compound 61) (Compound 62)

[Chem. 66]

(Compound 63)

[Chem. 68]

(Compound 64) (Compound 65)
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18
-continued
[Chem. 69]
[Chem. 70]
(Compound 67)
[Chem. 71] [Chem. 72]

(Compound 68) (Compound 69)

[Chem. 74]

{Compound 70) {Compound 71)
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-continued

[Chem. 76]
{Compound 72) (Compound 73)
[Chem. 77]
(Compound 74)
[Chem. 78] [Chem. 79]

(Compound 75) (Compound 76)
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20

-continued

[Chem. 80] [Chem. 81]

(Compound 77) (Compound 78)

[Chem. 82] [Chem. 83]

(Compound 79) (Compound 80)
[Chem. 84] [Chem. 85]

(Compound 81) (Compound 82)
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21

-continued

[Chem. 86] [Chem. 87]

(Compound 83) (Compound 84)

[Chem. 88] [Chem. 89]

(Compound 85) (Compound 86)

[Chem. 91]

(Compound 87) (Compound 88)
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22

-continued

[Chem. 92] [Chem. 93]

[Chem. 94] [Chem. 95]

(Compound 91) (Compound 92)

[Chem. 97]

(Compound 93) (Compound 94)
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23

-continued

[Chem. 98] [Chem. 99]

(Compound 97) (Compound 98)

[Chem. 102]

(Compound 99)
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24

-continued

[Chem. 103]

(Compound 100)

[Chem. 104] [Chem. 105]

[Chem. 107]

(Compound 103) (Compound 104)
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25

-continued

[Chem. 108]

[Chem. 109]

(Compound 106)

[Chem. 110]

(Compound 107)
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26

-continued

[Chem. 111] [Chem. 112]

(Compound 108) (Compound 109)

[Chem. 113] [Chem. 114]

(Compound 110) (Compound 111)

[Chem. 115] [Chem. 116]

(Compound 112) (Compound 113)
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-continued
[Chem. 117] [Chem. 118]

(Compound 114) (Compound 115)
[Chem. 119] [Chem. 120]

[Chem. 121] [Chem. 122]

(Compound 118) (Compound 119)
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28

-continued

[Chem. 123] [Chem. 124]

(Compound 120) (Compound 121)

[Chem. 125] [Chem. 126]

(Compound 122) (Compound 123)

[Chem. 127] [Chem. 128]

(Compound 124) (Compound 125)
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-continued
[Chem. 129] [Chem. 130]
(Compound 126)
[Chem. 131] [Chem. 132]

(Compound 130)

[0065] Purification of these compounds was performed by
purification by column chromatography, adsorption purifica-
tion with silica gel, active carbon, activated clay, or the like, a
recrystallization or crystallization method with a solvent, or
the like. Identification of the compounds was performed by
NMR analysis. As physical properties, measurements of
melting point, glass transition point (Tg) and work function
were carried out. The melting point serves as an indicator of
vapor deposition properties, the glass transition point (Tg)
serves as an indicator of stability in thin-film state, and the
work function serves as an indicator of hole-blocking ability.
[0066] Themelting pointand the glass transition point were
measured using a powder material by means of a highly

(Compound 129)

[Chem. 133]

sensitive differential scanning calorimeter DSC 3100S manu-
factured by Bruker AXS. The melting point is preferably
about 250° C. or higher, and the glass transition point is
preferably about 100° C. or higher.

[0067] Further, the work function was measured by prepar-
ing a thin film of 100 nm in thickness on an ITO substrate and
by using an atmospheric photoelectron spectroscopy AC-3
manufactured by Riken Keiki Co., Ltd.

[0068] In addition, regarding the stability under high tem-
perature condition, a powder was sealed in a tube under
vacuum condition and its samples before and after allowed to
stand for one week in a thermostatic oven set to a predeter-
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mined temperature were subjected to the purity measurement
using an analyzer such as high performance liquid chroma-
tography, and changes in purity of the samples before and
after that were evaluated. The stability under high tempera-
ture condition serves as an indicator of durability at the time
of preparing or operating an organic EL device.

[0069] As the structure of the organic EL device of the
present invention, there may be mentioned those which con-
sist of an anode, a hole-transport layer, a light-emitting layer,
a hole-blocking layer, an electron-transport layer and a cath-
ode arranged on a substrate in that order, those which have a
hole-injection layer between the anode and hole-transport
layer, those which have an electron-injection layer between
the electron-transport layer and cathode, and those which an
electron-blocking layer between the light-emitting layer and
hole-transport layer. It is possible to omit some of the organic
layers in these multilayered structures, and for example, it is
possible to make a structure in which the anode, hole-trans-
port layer, light-emitting layer, electron-transport layer, and
cathode are arranged on the substrate in that order.

[0070] Regarding the light-emitting layer, hole-transport
layer and electron-transport layer, each of them may have a
structure in which two or more layers are laminated.

[0071] As the anode of the organic EL device of the present
invention, an electrode material having large work function
such as ITO and gold can be used. As the hole-injection layer
ofthe organic EL device of the present invention, there can be
used a star burst type triphenylamine derivative; a tripheny-
lamine trimer and tetramer such as an arylamine compound
having, in the molecule, a structure in which three or more of
triphenylamine structures are connected by a single bond or a
divalent group which contains no hetero atom; an acceptor
type heterocyclic compound such as hexacyanoazatriph-
enylene; and a coating type polymer material, in additionto a
porphyrin compound typified by copper-phthalocyanine.
Thin film forming with these materials can be carried out by
a conventionally known method such as a spin coat method or
an ink jet method, in addition to a vapor deposition method.
[0072] As the hole-transport layer of the organic EL device
of the present invention, there may be used a benzidine
derivative such as N,N'-diphenyl-N,N'-di(m-tolyl)-benzidine
(referred to as TPD hereinafter), N,N'-diphenyl-N,N'-di(ct.-
naphthyl)-benzidine(referred to as NPD hereinafter), and
N,N,N',N'-tetrabiphenylbenzidine, 1,1-bis[(di-4-tolylamino)
phenyl]cyclohexane (referred to as TAPC hereinafter), vari-
ous triphenylamine trimers and tetramers, and the like. Each
of these may be subjected to film-forming alone but may be
used as a single layer prepared by mixing the material
together with other materials and subjected to film-forming.
There may be also employed a lamination structure of layers
each prepared by subjecting one material to film-forming
alone, of layers each prepared by subjecting one material to
mixing and film-forming, or of a layer prepared by subjecting
one material to film-forming alone and a layer prepared by
subjecting one material to mixing and film-forming. In addi-
tion, as a hole-injection/transport layer, a coating type poly-
mer material such as poly (3,4-ethylenedioxythiophene) (re-
ferred to as PEDOT hereinafter)/poly (styrene sulfonate)
(referred to as PSS hereinafter) can be used. Thin film form-
ing with these materials can be carried out by a conventionally
known method such as a spin coat method or an ink jet
method, in addition to a vapor deposition method.

