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An organic compound with excellent characteristics excel-
ling in hole-injecting/transporting performance and having
electron blocking ability, high stability in a thin-film state and
high luminous efficiency is provided as material for an
organic electroluminescent device. The compound of a gen-
eral formula (1) having an indenocarbazole ring structure is
used as a constituent material of at least one organic layer in
the organic electroluminescent device that includes a pair of
electrodes and one or more organic layers sandwiched
between the pair of electrodes.
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COMPOUND HAVING INDENOCARBAZOLE
RING STRUCTURE, AND ORGANIC
ELECTROLUMINESCENT DEVICE

TECHNICAL FIELD

[0001] The present invention relates to compounds suitable
for an organic electroluminescent device which is a preferred
self-luminous device for various display devices, and relates
to the organic electroluminescent device. Specifically, this
invention relates to compounds having an indenocarbazole
ring structure, and organic electroluminescent devices using
the compounds.

BACKGROUND ART

[0002] The organic electroluminescent device is a self-lu-
minous device and has been actively studied for their brighter,
superior visibility and the ability to display clearer images in
comparison with liquid crystal devices.

[0003] In 1987, C. W. Tang and colleagues at Eastman
Kodak developed a laminated structure device using materi-
als assigned with different roles, realizing practical applica-
tions of an organic electroluminescent device with organic
materials. These researchers laminated an electron-transport-
ing phosphor which is tris(8-hydroxyquinoline)aluminum
(hereinafter referred to as Alq,) and a hole-transporting aro-
matic amine compound, and injected both charges into a
phosphor layer to cause emission in order to obtain a high
luminance of 1,000 cd/m? or more at a voltage of 10V or less
(refer to Patent Documents 1 and 2, for example).

[0004] To date, various improvements have been made for
practical applications of the organic electroluminescent
device. In order to realize high efficiency and durability,
various roles are further subdivided to provide an electrolu-
minescence device that includes an anode, a hole injection
layer, ahole transport layer, a light emitting layer, an electron
transport layer, an electron injection layer, and a cathode
successively formed on a substrate (refer to Non-Patent
Document 1, for example).

[0005] Further, there have been attempts to use triplet exci-
tons for further improvements of luminous efficiency, and the
use of phosphorescent materials has been examined (refer to
Non-Patent Document 2, for example).

[0006] The light emitting layer can be also fabricated by
doping a charge-transporting compound generally called a
host material, with a phosphor or a phosphorescent material.
As described in the foregoing lecture preprints, the selection
of organic materials in an organic electroluminescent device
greatly influences various device characteristics such as effi-
ciency and durability.

[0007] In an organic electroluminescent device, charges
injected from both electrodes recombine in a light emitting
layer to cause emission. What is important here is how effi-
ciently the hole and electron charges are transferred to the
light emitting layer. The probability of hole-electron recom-
bination can be improved by improving hole injectability and
electron blocking performance of blocking injected electrons
from the cathode, and high luminous efficiency can be
obtained by confining excitons generated in the light emitting
layer. The role of a hole transport material is therefore impor-
tant, and there is a need for a hole transport material that has
high hole injectability, high hole mobility, high electron
blocking performance, and high durability to electrons.
[0008] Heatresistance and amorphousness of the materials
are also important with respect to a lifetime of the device. The
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materials with low heat resistance cause thermal decomposi-
tion even at a low temperature by heat generated during the
drive of the device, which leads to the deterioration of the
materials. The materials with low amorphousness cause crys-
tallization of a thin film even in a short time and lead to the
deterioration of the device. The materials in use are therefore
required to have characteristics of high heat resistance and
satisfactory amorphousness.

[0009] N,N'-diphenyl-N,N'-di(a-naphthyl)benzidine
(hereinafter referred to as NPD) and various aromatic amine
derivatives are known as the hole transport materials used for
the organic electroluminescent device (refer to Patent Docu-
ments 1 and 2, for example). Although NPD has desirable
hole transportability, the glass transition point (Tg), which is
an index of heat resistance, is as low as 96° C., which causes
the degradation of device characteristics by crystallization
under high-temperature conditions (refer to Non-Patent
Document 3, for example). The aromatic amine derivatives
described in the Patent Documents 1 and 2 include a com-
pound known to have an excellent hole mobility of 107>
cm?/Vs or higher. However, since the compound is insuffi-
cient in terms of electron blocking performance, some of the
electrons pass through the light emitting layer, and improve-
ments in luminous efficiency cannot be expected. For such a
reason, a material with higher electron blocking performance,
a more stable thin-film state and higher heat resistance is
needed for higher efficiency.

[0010] Arylamine compounds of the following formulae
having a substituted carbazole structure (for example, Com-
pounds A and B) are proposed as compounds improved in the
characteristics such as heat resistance and hole injectability
(refer to Patent Documents 3 and 4, for example).

[Chemical Formula 1]
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[0011] However, while the devices using these compounds
for the hole injection layer or the hole transport layer have
beenimproved in heat resistance, luminous efficiency, and the
like, the improvements are still insufficient. Further, the
devices have neither sufficiently low driving voltage nor suf-
ficient current efficiency. Further improvements of alow driv-
ing voltage and luminous efficiency are therefore needed.
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0021] An object of the present invention is to provide an
organic compound with excellent characteristics excelling in
hole-injecting/transporting performance and having electron
blocking ability, high stability in a thin-film state and high
luminous efficiency, the organic compound being provided as
material for an organic electroluminescent device having
high efficiency and high durability. This invention also pro-
vides the organic electroluminescent device of high efficiency
and high durability using this compound.

[0022] Physical properties of the organic compound to be
provided by the present invention include (1) good hole injec-
tion characteristics, (2) large hole mobility, (3) excellent elec-
tron blocking ability, (4) stability in the thin-film state, and (5)
excellent heat resistance. Physical properties of the organic
electroluminescent device to be provided by the present
invention include (1) high luminous efficiency and high
power efficiency, (2) low turn on voltage, and (3) low actual
driving voltage.

Means of Solving the Problems

[0023] In order to achieve the above objects, the present
inventors focused on the planeness of an indenocarbazole
ring structure which can be expected to provide high hole
mobility, a high triplet energy level, excellent electron block-
ing performance, and furthermore excellent heat resistance
and thin-film stability, and also focused on the high hole-
injecting/transporting ability of an aromatic tertiary amine
structure to design compounds having the indenocarbazole
ring structure and the aromatic tertiary amine structure. The
present inventors produced various test organic electrolumi-
nescent devices using the compounds chemically synthesized
to have the indenocarbazole ring structure and the aromatic
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tertiary amine structure, and completed the present invention
after thorough evaluations of the device characteristics.
[0024] Specifically, the present invention is a compound of
the following general formula (1) having an indenocarbazole
ring structure.

[Chemical Formula 3]

)

[0025] In the formula, A represents a divalent group of a
substituted or unsubstituted aromatic hydrocarbon, a divalent
group of a substituted or unsubstituted aromatic heterocyclic
ring, or a divalent group of substituted or unsubstituted con-
densed polycyclic aromatics. Ar,, Ar,, and Ar; may be the
same or different, and represent a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. A and Ar,, or Ar, and
Ar, may bind to each other via a single bond or via substituted
or unsubstituted methylene, an oxygen atom, or a sulfur atom
to form a ring. R, to R, may be the same or different, and
represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, nitro, linear or branched alkyl
of'1 to 6 carbon atoms that may have a substituent, cycloalkyl
of'5 to 10 carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, a substituted or
unsubstituted condensed polycyclic aromatic group, or sub-
stituted or unsubstituted aryloxy, which may bind to each
other via a single bond, substituted or unsubstituted methyl-
ene, an oxygen atom, or a sulfur atom to form a ring. R, and
R,, may be the same or different, and represent linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon atoms
that may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent, cycloalkyloxy
of'5 to 10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted condensed polycyclic aromatic group,
or substituted or unsubstituted aryloxy, which may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.
[0026] Further, the present invention is a compound of the
following general formula (2) having an indenocarbazole ring
structure.
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[Chemical Formula 4]

[0027] In the formula, Ar, and Ar, may be the same or
different, and represent a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. R, toRgand R, to R,
may be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, cyano,
nitro, linear or branched alkyl of 1 to 6 carbon atoms that may
have a substituent, cycloalkyl of 5 to 10 carbon atoms that
may have a substituent, linear or branched alkenyl of 2 to 6
carbon atoms that may have a substituent, linear or branched
alkyloxy of 1 to 6 carbon atoms that may have a substituent,
cycloalkyloxy of 5 to 10 carbon atoms that may have a sub-
stituent, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycyclic
aromatic group, or substituted or unsubstituted aryloxy,
which may bind to each other via a single bond, substituted or
unsubstituted methylene, an oxygen atom, or a sulfur atom to
form a ring. R,,, R;;, R,,, and R,, may be the same or
different, and represent linear or branched alkyl of 1 to 6
carbon atoms that may have a substituent, cycloalkyl of 5 to
10 carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, a substituted or
unsubstituted condensed polycyclic aromatic group, or sub-
stituted or unsubstituted aryloxy, where R,,and R, |, or R,,
and R,, may bind to each other via a single bond, substituted
or unsubstituted methylene, an oxygen atom, or a sulfur atom
to form a ring.

[0028] Further, the present invention is a compound of the
following general formula (3) having an indenocarbazole ring
structure.
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[Chemical Formula 5]

[0029] In the formula, A represents a divalent group of a
substituted or unsubstituted aromatic hydrocarbon, a divalent
group of a substituted or unsubstituted aromatic heterocyclic
ring, or a divalent group of substituted or unsubstituted con-
densed polycyclic aromatics. Ar,, Ar,, and Ar; may be the
same or different, and represent a substituted or unsubstituted
aromatic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. A and Ar,, or Ar, and
Ar, may bind to each other via a single bond or via substituted
or unsubstituted methylene, an oxygen atom, or a sulfur atom
to form a ring. R, to R, may be the same or different, and
represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, nitro, linear or branched alkyl
of'1 to 6 carbon atoms that may have a substituent, cycloalkyl
of 5 to 10 carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, a substituted or
unsubstituted condensed polycyclic aromatic group, or sub-
stituted or unsubstituted aryloxy, which may bind to each
other via a single bond, substituted or unsubstituted methyl-
ene, an oxygen atom, or a sulfur atom to form a ring. R, and
R,, may be the same or different, and represent linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon atoms
that may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent, cycloalkyloxy
of'5 to 10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted condensed polycyclic aromatic group,
or substituted or unsubstituted aryloxy, which may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.

[0030] Further, the present invention is a compound of the
following general formula (4) having an indenocarbazole ring
structure.
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[Chemical Formula 6]

[0031] In the formula, Ar, and Ar, may be the same or
different, and represent a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. R, toRgandR |, to R,
may be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, cyano,
nitro, linear or branched alkyl of 1 to 6 carbon atoms that may
have a substituent, cycloalkyl of 5 to 10 carbon atoms that
may have a substituent, linear or branched alkenyl of 2 to 6
carbon atoms that may have a substituent, linear or branched
alkyloxy of 1 to 6 carbon atoms that may have a substituent,
cycloalkyloxy of 5 to 10 carbon atoms that may have a sub-
stituent, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycyclic
aromatic group, or substituted or unsubstituted aryloxy,
which may bind to each other via a single bond, substituted or
unsubstituted methylene, an oxygen atom, or a sulfur atom to
form a ring. R,,, Ry;, R,;, and R,, may be the same or
different, and represent linear or branched alkyl of 1 to 6
carbon atoms that may have a substituent, cycloalkyl of 5 to
10 carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, a substituted or
unsubstituted condensed polycyclic aromatic group, or sub-
stituted or unsubstituted aryloxy, where R,,and R, ;, or R,
and R,, may bind to each other via a single bond, substituted
or unsubstituted methylene, an oxygen atom, or a sulfur atom
to form a ring.

