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Description
Technical Field

[0001] The present invention relates to a compound suitable for an organic electroluminescence device (hereinafter,
referred to as "organic EL device") that is suitable for various display apparatuses and the organic EL device and more
particularly to a specific indenocarbazole compound and an organic EL device using the compound.

Background Art

[0002] Anorganic EL device is a self-light-emitting device, is brighter than a liquid crystal device, is excellent in visibility,
and is capable of clearly displaying. For that reason, active studies have been made.

[0003] In recent years, as an attempt to enhance a light-emitting efficiency of an device, an device that generates
phosphorescence using a phosphorescence-emitting substance, i.e., uses light emission from a triplet excited state has
beendeveloped. According to the excitation state theory, in a case where phosphorescence emission is used, remarkable
improvement in the emitting efficiency can be expected, i.e., about 4 times the light-emitting efficiency of fluorescent
emission in the related art becomes possible. In 1993, M. A. Baldo et al. in Princeton University realized an external
quantum efficiency of 8% by the use of a phosphorescence-emitting device using an iridium complex.

[0004] In the organic EL device, a carrier is injected into a light-emitting material from both positive and negative
electrodes, to thereby generating the light-emitting material in an excited state and emitting light. In general, in a case
of the organic EL device in a carrier injecting type, it is said that excitons excited to an excited singlet state are 25% of
the excitons generated and the excitons excited to an excited triplet state are the rest, i.e., 75% of excitons generated.
Accordingly, it appears that an energy utilization efficiency is higher when phosphorescence that emits light from the
excited triplet state is used. However, since the phosphorescence has a long lifetime in the excited triplet state, deacti-
vation of energy occurs by saturation of the excited state and interaction with excitons in the excited triplet state. Thus,
in many cases, a phosphorescence quantum yield of the phosphorescence-emitting substance is generally not high.
[0005] In order to solve such a problem, it is conceivable to utilize a delayed fluorescent material showing delayed
fluorescence. A certain fluorescent material emits fluorescence, after energy transition to the excited triplet state occurs
by an intersystem crossing or the like, by triplet - triplet annihilation or by absorption of thermal energy through an inverse
intersystem crossing to the excited singlet state. In the organic EL device, the latter, i.e., a thermally activated delayed
fluorescent material is believed to be particularly useful.

[0006] In fact, in recent years, devices utilizing emission of light by thermally activated delayed fluorescence (TADF)
have also been developed. In 2011, Adachi et al., Kyushu University, realized 5.3% of external quantum efficiency using
a thermally activated delayed fluorescent material.

[0007] In a case where the thermally activated delayed fluorescent material is used in the organic EL device, the
excitons in the excited singlet state emit normal fluorescence (immediate fluorescence). On the other hand, the excitons
in the excited triplet state absorb heat generated from an device and emit delayed fluorescence through the inverse
intersystem crossing to the excited singlet state. The delayed fluorescence is emitted from the excited singlet state, has
the same wavelength as the immediate fluorescence, is generated through the inverse intersystem crossing from the
excited triplet state to the excited singlet state, and has thus a longer light emission lifetime than the immediate fluores-
cence or the phosphorescence. Therefore, itis observed as fluorescence delayed slower than the immediate fluorescence
or the phosphorescence. By using such a thermally activated exciton moving mechanism, i.e., by absorbing heat energy
after the carrier injection, it is possible to increase a percentage of the excitons in the excited singlet state exceeding
25%. Generally, the percentage of the excitons is only 25%. For example, if a compound that emits strong fluorescence
and the delayed fluorescence is used even at a low temperature of lower than 100°C, the inverse intersystem crossing
from the excited triplet state to the excited singlet state sufficiently occurs by heat from the device, and the delayed
fluorescence is emitted. This significantly improves the light-emitting efficiency of the organic EL device (Patent Literatures
1 and 2).

[0008] In the organic EL device, charges injected from both electrodes are recombined in a light-emitting layer and
light is emitted. Therefore, in the organic EL device, it is important to how efficiently deliver both charges of holes and
electrons to the light-emitting layer. A high light-emitting efficiency can be provided by improving a probability of recom-
bining holes and electrons by improving hole injecting properties into the light-emitting layer, improving electron blocking
properties that block electrons injected from a cathode at an anode side of the light-emitting layer; and further by confining
the excitons generated in the light-emitting layer. Accordingly, a hole transporting material having hole transporting
properties that is used for forming a hole injecting layer, a hole transporting layer, an electron blocking layer, or the light-
emitting layer plays an important role. The hole transporting material is required to have a great hole mobility, high hole
injecting properties, great electron blocking properties, high triplet energy, and high durability to electrons.

[0009] Also, heat resistance and amorphousness of the material are important with respect to an device lifetime. The
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material having low heat resistance is thermally decomposed by heat generated at the time of driving the device even
at a low temperature and is deteriorated. Further, in the material having low amorphousness, a thin film thereof is
crystallized even in a short time, and the device is undesirably deteriorated. Accordingly, the materials used is required
to have properties of high heat resistance and good amorphousness.

[0010] As the hole transporting material of the organic EL device heretofore, N,N’-diphenyl-N,N’-di (a-naphthyl)ben-
zidine (NPD) and various aromatic amine derivatives have been known (Patent Literature 1 and Patent Literature 2).
The NPD shows good hole transporting properties, but a low glass transition point (Tg) of as low as 96°C that is a heat-
resistant indicator. Under a high temperature condition, device properties are lowered due to crystallization. Further,
some of aromatic amine derivatives described in Patent Literature 1 and Patent Literature 2 have excellent hole mobility
of greater than 10-3cm2/Vs or more but have insufficient electron blocking properties. Therefore, in the organic EL device
formed by using such aromatic amine derivatives, a part of electrons passes through the light-emitting layer and an
improvement of the light-emitting efficiency is not be expected. Accordingly, for higher efficiency, it is desirable to provide
a material having higher electron blocking properties, forming a more stable thin film, and having high heat resistance.
[0011] As the compound having improved properties such as the heat resistance, the hole injecting properties, the
hole transporting properties, and the electron blocking properties, an aromatic tertiary amine compound A represented
by the following formula has been proposed (Patent Literature 3).

[Chemical formula 1]

@- O
- O v

[0012] However, in the device using the compound A as the hole injecting layer, the hole transporting layer, or the
electron blocking layer, the heat resistance and the light-emitting efficiency are improved, but are not yet sufficient.
Further, there is room for improvement in a driving voltage and a current efficiency, and the amorphousness is also poor.
Further, Patent Literature 3 does not describe nor suggest the use of the delayed fluorescent material as the light-emitting
material in the organic EL device using the compound.

[0013] Further, as a compound having electron transporting properties and hole transporting properties, an indeno-
carbazole derivative represented by the following formula (Y) has been proposed (Patent Document 4).

(Compound A)

[Chemical formula 2]

™ [ Y \ t
SR

R (Y)

[0014] However, according to Patent Document4, in the organic EL device using the compound in the electron blocking
layer, a slight improvement was only seen in power efficiency. Moreover, there is no description about the organic EL
device using the compound and using the thermally activated delayed fluorescent material as a dopant material of the
light-emitting layer.

[0015] Thus, in order to improve the device properties of the organic EL device, it is desirable to provide a material
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being excellent in the hole transporting properties, the hole injecting properties, the electron blocking properties, stability
of a thin film state, and the like that can be used as the hole transporting material in the organic EL device.

Citation List
Patent Literature
[0016]

Patent Literature 1: Japanese Patent Application Laid-open No. 2004-241374
Patent Literature 2: Japanese Patent Application Laid-open No. 2006-024830
Patent Literature 3: WO2012/117973
Patent Literature 4: WO2010/136109

Non-Patent Literature
[0017]

Non-Patent Literature 1: Appl. Phys. Let., 98, 083302 (2011)
Non-Patent Literature 2: Appl. Phys. Let., 101, 093306 (2012)
Non-Patent Literature 3: Chem. Commun., 48, 11392 (2012)
Non-Patent Literature 4: NATURE 492, 235 (2012)

Disclosure of Invention
Technical Problem

[0018] An object of the present invention is to provide an indenocarbazole compound having (1) excellent hole trans-
porting properties, (2) excellent electron blocking properties, (3) a stable thin film state, and excellent heat resistance
as a material having hole transporting properties and suitably used for formation of an organic EL device, in particular,
as a material suitably used for a hole transporting layer, a hole injecting layer, or an electron blocking layer in a case
where a delayed fluorescent material is used as the dopant material in a light-emitting layer.