[0073] Also, in the hole-injection layer or hole-transport
layer, those in which trisbromophenylamine hexachloroanti-
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mony or the like is P-doped to a material generally used in the
layer, a polymer compound having a TPD structure as its
partial structure and the like can be further used.

[0074] As the electron-blocking layer of the organic EL
device of the present invention, there can be used a compound
having electron-blocking action, for example, a carbazole
derivative such as 4,4'4"-tri(N-carbazolyl)triphenylamine
(referred to as TCTA hereinafter), 9,9-bis[4-(carbazol-9-yl)
phenyl]fluorene, 1,3-bis(carbazol-9-yl)benzene (referred to
as mCP hereinafter), and 2,2-bis(4-carbazol-9-yl phenyl)ada-
mantane (referred to as Ad-Cz hereinafter), and a compound
having triphenylsilyl group and triarylamine structure typi-
fied by 9-[4-(carbazol-9-yl)phenyl]-9-[4-(triphenylsilyl)phe-
nyl]-9H-fluorene. Each of these may be subjected to film-
forming alone but may be used as a single layer prepared by
mixing the material together with other materials and sub-
jected to film-forming. There may be also employed a lami-
nation structure of layers each prepared by subjecting one
material to film-forming alone, of layers each prepared by
subjecting one material to mixing and film-forming, or of a
layer prepared by subjecting one material to film-forming
alone and a layer prepared by subjecting one material to
mixing and film-forming. Thin film forming with these mate-
rials can be carried out by a conventionally known method
such as a spin coat method or an ink jet method, in addition to
a vapor deposition method.

[0075] As the light-emitting layer of the organic EL device
of the present invention, in addition to the compound having
a substituted anthracene ring structure and a pyridoindole
ring structure of the present invention, there can be used a
metal complex of a quinolinol derivative such as Alqs, various
metal complexes, an anthracene derivative, a bisstyrylben-
zene derivative, a pyrene derivative, an oxazole derivative, a
polyparaphenylenevinylene derivative and the like. In addi-
tion, the light-emitting layer may be constituted from a host
material and a dopant material, and as the host material, a
thiazole derivative, a benzimidazole derivative, a polydialky-
Ifluorene derivative and the like can be used in addition to the
aforementioned light-emitting materials. Also, as the dopant
material, there can be used quinacridone, coumalin, rubrene,
perylene, and derivatives thereof, a benzopyran derivative, a
Rhodamine derivative, an aminostyryl derivative and the like.
Each of these may be subjected to film-forming alone but may
be used as a single layer prepared by mixing the material
together with other materials and subjected to film-forming.
There may be also employed a lamination structure of layers
each prepared by subjecting one material to film-forming
alone, of layers each prepared by subjecting one material to
mixing and film-forming, or of a layer prepared by subjecting
one material to film-forming alone and a layer prepared by
subjecting one material to mixing and film-forming.

[0076] In addition, it is also possible to use a phosphores-
cent light-emitting material as the light-emitting material. As
the phosphorescent light-emitter, a phosphorescence light-
emitter of a metal complex such as of iridium or platinum can
be used. There may be used a green phosphorescence light-
emitter such as Ir(ppy)s, a blue phosphorescence light-emitter
such as Flrpic, and FIr6, a red phosphorescence light-emitter
such as Btp,Ir(acac), and the like. As the host material of this
case, a carbazolyl derivative such as 4,4'-di(N-carbazolyl)
biphenyl (referred to as CBP hereinafter), TCTA, and mCP,
and the like can be used as a hole-injection/transport host
material. As an electron-transport host material, p-bis(triph-
enylsilyl)benzene (referred to as UGH2 hereinafter), 2,2',2"-
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(1,3,5-phenylene)-tris(1-phenyl-1H-benzimidazole) (re-
ferred to as TPBI hereinafter) and the like can be used.
[0077] Doping of the phosphorescent light-emitting mate-
rial to the host material is desirably carried out by co-depo-
sition within the range of from 1% by weight to 30% by
weight to the entire light-emitting layer, in order to avoid
concentration quenching.

[0078] Thin film forming of these materials can be carried
out by a conventionally known method such as a spin coat
method or an ink jet method, in addition to the vapor deposi-
tion method.

[0079] As the hole-blocking layer of the organic EL device
of the present invention, in addition to the compound having
a substituted anthracene ring structure and a pyridoindole
ring structure of the present invention, there can be used a
compound having a hole-blocking action, for example, a
phenanthroline derivative such as Bathocuproin (referred to
as BCP hereinafter) and a quinolinol derivative metal com-
plex such as BAlq, as well as various rare earth complexes, an
oxazole derivative, a triazole derivative, a triazine derivative
and the like. These materials may also serve as a material of
the electron-transport layer. Each of these may be subjected to
film-forming alone but may be used as a single layer prepared
by mixing the material together with other materials and
subjected to film-forming. There may be also employed a
lamination structure of layers each prepared by subjecting
one material to film-forming alone, of layers each prepared by
subjecting one material to mixing and film-forming, or of a
layer prepared by subjecting one material to film-forming
alone and a layer prepared by subjecting one material to
mixing and film-forming. Thin film forming with these mate-
rials can be carried out by a conventionally known method
such as a spin coat method or an ink jet method, in addition to
a vapor deposition method.