[0032] Further, the present invention is an organic elec-
troluminescent device that includes a pair of electrodes and
one or more organic layers sandwiched between the pair of
electrodes, wherein the compound of any one of the general
formulae (1) to (4) having an indenocarbazole ring structure
is used as a constituent material of at least one organic layer.
[0033] Specific examples of the “linear or branched alkyl of
1 to 6 carbon atoms”, the “cycloalkyl of 5 to 10 carbon
atoms”, or the “linear or branched alkenyl of 2 to 6 carbon
atoms” in the “linear or branched alkyl of 1 to 6 carbon atoms
that may have a substituent”, the “cycloalkyl of 5 to 10 carbon
atoms that may have a substituent”, or the “linear or branched
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alkenyl of 2 to 6 carbon atoms that may have a substituent”
represented by R, to R,, in general formulae (1) to (4), can be
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-bu-
tyl, n-pentyl, isopentyl, neopentyl, n-hexyl, cyclopentyl,
cyclohexyl, 1-adamantyl, 2-adamantyl, vinyl, allyl, isoprope-
nyl, and 2-butenyl. These groups may bind to each other viaa
single bond, substituted or unsubstituted methylene, an oxy-
gen atom, or a sulfur atom to form a ring.

[0034] Specific examples of the “substituent” in the “linear
or branched alkyl of 1 to 6 carbon atoms that has a substitu-
ent”, the “cycloalkyl of 5 to 10 carbon atoms that has a
substituent”, or the “linear or branched alkenyl of 2 to 6
carbon atoms that has a substituent” represented by R, to R,
in general formulae (1) to (4) can be a deuterium atom; cyano;
nitro; halogen atoms such as a fluorine atom, a chlorine atom,
a bromine atom, and an iodine atom; linear or branched
alkoxys of 1 to 6 carbon atoms such as methoxy, ethoxy, and
propyloxy; alkenyls such as allyl; aryloxys such as phenoxy
and tolyloxy; arylalkoxys such as benzyloxy and phenethy-
loxy; aromatic hydrocarbon groups or condensed polycyclic
aromatic groups such as phenyl, biphenylyl, terphenylyl,
naphthyl, anthracenyl, phenanthryl, fluorenyl, indenyl, pyre-
nyl, perylenyl, fluoranthenyl, and triphenylenyl; and aromatic
heterocyclic groups such as pyridyl, furanyl, pyranyl, thienyl,
furyl, pyrrolyl, thienyl, quinolyl, isoquinolyl, benzofuranyl,
benzothienyl, indolyl, carbazolyl, benzooxazolyl, benzothia-
zolyl, quinoxalyl, benzoimidazolyl, pyrazolyl, dibenzofura-
nyl, dibenzothienyl, and carbolinyl. These substituents may
be further substituted with other substituents. These substitu-
ents may bind to each other via a single bond, substituted or
unsubstituted methylene, an oxygen atom, or a sulfur atom to
form a ring.

[0035] Specific examples of the “linear or branched alky-
loxy of 1 to 6 carbon atoms” or the “cycloalkyloxy of 5 to 10
carbon atoms” in the “linear or branched alkyloxy of 1 to 6
carbon atoms that may have a substituent” or the “cycloalky-
loxy of 5 to 10 carbon atoms that may have a substituent”
represented by R, to R,, in general formulae (1) to (4) can be
methyloxy, ethyloxy, n-propyloxy, isopropyloxy, n-butyloxy,
tert-butyloxy, n-pentyloxy, n-hexyloxy, cyclopentyloxy,
cyclohexyloxy, cycloheptyloxy, cyclooctyloxy, 1-adamanty-
loxy, and 2-adamantyloxy. These groups may bind to each
other via a single bond, substituted or unsubstituted methyl-
ene, an oxygen atom, or a sulfur atom to form a ring.

[0036] Specific examples of the “substituent” in the “linear
or branched alkyloxy of 1 to 6 carbon atoms that has a sub-
stituent” or the “cycloalkyloxy of 5 to 10 carbon atoms that
has a substituent” represented by R, to R,, in general formu-
lae (1) to (4) can be a deuterium atom; cyano; nitro; halogen
atoms such as a fluorine atom, a chlorine atom, a bromine
atom, and an iodine atom; linear or branched alkoxys of 1 to
6 carbon atoms such as methoxy, ethoxy, and propyloxy;
alkenyls such as allyl; aryloxys such as phenoxy and tolyloxy;
arylalkoxys such as benzyloxy and phenethyloxy; aromatic
hydrocarbon groups or condensed polycyclic aromatic
groups such as phenyl, biphenylyl, terphenylyl, naphthyl,
anthracenyl, phenanthryl, fluorenyl, indenyl, pyrenyl, peryle-
nyl, fluoranthenyl, and triphenylenyl; and aromatic heterocy-
clic groups such as pyridyl, furanyl, pyranyl, thienyl, furyl,
pyrrolyl, thienyl, quinolyl, isoquinolyl, benzofuranyl, ben-
zothienyl, indolyl, carbazolyl, benzooxazolyl, benzothiaz-
olyl, quinoxalyl, benzoimidazolyl, pyrazolyl, dibenzofura-
nyl, dibenzothienyl, and carbolinyl. These substituents may
be further substituted with other substituents. These substitu-
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ents may bind to each other via a single bond, substituted or
unsubstituted methylene, an oxygen atom, or a sulfur atom to
form a ring.

[0037] Specific examples of the “aromatic hydrocarbon
group”, the “aromatic heterocyclic group”, or the “condensed
polycyclic aromatic group” in the “substituted or unsubsti-
tuted aromatic hydrocarbon group”, the “substituted or
unsubstituted aromatic heterocyclic group”, or the “substi-
tuted or unsubstituted condensed polycyclic aromatic group”
represented by R, to R,, and Ar, to Ar, in general formulae
(1) to (4) can be phenyl, biphenylyl, terphenylyl, naphthyl,
anthryl, phenanthryl, fluorenyl, indenyl, pyrenyl, perylenyl,
fluoranthenyl, triphenylenyl, pyridyl, furanyl, pyranyl, thie-
nyl, quinolyl, isoquinolyl, benzofuranyl, benzothienyl,
indolyl, carbazolyl, benzooxazolyl, benzothiazolyl, quinox-
alyl, benzoimidazolyl, pyrazolyl, dibenzofuranyl, diben-
zothienyl, and carbolinyl. These groups may bind to each
other via a single bond, substituted or unsubstituted methyl-
ene, an oxygen atom, or a sulfur atom to form a ring.

[0038] It is preferable that the “aromatic heterocyclic
group” in the “substituted or unsubstituted aromatic hetero-
cyclic group” represented by Ar, to Ar, in general formulae
(1) to (4) be a sulfur-containing aromatic heterocyclic group
such as thienyl, benzothienyl, benzothiazolyl, or dibenzothie-
nyl.

[0039] With respect to the bonding position of the “substi-
tuted or unsubstituted aromatic heterocyclic group” repre-
sented by R, to R,, and Ar, in general formulae (1) to (4), it is
preferable to bond with a carbon atom of the “aromatic het-
erocyclic group” from the viewpoint of stability and heat
resistance.

[0040] Specific examples of the “substituent” in the “sub-
stituted aromatic hydrocarbon group”, the “substituted aro-
matic heterocyclic group”, or the “substituted condensed
polycyclic aromatic group” represented by R, to R, and Ar,
to Ar,, in general formulae (1) to (4) can be a deuterium atom;
trifluvoromethyl; cyano; nitro; halogen atoms such as a fluo-
rine atom, a chlorine atom, a bromine atom, and an iodine
atom; linear or branched alkyls of 1 to 6 carbon atoms such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-bu-
tyl, n-pentyl, isopentyl, neopentyl, and n-hexyl; linear or
branched alkoxys of 1 to 6 carbon atoms such as methoxy,
ethoxy, and propyloxy; alkenyls such as allyl; aralkyls such as
benzyl, naphthylmethyl, and phenethyl; aryloxys such as
phenoxy and tolyloxy; arylalkoxys such as benzyloxy and
phenethyloxy; aromatic hydrocarbon groups or condensed
polycyclic aromatic groups such as phenyl, biphenylyl, ter-
phenylyl, naphthyl, anthracenyl, phenanthryl, fluorenyl,
indenyl, pyrenyl, perylenyl, fluoranthenyl, and triphenylenyl;
aromatic heterocyclic groups such as pyridyl, furanyl, pyra-
nyl, thienyl, furyl, pyrrolyl, thienyl, quinolyl, isoquinolyl,
benzofuranyl, benzothienyl, indolyl, carbazolyl, benzoox-
azolyl, benzothiazolyl, quinoxalyl, benzoimidazolyl, pyra-
zolyl, dibenzofuranyl, dibenzothienyl, and carbolinyl; arylvi-
nyls such as styryl and naphthylvinyl; acyls such as acetyl and
benzoyl; dialkylamino groups such as dimethylamino and
diethylamino; disubstituted amino groups such as dipheny-
lamino and dinaphthylamino, substituted with aromatic
hydrocarbon groups or condensed polycyclic aromatic
groups; diaralkylamino groups such as dibenzylamino and
diphenethylamino; disubstituted amino groups such as dipy-
ridylamino and dithienylamino, substituted with aromatic
heterocyclic groups; dialkenylamino groups such as dially-
lamino; and disubstituted amino groups substituted with a
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substituent selected from alkyl, an aromatic hydrocarbon
group, a condensed polycyclic aromatic group, aralkyl, an
aromatic heterocyclic group, and alkenyl. These substituents
may be further substituted. These substituents may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.
[0041] Specific examples of the “aryloxy” in the “substi-
tuted or unsubstituted aryloxy” represented by R, to R,, in
general formulae (1) to (4) can be phenoxy, biphenylyloxy,
terphenylyloxy, naphthyloxy, anthryloxy, phenanthryloxy,
fluorenyloxy, indenyloxy, pyrenyloxy, and perylenyloxy.
These groups may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom, or a
sulfur atom to form a ring.

[0042] Specific examples of the “substituent” in the “sub-
stituted aryloxy” represented by R, to R, in general formulae
(1) to (4) can be a deuterium atom; trifluoromethyl; cyano;
nitro; halogen atoms such as a fluorine atom, a chlorine atom,
abromine atom, and an iodine atom; linear or branched alkyls
of 1 to 6 carbon atoms such as methyl, ethyl, n-propyl, iso-
propyl, n-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neo-
pentyl, and n-hexyl; linear or branched alkoxys of 1 to 6
carbon atoms such as methoxy, ethoxy, and propyloxy; alk-
enyls such as allyl; aralkyls such as benzyl, naphthylmethyl,
and phenethyl; aryloxys such as phenoxy and tolyloxy; ary-
lalkoxys such as benzyloxy and phenethyloxy; aromatic
hydrocarbon groups or condensed polycyclic aromatic
groups such as phenyl, biphenylyl, terphenylyl, naphthyl,
anthracenyl, phenanthryl, fluorenyl, indenyl, pyrenyl, peryle-
nyl, fluoranthenyl, and triphenylenyl; aromatic heterocyclic
groups such as pyridyl, furanyl, pyranyl, thienyl, furyl, pyr-
rolyl, thienyl, quinolyl, isoquinolyl, benzofuranyl, benzothie-
nyl, indolyl, carbazolyl, benzooxazolyl, benzothiazolyl, qui-
noxalyl, benzoimidazolyl, pyrazolyl, dibenzofuranyl,
dibenzothienyl, and carbolinyl; arylvinyls such as styryl and
naphthylvinyl; acyls such as acetyl and benzoyl; dialky-
lamino groups such as dimethylamino and diethylamino; dis-
ubstituted amino groups such as diphenylamino and dinaph-
thylamino, substituted with aromatic hydrocarbon groups or
condensed polycyclic aromatic groups; diaralkylamino
groups such as dibenzylamino and diphenethylamino; disub-
stituted amino groups such as dipyridylamino and dithieny-
lamino, substituted with aromatic heterocyclic groups; dialk-
enylamino groups such as diallylamino; and disubstituted
amino groups substituted with a substituent selected from
alkyl, an aromatic hydrocarbon group, a condensed polycy-
clic aromatic group, aralkyl, an aromatic heterocyclic group,
and alkenyl. These substituents may be further substituted.
These substituents may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom, or a
sulfur atom to form a ring.