[0019] Another object of the present invention is to provide an organic EL device having a high light-emitting efficiency
and high brightness.

[0020] In order to achieve the above-described objects, the present inventors have focused on the fact that an inde-
nocarbazole derivative having a specific structure has the hole transporting properties, is excellent in the thin film stability
and durability, and has high energy level in the lowest triplet state (T,). Accordingly, the present inventors have designed
and synthesized various indenocarbazole compounds and have intensively evaluated physical properties. As a result,
it has discovered thatan indenocarbazole compound has the excellent hole transporting properties, the excellent electron
blocking properties, a stable thin film state, and excellent heat resistance, the indenocarbazole compound substituted
with an aromatic hydrocarbon group, an aromatic heterocyclic group, or a disubstituted amino group substituted with
the aromatic hydrocarbon group or the aromatic heterocyclic group, at a specific position.

[0021] Furthermore, the present inventors have produced various organic EL devices by using the indenocarbazole
compound and have intensively evaluated properties of the devices. As a result, the present invention has been accom-
plished.

[0022] Specifically, the present invention provides an indenocarbazole compound characterized by having hole trans-
porting properties, being used as a constituent material of an organic electroluminescence device, and being represented
by the following general formula (1).

[Chemical formula 3]
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wherein

R’ to R12 may be the same or different and each represents a hydrogen atom; a deuterium atom; a fluorine atom;
a chlorine atom; a cyano group; a nitro group; an alkyl group having 1 to 8 carbon atoms; a cycloalkyl group having
5 to 10 carbon atoms; an alkenyl group having 2 to 6 carbon atoms; an alkyloxy group having 1 to 6 carbon atoms;
a cycloalkyloxy group having 5 to 10 carbon atoms; an aromatic hydrocarbon group; an aromatic heterocyclic group;
an aryloxy group; or a disubstituted amino group substituted with an aromatic hydrocarbon group or an aromatic
heterocyclic group, R to R12 may bond to form a ring via a single bond, a substituted or unsubstituted methylene
group, an oxygen atom or a sulfur atom, and

X represents an aromatic hydrocarbon group; an aromatic hydrocarbon group; or a disubstituted amino group
substituted with an aromatic heterocyclic group or aromatic heterocyclic group.

[0023] A preferred embodiment of the indenocarbazole compound according to the present invention is as follows.
1) the indenocarbazole compound according to the present invention represented by the following general formula

(1-1).

[Chemical formula 4]

(1—1)

wherein

R to R12 and X are the meaning described in the general formula (1).

2) the alkyl group having 1 to 8 carbon atoms represented by R to R12 is an alkyl group having 1 to 6 carbon atoms.
3) X is an aromatic heterocyclic group or a disubstituted amino group.

4) X is a nitrogen-containing aromatic heterocyclic group.

[0024] In the present specification, unless otherwise stated, an alkyl group having 1 to 8 carbon atoms, a cycloalkyl
group having 5 to 10 carbon atoms, an alkenyl group having 2 to 6 carbon atoms, an alkyloxy group having 1 to 6 carbon
atoms, a cycloalkyloxy group having 5 to 10 carbon atoms, an aromatic hydrocarbon group, an aromatic heterocyclic
group, and aryloxy group represented by R to R12 and X

may have a substituent, or may be unsubstituted. Further, an aromatic hydrocarbon group or an aromatic heterocyclic
group included in the disubstituted amino group as the substituent represented by R! to R12 and X may have further a
substituent, or may be unsubstituted.

[0025] Analiphatichydrocarbon group such as analkyl group, an alkenyl group, and an alkyloxy group, unless otherwise
specified, may be linear or branched. An aromatic hydrocarbon group and an aromatic heterocyclic group may have,
unless otherwise specified, a single ring structure or a polycyclic structure, or further a condensed polycyclic structure.
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[0026] Further, according to the present invention, the organic electroluminescence device having a pair of electrodes
and at least one organic layer sandwiched therebetween is characterized in that the indenocarbazole compound is used
as a constituent material of at least one organic layer.

[0027] In the organic electroluminescence according to the present invention,

5) the organic layer is preferably a hole transporting layer, an electron blocking layer, a hole injecting layer, or a
light-emitting layer, and
6) the delayed fluorescence is preferably emitted.

[0028] Furthermore, according to the present invention, an organic electroluminescence device selectively having a
light-emitting layer between a pair of electrodes is characterized in that the indenocarbazole compound is used as a
constituent material of the light-emitting layer. The organic electroluminescence in this embodiment preferably emits the
delayed fluorescence.

[0029] Further, according to the present invention, an organic electroluminescence device having a light-emitting layer
and other layer between a pair of electrodes is characterized in that the other layer is a hole injecting layer, a hole
transporting layer, or an electron blocking layer, and the indenocarbazole compound is used as a constituent material
of the light-emitting layer or the other layer. The organic electroluminescence in this embodiment preferably emits the
delayed fluorescence.

Advantageous Effects of Invention

[0030] The indenocarbazole compound according to the present invention has a high energy level of the lowest triplet
state (T4) and a wide band gap between the HOMO-LUMO. Therefore, it has hole transporting properties, and has one
or more of the following properties.

(1) higher hole mobility and higher hole transporting properties than the conventional materials,
(2) high hole-injecting properties,

(3) high electron blocking properties, and

(4) high stability to electrons.

[0031] Further, the thin-film state is stable and it is excellent in heat resistance. Because of such properties, the
indenocarbazole compound according to the present invention is suitable as a material of the organic EL device. It is
also possible to use as a material of an organic photoluminescence device.

[0032] Further, the organic EL device according to the present invention using the indenocarbazole compound has
the following properties:

(5) high light-emitting efficiency,

(6) high brightness,

(7) low light emission start voltage,
(8) low practical driving voltage, and
(9) low manufacturing costs.

[0033] The indenocarbazole compound according to the present invention is suitably used as the material of the hole
injecting layer or the hole transporting layer of the organic EL device. In the organic EL device having the hole injecting
layer or the hole transporting layer formed by using the indenocarbazole compound according to the present invention,
it is possible to confine the generated excitons in the emitting layer, increase a probability of recombining the holes and
the electrons, and to obtain the high light-emitting efficiency. Also, the driving voltage is low and the durability is excellent.
[0034] Further, theindenocarbazole compound according to the presentinvention is also suitably used as a constituent
material of the electron blocking layer of the organic EL device. This is because the indenocarbazole compound has the
excellent electron blocking properties, the excellent hole transporting properties, and the stability of the thin film state is
high. The organic EL device having the electron blocking layer produced by using the indenocarbazole compound
according to the present invention has high light emission efficiency, a low driving voltage, excellent current resistance,
high maximum light-emitting brightness.

[0035] Furthermore, the indenocarbazole compound according to the present invention is also suitably used as a
material of the light-emitting layer of the organic EL device. The indenocarbazole compound has the excellent hole
transporting properties and the wide band gap. Accordingly, by using the indenocarbazole compound according to the
present invention as a host material of the light-emitting layer, causing to support a fluorescent light-emitting substance,
a phosphorescence-emitting substance or a delayed fluorescent material which is called as a dopant, and forming the
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light-emitting layer, the organic EL device having the low driving voltage and the improved light-emitting efficiency is
achievable.

[0036] As described above, by using the indenocarbazole derivative according to the present invention, the organic
EL device having improved various properties can be provided. Furthermore, by using the delayed fluorescence material
in the light-emitting layer of the organic EL device according to the present invention as the dopant material, it is possible
to avoid the use of the light-emitting material containing a rare metal such as iridium and platinum. In other words,
expensive and scarce rare metals are not used and the indenocarbazole compound and the delayed fluorescence
material are used in combination, the organic EL device according to the present invention advantageous in terms of
resources and costs in addition to the above effects is achievable.

Brief Description of Drawings
[0037]

[Fig. 1] Fig. 1 is a TH-NMR chart diagram of Compound 1 in Example 1.

[Fig. 2] Fig. 2 is a "TH-NMR chart diagram of Compound 2 in Example 2.