[0080] As the electron-transport layer of the organic EL
device of the present invention, in addition to the compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure of the present invention, there can be
used a quinolinol derivative metal complex such as Alq, and
BAlq, as well as various metal complexes, a triazole deriva-
tive, a triazine derivative, an oxadiazole derivative, a thiadia-
zole derivative, a carbodiimide derivative, a quinoxaline
derivative, a phenanthroline derivative, a silole derivative and
the like. Each of these may be subjected to film-forming alone
but may be used as a single layer prepared by mixing the
material together with other materials and subjected to film-
forming. There may be also employed a lamination structure
of layers each prepared by subjecting one material to film-
forming alone, of layers each prepared by subjecting one
material to mixing and film-forming, or of a layer prepared by
subjecting one material to film-forming alone and a layer
prepared by subjecting one material to mixing and film-form-
ing. Thin film forming with these materials can be carried out
by a conventionally known method such as a spin coat method
oran ink jet method, in addition to a vapor deposition method.
[0081] As the electron-injection layer of the organic EL
device of the present invention, in addition to the compound
having a substituted anthracene ring structure and a pyrido-
indole ring structure of the present invention, there can be
used an alkali metal salt such as lithium fluoride or cesium
fluoride, an alkaline earth metal salt such as magnesium fluo-
ride, a metal oxide such as aluminum oxide, and the like, but
these can be omitted in case of desirable selection of the
electron-transport layer and cathode.
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[0082] In addition, in the electron-injection layer or elec-
tron-transport layer, those in which a metal such as cesium
was further N-doped to a material generally used in the layer
can be used.

[0083] As the cathode of the organic EL device of the
present invention, an electrode material having low work
function, such as aluminum, and an alloy having further low
work function, such as a magnesium silver alloy, a magne-
sium indium alloy, and an aluminum magnesium alloy, are
used as the electrode materials.

[0084] The following describes embodiments of the
present invention further illustratively based on examples, but
the present invention is not limited to the following examples
without departing its gist.

Example 1

Synthesis of 8-[ 10-(naphthalen-2-yl)-anthracen-9-
y1]-5-phenyl-5H-pyrido[4,3-b]indole (compound 10)

[0085] Into a nitrogen-purged reaction vessel, 43.0 ml of
iodobenzene, 50.0 g of SH-pyrido[4,3-b]indole, 1.9 g of cop-
per powder, 82.2 g of potassium carbonate, and 2.1 ml of
dimethyl] sulfoxide were added, then, heated and stirred at
170° C. for 3 hours. After cooling to 100° C., 500 ml of
toluene was added thereto followed by stirring at 100° C. for
1 hour. After removing the insoluble matter by filtration, the
filtrate was concentrated under a reduced pressure to thereby
obtain a crude product. The crude product was purifying by
using a column chromatography (carrier: NH silica gel, elu-
ent: toluene), to thereby obtain 69.9 g (yield 96%) of 5-phe-
nyl-5SH-pyrido[4,3-b]indole as a yellow liquid.

[0086] Into a nitrogen-purged reaction vessel, 27.2 g por-
tion of the thus obtained 5-phenyl-5H-pyrido[4,3-b]indole
and 150 ml of dimethyl formamide were added, then, heated
while adding 23.8 g of N-bromosuccinimide with stirred, and
stirred at 50° C. for 10 hours. After cooling to room tempera-
ture, 300 ml of chloroform and 300 ml of water were added
thereto and then stirred, and thereafter, the organic layer was
separated. The organic layer was dehydrated using anhydrous
magnesium sulfate and then concentrated under a reduced
pressure, to thereby obtain a crude product. The crude product
was purified by using a column chromatography (carrier: NH
silica gel, eluent: toluene/hexane), to thereby obtain 18.0 g
(yield 50%) of 8-bromo-5-phenyl-SH-pyrido[4,3-b]indole as
a yellow liquid.

[0087] Into a nitrogen-purged reaction vessel, 1.9 g portion
of the thus obtained 8-bromo-5-phenyl-5SH-pyrido[4,3-b]in-
dole, 3.0 g of 9-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
y1)-10-naphthalen-2-yl-anthracene, 0.2 g of tetrakis(triph-
enylphosphine) palladium, 14 ml of 2 M potassium carbonate
aqueous solution, 36 ml of toluene, and 9 ml of ethanol were
added and heated, and refluxed for 19 hours while stirring.
After cooling to room temperature, 100 ml of toluene and 50
ml of water were added thereto, followed by stirring, and
thereafter, the organic layer was separated. The organic layer
was dehydrated using anhydrous magnesium sulfate and then
concentrated under a reduced pressure, to thereby obtain a
crude product. The crude product was purified by using a
column chromatography (carrier: NH silica gel, eluent: tolu-
ene/hexane), to thereby obtain 1.7 g (yield 53%) of 8-[10-
(naphthalen-2-yl)-anthracen-9-yl]-5-phenyl-5H-pyrido[4,3-

blindole (compound 10) as a pale yellow powder.
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[0088] Structure of the thus obtained pale yellow powder
was identified using NMR. Results of the 'H-NMR measure-
ment are shown in FIG. 1.

[0089] The following 26 signals of hydrogen were detected
by 'H-NMR (CDCL,). 8 (ppm)=9.38 (1H), 8.58 (1H), 8.36
(1H), 8.09 (1H), 8.02 (2H), 7.94 (1H), 7.77 (4H), 7.69 (5H),
7.56-7.65 (5H), 7.39 (1H), 7.33 (4H).

Example 2

Synthesis of 8-(9,10-diphenylanthracen-2-yl)-5-phe-
nyl-5H-pyrido[4,3-b]indole (compound 75)

[0090] Into anitrogen-purged reaction vessel, 2.8 g portion
of the aforementioned 8-bromo-5-phenyl-5H-pyrido[4,3-b]
indole obtained in Example 1, 3.6 g of 9,10-diphenylan-
thracene-2-boronic acid, 0.1 g of tetrakis(triphenylphos-
phine) palladium, 22 ml of 2 M potassium carbonate aqueous
solution, 60 ml of toluene, and 15 ml of ethanol were added
and heated, and refluxed for 16 hours while stirring. After
cooling to room temperature, 100 ml of toluene and 100 ml of
saturated brine were added thereto, followed by stirring, and
thereafter, the organic layer was separated. The organic layer
was dehydrated using anhydrous magnesium sulfate and then
concentrated under a reduced pressure, to thereby obtain a
crude product. The crude product was purified by using a
column chromatography (carrier: NH silica gel, eluent: tolu-
ene/hexane), to thereby obtain 3.0 g (yield 61%) of 8-(9,10-
diphenylanthracen-2-y1)-5-phenyl-5H-pyrido[4,3-b]indole
(compound 75) as a yellow powder.