[0043] Specific examples of the “divalent group of an aro-
matic hydrocarbon”, the “divalent group of an aromatic het-
erocyclic ring”, or the “divalent group of condensed polycy-
clic aromatics” in the “divalent group of a substituted or
unsubstituted aromatic hydrocarbon”, the “divalent group of
a substituted or unsubstituted aromatic heterocyclic ring”, or
the “divalent group of substituted or unsubstituted condensed
polycyclic aromatics” represented by A in general formulae
(1) and (3) can be phenylene, biphenylene, terphenylene,
tetrakisphenylene, naphthylene, anthrylene, phenanthrylene,
fluorenylene, phenanthrolylene, indenylene, pyrenylene,
perylenylene, fluoranthenylene, triphenylenylene, pyridi-
nylene, pyrimidinylene, quinolylene, isoquinolylene,
indolylene, carbazolylene, quinoxalylene, benzoimida-
zolylene, pyrazolylene, naphthyridinylene, phenanthroli-
nylene, acridinylene, thienylene, benzothienylene, ben-
zothiazolylene, and dibenzothienylene.
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[0044] It is preferable that the “divalent group of an aro-
matic heterocyclic ring” in the “divalent group of a substi-
tuted or unsubstituted aromatic heterocyclic ring” repre-
sented by A in general formulae (1) and (3) be a divalent
group of a sulfur-containing aromatic heterocyclic ring such
as thienylene, benzothienylene, benzothiazolylene, or diben-
zothienylene.

[0045] These groups may bind to the “substituted or unsub-
stituted aromatic hydrocarbon group”, the “substituted or
unsubstituted aromatic heterocyclic group”, or the “substi-
tuted or unsubstituted condensed polycyclic aromatic group”
represented by Ar, in general formulae (1) and (3), via a
single bond, substituted or unsubstituted methylene, an oxy-
gen atom, or a sulfur atom to form a ring.

[0046] Specific examples of the “substituent” in the “diva-
lent group of a substituted aromatic hydrocarbon”, the “diva-
lent group of a substituted aromatic heterocyclic ring”, or the
“divalent group of substituted condensed polycyclic aromat-
ics” represented by A in general formulae (1) and (3) can be
a deuterium atom; cyano; nitro; halogen atoms such as a
fluorine atom, a chlorine atom, a bromine atom, and an iodine
atom; linear or branched alkyls of 1 to 6 carbon atoms such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-bu-
tyl, n-pentyl, isopentyl, neopentyl, and n-hexyl; linear or
branched alkoxys of 1 to 6 carbon atoms such as methoxy,
ethoxy, and propyloxy; alkenyls such as allyl; aralkyls such as
benzyl, naphthylmethyl, and phenethyl; aryloxys such as
phenoxy and tolyloxy; arylalkoxys such as benzyloxy and
phenethyloxy; aromatic hydrocarbon groups or condensed
polycyclic aromatic groups such as phenyl, biphenylyl, ter-
phenylyl, naphthyl, anthracenyl, phenanthryl, fluorenyl,
indenyl, pyrenyl, perylenyl, fluoranthenyl, and triphenylenyl;
aromatic heterocyclic groups such as pyridyl, furanyl, pyra-
nyl, thienyl, furyl, pyrrolyl, thienyl, quinolyl, isoquinolyl,
benzofuranyl, benzothienyl, indolyl, carbazolyl, benzoox-
azolyl, benzothiazolyl, quinoxalyl, benzoimidazolyl, pyra-
zolyl, dibenzofuranyl, dibenzothienyl, and carbolinyl; arylvi-
nyls such as styryl and naphthylvinyl; and acyls such as acetyl
and benzoyl. These substituents may be further substituted.
These substituents may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom, or a
sulfur atom to form a ring.

[0047] Among the compounds of the general formula (3)
having an indenocarbazole ring structure, the compounds of
the following general formula (3-1), (3-2), (3-3), or (3-4)
having an indenocarbazole ring structure are preferably used
for an organic electroluminescent device.

[Chemical Formula 7]

G-1)
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[0048] Intheformula, Ar,, Ar,, and Ar; may be the same or
different, and represent a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. R, to R, may be the
same or different, and represent a hydrogen atom, a deuterium
atom, a fluorine atom, a chlorine atom, cyano, nitro, linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon atoms
that may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent, cycloalkyloxy
of'5 to 10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted condensed polycyclic aromatic group,
or substituted or unsubstituted aryloxy, which may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.

[Chemical Formula 8]

G-2)

Re

[0049] In the formula, Ar, and Ar; may be the same or
different, and represent a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. R, to R, may be the
same or different, and represent a hydrogen atom, a deuterium
atom, a fluorine atom, a chlorine atom, cyano, nitro, linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon atoms
that may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent, cycloalkyloxy
of 5 to 10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted condensed polycyclic aromatic group,
or substituted or unsubstituted aryloxy, which may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.
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[Chemical Formula 9]

G-3)

[0050] In the formula, Ar, and Ar; may be the same or
different, and represent a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group. R, to Ry, may be the
same or different, and represent a hydrogen atom, a deuterium
atom, a fluorine atom, a chlorine atom, cyano, nitro, linear or
branched alkyl of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon atoms
that may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent, cycloalkyloxy
of 5 to 10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a substi-
tuted or unsubstituted condensed polycyclic aromatic group,
or substituted or unsubstituted aryloxy, which may bind to
each other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a ring.

[Chemical Formula 10]

G-4)

[0051] In the formula, Ar, represents a substituted or
unsubstituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substituted or
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unsubstituted condensed polycyclic aromatic group. R, to R,
may be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom, cyano,
nitro, linear or branched alkyl of 1 to 6 carbon atoms that may
have a substituent, cycloalkyl of 5 to 10 carbon atoms that
may have a substituent, linear or branched alkenyl of 2 to 6
carbon atoms that may have a substituent, linear or branched
alkyloxy of 1 to 6 carbon atoms that may have a substituent,
cycloalkyloxy of 5 to 10 carbon atoms that may have a sub-
stituent, a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycyclic
aromatic group, or substituted or unsubstituted aryloxy,
which may bind to each other via a single bond, substituted or
unsubstituted methylene, an oxygen atom, or a sulfur atom to
form a ring.

[0052] The compounds of general formula (1) having an
indenocarbazole ring structure of the present invention are
novel compounds and have superior electron blocking ability,
superior amorphousness and a more stable thin-film state
compared to conventional hole transport materials.

[0053] The compounds of general formula (1) having an
indenocarbazole ring structure of the present invention can be
used as a constituent material of the hole injection layer
and/or hole transport layer of an organic electroluminescent
device (hereinafter referred to as an organic EL device). With
the use of material having higher hole injectability, higher
mobility, higher electron blocking performance and higher
stability to electrons than conventional materials, excitons
generated in a light emitting layer can be confined, and the
probability of hole-electron recombination can be improved.
This improves luminous efficiency, lowers driving voltage
and thus improves the durability of the organic EL device.

[0054] The compounds of general formula (1) having an
indenocarbazole ring structure of the present invention can
also be used as a constituent material of the electron blocking
layer of an organic EL device. With the use of material having
an excellent electron blocking ability and having superior
hole transportability and higher stability in a thin-film state
than conventional materials, driving voltage is lowered and
current resistance is improved while maintaining high lumi-
nous efficiency. As a result, the maximum emission lumi-
nance of the organic EL device is improved.

[0055] The compounds of general formula (1) having an
indenocarbazole ring structure of the present invention can
also be used as a constituent material of the light emitting
layer of the organic ELL device. The material of the present
invention having superior hole transportability and a wider
band gap than conventional materials is used as the host
material of the light emitting layer in order to form the light
emitting layer by carrying a fluorescent material or phospho-
rescent material called a dopant. In this way, the organic EL
device with a low driving voltage and improved luminous
efficiency can be achieved.

[0056] The high efficiency and high durability of the
organic EL device in the present invention can be achieved
because of the use of the compound having an indenocarba-
zole ring structure, which has greater hole mobility, superior
electron blocking ability, superior amorphousness, and a
more stable thin-film state than conventional hole transport
materials.
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Effects of the Invention

[0057] The compound having an indenocarbazole ring
structure of the present invention is useful as the constituent
material of the hole injection layer, hole transport layer, elec-
tron blocking layer, or light emitting layer of the organic EL
device. The compound excels in electron blocking ability, has
an excellent electron blocking ability and satisfactory amor-
phousness, and excels in heat resistance as well as a stable
thin-film state. The organic EL device of the present invention
has high luminous efficiency and high power efficiency, and
the actual driving voltage of the device can thereby be low-
ered. The turn on voltage can be lowered to improve durabil-

ity.
BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 is a 1H-NMR chart of the compound of
Example 1 of the present invention (Compound 5).

[0059] FIG. 2 is a 1H-NMR chart of the compound of
Example 2 of the present invention (Compound 6).

[0060] FIG. 3 is a 1H-NMR chart of the compound of
Example 3 of the present invention (Compound 102).

[0061] FIG. 4 is a 1H-NMR chart of the compound of
Example 4 of the present invention (Compound 7).

[0062] FIG. 5 is a 1H-NMR chart of the compound of
Example 5 of the present invention (Compound 8).

[0063] FIG. 6 is a 1H-NMR chart of the compound of
Example 6 of the present invention (Compound 122).

[0064] FIG. 7 is a 1H-NMR chart of the compound of
Example 7 of the present invention (Compound 123).

[0065] FIG. 8 is a 1H-NMR chart of the compound of
Example 8 of the present invention (Compound 124).

[0066] FIG.9 is a diagram illustrating the configuration of
the EL devices of Examples 11 to 17 and Comparative
Examples 1 and 2.

[Chemical Formula 11]

(Compound 5)
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MODE FOR CARRYING OUT THE INVENTION
[0067] The compounds having an indenocarbazole ring
structure of the present invention are novel compounds, and
may be synthesized, for example, as follows. For example,
N-(9,9-dimethylfluorene-2-yl)-2-bromoaniline is synthe-
sized by the reaction of 2-bromoaniline with 9,9-dimethyl-2-
iodofluorene, and 12,12-dimethyl-10,12-dihydro-indeno[2,
1-b]carbazole can be synthesized by subjecting the N-(9,9-
dimethylfluorene-2-yl)-2-bromoaniline to a cyclization
reaction. 12,12-Dimethyl-10-phenyl-10,12-dihydroindeno
[2,1-b]carbazole can be synthesized by the condensation
reaction (such as Ullmann reaction) of the 12,12-dimethyl-
10,12-dihydro-indeno[2,1-b]carbazole with iodobenzene.
Further,  7-bromo-12,12-dimethyl-10-phenyl-10,12-dihy-
droindeno[2,1-b]carbazole can be synthesized by the bromi-
nation of the 12,12-dimethyl-10-phenyl-10,12-dihydroin-
deno[2,1-b]carbazole, using, for example,
N-bromosuccinimide. A bromo-substituted compound of
10,12-dihydroindeno[2,1-b]carbazole substituted with a cor-
responding substituent can be synthesized by using, as a raw
material, 2-bromoaniline, 2-iodofluorene, or an iodine com-
pound, each of which is substituted with a corresponding
substituent.

[0068] Boronic acid or borate synthesized by the reaction
between aryl halides substituted with various diarylamino
groups, and compounds such as pinacolborane and bis(pina-
colato)diboron (refer to Non-Patent Document 4, for
example) can then be reacted with the bromo-substituted
compound of the 10,12-dihydroindeno[2,1-b]carbazole sub-
stituted with a corresponding substituent, in a cross-coupling
reaction such as Suzuki coupling (refer to Non-Patent Docu-
ment 5, for example) to synthesize the compounds having an
indenocarbazole ring structure of the present invention.
[0069] The following presents specific examples of pre-
ferred compounds among the compounds of general formula
(1) having an indenocarbazole ring structure. The present
invention, however, is not restricted to these compounds.

