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(57) ABSTRACT

Provided is an organic electroluminescent device (organic EL
device), in which the luminous efficiency of the device is
improved, driving stability is sufficiently ensured, and the
construction of the device is simple. This organic EL device s
an organic electroluminescent device, including a light-emit-
ting layer between an anode and a cathode laminated on a
substrate, in which the light-emitting layer contains a phos-
phorescent light-emitting dopant and an indolocarbazole
compound as a host material. Examples of the indolocarba-
zole compound include a compound represented by the fol-
lowing formula (1). It should be noted that in the formulae: a
ring A and a ring B are represented by the formulae (1a) and
(1b), respectively; Ar’s each represent an aromatic hydrocar-
bon group or an aromatic heterocyclic group; R’s each rep-
resent a hydrogen atom, an alkyl group, or a cycloalkyl group;
X represents a methine group or a nitrogen atom; A represents
an aromatic hydrocarbon group, an alkyl group, a cycloalkyl
group, or a group represented by the formula (I1¢); and n
represents 0 or 1.
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MATERIAL FOR USE IN PHOSPHORESCENT
DEVICE AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
SAME

TECHNICAL FIELD

[0001] The present invention relates to a material for a
phosphorescent light-emitting device for an organic elec-
troluminescent device and an organic electroluminescent
device using the material, and more specifically, to a thin-
film-type device which emits light when an electric field is
applied to a light-emitting layer formed of an organic com-
pound.

BACKGROUND ART

[0002] In general, an organic electroluminescent device
(hereinafter, referred to as organic EL device) is constructed
of a light-emitting layer and a pair of counter electrodes
interposing the light-emitting layer therebetween in its sim-
plest structure. That is, the organic EL device uses the phe-
nomenon that, when an electric field is applied between both
the electrodes, electrons are injected from a cathode and holes
are injected from an anode, and each electron and each hole
recombine in the light-emitting layer to emit light.

[0003] Inrecent years, progress has been made in develop-
ing an organic EL device using an organic thin film. In order
to enhance luminous efficiency particularly, the optimization
ofthe kind of electrodes has been attempted for the purpose of
improving the efficiency of injection of carriers from the
electrodes. As a result, there has been developed a device in
which a hole-transporting layer formed of an aromatic
diamine compound and a light-emitting layer formed of an
8-hydroxyquinoline aluminum complex (hereinafter,
referred to as Alq3) are provided between two electrodes as
thin films, resulting in a significant improvement in luminous
efficiency, compared with conventional devices in which a
single crystal of anthracene molecules or the like is used.
Thus, the development of the above-mentioned organic EL.
device has been promoted in order to accomplish its practical
application to a high-performance flat panel having features
such as self luminescence and rapid response.

[0004] Further, studies have been made on using phospho-
rescent light rather than fluorescent light as an attempt to raise
the luminous efficiency of a device. Many kinds of devices
including the above-mentioned device in which a hole-trans-
porting layer formed of an aromatic diamine compound and a

CH;
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light-emitting layer formed of Alq3 are provided emit light by
using fluorescent light emission. However, by using phospho-
rescent light emission, that is, by using light emission from a
triplet excited state, luminous efficiency is expected to be
improved by about three times to four times, compared with
the case of using conventional devices in which fluorescent
light (singlet) is used. In order to accomplish this purpose,
studies have been made on adopting a coumarin derivative or
a benzophenone derivative as a light-emitting layer, but
extremely low luminance has only been provided. Further,
studies have been made on using a europium complex as an
attempt to use a triplet state, but highly efficient light emission
has not been accomplished. In recent years, many studies
centered on an organic metal complex such as an iridium
complex have been made, as described in Patent Literature 1,
for the purpose of attaining the high efficiency and long
service life of light emission.