[0091] Structure of the thus obtained yellow powder was
identified using NMR. Results of the 'H-NMR measurement
are shown in FIG. 2.

[0092] The following 28 signals of hydrogen were detected
by 'H-NMR (CDCL,). § (ppm)=9.39 (1H), 8.52 (1H), 8.36
(1H), 7.98 (1H), 7.84 (1H), 7.74 (3H), 7.50-7.67 (16H), 7.45
(1H), 7.35 (2H), 7.29 (1H).

Example 3

Synthesis of 8-[9,10-di(naphthalen-2-yl)-anthracen-
2-y1]-5-phenyl-SH-pyrido[4,3-b]indole (compound
78)

[0093] Into anitrogen-purged reaction vessel, 2.0 g portion
of the aforementioned 8-bromo-5-phenyl-5SH-pyrido[4,3-b]
indole obtained in Example 1, 3.5 g of 9,10-di(naphthalen-2-
yl)anthracene-2-boronic acid, 0.4 g of tetrakis(triphenylphos-
phine) palladium, 10 ml of 2 M potassium carbonate aqueous
solution, 20 ml of toluene, and 5 ml of ethanol were added and
heated, and refluxed for 5.5 hours while stirring. After cooling
to room temperature, 50 ml of toluene and 30 ml of water
were added thereto, followed by stirring, and thereafter, the
organic layer was separated. The organic layer was dehy-
drated using anhydrous magnesium sulfate and then concen-
trated under a reduced pressure, to thereby obtain a crude
product. The crude product was purified by using a column
chromatography (carrier: NH silica gel, eluent: toluene), to
thereby obtain 2.2 g (yield 53%) of 8-[9,10-di(naphthalen-2-
yl)-anthracen-2-yl]-5-phenyl-SH-pyrido[4,3-b]indole (com-
pound 78) as a yellow powder.

[0094] Structure of the thus obtained yellow powder was
identified using NMR. Results of the 'H-NMR measurement
are shown in FIG. 3.

[0095] The following 32 signals of hydrogen were detected
by "H-NMR (CDCl,). 8 (ppm)=9.32 (1H), 8.48 (1H), 8.32
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(1H), 8.11 (2H), 8.02-8.07 (5H), 7.95 (2H), 7.88 (1H), 7.68-
7.78 (5H), 7.58-7.64 (7H), 7.49 (3H), 7.37 (1H), 7.33 (2H),
7.24 (1H).

Example 4
Synthesis of 8-[4-[10-(naphthalen-2-yl)anthracen-9-
yl]phenyl]-5-phenyl-5H-pyrido[4,3-b]indole (com-
pound 16)

[0096] Into anitrogen-purged reaction vessel, 4.0 g of 8-(4-
bromophenyl)-5-phenyl-5H-pyrido[4,3,b-]indole, 4.1 g of
10-(naphthalen-2-yl)anthracene-9-boronic acid, 0.3 g of tet-
rakis(triphenylphosphine) palladium, 15 ml of 2 M potassium
carbonate aqueous solution, 32 ml of toluene, and 8 ml of
ethanol were added and heated, and refluxed for 18 hours
while stirring. After cooling to room temperature, the precipi-
tate was collected by filtration. The precipitate was dissolved
in 1,2-dichlorobenzene while heating, the insoluble matter
was removed by filtration, and then the filtrate was concen-
trated under a reduced pressure, to thereby obtain a crude
product. The crude product was purified by recrystallization
using 1,2-dichlorobenzene, to thereby obtain 2.5 g (yield
40%) of 8-[4-(10-naphthalen-2-yl-anthracen-9-yl)-phenyl]-
5-phenyl-SH-pyrido[4,3-b]indole (compound 16) as a yellow
powder.
[0097] Structure of the thus obtained yellow powder was
identified using NMR. Results of the 'H-NMR measurement
are shown in FIG. 4.
[0098] The following 30 signals of hydrogen were detected
by 'H-NMR (CDCl,). § (ppm)=9.50 (1H), 8.62 (1H), 8.57
(1H), 8.09 (1H), 8.04 (1H), 7.99 (3H), 7.92 (2H), 7.87 (2H),
7.75 (2H), 7.66-7.72 (2H), 7.55-7.66 (9H), 7.30-7.40 (SH).

Example 5
Synthesis of 5-(biphenyl-4-y1)-8-(9,10-diphenylan-
thracen-2-yl)-5SH-pyrido[4,3-b]indole (compound
115)

[0099] Into a nitrogen-purged reaction vessel, 3.5 g of
5-(biphenyl-4-y1)-8-bromo-5H-pyrido[4,3-b]indole, 3.6 g of
9,10-diphenylanthracene-2-boronic acid, 0.1 g of tetrakis
(triphenylphosphine) palladium, 22 ml of 2 M potassium
carbonate aqueous solution, 35 ml of toluene, and 9 ml of
ethanol were added and heated, and refluxed for 4 hours while
stirring. After cooling to room temperature, 100 ml of toluene
and 100 ml of saturated brine were added thereto followed by
stirring, and thereafter, the organic layer was separated. The
organic layer was dehydrated using anhydrous magnesium
sulfate and then concentrated under a reduced pressure, to
thereby obtain a crude product. The crude product was puri-
fied by using a column chromatography (carrier: NH silica
gel, eluent: toluene), to thereby obtain 3.0 g (yield 52%) of
5-(biphenyl-4-y1)-8-(9,10-diphenylanthracen-2-yl)-5H-py-
rido[4,3-b]indole (compound 115) as a yellow powder.
[0100] Structure of the thus obtained yellow powder was
identified using NMR. Results of the 'H-NMR measurement
are shown in FIG. 5.
[0101] The following 32 signals of hydrogen were detected
by 'H-NMR (CDCl,). § (ppm)=9.40 (1H), 8.55 (1H), 8.37
(1H), 7.99 (1H), 7.84 (3H), 7.74 (3H), 7.69 (3H), 7.50-7.66
(15H), 7.43 (1H), 7.35 (3H).
Example 6
Synthesis of 8-[9,10-di(naphthalen-2-yl)-anthracen-
2-yl]-1,5-diphenyl-SH-pyrido[4,3-b]indole (com-
pound 116)