[Fig. 3] Fig. 3 is a TH-NMR chart diagram of Compound 3 in Example 3.

[Fig. 4] Fig. 4 is a "TH-NMR chart diagram of Compound 24 in Example 4.

[Fig. 5] Fig. 5 is a diagram showing a structure of an organic EL device in each of Examples 1 to 4 and Comparative
Example 1.

[Fig. 6] Fig. 6 is a diagram showing structural formulae of Compounds 1 to 8 each of which is an indenocarbazole
compound according to the present invention.

[Fig. 7] Fig. 7 is a diagram showing structural formulae of Compounds 9 to 16 each of which is the indenocarbazole
compound according to the present invention.

[Fig. 8] Fig. 8 is a diagram showing structural formulae of Compounds 17 to 24 each of which is the indenocarbazole
compound according to the present invention.

[Fig. 9] Fig. 9 is a diagram showing structural formulae of Compounds 25 to 36 each of which is the indenocarbazole
compound according to the present invention.

[Fig. 10] Fig. 10 is a diagram showing structural formulae of Compounds 37 to 45 each of which is the indenocarbazole
compound according to the present invention.

Modes for Carrying Out the Invention
<Indenocarbazole compound>

[0038] The indenocarbazole compound according to the present invention is represented by the following general
formula (1).

[Chemical formula 5]
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[0039] The indenocarbazole compound represented by the general formula (1) includes an embodiment represented
by the following general formula (1-1). This embodiment is the general formula (1) wherein binding positions of X, R2 to
R9, and R12 are specified.

-

(1)
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[Chemical formula 6]

(1—1)
(R1to R12)

[0040] R to R'2 may be the same or different and each represent a hydrogen atom; a deuterium atom; a fluorine
atom; a chlorine atom; a cyano group; a nitro group; an alkyl group having 1 to 8 carbon atoms; a cycloalkyl group having
5 to 10 carbon atoms; an alkenyl group having 2 to 6 carbon atoms; an alkyloxy group having 1 to 6 carbon atoms; a
cycloalkyloxy group having 5 to 10 carbon atoms; an aromatic hydrocarbon group; an aromatic heterocyclic group; an
aryloxy group; or a disubstituted amino group substituted by a group selected from an aromatic hydrocarbon group or
an aromatic heterocyclic group.

[0041] R'to R'2 may be independently present and not to form a ring, but may bond each other via a single bond, a
substituted or unsubstituted methylene group, an oxygen atom or a sulfur atom to form a ring. Note that in a case where
R to R12 each is a disubstituted amino group, an aromatic hydrocarbon group or an aromatic heterocyclic group in the
disubstituted amino group contributes to a ring formation.

[0042] Specific examples of the alkyl group having 1 to 8 carbon atoms, the cycloalkyl group having 5 to 10 carbon
atoms or the alkenyl group having 2 to 6 carbon atoms represented by R to R'2 include a methyl group, an ethyl group,
an n-propyl group, an isopropy! group, an n-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a neopentyl group, an n-hexyl group, an n-octyl group; a cyclopentyl group, a cyclohexyl group, a 1-
adamantyl group, a 2-adamantyl group, etc.; a vinyl group, an allyl group, a isopropenyl group, a 2-butenyl group; etc.
Examples of the alkyl group having 1 to 8 carbon atoms preferably include an alkyl group having 1 to 6 carbon atoms.
[0043] The alkyl group having 1 to 8 carbon atoms, the cycloalkyl group having 5 to 10 carbon atoms or the alkenyl
group having 2 to 6 carbon atoms represented by R to R2 may be unsubstituted however it is also suitable to have a
substituent. Examples of the substituent include the following groups in addition to a deuterium atom, a cyano group,
and a nitro group:

a halogen atom such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom; an alkyloxy group
having 1 to 6 carbon atoms such as a methyloxy group, an ethyloxy group, and a propyloxy group; an aryloxy group
such as a phenyloxy group, a tolyloxy group; an arylalkyloxy group such as a benzyloxy group and a phenethyloxy
group; an aromatic hydrocarbon group such as a phenyl group, a biphenylyl group, a terphenylyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a fluorenyl group, an indenyl group, a pyrenyl group, a perylenyl
group, a fluoranthenyl group, a triphenylenyl group;

an aromatic heterocyclic group such as a pyridyl group, a pyrimidinyl group, a triazinyl group, a thienyl group, a furyl
group, a pyrrolyl 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 quinoxalinyl group, a benzimidazolyl
group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a carbolinyl group. Note that these sub-
stituents may be unsubstituted however they also may be substituted with the above-described exemplified substit-
uents. Further, these substituents may be independently present and not form a ring however they also may bond
each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom or a sulfur atom to
form a ring.

[0044] Specific examples of the alkyloxy group having 1 to 6 carbon atoms or the cycloalkyloxy group having 5 to 10
carbon atoms represented by R to R'2 include a methyloxy group, an ethyloxy group, an n-propyloxy group, an isopro-
pyloxy group, an n-butyloxy group, a tert-butyloxy group, an n-pentyloxy group, an n-hexyloxy group, a cyclopentyloxy
group, a cyclohexyloxy group, a cycloheptyloxy group, a cyclooctyloxy group, a 1-adamantyloxy group, a 2-adamantyloxy
group.
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[0045] The alkyloxy group having 1 to 6 carbon atoms or the cycloalkyloxy group having 5 to 10 carbon atoms repre-
sented by R! to R12 may be unsubstituted however it may also have a substituent. Examples of the substituent include
the same as those described with respect to the alkyl group having 1 to 8 carbon atoms, the cycloalkyl group having 5
to 10 carbon atoms, or the alkenyl group having 2 to 6 carbon atoms represented by R to R12. The modes that can be
taken are also the same.

[0046] Specific examples of the aromatic hydrocarbon group or the aromatic heterocyclic group represented by R' to
R12 include a phenyl group, a biphenylyl group, a terphenylyl group, a naphthyl group, an anthracenyl group, a phen-
anthrenyl group, a fluorenyl group, an indenyl group, a pyrenyl group, a perylenyl group, a fluoranthenyl group, a triphe-
nylenyl group, a pyridyl group, a pyrimidinyl group, a triazinyl group, a furyl group, a pyrrolyl group, a thienyl group, a
quinolyl group, an isoquinolyl group, a benzofuranyl group, a benzothienyl group, an indolyl group, a carbazolyl group,
an indenocarbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl group, a benzimidazolyl group,
a pyrazolyl group, a dibenzodiazepinyl group, a dibenzofuranyl group, a dibenzothienyl group, a naphthyridinyl group,
a phenanthrolinyl group, a phenadinyl group, a phenoxazinyl group, a phenoserenadinyl group, a phenothiazinyl group,
a phenotellurazinyl group, a phenophosphinadinyl group, an acridinyl group, and a carbolinyl group.

[0047] The aromatic hydrocarbon group or the aromatic heterocyclic group represented by R to R'2 may be unsub-
stituted or may have a substituent. Examples of the substituent include the following groups in addition to a deuterium
atom, a cyano group, and a nitro group:

a halogen atom such as fluorine atom, a chlorine atom, a bromine atom, and an iodine atom;

an alkyl group having 1 to 6 carbon atoms such as a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group, an isopentyl group, a neopentyl
group, and an n-hexyl group;

an alkyloxy group having 1 to 6 carbon atoms such as a methyloxy group, an ethyloxy group, and a propyloxy group;
an alkenyl group having 2 to 6 carbon atoms such as a vinyl group and an allyl group;

an aryloxy group such as a phenyloxy group and a tolyloxy group;

an arylalkyloxy group such as a benzyloxy group, a phenethyloxy group;

an aromatic hydrocarbon group such as a phenyl group, a biphenylyl group, a terphenylyl group, a naphthyl group,
an anthracenyl group, a phenanthrenyl group, a fluorenyl group, an indenyl group, a pyrenyl group, a perylenyl
group, a fluoranthenyl group, a triphenylenyl group;

an aromatic heterocyclic group such as a pyridyl group, a pyrimidinyl group, a triazinyl group, a furyl group, a thienyl
group, a pyrrolyl group, a quinolyl group, an isoquinolyl group, a benzofuranyl group, a benzothienyl group, an indolyl
group, a carbazolyl group, an indenocarbazolyl group, a benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl
group, a benzimidazolyl group, a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a carbolinyl group,
a phenoxazinyl group, a phenothiazinyl group, an acridinyl group, a phenazinyl group;

an aryl vinyl group such as a styryl group and naphthyl vinyl group;

an acyl groups such as an acetyl group and a benzoyl group; and

a disubstituted amino group, such as

a dialkylamino group substituted with an alkyl group such as a dimethylamino group and a diethylamino group,
a disubstituted amino group substituted with only an aromatic hydrocarbon group such as a diphenylamino
group and an dinaphthylamino group,

a diaralkylamino group substituted with an aralkyl group such as a dibenzylamino group and a diphenethyl
amino group,

a disubstituted amino group substituted with only an aromatic heterocyclic group such as a dipyridyl amino
group and an dithienylamino group,

a dialkenylamino group substituted with an alkenyl group such as diallylamino group, and

a disubstituted amino group substituted with a substituent selected from the group consisting of other alkyl
group, an aromatic hydrocarbon group, an aralkyl group, an aromatic heterocyclic group, and an alkenyl group.