CITATION LIST
Patent Literature
[0005] [PTL 1]JP 2003-515897 T
[0006] [PTL 2]JP 2001-313178 A
[0007] [PTL 3]JP 11-162650 A
[0008] [PTL 4]JP 11-176578 A
[0009] In order to obtain high luminous efficiency, host

materials that are used with the dopant materials described
above play an important role. Typical examples of the host
materials proposed include 4,4'-bis(9-carbazolyl)biphenyl
(hereinafter, referred to as CBP) as a carbazole compound
disclosed in Patent Literature 2. When CBP is used as a host
material for a green phosphorescent light-emitting material
typified by a tris(2-phenylpyridine)iridium complex (herein-
after, referred to as Ir(ppy)3), the injection balance between
charges is disturbed because CBP has the characteristic of
facilitating the delivery of holes and not facilitating the deliv-
ery of electrons. Thus, excessively delivered holes flow out
into an electron-transporting layer side, with the result that
the luminous efficiency from Ir(ppy)3 lowers.

[0010] In order to provide high luminous efficiency to an
organic EL device as described above, it is necessary to use a
host material which has high triplet excitation energy and is
striking a good balance in both charge (hole and electron)-
injecting/transporting property. Further desired is a com-
pound which has electrochemical stability, has high heat
resistance, and has excellent amorphous stability, and hence
further improvement has been demanded.

[0011] Patent Literature 3 discloses the indolocarbazole
compound shown below as a hole-transporting material.

H3C
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[0012] Moreover, Patent Literature 4 discloses the indolo-
carbazole compound shown below as a hole-transporting
material.

CH;

QO

CH;

[0013] However, although the literature recommends to use
these compounds having an indolocarbazole skeleton as hole-
transporting materials, the literature only discloses examples
of using each compound in a fluorescent light-emitting
device, and does not disclose the use of the compounds as
materials for a phosphorescent light-emitting device.

SUMMARY OF INVENTION

[0014] In order to apply an organic EL device to a display
device in a flat panel display or the like, it is necessary to
improve the luminous efficiency of the device and also to
ensure sufficiently the stability in driving the device. The
present invention has an object to provide, in view of the
above-mentioned circumstances, an organic EL device which
has high luminous efficiency, has high driving stability, and is
practically useful and a compound suitable for the organic EL
device.

[0015] The inventors of the present invention have made
intensive studies and have consequently found that, when a
compound having an indolocarbazole skeleton with a specific
structure is used in an organic EL device, the organic EL
device exhibits excellent characteristics. As a result, the
present invention has been completed.

[0016] The present invention relates to a material for a
phosphorescent light-emitting device, including an indolo-
carbazole compound represented by the following general
formula (1):
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[0017] in the general formula (1): a ring A represents an
aromatic ring represented by the formula (1a) to be fused with
an adjacent ring; and a ring B represents a heterocycle repre-
sented by the formula (1b) to be fused with an adjacent ring;

[0018] inthe formula (1a), X represents a methine group or
anitrogen atom; in the formula (1b), A represents an aromatic
hydrocarbon group having 6 to 38 carbon atoms, an alkyl
group having 1 to 10 carbon atoms, a cycloalkyl group having
3 to 11 carbon atoms, or a group represented by the formula
(1¢); in the formula (1¢): Y’s each represent a methine group
or a nitrogen atom, provided that at least one thereof repre-
sents a nitrogen atom; and n represent 0 or 1; in the general
formulae (1) and (1¢), Ar’s each independently represent an
aromatic hydrocarbon group having 6 to 30 carbon atoms or
an aromatic heterocyclic group having 3 to 30 carbon atoms;
and in the formulae (1), (1a), and (1¢), R’s each independently
represent a hydrogen atom, an alkyl group having 1 to 10
carbon atoms, or a cycloalkyl group having 3 to 11 carbon
atoms.

[0019] Of the indolocarbazole compounds each repre-
sented by the general formula (1), an indolocarbazole deriva-
tive represented by the following general formula (2) is given
as a preferred compound:

@

(1a)

(1b)
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-continued
(2¢)

[0020] intheformulae, aring A, aring B, Ar’s, X, n,andR’s
have the same meanings as those in the general formula (1);
and in the formula (1b), A represents an aromatic hydrocar-
bon group having 6 to 38 carbon atoms or an aromatic het-
erocyclic group represented by the formula (2c¢).

[0021] Of the indolocarbazole compounds each repre-
sented by the general formula (2), an indolocarbazole com-
pound in which A represents an aromatic hydrocarbon group
having 6 to 38 carbon atoms except a fused ring structure or an
aromatic heterocyclic group represented by the formula (2¢)
is given as a preferred compound. Further, an indolocarbazole
compound in which Ar represents an aromatic hydrocarbon
group except a fused ring structure or an aromatic heterocy-
clic group is given as a more preferred compound.