[0102] Into anitrogen-purged reaction vessel, 4.9 g portion
of the aforementioned 8-[9,10-di(naphthalen-2-yl)-anthra-
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cen-2-yl]-5-phenyl-5H-pyrido[4,3-b]indole (compound 78)
obtained in Example 3 and 100 ml of tetrahydrofuran were
added and cooled to —18° C., and then 7.6 ml of phenyllithium
solution of 1.9 mol/l was added dropwise thereto, followed by
stirring for 3 hours. After adding 30 ml of ammonium chlo-
ride aqueous solution thereto while cooling to 0° C., 50 ml of
toluene was added thereto, followed by stirring, and the
organic layer was separated. The organic layer was dehy-
drated using anhydrous magnesium sulfate and then concen-
trated under a reduced pressure, to thereby obtain a crude
product. The crude product was purified by using a column
chromatography (carrier: NH silica gel, eluent: toluene), to
thereby obtain 1.2 g (yield 22%) of 8-[9,10-di(naphthalen-2-
yl)-anthracen-2-yl]-1,5-diphenyl-5SH-pyrido[4,3-b]indole
(compound 116) as a yellow powder.

[0103] Structure of the thus obtained yellow powder was
identified using NMR. Results of the 'H-NMR measurement
are shown in FIG. 6.

[0104] The following 36 signals of hydrogen were detected
by '"H-NMR (THF-dy). 8 (ppm)=8.47 (1H), 8.15 (2H), 8.05
(4H), 8.00 (1H), 7.98 (2H), 7.92 (1H), 7.78 (3H), 7.70 (2H),
7.52-7.66 (13H), 7.28-7.39 (6H), 7.20 (1H).

Example 7

[0105] On the compounds of Examples 1 to 6 of the present
invention, melting point and glass transition point were deter-
mined by means of a highly sensitive differential scanning
calorimeter (DSC 31005, manufactured by Bruker AXS).

Glass transition

Melting point point
Compound of Inventive Example 1 304° C. 163° C.
Compound of Inventive Example 2 284° C. 141° C.
Compound of Inventive Example 3 282° C. 172° C.
Compound of Inventive Example 4 350° C. 164° C.
Compound of Inventive Example 5 274° C. 158°C.
Compound of Inventive Example 6 333°C. 193°C.

[0106] Thecompoundsofthe presentinvention haveaglass
transition point of 100° C. or more. This shows that the
compounds of the present invention are stable in thin-film
state.

Example 8

[0107] Using the compounds of Examples 1 to 3, 5 and 6 of
the present invention, a deposited film having a film thickness
of 100 nm was prepared on an ITO substrate and work func-
tion was measured using a photo-electron spectroscopy in air
(Model AC-3, manufactured by Riken Keiki Co., Ltd.).

Work function
Compound of Inventive Example 1 5.80 eV
Compound of Inventive Example 2 5.78 eV
Compound of Inventive Example 3 5.75eV
Compound of Inventive Example 5 5.79 eV
Compound of Inventive Example 6 577 eV

[0108] Thus, it can be seen that the compounds of the
present invention have a large hole-blocking ability, because
these have a work function value of larger than 5.4 eV which
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is possessed by the general hole-transport materials such as
NPD or TPD and also have a work function value of larger
than 5.6 eV which is possessed by Alqgs.

Example 9

[0109] Using the compounds of Examples 1 to 3 of the
present invention, a heat resistance test was carried out in
order to verify their stability under high temperature condi-
tion. The heat resistance test was carried out in the following
manner. Thatis, 10 mg of each of the compounds of Examples
1 to 3 of the present invention was put into a glass test tube
and, after evacuation using a diaphragm type pump, the end of
the glass tube was sealed. The thus sealed glass tube was put
into a thermostatic oven set to a predetermined temperature of
from 300° C. to 330° C. and allowed to stand for 1 week, and
then the sealing was opened to be used as the sample after test.
Samples before and after the heat resistance test were sub-
jected to HPLC measurement (measuring conditions: col-
umn; Inertcil ODS-SP manufactured by GL Sciences Inc.,
inner diameter of 4.6 mm, length of 250 mm, eluent; metha-
n0l/0.05% (v/v) trifluoroacetic acid aqueous solution=8/2
(v/v), flow rate; 1.0 ml/min, column temperature; 40° C.,
measuring wavelength; 254 nm), and HPLC purity (peak area
percentage, %) of the compounds of the present invention in
respective samples was calculated from the thus obtained
HPLC charts using a data processor. Those in which the
purity reduction of sample before and after the heat resistance
test was less than 5% based on the peak area percentage was
regarded as “A (heat resistant)”, and those having 5% or more
as “B (no heat resistance)”. Results of the heat resistance test
of respective samples are as follows.

Result of heat

resistance test [Temperature tested]
Compound of Inventive Example 1 A [330° C.]
Compound of Inventive Example 2 A [330° C.]
Compound of Inventive Example 3 A [330°C.]
BCP (comparative compound) B [300° C.]

[0110] Thus, the compounds of the present invention are
stably present under high temperature condition, because its
purity reduction is less than 5% by peak area percentage. On
the other hand, purity reduction of the comparative com-
pound BCP (compound 131 of the following structure for-
mula) is 5% or more by peak area percentage, revealing that
the compounds of the present invention are excellent in heat
resistance.

[Chem. 134]
(Compound [31)
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Example 10

[0111] As shown in FIG. 7, an organic EL. device was
prepared by forming an ITO electrode as the transparent
anode 2 on the glass substrate 1 in advance and then depos-
iting thereon the hole-injection layer 3, hole-transport layer 4,
light-emitting layer 5, hole-blocking layer 6, electron trans-
portlayer 7, electron injection layer 8 and cathode (aluminum
electrode) 9 in that order.