[Chemical Formula 12]

(Compound 6)
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-continued
[Chemical Formula 13] [Chemical Formula 14]
(Compound 7) (Compound 8)
g Q Q 1 O
O N
O CH; Q Q Y
» v Q
Q CHs
O Q o
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[Chemical Formula 31] [Chemical Formula 32]
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[Chemical Formula 37] [Chemical Formula 38]
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[Chemical Formula 43] [Chemical Formula 44]

(Compound 37) (Compound 38)

[Chemical Formula 45] [Chemical Formula 46]

(Compound 39) (Compound 40)

[Chemical Formula 47] [Chemical Formula 48]
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[Chemical Formula 49] [Chemical Formula 50]
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[Chemical Formula 51] [Chemical Formula 52]
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[Chemical Formula 55]
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[Chemical Formula 57]
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[Chemical Formula 65] [Chemical Formula 66]

(Compound 59) (Compound 60)

[Chemical Formula 67] [Chemical Formula 68]

(Compound 61) (Compound 62)

HiC



US 2013/0126856 Al May 23, 2013
19

-continued
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(Compound 65) (Compound 66)
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[Chemical Formula 75] [Chemical Formula 76]

(Compound 69) (Compound 70)

[Chemical Formula 77] [Chemical Formula 78]

(Compound 71) (Compound 72)

[Chemical Formula 79] [Chemical Formula 80]

(Compound 73) (Compound 74)




US 2013/0126856 Al May 23, 2013
21

-continued
[Chemical Formula 81] [Chemical Formula 82]

(Compound 75) (Compound 76)

[Chemical Formula 83] [Chemical Formula 84]

(Compound 77) (Compound 78)
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[Chemical Formula 102] [Chemical Formula 103]
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[Chemical Formula 108] [Chemical Formula 109]

(Compound 102) (Compound 103)

[Chemical Formula 110] [Chemical Formula 111]
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[Chemical Formula 112] [Chemical Formula 113]

(Compound 106) (Compound 107)

[Chemical Formula | 14] [Chemical Formula 115]

(Compound 108) (Compound 109)

[Chemical Formula 116] [Chemical Formula [17]

(Compound 110) (Compound 111)
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[Chemical Formula 1 18] [Chemical Formula 119]

(Compound [12) (Compound [13)
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(Compound 114) (Compound 115)
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[Chemical Formula 123] [Chemical Formula 124]

(Compound 117) (Compound 118)

[Chemical Formula 125]

(Compound 119)

[Chemical Formula 126] [Chemical Formula 127]

(Compound 120) (Compound 121)




US 2013/0126856 Al

May 23, 2013

-continued

[Chemical Formula 128]

(Compound 122)

[Chemical Formula 130]

[0070] These compounds were purified by methods such as
column chromatography, adsorption using, for example,
silica gel, activated carbon, or activated clay, and recrystalli-
zation or crystallization using a solvent. The compounds were
identified by an NMR analysis. A glass transition point (Tg)
and a work function were measured as material property
values. The glass transition point (Tg) can be used as an index
of stability in the thin-film state, and the work function can be
used as an index of hole transportability.

[0071] The glass transition point (Tg) was measured by a
high-sensitive differential scanning calorimeter (DSC3100S
produced by Bruker AXS) using powder.

[0072] For the measurement of the work function, a 100
nm-thick thin film was fabricated on an ITO substrate, and an
atmosphere photoelectron spectrometer (AC-3 produced by
Riken Keiki Co., Ltd.) was used.

[0073] The organic EL device of the present invention may
have a structure including an anode, a hole transport layer, an
electron blocking layer, a light emitting layer, an electron
transport layer, and a cathode successively formed on a sub-

[Chemical Formula 129]

Y

(Compound 123)

(Compound 124)

strate, optionally with a hole injection layer between the
anode and the hole transport layer, or with an electron injec-
tion layer between the electron transport layer and the cath-
ode. In such multilayer structures, some of the organic layers
may be omitted. For example, the device may be configured to
include an anode, a hole transport layer, a light emitting layer,
anelectron transport layer, and a cathode successively formed
on a substrate.

[0074] Electrode materials with high work functions such
as ITO and gold are used as the anode of the organic EL device
of the present invention. The hole injection layer of the
organic EL device of the present invention may be made of
material such as porphyrin compounds as represented by
copper phthalocyanine, starburst-type triphenylamine deriva-
tives, various triphenylamine tetramers, accepting heterocy-
clic compounds such as hexacyano azatriphenylene, and
coating-type polymer materials, in addition to the compounds
of general formula (1) having an indenocarbazole ring struc-
ture of the present invention. These materials may be formed
into a thin film by a vapor deposition method or other known
methods such as a spin coating method and an inkjet method.
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[0075] Examples of material used for the hole transport
layer of the organic EL device of the present invention can be
benzidine derivatives such as N,N'-diphenyl-N,N'-di(m-
tolyl)benzidine (hereinafter referred to as TPD), N,N'-diphe-
nyl-N,N'-di(a-naphthyl)benzidine (hereinafter referred to as
NPD), and N,N,N',N'-tetrabiphenylylbenzidine; 1,1-bis[4-
(di-4-tolylamino)phenyl]cyclohexane (hereinafter referred to
as TAPC); and various triphenylamine trimers and tetramers,
in addition to the compounds of general formula (1) having an
indenocarbazole ring structure of the present invention. These
may be individually deposited for film forming, may be used
as a single layer deposited mixed with other materials, or may
be formed as a laminate of individually deposited layers, a
laminate of mixedly deposited layers, or a laminate of the
individually deposited layer and the mixedly deposited layer.
Examples of material used for the hole injection/transport
layer can be coating-type polymer materials such as poly(3,
4-ethylenedioxythiophene) (hereinafter referred to as
PEDOT)/poly(styrene sulfonate) (hereinafter referred to as
PSS). These materials may be formed into a thin-film by a
vapor deposition method or other known methods such as a
spin coating method and an inkjet method.

[0076] Further, material used for the hole injection layer or
the hole transport layer may be obtained by p-doping trisbro-
mophenylamine hexachloroantimony or the like into the
material commonly used for these layers, or may be, for
example, polymer compounds each having a TPD structure as
a part of the compound structure.

[0077] Examples of material used for the electron blocking
layer of the organic EL device of the present invention can be
compounds having an electron blocking effect, including, for
example, carbazole derivatives such as 4,4'4"-tri(N-carba-
zolyl)triphenylamine (hereinafter referred to as TCTA), 9,9-
bis[4-(carbazol-9-yl)phenyl|fluorene, 1,3-bis(carbazol-9-yl)
benzene (hereinafter referred to as mCP), and 2,2-bis(4-
carbazol-9-ylphenyl)Jadamantane (hereinafter referred to as
Ad-Cz); and compounds having a triphenylsilyl group and a
triarylamine structure, as represented by 9-[4-(carbazol-9-yl)
phenyl]-9-[4-(triphenylsilyl)phenyl]-9H-fluorene, in addi-
tion to the compounds of general formula (1) having an inde-
nocarbazole ring structure of the present invention. These
may be individually deposited for film forming, may be used
as a single layer deposited mixed with other materials, or may
be formed as a laminate of individually deposited layers, a
laminate of mixedly deposited layers, or a laminate of the
individually deposited layer and the mixedly deposited layer.
These materials may be formed into a thin-film by using a
vapor deposition method or other known methods such as a
spin coating method and an inkjet method.

[0078] Examples of material used for the light emitting
layer of the organic EL device of the present invention can be
various metal complexes, anthracene derivatives, bis(styryl)
benzene derivatives, pyrene derivatives, oxazole derivatives,
and polyparaphenylene vinylene derivatives, in addition to
quinolinol derivative metal complexes such as Alq,. Further,
the light emitting layer may comprise a host material and a
dopant material. Examples of the host material can be thiaz-
ole derivatives, benzimidazole derivatives, and polydialkyl
fluorene derivatives, in addition to the above light-emitting
materials and the compounds of general formula (1) having
an indenocarbazole ring structure of the present invention.
Examples of the dopant material can be quinacridone, cou-
marin, rubrene, perylene, derivatives thereof, benzopyran
derivatives, rhodamine derivatives, and aminostyryl deriva-
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tives. These may be individually deposited for film forming,
may be used as a single layer deposited mixed with other
materials, or may be formed as a laminate of individually
deposited layers, a laminate of mixedly deposited layers, or a
laminate of the individually deposited layer and the mixedly
deposited layer.

[0079] Further, the light-emitting material may be a phos-
phorescent light-emitting material. Phosphorescent materials
as metal complexes of metals such as iridium and platinum
may be used as the phosphorescent light-emitting material.
Examples of the phosphorescent materials can be green phos-
phorescent materials such as Ir(ppy),, blue phosphorescent
materials such as Flrpic and Flr,, and red phosphorescent
materials such as Btp,lr(acac). As the hole injecting and
transporting host material, the compounds of general formula
(1) having an indenocarbazole ring structure of the present
invention may be used in addition to carbazole derivatives
such as 4,4'-di(N-carbazolyl )biphenyl (hereinafter referred to
as CBP), TCTA, and mCP. Compounds such as p-bis(triph-
enylsilyl)benzene (hereinafter referred to as UGH2) and 2,2,
2"-(1,3,5-phenylene)-tris(1-phenyl-1H-benzimidazole)
(hereinafter referred to as TPBI) may be used as the electron
transporting host material to produce a high-performance
organic electroluminescent device.

[0080] Inorderto avoid concentration quenching, it is pref-
erable to dope the host material with the phosphorescent
light-emitting material by co-evaporation in a range of 1 to 30
weight percent to the whole light emitting layer.

[0081] These materials may be formed into a thin-film by
using a vapor deposition method or other known methods
such as a spin coating method and an inkjet method.

[0082] The hole blocking layer of the organic EL device of
the present invention may be formed by using hole blocking
compounds such as various rare earth complexes, triazole
derivatives, triazine derivatives, and oxadiazole derivatives,
in addition to the metal complexes of phenanthroline deriva-
tives such as bathocuproin (hereinafter referred to as BCP),
and the metal complexes of quinolinol derivatives such as
aluminum(III) bis(2-methyl-8-quinolinate)-4-phenylpheno-
late (hereinafter referred to as BAlq). These materials may
also serve as the material of the electron transport layer. These
may be individually deposited for film forming, may be used
as a single layer deposited mixed with other materials, or may
be formed as a laminate of individually deposited layers, a
laminate of mixedly deposited layers, or a laminate of the
individually deposited layer and the mixedly deposited layer.
These materials may be formed into a thin-film by using a
vapor deposition method or other known methods such as a
spin coating method and an inkjet method.

[0083] Examples of material used for the electron transport
layer of the organic EL device of the present invention can be
various metal complexes, triazole derivatives, triazine deriva-
tives, oxadiazole derivatives, thiadiazole derivatives, carbo-
diimide derivatives, quinoxaline derivatives, phenanthroline
derivatives, and silole derivatives, in addition to the metal
complexes of quinolinol derivatives such as Alq, and BAlq.
These may be individually deposited for film forming, may be
used as a single layer deposited mixed with other materials, or
may be formed as a laminate of individually deposited layers,
a laminate of mixedly deposited layers, or a laminate of the
individually deposited layer and the mixedly deposited layer.
These materials may be formed into a thin-film by using a
vapor deposition method or other known methods such as a
spin coating method and an inkjet method.
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[0084] Examples of material used for the electron injection
layer of the organic EL device of the present invention can be
alkali metal salts such as lithium fluoride and cesium fluoride;
alkaline earth metal salts such as magnesium fluoride; and
metal oxides such as aluminum oxide. However, the electron
injection layer may be omitted in the preferred selection of the
electron transport layer and the cathode.