[0022] Of the indolocarbazole compounds each repre-
sented by the general formula (1) or (2), indolocarbazole
compounds represented by the following general formulae
(3) to (6) are given as more preferred compounds.

(©)

®
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[0023] Inthe general formulae (3) to (6), A’s, Ar’s, and R’s
have the same meanings as those in the general formula (1) or
).

[0024] The present invention also relates to an organic elec-

troluminescent device, including an anode, an organic layer,
and a cathode laminated on a substrate, in which the organic
electroluminescent device includes an organic layer contain-
ing the above-mentioned material for a phosphorescent light-
emitting device.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a cross-sectional view showing one struc-
tural example of an organic EL device.

[0026] FIG.2showsa "H-NMR chart of Compound 1-19 of
the present invention.

[0027] FIG. 3 showsa 'H-NMR chart of Compound 1-43 of
the present invention.

[0028] FIG. 4 showsa ‘H-NMR chart of Compound 3-11 of
the present invention.

[0029] FIG.5showsa 'H-NMR chart of Compound 3-18 of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0030] A material for a phosphorescent light-emitting
device of the present invention is an indolocarbazole com-
pound represented by the general formula (1). It is conceiv-
able the material for a phosphorescent light-emitting device
has a structure in which one nitrogen atom of the indolocar-
bazole compound is substituted with pyridine and pyridine is
substituted with one aromatic hydrocarbon or aromatic het-
erocyclic group and thus exerts an excellent effect.

[0031] Inthe general formula (1), aring A is represented by
the formula (1a) to be fused with an adjacent ring, and a ring
B is a heterocycle represented by the formula (1b) to be fused
with an adjacent ring.

[0032] The general formula (1) or (2) encompasses the
formulae (1a), (1b), and (1c¢) or the formula (2c). Hence, by
the general formula (1) or (2) as used herein is meant to
include those formulae in some cases. Further, descriptions
about the general formula (1) are common to descriptions
about the general formula (2) in many parts. It should be
therefore understood that the common parts also serve as the
descriptions about the general formula (2).

[0033] In the indolocarbazole compound represented by
the general formula (1), an aromatic ring represented by the
formula (1a) may be fused with two adjacent rings at any
position, but there is a position at which the aromatic ring
cannot be fused with the rings from the structural viewpoint.
The aromatic ring represented by the formula (1a) has six
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sides, and is not fused with the two adjacent rings through two
adjacent sides. Further, the heterocycle represented by the
formula (1b) may be fused with two adjacent rings at any
position, but there is a position at which the heterocycle
cannot be fused with the rings from the structural viewpoint.
That is, the heterocycle represented by the formula (1b) has
five sides, and is not fused with the two adjacent rings through
two adjacent sides and is not fused with an adjacent ring
through a side including a nitrogen atom. Thus, there is a
limitation on the kind of an indolocarbazole skeleton.
[0034] Inthe general formula (1), the indolocarbazole skel-
eton is preferably represented by any one of the following
forms. Preferred fusion positions of an aromatic hydrocarbon
ring and a heterocycle in the indolocarbazole skeleton are
understood from these examples.

(Ic-1)

(IC-2)

(IC-3)

\NH

[0035] In the general formula (1), in the formula (1a), X
represents a methine group or a nitrogen atom, preferably a
methine group.

[0036] In the general formula (1), in the formula (1b), A
represents an aromatic hydrocarbon group having 6 to 38
carbon atoms, an alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 11 carbon atoms, or a group
represented by the formula (1c), preferably an aromatic
hydrocarbon group having 6 to 18 carbon atoms, an alkyl
group having 1 to 8 carbon atoms, a cycloalkyl group having
3 to 8 carbon atoms, or a group represented by the formula
(1e).