[0112] Specifically, the glass substrate 1 on which ITO of
150 nm in film thickness was formed was washed with an
organic solvent and then its surface was washed by an oxygen
plasma treatment. Thereafter, this glass substrate equipped
with ITO electrode was attached to the inside of a vacuum
deposition machine and decompressed to 0.001 Pa or less.
Subsequently, as the hole-injection layer 3, compound 132 of
the following structural formula was formed at a deposition
rate of 6 nm/min to a film thickness of 20 nm such that the
transparent anode 2 was covered therewith. On this hole-
injection layer 3, compound 133 of the following structural
formula was formed at a deposition rate of 6 nm/min to a film
thickness of 40 nm as the hole-transport layer 4. On this

[Chem. 135]

e
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[Chern. 136]
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hole-transport layer, compound 134 of the following struc-
tural formula and compound 135 of the following structural
formula were formed to a film thickness of 30 nm as the
light-emitting layer 5, by carrying out their binary deposition
at a deposition rate of compound 134:compound 135=5:95 as
the deposition rate ratio. On this light-emitting layer 5, the
compound of Example 1 of the present invention (compound
10) was formed at a deposition rate of 6 nm/min to a film
thickness of 30 nm as the hole-blocking layer 6—cum-the
electron transport layer 7. On this hole-blocking layer—cum-
electron transport layer 6 and 7, lithium fluoride was formed
atadeposition rate of 0.6 nm/min to a film thickness of 0.5 nm
as the electron injection layer 8. Finally, aluminum was
deposited to a film thickness of 150 nm to form the cathode 9.
On the thus prepared organic EL device, characteristics mea-
surement was carried out in the air at ordinary temperature.
[0113] Direct current voltage was applied to the organic EL,
device prepared using the compound of Example 1 of the
present invention (compound 10), and light emission charac-
teristics in that case were measured, with the results shown en
bloc in Table 1.

(Compound 132)

Y

(Compound 133)

M P
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-continued

[Chem. 137]

HiC
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(Compound 134)

CH;

H;C

[Chem. 138]

[0114] An organic EL device was prepared in the same
manner as in Example 10, except that the compound of
Example 2 of the present invention (compound 75) was used
in place of the compound of Example 1 of the present inven-
tion (compound 10) as a material of the hole-blocking layer
6—cum-electron transport layer 7, and formed to a film thick-
ness of 30 nm. On the thus prepared organic EL. device,
characteristics measurement was carried out in the air at
ordinary temperature. Direct current voltage was applied to
the thus prepared organic EL device, and light emission char-
acteristics in that case were measured, with the results shown
en bloc in Table 1.

CyHyt

Example 11

Example 12

[0115] An organic EL device was prepared in the same
manner as in Example 10, except that the compound of
Example 3 of the present invention (compound 78) was used
in place of the compound of Example 1 of the present inven-
tion (compound 10) as a material of the hole-blocking layer
6—cum-electron transport layer 7, and formed to a film thick-
ness of 30 nm. On the thus prepared organic EL. device,
characteristics measurement was carried out in the air at
ordinary temperature. Direct current voltage was applied to
the thus prepared organic EL device, and light emission char-
acteristics in that case were measured, with the results shown
en bloc in Table 1.

Comparative Example 1

[0116] For the sake of comparison, an organic EL device
was prepared in the same manner as in Example 10, except
that compound 136 of the following structural formula (e.g.,

CH;

(Compound 135)

see Patent Document 4) was used in place of the compound of
Example 1 of the present invention (compound 10) as a mate-
rial of the hole-blocking layer 6—cum-electron transport
layer 7, and formed to a film thickness of 30 nm. On the thus
prepared organic EL. device, characteristics measurement
was carried out in the air at ordinary temperature. Direct
current voltage was applied to the thus prepared organic EL.
device, and light emission characteristics in that case were
measured, with the results shown en bloc in Table 1.

[Chem. 139]
(Compound [36)

: o
)
: ()
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TABLE 1
Driving Luminance Luminous Power
voltage (V) [ed/m?] efficacy [cd/A]  efficacy [Im/W]
Compound (@10 mA/em?) (@10 mA/em?) (@10 mA/em?) (@10 mA/cm?)
Ex. 10 Comp. 10 5.24 871 8.71 5.23
Ex. 11 Comp. 75 3.94 932 9.32 7.43
Ex. 12 Comp. 78 4.15 972 9.72 7.36
Comp. Ex. 1 Comp. 136 5.95 792 792 4.19

[0117] As shown in Table 1, the driving voltage at the time
of a current density of 10 mA/cm? was 5.95 V in the case of
Comparative Example 1 in which the compound 136 of the
aforementioned structural formula was used, but showed a
lowered voltage of from 3.94 V to 5.24 V in all cases of
Examples 10 to 12, and further, each of the luminance, lumi-
nous efficacy and power efficacy at the time of a current
density of 10 mA/cm? was also improved.

[0118] Light emission initiation voltage was measured
using the same organic EL devices as mentioned in the above,
with the results shown below.

Light emission initiation

Organic EL device Compound voltage [V]
Example 10 Compound 10 3.0
Example 11 Compound 75 2.8
Example 12 Compound 78 2.8
Comp. Ex. 1 Compound 136 3.1

[0119] As a result, it can be seen that, in comparison with
the comparative Example 1 in which the compound 136 of the
aforementioned structural formula was used, the light emis-
sion initiation voltage was lowered in Examples 10 to 12.

[0120] Thus, it was found that the organic EL devices of the
present invention are excellent in the luminous efficacy and
power efficacy and can attain significant lowering of the prac-
tical driving voltage, in comparison with the device prepared
by using the compound 136 of the aforementioned structural
formula which is used as a general electron-transport mate-
rial.

[0121] While the present invention has been described in
detail and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope of the present invention.

[0122] This application is based on Japanese Patent Appli-
cation No. 2009-258613 filed on Nov. 12, 2009, the entire
contents of which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0123] The compound having a substituted anthracene ring
structure and a pyridoindole ring structure of the present
invention is excellent as a compound for an organic EL
device, because it has good electron injection performances,
is excellent in hole-blocking ability, is excellent in heat resis-
tance, and is stable in thin-film state. By preparing an organic
EL device using the compound, high efficiency can be
obtained and also the driving voltage can be lowered so that

durability can be improved. For example, its development for
applications such as domestic electric appliances and illumi-
nation became possible.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

[0124] 1 Glass substrate

[0125] 2 Transparent anode
[0126] 3 Hole-injection layer
[0127] 4 Hole-transport layer
[0128] 5 Light-emitting layer
[0129] 6 Hole-blocking layer
[0130] 7 Electron-transport layer
[0131] 8 Electron-injection layer
[0132] 9 Cathode

1. A compound having a substituted anthracene ring struc-
ture and a pyridoindole ring structure, which is represented by
the following general formula (1) or the following general
formula (2):