[0048] Note that these substituents may be unsubstituted, however may also be substituted with the above-described
exemplified substituents. Further, these substituents may be independently present and not form a ring however may
also bond each other via a single bond, a substituted or unsubstituted methylene group, an oxygen atom or a sulfur
atom to form a ring. In a case where the substituent is the disubstituted amino group, an alkyl group, an aromatic
hydrocarbon group, an aralkyl group, an aromatic heterocyclic group or an alkenyl group constituting the disubstituted
amino group contributes to a ring formation.

[0049] Specific examples of the aryloxy group represented by R! to R'2 include a phenyloxy group, biphenylyloxy
group, a terphenyloxy group, a naphthyloxy group, an anthracenyloxy group, a phenanthrenyloxy group, a fluorenyloxy
group, an indenyloxy group, a triphenylenyloxy group, a pyrenyloxy group, and a perylenyloxy group.
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[0050] The aromatic hydrocarbon group or the aromatic heterocyclic group represented by R to R12 may be unsub-
stituted however may also have a substituent. Examples of the substituent include the same as those described with
respect to the aromatic hydrocarbon group or the aromatic heterocyclic group represented by R to R12. The embodiments
that can be taken are also the same.

[0051] Examples of the aromatic hydrocarbon group or the aromatic heterocyclic group of the substituent included in
the disubstituted amino group represented by R to R12include the same as those described with respect to the aromatic
hydrocarbon group or the aromatic heterocyclic group represented by R to R12.

[0052] The aromatic hydrocarbon group or the aromatic heterocyclic group of the substituent included in the disubsti-
tuted amino group represented by R' to R'2 may be unsubstituted or may further have a substituent. Examples of the
substituent group include the same as those described with respect to the substituent that the aromatic hydrocarbon
group or the aromatic heterocyclic group represented by R' to R12 may have. The embodiments that can be taken are
also the same.

X)

[0053] X represents an aromatic hydrocarbon group, an aromatic heterocyclic group, or a disubstituted amino group
substituted by the aromatic hydrocarbon group or the aromatic heterocyclic group.

[0054] Examples of the aromatic hydrocarbon group or the aromatic heterocyclic group represented by X may include
the same as those described with respect to R! to R12.

[0055] The aromatic hydrocarbon group or the aromatic heterocyclic group represented by X may be unsubstituted
or may have a substituent. Examples of the substituent include the same as those described with respect to the aromatic
hydrocarbon group or the aromatic heterocyclic group represented by R to R'2. The modes that can be taken are also
the same.

[0056] Examples of the aromatic hydrocarbon group or the aromatic heterocyclic group of the substituent included in
the disubstituted amino group represented by X include the same as those described with respect to the aromatic
hydrocarbon group or the aromatic heterocyclic group represented by R to R2.

[0057] The aromatic hydrocarbon group or the aromatic heterocyclic group of the substituent included in the disubsti-
tuted amino group represented by R to R2 may be unsubstituted or may further have a substituent. Examples of the
substituent include the same as those described with respect to the aromatic hydrocarbon group or the aromatic hete-
rocyclic group represented by R' to R12. The embodiments that can be taken are also the same.

(Preferred embodiments)

[0058] Hereinafter, preferred embodiments of the indenocarbazole compound will be described.

[0059] The indenocarbazole compound is preferably the indenocarbazole compound represented by the general for-
mula (1-1) .

[0060] R is preferably an aromatic hydrocarbon group or an aromatic heterocyclic group and is more preferably an
aromatic hydrocarbon group having no condensed polycyclic structure or an aromatic heterocyclic group having a
condensed polycyclic structure and having no nitrogen atom as a hetero atom. Also, the above-described aromatic
heterocyclic group having no nitrogen atom as a hetero atom is preferably an oxygen-containing aromatic heterocyclic
group. Specifically, a phenyl group, a biphenylyl group, a terphenylyl group, a benzofuranyl group, a benzothienyl group,
a dibenzofuranyl group, or a dibenzothienyl group are preferable, and a phenyl group, a biphenylyl group or a dibenzo-
furanyl group are more preferable. The group represented by R is preferably unsubstituted.

[0061] R2toR9, and R12 each is preferably a hydrogen atom or a deuterium atom, more preferably a hydrogen atom.
[0062] R'0and R'! each is preferably an alkyl group or an aromatic hydrocarbon group having 1 to 8 carbon atoms,
more preferably a methyl group, an octyl group or a phenyl group, particularly preferably a methyl group.

[0063] X is preferably an aromatic heterocyclic group or a disubstituted amino group, more preferably an aromatic
heterocyclic group, particularly preferably a nitrogen-containing aromatic heterocyclic group, most preferably a nitrogen-
containing aromatic heterocyclic group having a fused polycyclic structure including 3 or more rings. Specifically, a
phenoxazinyl group, a phenothiazinyl group, an acridinyl group, a phenazinyl group, a carbazolyl group, an indenocar-
bazolyl group, a dibenzofuranyl group, a dibenzothienyl group, a phenanthrolinyl group or a carbolinyl group is preferable,
and a dibenzofuranyl group, a carbazolyl group, or an indenocarbazolyl group is more preferable.

[0064] Further, in the aromatic heterocyclic group, in view of ease of manufacture, a power efficiency, brightness, etc.,
an N atom on the aromatic heterocyclic ring is preferably attached to the indenocarbazole skeleton. From the viewpoint
of the device lifetime, a nitrogen-containing aromatic heterocyclic group having fused polycyclic structure including 3 or
more rings, such as a carbazolyl group and an indenocarbazolyl group is preferable. From the view point of the brightness,
a light emission efficiency, and the power efficiency, an aromatic heterocyclic group having a fused polycyclic structure
including 3 or more rings and including no nitrogen atom as a hetero atom, e.g., adibenzothienyl group, or adibenzofuranyl
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group are preferable, and a dibenzofuranyl group is more preferable.

[0065] Here, a dibenzofuranyl group and a dibenzothienyl group are preferably unsubstituted.

[0066] Further, a phenoxazinyl group, phenothiazinyl group, an acridinyl group, a phenazinyl group, a carbazolyl group,
an indenocarbazolyl group, a phenanthrolinyl group or a carbolinyl group is unsubstituted or has a substituent. As the
substituent, an alkyl group having 1 to 4 carbon atoms; an aromatic hydrocarbon group; an aromatic heterocyclic group;
or a disubstituted amino group substituted with an aromatic hydrocarbon group is preferable, a methyl group, a phenyl
group, a carbazolyl group, a diphenyl amino group, a biphenylyl group, a fluorenyl group, an indenocarbazolyl group, a
dibenzothienyl group or a dibenzofuranyl group is more preferable, a methyl group, a phenyl group, a carbazolyl group,
a biphenylyl group, a fluorenyl group, an indenocarbazolyl group, a dibenzothienyl group or a dibenzofuranyl group is
particularly preferable, and a methyl group is most preferable.

[0067] Specific preferable embodiments of the indenocarbazole compound according to the present invention are
shown in Figs. 6 to 10. However, the indenocarbazole compound is not limited to these compounds. D represents a
deuterium atom.