[0037] Specific examples of the aromatic hydrocarbon
group include a monovalent group produced by removing a
hydrogen atom from benzene, naphthalene, fluorene, phe-
nalene, anthracene, phenanthrene, fluoranthene, pyrene,
chrysene, tetraphene, tetracene, naphthacene, rubrene,
picene, perylene, pentaphene, or an aromatic compound in
which a plurality of aromatic rings are linked together. Of
those, a monovalent group produced by removing a hydrogen
atom from naphthalene, fluorene, phenalene, anthracene,
phenanthrene, fluoranthene, or an aromatic compound in
which a plurality of aromatic rings are linked together is
preferably given. When an aromatic hydrocarbon group in
which a plurality of aromatic rings are linked together is
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employed, the aromatic hydrocarbon group may be formed
by linking a plurality of aromatic rings together with pyridine,
pyrimidine, triazine, quinoline, isoquinoline, carbazole, or
the like. The above-mentioned aromatic hydrocarbon group
may have a substituent. When the aromatic hydrocarbon
group has a substituent, the substituent is preferably an alkyl
group having 1 to 4 carbon atoms, a cycloalkyl group having
3 to 6 carbon atoms, an alkoxy group having 1 or 2 carbon
atoms, an acetyl group, or a diarylamino group having 6 to 12
carbon atoms.

[0038] Here, the monovalent group produced by the link-
age of a plurality of aromatic rings is, for example, repre-
sented by any one of the following formulae.

11
—Ar—An—An

12)
Ary
—Arn—An—AnR
13)
Ary
— Ar—An—An

Ars

Arg

(In the formulae (11) to (13), Ar, to Ary each represent a
substituted or unsubstituted aromatic ring.)

[0039] When a plurality of aromatic rings are herein linked
together, the aromatic hydrocarbon group refers to a case
where Ar, in the formulae (11) to (13) represents an aromatic
hydrocarbon, and the aromatic heterocyclic group refers to a
case where Ar, represents an aromatic heterocycle, for
example. Further, the phrase “except a fused ring structure”
means a case where Ar, does not represent a fused ring struc-
ture. Further, in this case, Ar, to Arg may be identical to or
different from each other.

[0040] Specific examples of the aromatic hydrocarbon
group produced by removing a hydrogen atom from an aro-
matic compound in which a plurality of aromatic rings are
linked together described above include a monovalent group
produced from, for example, biphenyl, terphenyl, phenyl-
naphthalene, phenylanthracene, bistriazylbenzene, phe-
nylpyridine, diphenylpyridine, diphenylpyrimidine, diphe-
nyltriazine, or phenylcarbazole. The position at which the
group is linked to a nitrogen atom of the indolocarbazole is
not particularly limited, and may be on a terminal ring or on
a middle ring. However, a ring to be bonded to the nitrogen
atom is preferably one except a fused ring structure. When the
group produced from the aromatic compound in which a
plurality of aromatic rings are linked together is employed,
the number of the rings to be linked together is preferably 2 to
5, more preferably 2 or 3. The above-mentioned aromatic
hydrocarbon group or aromatic heterocyclic group may have
a substituent. When the aromatic hydrocarbon group or aro-
matic heterocyclic group has a substituent, the substituent is
preferably an alkyl group having 1 to 4 carbon atoms, a
cycloalkyl group having 3 to 6 carbon atoms, an alkoxy group
having 1 or 2 carbon atoms, an acetyl group, or a diarylamino
group having 6 to 12 carbon atoms.
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[0041] The number of carbon atoms in the group having a
substituent to be calculated in this description includes the
number of carbon atoms in the substituent.

[0042] Inthe formula (1b), preferred specific examples of A
representing an alkyl group having 1 to 10 carbon atoms or a
cycloalkyl group having 3 to 11 carbon atoms include a
monovalant group produced by removing a hydrogen atom
from methane, ethane, t-butane, n-octane, or cyclohexane.
The above-mentioned alkyl group or cycloalkyl group may
have a substituent. When the alkyl group or cycloalkyl group
has a substituent, the substituent is preferably an alkoxy
group having 1 or 2 carbon atoms, an acetyl group, an aryl
group having 6 to 12 carbon atoms, or a heteroaryl group
having 3 to 12 carbon atoms, more preferably a phenyl group,
a naphthyl group, a carbazolyl group, a quinolyl group, or an
isoquinolyl group.