[Chem. 1]
o ()

R\l I R Rers

W Re

Ro~—x/ S Rs
\ J/
7z
Rg/ A—B Ary

(in the formula, Ar; and Ar, may be the same or different
from each other, wherein Ar, represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and Ar, represents a substituted or unsubstituted
aromatic hydrocarbon group or a substituted or unsub-
stituted condensed polycyclic aromatic group; A and B
may be the same or different from each other and each
represents a single bond, a substituted or unsubstituted
aromatic hydrocarbon divalent group, a substituted or
unsubstituted aromatic heterocyclic divalent group or a
substituted or unsubstituted condensed polycyclic aro-
matic divalent group; R, to R, may be the same or dif-
ferent from one another, and each represents a hydrogen
atom, a deuterium atom, a fluorine atom, a chlorine
atom, a cyano group, a trifluoromethyl group, a linear or
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branched alkyl group having from 1 to 6 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group; Ry represents a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluoromethyl group, or a linear or branched alkyl
group having from 1 to 6 carbon atoms; rg represents O or
an integer of from 1 to 8, wherein when rg is 2 or more,
two or more of Ry’s may be the same or different from
one another and when ry is 0, it means no substitution
with Rg; and each of W, X, Y and Z represents a carbon
atom or a nitrogen atom, wherein only one of W, X, Y
and 7 is nitrogen atom and the nitrogen atom in that case
does not have the hydrogen atom or substituent group of
R, toR,); and

[Chem. 2]

Ar
Ro | : Rys

/\W N . Ria
Rig~ N\ R
10 X\% 13 Ary
—~Z
RN\ Y—p /\2\/\
R W\/ Rye)ris

Ars

(in the formula, Ar;, Ar, and Ars may be the same or
different from one another, wherein Ar; represents a
substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group, and each of Ar, and Ar,
represents a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted con-
densed polycyclic aromatic group; C and D may be the
same or different from each other and each represents a
single bond, a substituted or unsubstituted aromatic
hydrocarbon divalent group, a substituted or unsubsti-
tuted aromatic heterocyclic divalent group or a substi-
tuted or unsubstituted condensed polycyclic aromatic
divalent group; R, to R, 5 may be the same or different
from one another and each represents a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R, 4 represents a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluoromethyl group or a linear or branched alkyl group
having from 1 to 6 carbon atoms; r, 4 represents 0 or an
integer of from 1 to 7, wherein whenr, 4 is 2 or more, two
or more of R, ;’s may be the same or different from one
another and when r ¢ is 0, it means no substitution with
R, and each of W, X, Y and Z represents a carbon atom
or a nitrogen atom, wherein only one of W, X, Y and Z is
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nitrogen atom and the nitrogen atom in that case does not
have the hydrogen atom or substituent group of R, to
R;5).

2. The compound having a substituted anthracene ring

structure and a pyridoindole ring structure according to claim
1, which is represented by the following general formula (3):

[Chem. 3]
(©)]
Arz
Ry | Ros Rog)ro4
\ N
/W
Rig~—yx 55
\
=7
RY, \ 'A—B Ary
20 Ry

(in the formula, Ar, and Ar, may be the same or different
from each other, wherein Ar, represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and Ar, represents a substituted or unsubstituted
aromatic hydrocarbon group or a substituted or unsub-
stituted condensed polycyclic aromatic group; A and B
may be the same or different from each other and each
represents a single bond, a substituted or unsubstituted
aromatic hydrocarbon divalent group, a substituted or
unsubstituted aromatic heterocyclic divalent group or a
substituted or unsubstituted condensed polycyclic aro-
matic divalent group; R,, to R,; may be the same or
different from one another and each represents a hydro-
gen atom, a deuterium atom, a fluorine atom, a chlorine
atom, a cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R,, represents a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluoromethyl group or a linear or branched alkyl group
having from 1 to 6 carbon atoms; r,, represents 0 or an
integer of from 1 to 8, wherein whenr,, is 2 or more, two
or more of R,,’s may be the same or different from one
another and when r,, is 0, it means no substitution with
R,,; and each of W, X, Y and Z represents a carbon atom
or a nitrogen atom, wherein only one of W, X, Y and Z is
nitrogen atom and the nitrogen atom in that case does not
have the hydrogen atom or substituent group of R, to

Roo)-
3. The compound having a substituted anthracene ring

structure and a pyridoindole ring structure according to claim
1, which is represented by the following general formula (4):
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[Chem. 4]
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(in the formula, Arg, Ar, and Ar,, may be the same or
different from one another, wherein Ar_ represents a
substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group, and each of Ar, and Ar,,
represents a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted con-
densed polycyclic aromatic group; C and D may be the
same or different from each other and each represents a
single bond, a substituted or unsubstituted aromatic
hydrocarbon divalent group, a substituted or unsubsti-
tuted aromatic heterocyclic divalent group or a substi-
tuted or unsubstituted condensed polycyclic aromatic
divalent group; R, to R;; may be the same or different
from one another and each represents a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R;, represents a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluoromethyl group or a linear or branched alkyl group
having from 1 to 6 carbon atoms; r5, represents 0 or an
integer of from 1 to 7, wherein whenr, is 2 or more, two
or more of R;,’s may be the same or different from one
another and when r5, is 0, it means no substitution with
R;,; and each of W, X, Y and Z represents a carbon atom
or a nitrogen atom, wherein only one of W, X, Y and Z is
nitrogen atom and the nitrogen atom in that case does not
have the hydrogen atom or substituent group of R, to

RZS)'
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[Chem. 5]
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(in the formula, Ar,,, Ar,, and Ar,; may be the same or
different from one another, wherein Ar,, represents a
substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group, and each of Ar,, and Ar,;
represents a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted con-
densed polycyclic aromatic group; C and D may be the
same or different from each other and each represents a
single bond, a substituted or unsubstituted aromatic
hydrocarbon divalent group, a substituted or unsubsti-
tuted aromatic heterocyclic divalent group or a substi-
tuted or unsubstituted condensed polycyclic aromatic
divalent group; R;; to R;, may be the same or different
from one another and each represents a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, a
cyano group, a trifluoromethyl group, a linear or
branched alkyl group having from 1 to 6 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group; R, represents a deuterium
atom, a fluorine atom, a chlorine atom, a cyano group, a
trifluoromethyl group or a linear or branched alkyl group
having from 1 to 6 carbon atoms; r,,, represents 0 or an
integer of from 1 to 7, wherein when r,,,, is 2 or more, two
or more of R,,’s may be the same or different from one
another and when r,,,, is 0, it means no substitution with
R.o; and each of W, X, Y and Z represents a carbon atom
or a nitrogen atom, wherein only one of W, X, Y and Z is
nitrogen atom and the nitrogen atom in that case does not
have the hydrogen atom or substituent group of R to
Rie)-

5. The compound having a substituted anthracene ring
structure and a pyridoindole ring structure according to claim
2, wherein each of A and B in the aforementioned general
formula (3) is a single bond.