[0085] The cathode of the organic EL device of the present
invention may be made of an electrode material with a low
work function such as aluminum, or an alloy of an electrode
material with an even lower work function such as a magne-
sium-silver alloy, a magnesium-indium alloy, or an alumi-
num-magnesium alloy.

[0086] The following describes an embodiment of the
present invention in more detail based on Examples. The
present invention, however, is not restricted to the following
Examples.

Example 1

Synthesis of 12,12-dimethyl-10-phenyl-7-(9-phenyl-
9H-carbazol-3-y1)-10,12-dihydroindeno|[2,1-b]carba-
zole (Compound 5)

[0087] N-(9,9-dimethyl-9H-fluorene-2-yl)-2-bromo-
aniline (18.5 g), potassium acetate (6.98 g), and DMF (95 ml)
were added to a nitrogen-substituted reaction vessel and aer-
ated with nitrogen gas for 1 hour. The mixture was heated
after adding tetrakis(triphenylphosphine)palladium (1.18 g)
and stirred at 100° C. for 11 hours. After the mixture was
cooled to a room temperature, the reaction liquid was added
to water (300 ml) and extraction was performed with toluene
(300 ml). An organic layer obtained was washed with water
(200 ml) twice, dehydrated with anhydrous magnesium sul-
fate, and concentrated under reduced pressure to obtain a
crude product. The crude product was purified by column
chromatography (carrier: silica gel; eluent: toluene/n-hex-
ane) to obtain a pale yellow powder of 12,12-dimethyl-10,
12-dihydroindeno[2,1-b]carbazole (7.9 g; yield 55.2%).
[0088] The resulting 12,12-dimethyl-10,12-dihydroindeno
[2,1-b]carbazole (7.8 g), iodobenzene (3.7 ml), sodium
bisulfite (0.43 g), a copper powder (0.17 g), 3,5-di(tert-butyl)
salicylic acid (0.69 g), potassium carbonate (5.71 g), and
dodecylbenzene (10 ml) were added to a nitrogen-substituted
reaction vessel, heated, and stirred at 170° C. for 10 hours.
The mixture was cooled to 100° C., extracted by adding
toluene (100 ml), concentrated under reduced pressure, and
crystallized using n-hexane (30 ml) to obtain a pale yellow
powder of 12,12-dimethyl-10-phenyl-10,12-dihydroindeno
[2,1-b]carbazole (8.73 g; yield 88.3%).

[0089] The resulting 12,12-dimethyl-10-phenyl-10,12-di-
hydroindeno[2,1-b]carbazole (7.5 g) and DMF (53 ml) were
added to a reaction vessel. N-bromosuccinimide (3.72 g) was
added under ice-cooled conditions, and the mixture was
stirred for 9 hours and then left for one night. Water (260 ml)
was added, and the mixture was subjected to filtration to
obtain a brownish white powder of 7-bromo-12,12-dimethyl-
10-phenyl-10,12-dihydroindeno[2,1-b]carbazole (8.67 g;
yield 94.6%).

[0090] The resulting 7-bromo-12,12-dimethyl-10-phenyl-
10,12-dihydroindeno(2,1-b]carbazole (2.0 g), 9-phenyl-3-(4,
4.5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-carbazole
(1.68 g), a toluene/ethanol (4/1, v/v) mixed solvent (15 ml),
and a 2M potassium carbonate aqueous solution (3.4 ml) were
added to a nitrogen-substituted reaction vessel and aerated

May 23, 2013

with nitrogen gas for 30 min under ultrasonic irradiation. The
mixture was heated after adding tetrakis(triphenylphosphine)
palladium (0.26 g), and stirred at 73° C. for 5 hours. After the
mixture was cooled to a room temperature, toluene (30 ml)
and water (20 ml) were added to perform liquid separation in
order to collect an organic layer. The organic layer was
washed with saturated brine, dehydrated with anhydrous
magnesium sulfate, and concentrated under reduced pressure
to obtain a crude product. The crude product was purified by
column chromatography (carrier: silica gel; eluent: toluene/
n-hexane) to obtain a white powder of 12,12-dimethyl-10-
phenyl-7-(9-phenyl-9H-carbazol-3-y1)-10,12-dihydroin-
deno[2,1-b]carbazole (1.5 g; yield 54.7%).

[0091] The structure of the resulting white powder was
identified by NMR. The '"H-NMR measurement result is pre-
sented in FIG. 1.

[0092] 'H-NMR (THF-d,) detected 32 hydrogen signals,
as follows. 8 (ppm)=S8.66 (1H), 8.64 (1H), 8.59 (1H), 8.23-8.
29 (1H), 7.88-7.90 (1H), 7.83-7.85 (1H), 7.78-7.80 (1H),
7.66-7.71 (8H), 7.42-7.53 (7H), 7.37-7.40 (1H), 7.31-7.33
(1H), 7.26-7.29 (1H), 7.21-7.24 (1H), 1.51 (6H).

Example 2

Synthesis of 12,12-dimethyl-10-phenyl-7-(4-diphe-
nylamino-phenyl)-10,12-dihydroindeno[2,1-b]carba-
zole (Compound 6)

[0093] 7-Bromo-12,12-dimethyl-10-phenyl-10,12-dihy-
droindeno[2,1-b]carbazole synthesized in Example 1 (2.0 g),
4-diphenylamino-phenylboronic acid (1.32 g), a toluene/
ethanol (4/1, v/v) mixed solvent (15 ml), and a 2M potassium
carbonate aqueous solution (3.4 ml) were added to a nitrogen-
substituted reaction vessel and aerated with nitrogen gas for
30 min under ultrasonic irradiation. The mixture was heated
after adding tetrakis(triphenylphosphine)palladium (0.26 g),
and stirred at 73° C. for 5 hours. After the mixture was cooled
to aroom temperature, toluene (30 ml) and water (20 ml) were
added to perform liquid separation in order to collect an
organic layer. The organic layer was washed with saturated
brine, dehydrated with anhydrous magnesium sulfate, and
concentrated under reduced pressure to obtain a crude prod-
uct. The crude product was purified by column chromatogra-
phy (carrier: silica gel; eluent: toluene/n-hexane) to obtain a
pale yellowish white powder of 12,12-dimethyl-10-phenyl-
7-(4-diphenylamino-phenyl)-10,12-dihydroindeno[2,1-b]
carbazole (1.6 g; yield 58.4%).

[0094] The structure of the resulting white powder was
identified by NMR. The '"H-NMR measurement result is pre-
sented in FIG. 2.

[0095] 'H-NMR (THF-d,) detected 34 hydrogen signals,
as follows. & (ppm)=8.60 (1H), 8.50 (1H), 7.85-7.86 (1H),
7.64-7.69 (7TH), 7.48-7.52 (2H), 7.40-7.43 (2H), 7.30-7.32
(1H), 7.24-7.26 (4H), 7.21-7.22 (1H), 7.17-7.18 (2H), 7.11-
7.13 (4H), 6.98-7.01 (2H), 1.49 (6H).

Example 3

Synthesis of 12,12,12',12'-tetramethyl-10,10'-diphe-
nyl-10,10',12,12'-tetrahydro-[ 7,7']bis(indeno[2,1-b]
carbazolyl) (Compound 102)

[0096] 7-Bromo-12,12-dimethyl-10-phenyl-10,12-dihy-
droindeno[2,1-b]carbazole synthesized in Example 1 (4 g),

bis(pinacolato)diboron (2.77 g), potassium acetate (2.69 g),
and dimethyl sulfoxide (40 ml) were added to a nitrogen-
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substituted reaction vessel and aerated with nitrogen gas for
30 min. The mixture was heated after adding a [1,1'-bis
(diphenylphosphino)ferrocene]palladium(IT)dichloride
dichloromethane complex (1:1) (0.22 g), and stirred at 90° C.
for 12 hours. After the mixture was cooled to a room tem-
perature, toluene (150 ml) and saturated brine (200 ml) were
added to perform liquid separation in order to collect an
organic layer. The organic layer was washed three times with
saturated brine (100 ml), dehydrated with anhydrous magne-
sium sulfate, and concentrated under reduced pressure to
obtain a crude product. The crude product was purified by
column chromatography (carrier: silica gel; eluent: ethyl
acetate/n-hexane) to obtain a whitish powder of 12,12-dim-
ethyl-10-phenyl-7-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaboro-
lan-2-y1)-10,12-dihydroindeno[2,1-b|carbazole (1.89 g;
yield 42.7%).

[0097] The resulting 12,12-dimethyl-10-phenyl-7-(4,4,5,
S-tetramethyl-[1,3,2]dioxaborolan-2-y1)-10,12-dihydroin-
deno[2,1-b]carbazole (1.8 g), 7-bromo-12,12-dimethyl-10-
phenyl-10,12-dihydroindeno[2,1-b]carbazole synthesized in
Example 1 (1.55 g), a toluene/ethanol (4/1, v/v) mixed sol-
vent (15 ml), and a 2M potassium carbonate aqueous solution
(2.6 ml) were added to a nitrogen-substituted reaction vessel
and aerated with nitrogen gas for 30 min under ultrasonic
irradiation. The mixture was heated after adding tetrakis
(triphenylphosphine)palladium (0.20 g), and stirred at 73° C.
for 9 hours. After the mixture was cooled to a room tempera-
ture, a precipitated solid was collected by filtration. The pre-
cipitate was dissolved by adding tetrahydrofuran (80 ml), and
after removing insoluble matter by filtration, a filtrate was
concentrated under reduced pressure to obtain a crude prod-
uct. The crude product was purified by recrystallization using
1,2-dichlorobenzene (10 ml) to obtain a white powder of
12,12,12',12'-tetramethyl-10,10"-diphenyl-10,10",12,12'-tet-
rahydro-[7,7'bis(indeno[2,1-b]carbazolyl) (1.01 g; yield
39.9%).

[0098] The structure of the resulting white powder was
identified by NMR. The 'H-NMR measurement result is pre-
sented in FIG. 3.

[0099] 'H-NMR (THF-dy) detected 40 hydrogen signals,
as follows. 8 (ppm)=8.68 (4H), 7.90-7.91 (2H), 7.82-7.84
(2H), 7.69-7.73 (8H), 7.51-7.55 (2H), 7.51 (2H), 7.48-7.49
(2H), 7.44-7.45 (2H), 7.32-7.35 (2H), 7.22-7.25 (2H), 1.52
(12H).

Example 4

Synthesis of 7-[4-{(biphenyl-4-yl)-phenylamino} -
phenyl]-12,12-dimethyl-10-phenyl-10,12-dihydroin-
deno[2,1-b]carbazole (Compound 7)

[0100] 7-Bromo-12,12-dimethyl-10-phenyl-10,12-dihy-

dro-indeno[2,1-b]carbazole synthesized in Example 1 (3.0
2), (biphenyl-4-y1)-[4-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)phenyl]-phenylamine (3.7 g), a toluene/etha-
nol (4/1, v/v) mixed solvent (50 ml), and a 2M potassium
carbonate aqueous solution (10 ml) were added to a nitrogen-
substituted reaction vessel and aerated with nitrogen gas for
30 min under ultrasonic irradiation. The mixture was heated
after adding tetrakis(triphenylphosphine)palladium (0.4 g),
and stirred at 73° C. for 8 hours. After the mixture was cooled
to a room temperature, a precipitated crude product was col-
lected by filtration. 1,2-Dichlorobenzene (140 ml) was added
to the crude product, and the crude product was dissolved
while being heated, and after removing insoluble matter by
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filtration, a filtrate was concentrated under reduced pressure.
Purification by recrystallization using 1,2-dichlorobenzene
(100 ml) was performed to obtain a white powder of 7-[4-{
(biphenyl-4-y1)-phenylamino} -phenyl]-12,12-dimethyl-10-
phenyl-10,12-dihydroindeno[2,1-b]carbazole (2.7 g; yield
57.8%).