[0043] In the formula (1b), a preferred form of A is, for
example, an aromatic hydrocarbon group having 6 to 38
carbon atoms or a group represented by the formula (1¢), and
a more preferred form thereof is, for example, an aromatic
hydrocarbon group having 6 to 38 carbon atoms except a
fused ring structure or a group represented by the formula
(1c).

[0044] In the formula (1c¢), Y’s each represent a methine
group or a nitrogen atom, and at least one thereof represents
a nitrogen atom. It is preferred that one of Y’s represent a
nitrogen atom.

[0045] In the formula (1c), n represents O or 1 and n pref-
erably represents 1.

[0046] As a preferred form, there is given an aromatic het-
erocyclic group represented by the formula (2¢) having a
limited structure of the formula (1c).

[0047] Inthe general formula (1), Ar represents an aromatic
hydrocarbon group having 6 to 30 carbon atoms or an aro-
matic heterocyclic group having 3 to 30 carbon atoms. Ar
preferably represents a monovalent aromatic hydrocarbon
group having 6 to 18 carbon atoms or an aromatic heterocy-
clic group having 3 to 17 carbon atoms. Preferred specific
examples of Ar include a monovalent group produced by
removing a hydrogen atom from benzene, naphthalene, fluo-
rene, anthracene, phenanthrene, fluoranthene, pyrene, chry-
sene, pyridine, pyrimidine, triazine, indole, quinoline, iso-
quinoline,  quinoxaline,  naphthyridine,  carbazole,
phenanthridine, phenanthroline, acridine, phenazine, phe-
noxazine, phenothiazine, anthyridine, or an aromatic com-
pound in which a plurality of those aromatic rings are linked
together. Ar preferably represents a group in which a fused
ring structure is not formed, and specific examples thereof
include a monovalent group produced by removing a hydro-
gen atom from benzene, pyridine, pyrimidine, triazine, or an
aromatic compound in which a plurality of those aromatic
rings are linked together. When a plurality of the above-
mentioned aromatic rings are linked together, the rings may
be identical to or different from each other.

[0048] Specific examples of the group produced by remov-
ing a hydrogen atom from an aromatic compound in which a
plurality of the above-mentioned aromatic rings are linked
together include a monovalent group produced from, for
example, biphenyl, terphenyl, bipyridine, bipyrimidine, bitri-
azine, bistriazylbenzene, phenylpyridine, diphenylpyridine,
diphenylpyrimidine, diphenyltriazine, phenylcarbazole, or
pyridylcarbazole. The position at which the group is linked to
a pyridine ring is not particularly limited, and may be on a
terminal ring or on a middle ring. However, a ring to be
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bonded to the pyridine ring is preferably one except a fused
ring structure. When the group produced from the aromatic
compound in which a plurality of aromatic rings are linked
together is employed, the number of the aromatic rings to be
linked together is preferably 2 to 5, more preferably 2 or 3.
The above-mentioned aromatic hydrocarbon group and aro-
matic heterocyclic group may have a substituent. When any
one of the aromatic hydrocarbon group and aromatic hetero-
cyclic group has a substituent, the substituent is preferably an
alkyl group having 1 to 4 carbon atoms, an alkoxy group
having 1 or 2 carbon atoms, or an acetyl group.

[0049] In the general formula (1), R’s each independently
represent a hydrogen atom, an alkyl group having 1 to 10
carbon atoms, or a cycloalkyl group having 3 to 11 carbon
atoms, preferably a hydrogen atom, an alkyl group having 1 to
4 carbon atoms, or a cycloalkyl group having 3 to 6 carbon
atoms, more preferably a hydrogen atom.

[0050] Of the indolocarbazole compounds each repre-
sented by the general formula (1), an indolocarbazole com-
pound represented by the above-mentioned general formula
(2) is given as a preferred compound, and indolocarbazole
compounds represented by the general formulae (3) to (6) are
given as more preferred compounds.

[0051] In the general formulae (1) to (6), it is interpreted
that the same symbols and formulae have the same meanings
unless otherwise particularly specified. For example, A in the
general formula (1) and A in the general formula (2) differ
from each other in definition of a group included therein. It is
therefore understood that those are particularly specified.
[0052] Theindolocarbazole compounds represented by the
general formulae (1) to (6) may each be synthesized by select-
ing materials depending on the structure of the target com-
pound and using a known technique.