[0068] In the specific embodiments, the compounds 1, 4 to 6 and 9 to 23 each has two or more indenocarbazole
structures in one molecule. Each indenocarbazole structure drawn in the rightmost on the paper corresponds to a main
skeleton of the indenocarbazole compound according to the present invention.

[0069] Further, the compounds 1 to 45 in specific embodiments correspond to the above general formula (1-1).

<Manufacturing method>

[0070] The indenocarbazole compound according to the present invention can be produced by known methods. For
example, the indenocarbazole compound can be synthesized by performing a condensation reaction such as the Buf-
fubarudo-Hartwig reaction between indenocarbazole that is substituted with halogen such as bromine and amines such
as a nitrogen-containing heterocyclic compound in the presence of a base.

[0071] More specifically, firstly, by the Buffubarudo-Hartwig reaction between an indenocarbazole derivative and a
halide such as halogenated aryl or halogenated heteroaryl in the presence of a palladium catalyst and a base, an
indenocarbazole derivative to which a group corresponding to R' in the general formula (1) is introduced. Next, the
resulting indenocarbazole derivative is halogenated by using NBS, etc. Subsequently, by the Buffubarudo-Hartwig re-
action between the halogenated indenocarbazole derivative and secondary amine or the Suzuki-Miyaura cross-coupling
reaction between the halogenated indenocarbazole derivative and a boronic acid compound such as dibenzofuran
boronic acid and dibenzothiophene boronic acid, a group corresponding to X in the general formula (1) is introduced.
[0072] The indenocarbazole compound can be purified by column chromatograph purification, adsorption purification
with silica gel, activated carbon, activated clay or the like, recrystallization or crystallization with a solvent, or the like.
Also, the indenocarbazole compound may be purified by a sublimation purification method. The compound can be
identified by an NMR analysis. As physical properties, a glass transition point (Tg), a work function, and the like can be
measured.

[0073] The glass transition point (Tg) is an index of the stability of the thin film state. The glass transition point (Tg)
can be measured by a high sensitive differential scanning calorimeter (manufactured by Bruker AXS, DSC3100S) can
be measured by using powder.

[0074] The work function is an index of the hole transporting properties. The work function can be determined by
preparing a thin film having a thickness of 100 nm on an ITO substrate and by using an ionization potential measuring
apparatus (manufactured by Sumitomo Heavy Industries, Ltd., model PYS-202).

[0075] The indenocarbazole compound according to the present invention has the hole transporting properties and
shows the work function of 5.5 eV or more that is shown by a conventionally known hole transporting material such as
NPD, TPD, and the like.

<Organic EL device>

[0076] The above-described indenocarbazole compound according to the present invention is used as a constituent
material of the organic EL device. Specifically, in the organic EL device having a structure in which a pair of electrodes
and at least one organic layer sandwiched therebetween, the indenocarbazole compound according to the present
invention is used for a constituent material of at least one organic layer.

[0077] As long as the conditions are satisfied, the organic EL device according to the present invention can take
various embodiments of layer structures. For example, it is possible to take an embodiment in which only the light-
emitting layer is selectively provided between the pair of electrodes. Alternatively, it is possible to take an embodiment
in which the light-emitting layer and other layer (hole injecting layer, hole transporting layer, or electron blocking layer)
are provided between the pair of electrodes. Specific examples of the embodiment in which the light-emitting layer and
other layer are provided include a structure in which an anode, a hole transporting layer, a light-emitting layer, an electron
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transporting layer, an electron injecting layer, and a cathode are sequentially provided on a substrate. A hole injecting
layer may be provided between the anode and the hole transporting layer. An electron blocking layer may be provided
between the light-emitting layer and the hole transporting layer. A hole blocking layer may be provided between the light-
emitting layer and the electron transporting layer. An exciton blocking layer may be provided on the light-emitting layer
at an anode side or a cathode side. Furthermore, it is possible to omit several organic layers or add several functions
to one organic layer. For example, it is possible to configure such that the hole injecting layer also functions as the hole
transporting layer or the electron transporting layer also functions as the electron injecting layer. Also, it is possible to
configure such that two or more organic layers having the same function are laminated. For example, it is possible to
configure such that two hole transporting layers are laminated, two light-emitting layers are laminated, two electron
transporting layers are laminated, etc. Fig. 5 shows a layer structure employed in the examples described below. Spe-
cifically, a layer structure is shown by forming a transparent anode 2, a hole injecting layer 3, a hole transporting layer
4, an electron blocking layer 5, a light-emitting layer 6, a hole blocking layer 7, an electron transporting layer 8, an
electron injecting layer 9, and a cathode 10 on a glass substrate 1 in this order.

<Anode>

[0078] The anode 2 may be constituted per se by a known electrode material and an electrode material having a large
work function such as ITO and gold is used, for example.

<Hole injecting layer>

[0079] The indenocarbazole compound according to the present invention is suitably used for the hole injecting layer
3. Otherwise, known materials may be used in place of the indenocarbazole compound according to the present invention,
or may be used by mixing or simultaneously with the indenocarbazole compound according to the present invention.
[0080] Examples of the known materials include a porphyrin compound represented by copper phthalocyanine; a
naphthalene diamine derivative; a starburst-type triphenylamine derivative; a triphenylamine trimer or tetramer having
a structure that triphenylamines are single-bonded or linked by a divalent group containing no hetero atom; an acceptor-
type heterocyclic compound such as hexacyano azatriphenylene; and a coating-type polymer material.

[0081] Further, a material to which tris-bromophenyl amine hexa chloro antimony, a radialene derivative (WO
2014/009310), or the like is P-doped, a polymer compound having a partial structure including a structure of a benzidine
derivative such as TPD, or the like can be used as well as the materials commonly used for the hole injecting layer.
[0082] The holeinjecting layer 3 can be provided by forming a thin film by any known method such as a vapor deposition
method, a spin coating method, or an inkjet method by using these materials. The respective layers described below
can be similarly provided by forming a thin film by any known method such as a vapor deposition method, a spin coating
method, or an inkjet method.

<Hole transporting layer>

[0083] The indenocarbazole compound according to the present invention is suitably used for the hole transporting
layer 4. Otherwise, known materials may be used in place of the indenocarbazole compound according to the present
invention, or may be used by mixing or simultaneously with the indenocarbazole compound according to the present
invention.

Compounds containing m-carbazolylphenyl group;

benzidine derivatives, such as

N,N’-diphenyl-N,N’-di(m-tolyl)-benzidine (TPD),
N,N’-diphenyl-N,N’-di(a-naphthyl)-benzidine (NPD),
N,N,N’,N’-tetra-biphenylyl benzidine;
1,1-bis[(di-4-tolylamino)phenyl]cyclohexane (TAPC);
various triphenylamine trimers and tetramers; and
carbazole derivatives.

[0084] The hole transporting layer 4 may be formed by using the above-described materials alone, or may be formed
by mixing with other materials. The hole transporting layer 4 may have a structure on which layers formed alone are
laminated, layers formed by mixing are laminated, or a layer formed alone and a layer formed by mixing are laminated.
Other organic layers in addition to the hole transporting layer may also have a similar structure.

[0085] Further, the hole injecting layer that also functions as the hole transporting layer can be formed by using the
coating-type polymer materials such as poly(3,4-ethylenedioxythiophene) (PEDOT)/poly (styrene sulfonate) (PSS).
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[0086] Further, a material to which tris-bromophenyl amine hexa chloro antimony, a radialene derivative (WO
2014/009310), or the like is P-doped, a polymer compound having a partial structure including a structure of a benzidine
derivative such as TPD, or the like can be used as well as the materials commonly used for the hole transporting layer.

<Electron blocking layer>

[0087] The indenocarbazole compound according to the present invention is suitably used for the electron blocking
layer 5. Otherwise, known compounds having an electron blocking effect may be used exemplified below, for example.
[0088] Carbazole derivatives, such as

4.4’ 4"-tri(N-carbazolyl)triphenylamine (TCTA),
9,9-bis[4-(carbazol-9-yl)phenyl]fluorene,
1,3-bis(carbazol-9-yl)benzene (mCP),
2,2-bis(4-carbazol-9-yl-phenyl)adamantane (Ad-Cz);

triarylamine compound having a triphenylsilyl group, such as,
9-[4-(carbazol-9-yl)phenyl]-9-[4-(triphenylsilyl)phenyl]-9H-fluorene;

a monoamine compound having high electron blocking properties; and
various triphenylamine dimers.