[0101] The structure of the resulting white powder was
identified by NMR. The '"H-NMR measurement result is pre-
sented in FIG. 4.

[0102] 'H-NMR (THF-d,) detected 38 hydrogen signals,
as follows. 8 (ppm)=8.60 (1H), 8.50 (1H), 7.85 (1H), 7.72-7.
65 (7H), 7.61 (2H), 7.55 (2H), 7.52 (1H), 7.47 (1H), 7.43-7.
37 (4H), 7.31-7.16 (11H), 7.03 (1H), 1.49 (6H).

Example 5

Synthesis of 7-[4-{bis(biphenyl-4-yl)amino }-phe-
nyl]-12,12-dimethyl-10-phenyl-10,12-dihydroindeno
[2,1-b]carbazole (Compound 8)

[0103] 7-Bromo-12,12-dimethyl-10-phenyl-10,12-dihy-
dro-indeno[2,1-b]carbazole synthesized in Example 1 (3.0
g), bis(biphenyl-4-yl)-[4-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)phenyl]amine (4.3 g), a toluene/ethanol (4/1,
v/v) mixed solvent (50 ml), and a 2M potassium carbonate
aqueous solution (10 ml) were added to a nitrogen-substituted
reaction vessel and aerated with nitrogen gas for 30 min under
ultrasonic irradiation. The mixture was heated after adding
tetrakis(triphenylphosphine)palladium (0.4 g), and stirred at
73° C. for 8 hours. After the mixture was cooled to a room
temperature, a precipitated crude product was collected by
filtration. 1,2-dichlorobenzene (140 ml) was added to the
crude product, and the crude product was dissolved while
being heated, and after removing insoluble matter by filtra-
tion, a filtrate was concentrated under reduced pressure. Puri-
fication by recrystallization using 1,2-dichlorobenzene (100
ml) was performed to obtain a white powder of 7-[4-{bis
(biphenyl-4-yl)amino }-phenyl]-12,12-dimethyl-10-phenyl-
10,12-dihydroindeno[2,1-b]carbazole (3.7 g; yield 71.6%).
[0104] The structure of the resulting white powder was
identified by NMR. The 'H-NMR measurement result is pre-
sented in FIG. 5.

[0105] 'H-NMR (THF-d,) detected 42 hydrogen signals,
as follows. 8 (ppm)=8.60 (1H), 8.52 (1H), 7.85 (1H), 7.75-7.
57 (15H), 7.53 (1H), 7.47 (1H), 7.43-7.38 (6H), 7.32-7.22
(10H), 1.49 (6H).

Example 6

Synthesis of 10-(biphenyl-4-y1)-12,12-dimethyl-7-
(9-phenyl-9H-carbazol-3-y1)-10,12-dihydroindeno] 2,
1-b]carbazole (Compound 122)

[0106] 12,12-dimethyl-10,12-dihydroindeno[2,1-b]carba-
zole synthesized in Example 1 (35.5 g), 4-bromobiphenyl
(35.0 g), sodium bisulfite (6.0 g), a copper powder (2.4 ),
3,5-di(tert-butyl)salicylic acid (9.4 g), potassium carbonate
(31.2 g), and dodecylbenzene (52 ml) were added to a nitro-
gen-substituted reaction vessel, heated, and stirred at 190° C.
for 26 hours. After cooled to 120° C., the mixture was stirred
after adding toluene (35 ml), and a crude product was col-
lected by filtration. After adding toluene (1.6 L) to the crude
product, the crude product was heated and extracted at 110°
C. After cooled to a room temperature, the crude product was
concentrated under reduced pressure. The product was crys-
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tallized with methanol (120 ml) to obtain a white powder of
10-(biphenyl-4-y1)-12,12-dimethyl-10,12-dihydroindeno| 2,
1-b]carbazole (48.5 g; yield 88.1%).

[0107] The resulting 10-(biphenyl-4-y1)-12,12-dimethyl-
10,12-dihydroindeno[2,1-b]carbazole (42.5 g) and DMF (2.5
L) were added to a reaction vessel, and the mixture was heated
up to 70° C. and dissolved. After cooled to a room tempera-
ture, N-bromo-succinimide (17.4 g) was added, and the mix-
ture was stirred for 7 hours. Water (2.5 L) was added, and
filtration was performed to obtain a white powder of 10-
(biphenyl-4-yl)-7-bromo-12,12-dimethyl-10,12-dihydroin-
deno[2,1-b]carbazole (34.9 g; yield 69.5%).

[0108] The resulting 10-(biphenyl-4-yl)-7-bromo-12,12-
dimethyl-10,12-dihydroindeno[2,1-b]carbazole (16.5 g),
9-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
9H-carbazole (14.2 g), a toluene/ethanol (4/1, v/v) mixed
solvent (250 ml), and a 2M potassium carbonate aqueous
solution (48 ml) were added to a nitrogen-substituted reaction
vessel and aerated with nitrogen gas for 30 min under ultra-
sonic irradiation. The mixture was heated after adding tetraki-
s(triphenylphosphine)palladium (1.9 g), and stirred at 73° C.
for 5 hours. After the mixture was cooled to a room tempera-
ture, a precipitated crude product was collected by filtration.
1,2-Dichlorobenzene (450 ml) was added to the crude prod-
uct, and the crude product was dissolved while being heated,
and after removing insoluble matter by filtration, a filtrate was
concentrated under reduced pressure. Purification by crystal-
lization using 1,2-dichlorobenzene (150 ml) and n-hexane
(300 ml) was performed to obtain a white powder of 10-
(biphenyl-4-y1)-12,12-dimethyl-7-(9-phenyl-9H-carbazol-
3-y1)-10,12-dihydroindeno[2,1-b]carbazole (9.8 g; yield
45.2%).

[0109] The structure of the resulting white powder was
identified by NMR. The 'H-NMR measurement result is pre-
sented in FIG. 6.

[0110] 'H-NMR (THF-dy) detected 36 hydrogen signals,
as follows. & (ppm)=8.69 (1H), 8.64 (1H), 8.59 (1H), 8.28
(1H), 7.99 (2H), 7.89 (1H), 7.85-7.78 (6H), 7.66 (4H), 7.56-
7.49 (6H), 7.44-7.37 (4H), 7.32 (1H), 7.27 (1H), 7.23 (1H),
1.52 (6H).

Example 7

Synthesis of 10-(biphenyl-4-y1)-7-[4-bis(biphenyl-4-
yl)amino-phenyl]-12,12-dimethyl-10,12-dihydroin-
deno[2,1-b]carbazole (Compound 123)

[0111] 10-(biphenyl-4-yl)-7-bromo-12,12-dimethyl-10,

12-dihydroindeno[2,1-b]carbazole synthesized in Example 6
(13.0 g), bis(biphenyl-4-y1)-[4-(4,4,5,5-tetramethyl-[1,3,2]
dioxaborolan-2-yl)phenyl]amine (15.9 g) a toluene/ethanol
(4/1, v/v) mixed solvent (250 ml), and a 2M potassium car-
bonate aqueous solution (51 ml) were added to a nitrogen-
substituted reaction vessel and aerated with nitrogen gas for
30 min under ultrasonic irradiation. The mixture was heated
after adding tetrakis(triphenylphosphine)palladium (2.1 g),
and stirred at 73° C. for 10 hours. After the mixture was
cooled to a room temperature, a precipitated crude product
was collected by filtration. 1,2-Dichlorobenzene (1.7 L) was
added to the crude product, and the crude product was dis-
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solved while being heated, and after removing insoluble mat-
ter by filtration, a filtrate was cooled to a room temperature. A
precipitated solid was collected by filtration and purified by
recrystallization using 1,2-dichlorobenzene (1.7 L) to obtain
a white powder of 10-(biphenyl-4-yl)-7-[4-bis(biphenyl-4-
yl)amino-phenyl]-12,12-dimethyl-10,12-dihydroindeno| 2,
1-b]carbazole (13.4 g; yield 63.8%).

[0112] The structure of the resulting white powder was
identified by NMR. The '"H-NMR measurement result is pre-
sented in FIG. 7.

[0113] 'H-NMR (THF-d,) detected 46 hydrogen signals,
as follows. d (ppm)=8.62 (1H), 8.54 (1H), 7.98 (2H), 7.86
(1H), 7.78 (4H), 7.75 (2H), 7.70 (1H), 7.63 (4H), 7.58 (4H),
7.55 (1H), 7.50 (3H), 7.43 (1H), 7.40 (4H), 7.33-7.21 (11H),
1.51 (6H).

Example 8

Synthesis of 12,12-dimethyl-10-(9,9-dimethyl-9H-
fluorene-2-yl)-7-(9-phenyl-9H-carbazol-3-y1)-10,12-
dihydroindeno[2,1-b]carbazole (Compound 124)

[0114] 12,12-Dimethyl-10,12-dihydroindeno[2,1-b]car-
bazole synthesized in Example 1 (5.5 g), 2-bromo-9,9-dim-
ethyl-9H-fluorene (6.4 g), sodium bisulfite (0.3 g), a copper
powder (0.1 g), 3,5-di(tert-butyl)salicylic acid (0.5 g), potas-
sium carbonate (4.0 g), and dodecylbenzene (5 ml) were
added to a nitrogen-substituted reaction vessel, heated, and
stirred at 180° C. for 29 hours. The mixture was cooled to
100° C., and insoluble matter was removed by filtration after
adding toluene (80 ml), and a filtrate was concentrated. Crys-
tallization using n-hexane (20 ml) was performed to obtain an
ocher powder of 12,12-dimethyl-10-(9,9-dimethyl-9H-fluo-
rene-2-y1)-10,12-dihydroindeno[2,1-b]carbazole (7.4 g;
yield 80.0%)

[0115] The resulting 12,12-dimethyl-10-(9,9-dimethyl-
9H-fluorene-2-y1)-10,12-dihydroindeno[2,1-b]carbazole
(7.0 g) and DMF (140 ml) were added to a reaction vessel.
The mixture was heated up to 100° C., dissolved, and cooled.
N-bromo-succinimide (2.6 g) was added under ice-cooled
conditions, and the mixture was stirred for 1 hour at a room
temperature. Water (500 ml) was added, and the mixture was
subjected to filtration to obtain a pale red powder of 7-bromo-
12,12-dimethyl-10-(9,9-dimethyl-9H-fluorene-2-y1)-10,12-
dihydroindeno[2,1-b]carbazole (5.7 g; yield 70.3%).

[0116] The resulting 7-bromo-12,12-dimethyl-10-(9,9-
dimethyl-9H-fluorene-2-y1)-10,12-dihydroindeno[2,1-b]

carbazole (4.0 g), 9-phenyl-3-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)-9H-carbazole (3.2 g), a toluene/ethanol
(4/1, v/v) mixed solvent (50 ml), and a 2M potassium carbon-
ate aqueous solution (10 ml) were added to a nitrogen-sub-
stituted reaction vessel and aerated with nitrogen gas for 30
min under ultrasonic irradiation. The mixture was heated
after adding tetrakis(triphenylphosphine)palladium (0.4 g),
and stirred at 71° C. for 7 hours. After the mixture was cooled
to a room temperature, water (20 ml) was added to perform
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liquid separation in order to collect an organic layer. The
organic layer was dehydrated with anhydrous magnesium
sulfate and concentrated under reduced pressure to obtain a
crude product. The crude product was purified by column
chromatography (carrier: silica gel; eluent: toluene/cyclohex-
ane) to obtain a white powder of 12,12-dimethyl-10-(9,9-
dimethyl-9H-fluorene-2-y1)-7-(9-phenyl-9H-carbazole-3-

y1)-10,12-dihydroindeno[2,1-b]carbazole (3.4 g; yield
65.7%).
[0117] The structure of the resulting white powder was

identified by NMR. The 'H-NMR measurement result is pre-
sented in FIG. 8.