[0053] For example, an indolocarbazole skeleton of the
indolocarbazole compound represented by the general for-
mula (3) maybe synthesized in accordance with the following
reaction formula with reference to a synthesis example dis-
closed in Synlett, 2005, No. 1, p 42-48.

(6] NH—NH, HCl
O
+
N N
H H
[0054] Further, an indolocarbazole skeleton represented by

the general formula (4) may be synthesized in accordance
with the following reaction formula with reference to a syn-
thesis example disclosed in Archiv der Pharmazie (Wein-
heim, Germany), 1987, 320(3), p 280-2.

O | | O + HCOCHs); —>

NH NH
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-continued

K00

[0055] In addition, indolocarbazole skeletons represented
by the general formulae (5) and (6) may be synthesized in
accordance with the following reaction formulae with refer-
ence to synthesis examples disclosed in The Journal of
Organic Chemistry, 2007, 72(15)5886 and Tetrahedron,
1995, 55, p 2371.

N .

NH

O NH

Q )
Q%
EZ/

N
8=

OEt
—_—
)\/NMez
EtO

[0056] A group of compounds of the present invention rep-
resented by the general formulae (1) to (6) may be synthe-
sized by substituting a hydrogen atom on a nitrogen atom in
each of the indolocarbazole skeletons obtained in accordance
with the above-mentioned reaction formulae by the corre-
sponding aromatic group in accordance with a conventional
method.

[0057] Specific examples of the indolocarbazole com-
pound represented by the general formula (1) are shown

zT
)
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below, but the material for a phosphorescent light-emitting
device of the present invention is not limited to these
examples.
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[0058] When the material for a phosphorescent light-emit-
ting device of the present invention is contained in at least one
ofaplurality of organic layers of an organic EL device formed
by laminating an anode, the plurality of organic layers, and a
cathode on a substrate, an excellent organic electrolumines-
cent device is provided. A light-emitting layer, a hole-trans-
porting layer, an electron-transporting layer, or a hole-block-
ing layer is suitable as the organic layer in which the material
for a phosphorescent light-emitting device is contained. It is
more preferred that the material for a phosphorescent light-
emitting device be contained as a host material in a light-
emitting layer containing a phosphorescent light-emitting
dopant.

[0059] Next, the organic EL device using the material for a
phosphorescent light-emitting device of the present invention
is described.

[0060] The organic EL device of the present invention has
organic layers including at least one light-emitting layer
between an anode and a cathode laminated on a substrate. In
addition, at least one of the organic layers contains the mate-
rial for a phosphorescent light-emitting device of the present
invention. The material for a phosphorescent light-emitting
device ofthe present invention is advantageously contained in
the light-emitting layer together with a phosphorescent light-
emitting dopant.

[0061] Next, the structure of the organic EL device of the
present invention is described with reference to the drawings.
However, the structure of the organic EL device of the present
invention is by no means limited to one shown in the draw-
ings.

[0062] FIG.1 isa cross-sectional view showing a structural
example of a general organic EL device used in the present
invention. Reference numeral 1 denotes a substrate, 2 denotes
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an anode, 3 denotes a hole-injecting layer, 4 denotes a hole-
transporting layer, 5 denotes a light-emitting layer, 6 denotes
an electron-transporting layer, and 7 denotes a cathode. The
organic EL device of the present invention may have an
exciton-blocking layer adjacent to the light-emitting layer, or
may have an electron-blocking layer between the light-emit-
ting layer and the hole-injecting layer. The exciton-blocking
layer may be inserted on any of the anode side and the cathode
side of the light-emitting layer, and may also be inserted
simultaneously on both sides. The organic ELL device of the
present invention has the substrate, the anode, the light-emit-
ting layer, and the cathode as its essential layers. The organic
EL device of the present invention preferably has a hole-
injecting/transporting layer and an electron-injecting/trans-
porting layer in addition to the essential layers, and more
preferably has a hole-blocking layer between the light-emit-
ting layer and the electron-injecting/transporting layer. It
should be noted that the hole-injecting/transporting layer
means any one or both of the hole-injecting layer and the
hole-transporting layer, and that the electron-injecting/trans-
porting layer means any one or both of an electron-injecting
layer and the electron-transporting layer.