<Light-emitting layer>

[0089] The indenocarbazole compound according to the present invention may be suitably used for the light-emitting
layer 6. Further, known light-emitting materials may be used. Examples of the known light-emitting materials include a
delayed fluorescent material including PIC-TRZ (see Non-Patent Literature 1), CC2TA (see Non-Patent Literature 2),
PXZ-TRZ (see Non-Patent Literature 3), a carbazolyl dicyanobenzene (CDCB) derivative such 4CzIPN (see non-Patent
Literature 4); various metal complexes such as a quinolinol derivative including tris(8-hydroxyquinoline)aluminum (Alqs);
a benzonitrile derivative; an anthracene derivative; a bis styryl benzene derivative; a pyrene derivative; an oxazole
derivative; a polyparaphenylene vinylene derivative; and the like can be used.

[0090] In a case where the organic EL device includes the light-emitting layer formed by using the delayed fluorescent
material, the organic EL device emits delayed fluorescence when current flows.

[0091] The emitting layer 6 is preferably formed of the host material and the dopant material.

[0092] As the host material, in addition to the indenocarbazole compound according to the present invention and the
above-described light-emitting material other than the delayed fluorescent material, a benzonitrile derivative, mCP,
mCBP, a thiazole derivative, a benzimidazole derivative, a polydialkylfluorene derivative, and the like can be used.
[0093] As the dopant material, the delayed fluorescent material including a benzonitrile derivative and a CDCB deriv-
ative such as PIC-TRZ, CC2TA, PXZ-TRZ, and 4CzIPN; quinacridone, coumarin, rubrene, anthracene, perylene and
derivatives thereof; a benzopyran derivative; a rhodamine derivative; an aminostyryl derivative; and the like can be used.
[0094] Further,itis also possible to use a phosphorescence-emitting substance as the light-emitting material. Examples
of the phosphorescence-emitting substance include a metal complex of iridium or platinum. Specific examples include
a green phosphorescence-emitting substance such as Ir(ppy)s;; a blue phosphorescence-emitting substance such as
Firpic and FIr6; and a red phosphorescence-emitting substance such as Btp,lr(acac) and Ir(piq)s.

[0095] As the host material in this case, it is possible to use the indenocarbazole compound according to the present
invention or a heterocyclic compound having an indole ring.

[0096] Further, it is possible to use, for example, the following host materials having the hole injecting properties and
the hole transporting properties:

Carbazole derivatives such as

4.,4’-di(N-carbazolyl)biphenyl (CBP),
TCTA, and
mCP.

[0097] Furthermore, it is possible to use, for example, the following host materials having the electron transporting
properties:

p-bis(triphenylsilyl) benzene (UGH2), and
2,2’,2"(1,3,5-phenylene)-tris(1-phenyl-1H-benzimidazole) (TPBI).

[0098] The use of such a host material can produce a high-performance organic EL device.
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[0099] Doping to the host material of the phosphorescence-emitting substance is preferably performed by co-vapor
deposition in the range of 1 to 30% by weight with respect to the entire light-emitting layer in order to avoid concentration
quenching.

[0100] The light-emitting layer is preferably formed by using the indenocarbazole compound according to the present
invention or the delayed fluorescent material, and is more preferably formed using the delayed fluorescent material.
[0101] Further, the light-emitting layer produced by using the indenocarbazole compound according to the present
invention may have a structure that another light-emitting layer produced by using a compound having a different work
function as the host material is laminated adjacent to the light-emitting layer.

<Hole blocking layer>

[0102] Any known compound having a hole blocking action can be used for the hole blocking layer 7. Examples of
the known compound having a hole blocking action include a phenanthroline derivative such as bathocuproine (BCP);
a metal complex of a quinolinol derivative such as aluminum (lll)bis(2-methyl-8-quinolinato)-4-phenylphenolate (BAIq);
a dibenzothiophene derivative such as 2,8-bis(diphenylphosphoryl)dibenzo[b, d]thiophene (PPT); a benzonitrile deriv-
ative; 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 transporting layer.

<Electron transporting layer>

[0103] Any known electron transporting material can be used for the electron transporting layer 8. Examples of the
known electron transporting material include various metal complexes including a metal complex of a quinolinol derivative
such as Alg; and BAlq; a triazole derivative; a benzonitrile derivative; a triazine derivative; an oxadiazole derivative; a
pyridine derivative; a pyrimidine derivative; a thiadiazole derivative; a benzotriazole derivative; a carbodiimide derivative;
a quinoxaline derivative; a pyridoindole derivative; a phenanthroline derivative; a silole derivative; a compound having
an anthracene ring structure; a benzimidazole derivatives such as TPBI; and the like.

[0104] Further, with respect to the material commonly used in the electron transporting layer, a material to which metal
such as cesium or a triarylphosphine oxide derivative (WO 2014/195482) is N-doped can be used.

<Electron injecting layer>

[0105] On the electron transporting layer 8, an electron injecting layer 9 may be provided. As the electron injecting
layer 9, an alkali metal salt such as cesium fluoride and lithium fluoride; an alkaline earth metal salt such as magnesium
fluoride; a metal oxide such as aluminum oxide; and the like can be used. It is possible to omit the electron injecting
layer 9 by preferably selecting the electron transporting layer and the cathode.

[0106] Further, with respect to the material commonly used in the electron transporting layer, a material to which metal
such as cesium or a triarylphosphine oxide derivative (WO 2014/195482) is N-doped can be used.

<Cathode>

[0107] Asthe cathode 10, an electrode material having a low work function such as aluminum and an electrode material
having a lower work function such as a magnesium-silver alloy, a magnesium-indium alloy, and an aluminum magnesium
alloy are used. Examples

[0108] Hereinafter, embodiments of the present invention will be specifically described by illustrative examples, but
the present invention is not limited to the following examples.

<Example 1: Compound 1>

Synthesis of 7-(12,12-dimethyl-indeno[2,1-b]carbazole-10-yl)-10-phenyl-12,12-dimethyl-indeno[2,1-b]carbazole

[0109] To a reaction vessel purged with nitrogen,

xylene 100 mL,
7-bromo-10-phenyl-12,12-dimethyl-indeno[2,1-b]carbazole 5.0g,
7,7-dimethyl-indeno[2,1-b]carbazole 3.6 g,
t-butoxy sodium 1.6 g,
t-butylphosphine 0.2 g, and
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(continued)

palladium acetate 0149

were added, heated, and stirred at 120°C for 5 hours to give a reaction solution. The reaction solution was allowed to
cool to room temperature, water was added, and the solution was extracted with toluene. A collected organic layer was
concentrated to give a crude product. The crude product was purified by column chromatography (carrier: silica gel,
eluent: toluene/hexane). As a result, a white solid of a compound 1 was provided (83% vyield).
[0110] The resulting white solid was identified by using the NMR and the structure was identified. A TH-NMR chart is
shown in Fig. 1. By the TH-NMR(CDCl5), the following 36 signals of hydrogen were detected.

§ (ppm)=  8.49 (1H)
8.44 (1H)

8.41 (1H)

8.24 (1H)

7.88 (1H)

7.81 (1H)

7.78 - 7.67 (4H)

7.64 - 7.52 (3H)

7.49-7.23(11H)

1.54 (6H)

1.49 (6H).

[Chemical formula 7]

{Compound 1)
<Example 2: Compound 2>
Synthesis of 7-(carbazol-9-yl)-10-phenyl-12,12-dimethyl-indeno[2,1-b]carbazole

[0111] To a reaction vessel purged with nitrogen,

xylene 100 mL,
7-bromo-10-phenyl-12,12-dimethyl-indeno[2,1-b]carbazole 6.0 g,
carbazole 25g,
t-butoxy sodium 2.0g,
t-butylphosphine 0.2 g, and
palladium acetate 0149

were added, heated, and stirred at 120°C for 5 hours to give a reaction solution. The reaction solution was allowed to
cool to room temperature, water was added, and the solution was extracted with toluene. A collected organic layer was
concentrated to give a crude product. The crude product was purified by the column chromatography (carrier: silica gel,
eluent: toluene/hexane). As a result, a white solid of a compound 2 was provided (60% yield).
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[0112] The resulting white solid was identified by using the NMR and the structure was identified. A TH-NMR chart is
shown in Fig. 2. By the TH-NMR(CDCl,), the following 28 signals of hydrogen were detected.