[0118] 'H-NMR (THF-dy) detected 40 hydrogen signals,
as follows. d (ppm)=8.67 (1H), 8.65 (1H), 8.60 (1H), 8.28
(1H), 8.08 (1H), 7.90-7.82 (5H), 7.69-7.66 (5H), 7.58-7.49
(5H), 7.43 (2H), 7.39 (2H), 7.36 (1H), 7.33 (1H), 7.28 (1H),
7.23 (1H), 1.61 (6H), 1.51 (6H).

Example 9

[0119] The glass transition point of the compounds of the
present invention were determined using a high-sensitive dif-
ferential scanning calorimeter (DSC 3100S produced by
Bruker AXS).

Glass transition

point
Compound of Example 1 of the present 148° C.
invention
Compound of Example 2 of the present 132°C.
invention
Compound of Example 3 of the present 158° C.
invention
Compound of Example 4 of the present 143° C.
invention
Compound of Example 5 of the present 162° C.
invention
Compound of Example 6 of the present 163° C.
invention
Compound of Example 7 of the present 170° C.
invention
Compound of Example 8 of the present 173° C.
invention

[0120] The compounds of the present invention have glass
transition points of 100° C. or higher, demonstrating that the
compounds of the present invention have a stable thin-film
state.

Example 10

[0121] A 100nm-thick vapor-deposited film was fabricated
on an ITO substrate using the compounds of the present
invention, and a work function was measured using an atmo-
sphere photoelectron spectrometer (Model AC-3 produced by
Riken Keiki Co., Ltd.).

Work function
Compound of Example 1 of the present 5.59 eV
invention
Compound of Example 2 of the present 5.50 eV
invention
Compound of Example 3 of the present 5.50 eV
invention
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-continued

Work function

Compound of Example 4 of the present 545 eV
invention
Compound of Example 5 of the present 544 eV
invention
Compound of Example 6 of the present 5.56 eV
invention
Compound of Example 7 of the present 5.59 eV
invention
Compound of Example 8 of the present 5.58 eV
invention
[0122] As the results show, the compounds of the present

invention have desirable energy levels compared to the work
function 5.4 eV of common hole transport materials such as
NPD and TPD, and thus possess desirable hole transportabil-

ity.
Example 11

[0123] An organic EL device, as illustrated in FIG. 9, was
fabricated by forming a hole injection layer 3, a hole transport
layer 4, a light emitting layer 5, an electron transport layer 6,
an electron injection layer 7, and a cathode (an aluminum
electrode) 8 in this order by vapor deposition on a glass
substrate 1 that had been provided beforehand with an ITO
electrode as a transparent anode 2.

[0124] Specifically, the glass substrate 1 with ITO formed
with a film thickness of 150 nm thereon was washed with an
organic solvent and subjected to an oxygen plasma treatment
to wash the surface. The glass substrate with the ITO elec-
trode was then installed in a vacuum vapor deposition appa-
ratus, and the pressure was reduced to 0.001 Pa or less. This
was followed by the formation of the hole injection layer 3 by
forming Compound 125 of the structural formula below over
the transparent anode 2 in a film thickness of 20 nm. The hole
transport layer 4 was then formed on the hole injection layer
3 by forming the compound of Example 1 of the present
invention (Compound 5) in a film thickness of 40 nm. There-
after, the light emitting layer 5 was formed on the hole trans-
port layer 4 by forming Compounds 126 and 127 of the
structural formulae below in a film thickness of 30 nm using
dual vapor deposition at a deposition rate ratio of Compound
126:Compound 127=5:95. Then, the electron transport layer
6 was formed on the light emitting layer 5 by forming Alq; in
a film thickness of 30 nm. The electron injection layer 7 was
then formed on the electron transport layer 6 by forming
lithium fluoride in a film thickness of 0.5 nm. Finally, the
cathode 8 was formed by vapor-depositing aluminum in a
film thickness of 150 nm. The characteristics of the organic
EL device thus fabricated were measured in the atmosphere at
an ordinary temperature.

[0125] Table 1 summarizes the results of the emission char-
acteristics measurements performed by applying a DC volt-
ageto the organic EL device produced by using the compound
of Example 1 of the present invention (Compound 5).
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[Chemical Formula 131]

[Chemical Formula 133]

CyHyt

[0126] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
Example 2 of the present invention (Compound 6) was used
as the material of the hole transport layer 4 in Example 11.
The characteristics of the organic EL device thus fabricated
were measured in the atmosphere at an ordinary temperature.

Example 12

oof
%
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(Compound 125)

(Compound 126)

-0
O

Q

CH;
C

H;

(Compound 127)

Table 1 summarizes the results of the emission characteristics
measurements performed by applying a DC voltage to the
fabricated organic EL device.

Example 13

[0127] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
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Example 4 of the present invention (Compound 7) was used
as the material of the hole transport layer 4 in Example 11.
The characteristics of the organic EL device thus fabricated
were measured in the atmosphere at an ordinary temperature.
Table 1 summarizes the results of the emission characteristics
measurements performed by applying a DC voltage to the
fabricated organic EL device.

Example 14

[0128] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
Example 5 of the present invention (Compound 8) was used
as the material of the hole transport layer 4 in Example 11.
The characteristics of the organic EL device thus fabricated
were measured in the atmosphere at an ordinary temperature.
Table 1 summarizes the results of the emission characteristics
measurements performed by applying a DC voltage to the
fabricated organic EL device.

Example 15

[0129] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
Example 6 of the present invention (Compound 122) was
used as the material of the hole transport layer 4 in Example
11. The characteristics of the organic EL device thus fabri-
cated were measured in the atmosphere at an ordinary tem-
perature. Table 1 summarizes the results of the emission
characteristics measurements performed by applying a DC
voltage to the fabricated organic EL device.

Example 16

[0130] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
Example 7 of the present invention (Compound 123) was
used as the material of the hole transport layer 4 in Example
11. The characteristics of the organic EL device thus fabri-
cated were measured in the atmosphere at an ordinary tem-
perature. Table 1 summarizes the results of the emission
characteristics measurements performed by applying a DC
voltage to the fabricated organic EL device.

Example 17

[0131] Anorganic EL device was fabricated under the same
conditions used in Example 11, except that the compound of
Example 8 of the present invention (Compound 124) was
used as the material of the hole transport layer 4 in Example
11. The characteristics of the organic EL device thus fabri-
cated were measured in the atmosphere at an ordinary tem-
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perature. Table 1 summarizes the results of the emission
characteristics measurements performed by applying a DC
voltage to the fabricated organic EL device.

Comparative Example 1

[0132] For comparison, an organic EL device was fabri-
cated under the same conditions used in Example 11, except
that the Compound B was used as the material of the hole
transport layer 4 in Example 11. The characteristics of the
organic EL device thus fabricated were measured in the atmo-
sphere at an ordinary temperature. Table 1 summarizes the
results of the emission characteristics measurements per-
formed by applying a DC voltage to the fabricated organic EL.
device.

Comparative Example 2

[0133] For comparison, an organic EL. device was fabri-
cated under the same conditions used in Example 11, except
that Compound 128 of the structural formula below was used
as the material of the hole transport layer 4 in Example 11.
The characteristics of the organic EL device thus fabricated
were measured in the atmosphere at an ordinary temperature.
Table 1 summarizes the results of the emission characteristics
measurements performed by applying a DC voltage to the
fabricated organic EL device.

[Chemical Formula 134]
(Compound 128)

O o
9o

TABLE 1
Current Power
Luminance efficiency efficiency
Voltage [V] [cd/m?] [cd/A] [1 m/W]
Compound (@10 mA/em?) (@10 mA/em?) (@10 mA/cm?) (@10 mA/cm?)
Ex. 11 Compound 5 5.35 993 9.93 5.84
Ex. 12 Compound 6 5.08 964 9.65 5.97
Ex. 13 Compound 7 4.77 963 9.63 6.34
Ex. 14 Compound 8 4.97 962 9.62 6.09
Ex. 15 Compound 5.46 975 9.75 5.64
122
Ex. 16 Compound 5.28 957 9.57 5.70
123
Ex. 17 Compound 5.36 980 9.80 5.76

124
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TABLE 1-continued
Current Power
Luminance efficiency efficiency
Voltage [V] [ed/m?] [cd/A] [1 m/W]
Compound (@10 mA/em?) (@10 mA/cm?) (@10 mA/cm?) (@10 mA/cm?)
Com. Ex. 1 Compound B 5.62 908 9.07 5.06
Com. Ex. 2 Compound 517 902 9.03 5.49

128

[0134] As shown in Table 1, the driving voltage when
applying a current with a current density of 10 mA/cm? was
4.7710 5.46 V for the compounds of Examples 1 to 2 and 4 to
8 of the present invention (Compounds 5 to 8 and 122 to 124),
which was lower than 5.62 V of Compound B.

[0135] The power efficiency of the compounds of
Examples 1 to 2 and 4 to 8 in the present invention (Com-
pounds 5 to 8 and 122 to 124) was 5.30 to 6.34 lm/W, which
showed great improvement over the power efficiency 5.06
Im/W of Compound B.

[0136] Further, when compared to the power efficiency
5.49 Im/W of Compound 128, there was improvement in the
compounds of Examples 6 to 8 in the present invention (Com-
pounds 122 to 124) as shown in their power efficiency 5.64 to
6.76 1m/W, and there was a great improvement particularly in
the compounds of Examples 1 to 2 and 4 to 5 in the present
invention (Compounds 5 to 8) as shown in their power effi-
ciency 5.84 to 6.34 Im/W.

[0137] As the above results clearly demonstrate, the
organic EL devices using the compounds having an indeno-
carbazole ring structure in the present invention has achieved
improvement in power efficiency, and a lower actual driving
voltage compared to the organic EL device using the known
Compound B.

[0138] It was also found that the power efficiency can be
improved over the organic EL device using Compound 128
known as a hole transport material of high performance.

INDUSTRIAL APPLICABILITY

[0139] The compounds having an indenocarbazole ring
structure of the present invention have high hole transport-
ability, excel in electron blocking ability and amorphousness,
and have a stable thin-film state. The compounds are therefore
excellent as the compounds for organic EL devices. The
organic EL devices fabricated with the compounds can have
high luminous efficiency and high power efficiency and can
have a low actual driving voltage to improve durability. There
are potential applications for, for example, home electric
appliances and illuminations.