4. The compound having a substituted anthracene ring 6. The compound having a substituted anthracene ring
structure and a pyridoindole ring structure according to claim structure and a pyridoindole ring structure according to claim
1, which is represented by the following general formula (5): 5, which is represented by the following general formula (3"):
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[Chem. 6]
39

(in the formula, Ar, and Ar, may be the same or different
from each other, wherein Ar represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and Ar, represents a substituted or unsubstituted
aromatic hydrocarbon group or a substituted or unsub-
stituted condensed polycyclic aromatic group; and R,
R,sand R,,to R,; may be the same or different from one
another and each represents a hydrogen atom, a deute-
rium atom, a fluorine atom, a chlorine atom, a cyano
group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic group
or a substituted or unsubstituted condensed polycyclic
aromatic group).

7. The compound having a substituted anthracene ring

structure and a pyridoindole ring structure according to claim
2, which is represented by the following general formula (3"):

[Chem. 7]

¢3"

Aty

(in the formula, Ar, and Ar, may be the same or different
from each other, wherein Arg represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, and Ar, represents a substituted or unsubstituted
aromatic hydrocarbon group or a substituted or unsub-
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stituted condensed polycyclic aromatic group; and R -,
R,s andR,,to R,; may be the same or different from one
another and each represents a hydrogen atom, a deute-
rium atom, a fluorine atom, a chlorine atom, a cyano
group, a trifluoromethyl group, a linear or branched
alkyl group having from 1 to 6 carbon atoms, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic group
or a substituted or unsubstituted condensed polycyclic
aromatic group).

8. The compound having a substituted anthracene ring
structure and a pyridoindole ring structure according to claim
4, wherein each of C and D in the aforementioned general
formula (5) is a single bond.

9. The compound having a substituted anthracene ring
structure and a pyridoindole ring structure according to claim
8, which is represented by the following general formula (5'):

[Chem. 8]

Arpz

(in the formula, Ar,,, Ar,, and Ar,; may be the same or
different from one another, wherein Ar,, represents a
substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group or a substituted or unsubstituted condensed
polycyclic aromatic group, and each of Ar,, and Ar,
represents a substituted or unsubstituted aromatic
hydrocarbon group or a substituted or unsubstituted con-
densed polycyclic aromatic group; and R;;, R;, and R,
to R;, may be the same or different from one another and
each represents a hydrogen atom, a deuterium atom, a
fluorine atom, a chlorine atom, a cyano group, a trifluo-
romethyl group, a linear or branched alkyl group having
from 1 to 6 carbon atoms, a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubsti-
tuted aromatic heterocyclic group or a substituted or
unsubstituted condensed polycyclic aromatic group).

10. An organic electroluminescent device having a pair of
electrodes and at least one organic layer interposed therebe-
tween, wherein the aforementioned at least one organic layer
contains the compound having a substituted anthracene ring
structure and a pyridoindole ring structure, which is repre-
sented by the general formula (1) or the general formula (2)
according to claim 1.

11. The organic electroluminescent device according to
claim 10, wherein the aforementioned at least one organic
layer contains an electron-transport layer, and the compound
represented by the general formula (1) or the general formula
(2) is present in the electron-transport layer.
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12. The organic electroluminescent device according to
claim 10, wherein the aforementioned at least one organic
layer contains a hole-blocking layer, and the compound rep-
resented by the general formula (1) or the general formula (2)
is present in the hole-blocking layer.

13. The organic electroluminescent device according to
claim 10, wherein the aforementioned at least one organic
layer contains a light-emitting layer, and the compound rep-

Sep. 13,2012

resented by the general formula (1) or the general formula (2)
is present in the light-emitting layer.

14. The organic electroluminescent device according to
claim 10, wherein the aforementioned at least one organic
layer contains an electron-injection layer, and the compound
represented by the general formula (1) or the general formula
(2) is present in the electron-injection layer.

Ed sk sk Ed Ed



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

RHA

L5
H M2 TF S0k
S\EREERR

BEG®)

REAS R EFMRBREWRMLLLEH BIRAEWHLEY , EBA TS
BX (1) AFRBRX (2) RNEHNBHEASRN , B -—XBRNE
D—MEARBNEIE , HhEERAHRIRE WML LE 3 B R IRE
HWELEw , B TFHER (1) ATFIEXRTR (2) F , ERLRE
DB IEEN KR

patsnap
BB RIRE ML LE H B RIAERINLEY , URBYVBRRAEH

US20120228598A1 NI (»&E)B 2012-09-13

US13/509434 RiEH 2010-11-10

REMEFET WX &4

HODOGAYA{tZHE R/ .

HODOGAYA{LZEH R/ F).

YOKOYAMA NORIMASA
HAYASHI SHUICHI
KASE KOUKI

OHKUMA HIROSHI
TAKAHASHI ElJI
KANDA DAIZOU

YOKOYAMA, NORIMASA
HAYASHI, SHUICHI
KASE, KOUKI

OHKUMA, HIROSHI
TAKAHASHI, ElJI
KANDA, DAIZOU

HO1L51/54 C07D471/04

C07D471/04 CO9K11/06 C09K2211/1029 HO1L51/0058 C07D519/00 HO1L51/0072 HO1L51/5012
H05B33/14 HO1L51/0067

2009258613 2009-11-12 JP

usS8748014

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/3e31523e-474d-4e02-afe6-323fbc03c85f
https://worldwide.espacenet.com/patent/search/family/043991658/publication/US2012228598A1?q=US2012228598A1
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=%2220120228598%22.PGNR.&OS=DN/20120228598&RS=DN/20120228598