& (ppm) = 8.41 (1H)
8.34 (1H)
8.19 (2H)
7.80 (1H)
7.75-7.68
7.62-7.50

4H)
3H)
6H)
4H)

7.48-7.39
7.39-7.25
1.53 (6H)

—~ o~~~

[Chemical formula 8]

(Compound 2)
<Example 3: Compound 3>
Synthesis of 7-(carbazol-9-yl)-10-(biphenyl-4-yl)-12,12-dimethyl-indeno[2,1-b]carbazole

[0113] To a reaction vessel purged with nitrogen,

toluene 50 mL,
7-Bromo-10-(biphenyl-4-yl) 12,12-dimethyl-indeno[2,1-b] carbazole 3.0 g,
carbazole 114,
t-butoxy sodium 0.7 g,
t-butylphosphine 0.1g, and
palladium acetate 01g

were added, heated, and stirred at 110°C for 5 hours to give a reaction solution. The reaction solution was allowed to
cool to room temperature, water was added, and the solution was extracted with toluene. A collected organic layer was
concentrated to give a crude product. The crude product was purified by the column chromatography (carrier: silica gel,
eluent: toluene/hexane). As a result, a white solid of a compound 3 was provided (56% vyield).
[0114] The resulting white solid was identified by using the NMR and the structure was identified. A TH-NMR chart is
shown in Fig. 3. By the TH-NMR(CDCl,), the following 32 signals of hydrogen were detected.

5 (ppm)=  8.42 (1H)
8.35 (1H)
8.20 (2H)
7.96 - 7.88 (2H)
7.84-7.73 (5H)
7.63 (1H)
7.59 - 7.48 (4H)
7.48-7.26 (10H)
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(continued)

1.55 (6H)
[Chemical formula 9]
gii
.
N
WA
i !

<Example 4: Compound 24>

(Compound 3)

Synthesis of 7,10-bis(2-dibenzofuranyl)-10H,12H-12,12-dimethyl-indeno[2,1-b]carbazole;

[0115] To a reaction vessel purged with nitrogen,

xylene
2-bromo-dibenzofuran

70 mL,
1.8g,

7-(2-dibenzofuranyl)-10H,12H-12,12-dimethyl-indeno [2,1-b] carbazole 3.0q,

t-butoxy sodium
t-butylphosphine
palladium acetate

1.0g,
0.1 g, and
03g

were added, heated, and stirred at 130°C for 11 hours to give a reaction solution. The reaction solution was allowed to
cool to room temperature, water was added, and the solution was extracted with toluene. A collected organic layer was
concentrated to give a crude product. The crude product was purified by the column chromatography (carrier: silica gel,
eluent: toluene/hexane). As a result, a white solid of a compound 24 was provided (30% yield).

[0116] The resulting white solid was identified by using the NMR and the structure was identified. A TH-NMR chart is

40

45

50

55

shown in Fig. 4. By the TH-NMR(CDCl,), the following 29 signals of hydrogen were detected.

§ (ppm) = 8.56 (1H)
8.51 (1H)
8.30 (1H)
8.29 (1H)
8.20 (1H)
8.06 (1H)
8.00-7.84 (3H)
7.73-7.67 (4H)
7.61 (1H)
7.56 (1H)
7.49 (1H)
7.44-7.39 (6H)
7.29 (1H)
1.52 (6H)

[Chemical formula 10]
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(Compound 24)

[0117] The high sensitivity differential scanning calorimeter (manufactured by Bruker AXS, DSC3100S) was used to
determine the glass transition point of the compound obtained in each example.

Glass transition point (°C)

Compound 1 of Example 1 189.3
Compound 2 of Example 2 143.2
Compound 3 of Example 3 160.1
Compound 24 of Example 4 147.7

[0118] It was found that each of the indenocarbazole compounds according to the present invention had the glass
transition temperature of 100°C or more and had a stable thin film state.

[0119] Using the compound obtained in each example, a deposited film having a thickness of 100 nm was formed on
an ITO substrate and was measured for the work function using the ionization potential measuring apparatus (manu-
factured by Sumitomo Heavy Industries, Ltd., PYS-202 type).

Work function (eV)

Compound 1 of Example 1 5.79
Compound 2 of Example 2 5.94
Compound 3 of Example 3 5.86
Compound 24 of Example 4 5.81

[0120] Itwasfound thateach oftheindenocarbazole compounds according tothe presentinvention showed a preferable
energy level and had good hole transportability as compared to the work function 5.5 eV of general hole transporting
material such as NPD and TPD.

<Device Example 1>

[0121] Asshownin Fig. 5, on the glass substrate 1 on which an ITO electrode was formed in advance as the transparent
anode 2, the hole injecting layer 3, the hole transporting layer 4, the electron blocking layer 5, the light-emitting layer 6,
the hole blocking layer 7, the electron transporting layer 8, the electron injecting layer 9, and the cathode (aluminum
electrode) 10 were vapor-deposited in this order to produce an organic EL device that emits the delayed fluorescence.
[0122] Specifically, after the glass substrate 1 on which ITO having a thickness of 150 nm was formed was washed
with an organic solvent, the surface was cleaned by UV ozone treatment. After that, the glass substrate including the
ITO electrode was mounted in a vacuum deposition apparatus, of which pressure was reduced to 0.001 Pa or less.
[0123] Subsequently, a compound HIM-1 having the following formula was vapor-deposited so as to cover the trans-
parent anode 2 to form the hole injecting layer 3 having a thickness of 10 nm.
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[Chemical formula 11]

CN
Ny
N N CN
2
X
% N CN
NC/K[';N
CN (HIM~1)

[0124] On the hole injecting layer 3, HTM-1 represented by the following structural formula was vapor-deposited to
form the hole transporting layer 4 having a film thickness of 25 nm.

[Chemical formula 12]

' 2
- 5:: éﬁ

[0125] On the hole transporting layer 4, the compound 1 of Example 1 was vapor-deposited to form the electron
blocking layer 5 having a thickness of 5 nm.

(HTM=—1)

[Chemical formula 13]

(Compound 1)

[0126] On the electron blocking layer 5, EMD-1 (4CzIPN) represented by the following structural formula as the dopant
material and EMH-1 (mCBP) expressed by the following structural formula as the host material were binary vapor-
deposited at a vapor-deposition rate such that a ratio of a vapor-deposition rates was EMD-1:EMH-1 = 15:85 to form
the light-emitting layer 6 having a thickness of 30 nm.

[0127] Note that the EMD-1 is a heat activated delayed fluorescent material.
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[Chemical formula 14]

&S
{(EMDb—1)

[0128] On the light-emitting layer 6, ETM-1 represented by the following structural formula was vapor-deposited to

form the hole blocking layer 7 having a thickness of 10 nm.

[Chemical formula 15]

[0129] On the hole blocking layer 7, ETM-2 represented by the following structural formula was vapor-deposited to

form the electron transporting layer 8 having a thickness of 40 nm.

[Chemical formula 16]

N
s A

[0130] On the electron transporting layer 8, lithium fluoride was vapor-deposited to form the electron injecting layer 9

having a thickness of 1 nm.

[0131] Finally, aluminum was vapor-deposited on the electron injecting layer 9 to form the cathode 10 having a film

thickness of 100 nm.

<Device Example 2>

[0132] An organic EL device that emits the delayed fluorescence at the same conditions was produced except that
the electron blocking layer 5 was formed by using the compound 2 of Example 2 in place of the compound 1 of Example

1 in Device Example 1.

20
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(EMH—-1)
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[Chemical formula 17]

(Compound 2)

<Device Example 3>
[0133] An organic EL device that emits the delayed fluorescence at the same conditions was produced except that

the electron blocking layer 5 was formed by using the compound 3 of Example 3 in place of the compound 1 of Example
1 in Device Example 1.

[Chemical formula 18]

(Compound 3)

<Device Example 4>
[0134] An organic EL device that emits the delayed fluorescence at the same conditions was produced except that

the electron blocking layer 5 was formed by using the compound 24 of Example 4 in place of the compound 1 of Example
1 in Device Example 1.