DESCRIPTION OF REFERENCE NUMERAL

[0140] 1 Glass substrate

[0141] 2 Transparent anode
[0142] 3 Hole injection layer
[0143] 4 Hole transport layer
[0144] 5 Light emitting layer
[0145] 6 Electron transport layer
[0146] 7 Electron injection layer
[0147] 8 Cathode

1. A compound of'the following general formula (1) having
an indenocarbazole ring structure,

[Chemical Formula 1]

)

wherein A represents a divalent group of a substituted or
unsubstituted aromatic hydrocarbon, a divalent group of
a substituted or unsubstituted aromatic heterocyclic
ring, or a divalent group of substituted or unsubstituted
condensed polycyclic aromatics; Ar,, Ar,, and Ary may
be the same or different, and represent a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group, or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, where A and Ar,, or Ar, and Ar, may bind to each
other via a single bond or via substituted or unsubsti-
tuted methylene, an oxygen atom, or a sulfur atom to
form aring; R, to R, may be the same or different, and
represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, nitro, linear or branched
alkyl of 1 to 6 carbon atoms that may have a substituent,
cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon
atoms that may have a substituent, linear or branched
alkyloxy of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyloxy of 5 to 10 carbon atoms that may
have a substituent, a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group, a substituted or unsubsti-
tuted condensed polycyclic aromatic group, or substi-
tuted or unsubstituted aryloxy, which may bind to each
other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a
ring; and R, and R, ; may be the same or different, and
represent linear or branched alkyl of 1 to 6 carbon atoms
that may have a substituent, cycloalkyl of 5 to 10 carbon
atoms that may have a substituent, linear or branched
alkenyl of 2 to 6 carbon atoms that may have a substitu-
ent, linear or branched alkyloxy of 1 to 6 carbon atoms
that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted
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or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a
substituted or unsubstituted condensed polycyclic aro-
matic group, or substituted or unsubstituted aryloxy,
which may bind to each other via a single bond, substi-
tuted or unsubstituted methylene, an oxygen atom, or a
sulfur atom to form a ring. 3)

3. The compound having an indenocarbazole ring structure
according to claim 1, wherein the compound is represented by
the following general formula (3),

[Chemical Formula 3]

2. The compound having an indenocarbazole ring structure
according to claim 1, wherein the compound is represented by
the following general formula (2),

[Chemical Formula 2]

@

wherein Ar, and Ar, may be the same or different, and
represent a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group; R, to Ry and R,
to R,, may be the same or different, and represent a
hydrogen atom, a deuterium atom, a fluorine atom, a
chlorine atom, cyano, nitro, linear or branched alkyl of 1
to 6 carbon atoms that may have a substituent, cycloalkyl
of 5 to 10 carbon atoms that may have a substituent,
linear or branched alkenyl of 2 to 6 carbon atoms that
may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent,
cycloalkyloxy of 5 to 10 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, a substituted or unsubstituted
condensed polycyclic aromatic group, or substituted or
unsubstituted aryloxy, which may bind to each other via
asingle bond, substituted or unsubstituted methylene, an
oxygen atom, or a sulfur atom to form a ring; and R,
R,;, R,;, and R,, may be the same or different, and
represent linear or branched alkyl of 1 to 6 carbon atoms
that may have a substituent, cycloalkyl of 5 to 10 carbon
atoms that may have a substituent, linear or branched
alkenyl of 2 to 6 carbon atoms that may have a substitu-
ent, linear or branched alkyloxy of 1 to 6 carbon atoms
that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted
or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a
substituted or unsubstituted condensed polycyclic aro-
matic group, or substituted or unsubstituted aryloxy,
where R, and R;;, or R,; and R,, may bind to each
other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a
ring.

wherein A represents a divalent group of a substituted or
unsubstituted aromatic hydrocarbon, a divalent group of
a substituted or unsubstituted aromatic heterocyclic
ring, or a divalent group of substituted or unsubstituted
condensed polycyclic aromatics; Ar,, Ar,, and Ary; may
be the same or different, and represent a substituted or
unsubstituted aromatic hydrocarbon group, a substituted
or unsubstituted aromatic heterocyclic group, or a sub-
stituted or unsubstituted condensed polycyclic aromatic
group, where A and Ar,, or Ar, and Ar; may bind to each
other via a single bond or via substituted or unsubsti-
tuted methylene, an oxygen atom, or a sulfur atom to
form aring; R, to Ry, may be the same or different, and
represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, cyano, nitro, linear or branched
alkyl of 1 to 6 carbon atoms that may have a substituent,
cycloalkyl of 5 to 10 carbon atoms that may have a
substituent, linear or branched alkenyl of 2 to 6 carbon
atoms that may have a substituent, linear or branched
alkyloxy of 1 to 6 carbon atoms that may have a sub-
stituent, cycloalkyloxy of 5 to 10 carbon atoms that may
have a substituent, a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group, a substituted or unsubsti-
tuted condensed polycyclic aromatic group, or substi-
tuted or unsubstituted aryloxy, which may bind to each
other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a
ring; and R, and R,; may be the same or different, and
represent linear or branched alkyl of 1 to 6 carbon atoms
that may have a substituent, cycloalkyl of 5 to 10 carbon
atoms that may have a substituent, linear or branched
alkenyl of 2 to 6 carbon atoms that may have a substitu-
ent, linear or branched alkyloxy of 1 to 6 carbon atoms
that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted
or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a
substituted or unsubstituted condensed polycyclic aro-
matic group, or substituted or unsubstituted aryloxy,
which may bind to each other via a single bond, substi-
tuted or unsubstituted methylene, an oxygen atom, or a
sulfur atom to form a ring.
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4. The compound having an indenocarbazole ring structure
according to claim 1, wherein R,, and R, in the general
formula (1) or (3) represent linear or branched alkyl of 1 to 6
carbon atoms that may have a substituent, cycloalkyl of 5 to
carbon atoms that may have a substituent, linear or branched
alkenyl of 2 to 6 carbon atoms that may have a substituent,
linear or branched alkyloxy of 1 to 6 carbon atoms that may
have a substituent, cycloalkyloxy of 5 to 10 carbon atoms that
may have a substituent.

5. The compound having an indenocarbazole ring structure
according to claim 3, wherein A in the general formula (3)
represents substituted or unsubstituted phenylene.

6. The compound having an indenocarbazole ring structure
according to claim 3, wherein the compound is represented by
the following general formula (3-1),

[Chemical Formula 4]

G-1)

wherein Ar,, Ar,, and Ar; may be the same or different, and
represent a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group; and R, to R, may
be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom,
cyano, nitro, linear or branched alkyl of 1 to 6 carbon
atoms that may have a substituent, cycloalkyl of 5 to 10
carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to
10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycy-
clic aromatic group, or substituted or unsubstituted ary-
loxy, which may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom,
or a sulfur atom to form a ring.

7. The compound having an indenocarbazole ring structure
according to claim 6, wherein the compound is represented by
the following general formula (3-2),
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[Chemical Formula 5]

G-2)

wherein Ar, and Ar; may be the same or different, and
represent a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group; and R, to R, may
be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom,
cyano, nitro, linear or branched alkyl of 1 to 6 carbon
atoms that may have a substituent, cycloalkyl of 5 to 10
carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to
10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycy-
clic aromatic group, or substituted or unsubstituted ary-
loxy, which may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom,

or a sulfur atom to form a ring.
8. The compound having an indenocarbazole ring structure
according to claim 3, wherein the compound is represented by

the following general formula (3-3),

[Chemical Formula 6]

(-3)

wherein Ar, and Ar; may be the same or different, and
represent a substituted or unsubstituted aromatic hydro-
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carbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group; and R, to R, may
be the same or different, and represent a hydrogen atom,
a deuterium atom, a fluorine atom, a chlorine atom,
cyano, nitro, linear or branched alkyl of 1 to 6 carbon
atoms that may have a substituent, cycloalkyl of 5 to 10
carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to
10 carbon atoms that may have a substituent, a substi-
tuted or unsubstituted aromatic hydrocarbon group, a
substituted or unsubstituted aromatic heterocyclic
group, a substituted or unsubstituted condensed polycy-
clic aromatic group, or substituted or unsubstituted ary-
loxy, which may bind to each other via a single bond,
substituted or unsubstituted methylene, an oxygen atom,
or a sulfur atom to form a ring.
9. The compound having an indenocarbazole ring structure
according to claim 8, wherein the compound is represented by
the following general formula (3-4),

[Chemical Formula 7]

G-4

wherein Ar, represents a substituted or unsubstituted aro-
matic hydrocarbon group, a substituted or unsubstituted
aromatic heterocyclic group, or a substituted or unsub-
stituted condensed polycyclic aromatic group; and R, to
R, may be the same or different, and represent a hydro-
gen atom, a deuterium atom, a fluorine atom, a chlorine
atom, cyano, nitro, linear or branched alkyl of 1 to 6
carbon atoms that may have a substituent, cycloalkyl of
5to 10 carbon atoms that may have a substituent, linear
or branched alkenyl of 2 to 6 carbon atoms that may have
a substituent, linear or branched alkyloxy of 1 to 6 car-
bon atoms that may have a substituent, cycloalkyloxy of
5 to 10 carbon atoms that may have a substituent, a
substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocy-
clic group, a substituted or unsubstituted condensed
polycyclic aromatic group, or substituted or unsubsti-
tuted aryloxy, which may bind to each other via a single
bond, substituted or unsubstituted methylene, an oxygen
atom, or a sulfur atom to form a ring.

10. The compound having an indenocarbazole ring struc-
ture according to claim 2, wherein the compound is repre-
sented by the following general formula (4),
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[Chemical Formula 8]

wherein Ar, and Ar, may be the same or different, and
represent a substituted or unsubstituted aromatic hydro-
carbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted
condensed polycyclic aromatic group; R, to Ry and R,
to R,, may be the same or different, and represent a
hydrogen atom, a deuterium atom, a fluorine atom, a
chlorine atom, cyano, nitro, linear or branched alkyl of 1
to 6 carbon atoms that may have a substituent, cycloalkyl
of 5 to 10 carbon atoms that may have a substituent,
linear or branched alkenyl of 2 to 6 carbon atoms that
may have a substituent, linear or branched alkyloxy of 1
to 6 carbon atoms that may have a substituent,
cycloalkyloxy of 5 to 10 carbon atoms that may have a
substituent, a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aro-
matic heterocyclic group, a substituted or unsubstituted
condensed polycyclic aromatic group, or substituted or
unsubstituted aryloxy, which may bind to each other via
asingle bond, substituted or unsubstituted methylene, an
oxygen atom, or a sulfur atom to form a ring; and R,
R,,, R,,. and R,, may be the same or different, and
represent linear or branched alkyl of 1 to 6 carbon atoms
that may have a substituent, cycloalkyl of 5 to 10 carbon
atoms that may have a substituent, linear or branched
alkenyl of 2 to 6 carbon atoms that may have a substitu-
ent, linear or branched alkyloxy of 1 to 6 carbon atoms
that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent, a substituted
or unsubstituted aromatic hydrocarbon group, a substi-
tuted or unsubstituted aromatic heterocyclic group, a
substituted or unsubstituted condensed polycyclic aro-
matic group, or substituted or unsubstituted aryloxy,
where R, and R, ,, or R,, and R,, may bind to each
other via a single bond, substituted or unsubstituted
methylene, an oxygen atom, or a sulfur atom to form a
ring.

11. The compound having an indenocarbazole ring struc-
ture according to claim 2, wherein R, R, ;, R,;, and R,, in
the general formula (2) or (4) represent linear or branched
alkyl of 1 to 6 carbon atoms that may have a substituent,
cycloalkyl of 5 to 10 carbon atoms that may have a substitu-
ent, linear or branched alkenyl of 2 to 6 carbon atoms that may
have a substituent, linear or branched alkyloxy of 1 to 6
carbon atoms that may have a substituent, cycloalkyloxy of 5
to 10 carbon atoms that may have a substituent.
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12. An organic electroluminescent device that comprises a
pair of electrodes, and one or more organic layers sandwiched
between the pair of electrodes,

wherein the compound having an indenocarbazole ring

structure of claim 1 is used as a constituent material of at
least one organic layer.

13. The organic electroluminescent device according to
claim 12, wherein the organic layer is a hole transport layer.

14. The organic electroluminescent device according to
claim 12, wherein the organic layer is an electron blocking
layer.

15. The organic electroluminescent device according to
claim 12, wherein the organic layer is a hole injection layer.

16. The organic electroluminescent device according to
claim 12, wherein the organic layer is a light emitting layer.

17. The compound having an indenocarbazole ring struc-
ture according to claim 3, wherein R, and R | in the general

May 23, 2013

formula (1) or (3) represent linear or branched alkyl of 1 to 6
carbon atoms that may have a substituent, cycloalkyl of 5 to
10 carbon atoms that may have a substituent, linear or
branched alkenyl of 2 to 6 carbon atoms that may have a
substituent, linear or branched alkyloxy of 1 to 6 carbon
atoms that may have a substituent, cycloalkyloxy of 5 to 10
carbon atoms that may have a substituent.

18. The compound having an indenocarbazole ring struc-
ture according to claim 10, wherein R ,, R;,, R5,,and R, in
the general formula (2) or (4) represent linear or branched
alkyl of 1 to 6 carbon atoms that may have a substituent,
cycloalkyl of 5 to 10 carbon atoms that may have a substitu-
ent, linear or branched alkenyl of 2 to 6 carbon atoms that may
have a substituent, linear or branched alkyloxy of 1 to 6
carbon atoms that may have a substituent, cycloalkyloxy of 5
to 10 carbon atoms that may have a substituent.
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