[Chemical formula 19]

|
N

e

X,
SaRes
o]
O (Compound 24)

<Comparative Device Example 1>
[0135] An organic EL device that emits the delayed fluorescence at the same conditions was produced except that

the electron blocking layer 5 was formed by using HTM-A of the following structural formula in place of the compound
1 of Example 1 in Device Example 1.
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[Chemical formula 20]

{(HTM—A)

[0136] Theorganic EL devices produced in Device Examples 1to4 and Comparative Device Example 1 were measured
for properties in the atmosphere at room temperature. Table 1 shows measurement results of light-emitting properties
when a direct voltage is applied to each of the organic EL devices produced.

[0137] The device lifetimes were measured by using organic EL devices produced in Device Examples 1 to 4 and
Comparative Device Example 1. Specifically, when each device was driven with a constant current at light-emitting
brightness (initial brightness) of 1000 cd/m?2 at the start of emitting light, the time to decay the light-emitting brightness
to 950 cd/m2 (corresponding to 95% of the initial brightness taking as 100%: 95% decay) was measured. Table 1 shows
the results.

[Table 1]
Electron Brightness Light-emitting Power efficiency Device
blocking [cd/m?] efficiency [cd/A] [Im/W] lifetime [h]
layer (@10mA/cm?) (@10mA/cm?2) (@10mA/cm?2) 95% decay
Device Compound 4662 46.7 255 240
Example 1 1
Device Compound 5325 533 270 151
Example 2 2
Device Compound 5093 510 273 125
Example 3 3
Device Compound
Example 4 o4 5375 53.8 29.6 109
Device
Comparative HTM-A 4653 46.6 27.0 151
Example 1

[0138] When a current of 10 mA/cm2 flowed, while the brightness of Comparative Device Example 1 was 4653 cd
/m2, the brightness of any of Device Examples 1 to 4 was high, i.e., 4662 to 5375 cd/m?2.

[0139] While the light-emitting efficiency of Comparative Device Example 1 was 46.6 cd/A, the light-emitting efficiencies
of Device Examples 1 to 4 were high, i.e., 46.7 to 53.8 cd/A.

[0140] While the power efficiency of Comparative Device Example 1 was 27.0 Im/W, the power efficiencies of Device
Examples 2 to 4 were similar thereto or more, i.e., 27.0 to 29.6 Im/W.

[0141] While the device lifetime (95% decay) of Comparative Device Example 1 was 151 hours, the device lifetime of
Device Example 1 was 240 hours and had a significantly longer lifetime.

[0142] Note that as to the voltage at the time of current density of 10 mA/cmZ, it was confirmed that Device Examples
1 to 4 and Comparative Device Example 1 had the similar voltage.

[0143] From the above results, it was found that the organic EL device using the indenocarbazole compound according
to the present invention for the electron blocking layer and the heat activated delayed fluorescent material as the dopant
material of the light-emitting layer had a high light-emitting efficiency and high brightness as compared with the known
organic EL device using the HTM-A, and that a high power efficiency or a long lifetime can be achieved depending on
the structure of the indenocarbazole compound.
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[0144] Further, Device Examples 1 and 2 having the electron blocking layers 5 formed by using the indenocarbazole
compounds having the same structure other than X in the formula (1) were compared. As a result, Device Example 1
using the compound 1 had the lifetime much longer than Device Example 2 using the compound 2, since the compound
1 had X being the indenocarbazolyl group, i.e., two indenocarbazole structures in the molecule and the compound 2
had X being the carbazolyl group.

[0145] Similarly, Device Examples 2 and 3 having the electron blocking layers 5 formed by using the indenocarbazole
compounds having the same structure other than R in the formula (1) were compared. As a result, Device Example 2
using the compound 2 had the lifetime much longer than Device Example 3 using the compound 3, since the compound
2 had R that was the phenyl group being the aromatic hydrocarbon group having one aromatic ring and the compound
3 had R that was the biphenyl group being the aromatic hydrocarbon group having two or more aromatic rings.
[0146] Furthermore, Device Examples 1 to 3 and Device Example 4 having the electron blocking layers 5 formed by
using the indenocarbazole compounds that were different in that X and R' in the formula (1) were the oxygen-containing
aromatic heterocyclic group or not. As a result, Device Examples 1 to 3 using the compounds 1 to 3 having X and R!
not being the oxygen-containing aromatic heterocyclic group had the lifetime longer than Device Example 4 using the
compound 24 having X and R being the oxygen-containing aromatic heterocyclic groups. On the other hand, Device
Example 4 had the brightness, the light-emitting efficiency, and the power efficiency better than Device Examples 1-3.

Industrial Applicability

[0147] Asdescribedabove, theindenocarbazole compound according to the presentinvention has the hole transporting
properties and is excellent in the electron blocking properties, and a thin film state is stable. Thus, the indenocarbazole
compound according to the present invention is the excellent compound for the organic EL device. The organic EL
device according to the present invention produced using the compound has a high light-emitting efficiency and high
brightness. Accordingly, the organic EL device according to the present invention can be applied to household electric
appliances and lighting applications.

Reference Signs List
[0148]

glass substrate
transparent anode
hole injecting layer
hole transporting layer
electron blocking layer
light-emitting layer
hole blocking layer
electron transporting layer
electron injecting layer

0 cathode

= OO NO O~ WN -

Claims

1. An indenocarbazole compound having hole transporting properties, being used as a constituent material of an
organic electroluminescence device, and being represented by the following general formula (1)
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[Chemical formula 1]

R (1)

wherein

R' to R12 may be the same or different and each represents a hydrogen atom; a deuterium atom; a fluorine
atom; a chlorine atom; a cyano group; a nitro group; an alkyl group having 1 to 8 carbon atoms; a cycloalkyl
group having 5 to 10 carbon atoms; an alkenyl group having 2 to 6 carbon atoms; an alkyloxy group having 1
to 6 carbon atoms; a cycloalkyloxy group having 5 to 10 carbon atoms; an aromatic hydrocarbon group; an
aromatic heterocyclic group; an aryloxy group; or disubstituted amino group substituted with an aromatic hy-
drocarbon group or an aromatic heterocyclic group, R to R'2 may bond to form a ring via a single bond, a
substituted or unsubstituted methylene group, an oxygen atom or a sulfur atom, and

X represents an aromatic hydrocarbon group; or an aromatic heterocyclic group or a disubstituted amino group
substituted with an aromatic hydrocarbon group or an aromatic heterocyclic group.

2. The indenocarbazole compound according to claim 1 represented by the following general formula (1-1)

[Chemical formula 2]

{(1-1}

wherein
R to R12 and X are the meaning described in the general formula (1).

3. The indenocarbazole compound according to claim 1, wherein
the alkyl group having 1 to 8 carbon atoms represented by R to R12 is an alkyl group having 1 to 6 carbon atoms.

4. The indenocarbazole compound according to claim 1, wherein
X is an aromatic heterocyclic group or a disubstituted amino group.

5. The indenocarbazole compound according to claim 4, wherein
X is a nitrogen-containing aromatic heterocyclic group.

6. An organic electroluminescence device having a pair of electrodes and at least one organic layer sandwiched
therebetween, wherein
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10.

11.

12.

EP 3 514 845 A1
the indenocarbazole compound according to claim 1 is used as a constituent material of at least one organic layer.

The organic electroluminescence device according to claim 6, wherein
the organic layer is a hole transporting layer, an electron blocking layer, a hole injecting layer, or a light-emitting layer.

The organic electroluminescence device according to claim 6, emits delayed fluorescence.

An organic electroluminescence device, selectively having alight-emitting layer between a pair of electrodes, wherein
the indenocarbazole compound according to claim 1 is used as a constituent material of the light-emitting layer.

The organic electroluminescence device according to claim 9, emits delayed fluorescence.

An organic electroluminescence device having a light-emitting layer and other layer between a pair of electrodes,
wherein

the other layeris ahole injecting layer, a hole transporting layer, or an electron blocking layer, and the indenocarbazole

compound according to claim 1 is used as a constituent material of the light-emitting layer or the other layer.

The organic electroluminescence device according to claim 11,
emits delayed fluorescence.
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