[0063] It should be noted that it is possible to adopt a
reverse structure compared with FIG. 1, that is, the reverse
structure being formed by laminating the layers on the sub-
strate 1 in the order of the cathode 7, the electron-transporting
layer 6, the light-emitting layer 5, the hole-transporting layer
4, and the anode 2. In this case as well, some layers may be
added or eliminated if necessary.

[0064] —Substrate—

[0065] The organic EL. device of the present invention is
preferably supported by a substrate. The substrate is not par-
ticularly limited, and any substrate that has long been con-
ventionally used for an organic EL device may be used. For
example, a substrate made of glass, a transparent plastic,
quartz, or the like may be used.

[0066] — Anode —

[0067] Preferably used as the anode in the organic EL
device is an anode formed by using, as an electrode substance,
any of'a metal, an alloy, an electrically conductive compound,
and a mixture thereof; all of which have a larger work function
(4 eV or more). Specific examples of such electrode sub-
stance include metals such as Au and conductive transparent
materials such as Cul, indium tin oxide (ITO), SnO,, and
ZnO0. Further, it may be possible to use a material such as
IDIXO (In,O;—Zn0), which maybe used for manufacturing
an amorphous, transparent conductive film. In order to pro-
duce the anode, it may be possible to form any of those
electrode substances into a thin film by using a method such
as vapor deposition or sputtering and form a pattern having a
desired design thereon by photolithography. Alternatively, in
the case of not requiring high pattern accuracy (about 100 pm
ormore), a pattern may be formed via amask having a desired
design when any of the above-mentioned electrode sub-
stances is subjected to vapor deposition or sputtering. Alter-
natively, when a coatable substance such as an organic con-
ductive compound is used, it is also possible to use a wet
film-forming method such as a printing method or a coating
method. When luminescence is taken out from the anode, the
transmittance of the anode is desirably controlled to more
than 10%. Further, the sheet resistance as the anode is pref-
erably several hundred /(] or less. Further, the thickness of
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the resultant film is, depending on the material used, selected
from usually the range of 10 to 1,000 nm, preferably the range
of 10 to 200 nm.

[0068] —Cathode—

[0069] On the other hand, used as the cathode is a cathode
formed by using, as an electrode substance, any of a metal
(referred to as electron-injecting metal), an alloy, an electri-
cally conductive compound, and a mixture thereof, all of
which have a smaller work function (4 eV or less). Specific
examples of such electrode substance include sodium, a
sodium-potassium alloy, magnesium, lithium, a magnesium/
copper mixture, a magnesium/silver mixture, a magnesium/
aluminum mixture, a magnesium/indium mixture, an alumi-
num/aluminum oxide (Al,O;) mixture, indium, a lithium/
aluminum mixture, and a rare earth metal. Of those, for
example, a mixture of an electron-injecting metal and a sec-
ond metal as a stable metal having a larger work function
value than the former metal, such as a magnesium/silver
mixture, a magnesium/aluminum mixture, a magnesium/in-
dium mixture, an aluminum/aluminum oxide (Al,0;) mix-
ture, or a lithium/aluminum mixture, or aluminum is suitable
from the viewpoints of electron-injecting property and dura-
bility against oxidation or the like. The cathode may be pro-
duced by forming any of those electrode substances into a thin
film by using a method such as vapor deposition or sputtering.
Further, the sheet resistance as the cathode is preferably sev-
eral hundred Q/[] or less, and the thickness of the resultant
film is selected from usuvally the range of 10 nm to 5 pm,
preferably the range of 50 to 200 nm. It should be noted that,
in order for luminescence produced to pass through, any one
of the anode and cathode of the organic EL device is prefer-
ably transparent or semi-transparent, because the light emis-
sion luminance improves.

[0070] Further, after any of the above-mentioned metals is
formed into a film having a thickness of 1 to 20 nm as a
cathode, any of the conductive transparent materials men-
tioned in the description of the anode is formed into a film on
the cathode, thereby being able to produce a transparent or
semi-transparent cathode. Then, by applying this, it is pos-
sible to produce a device in which both the anode and cathode
have transparency.

[0071]

[0072] The light-emitting layer is a phosphorescent light-
emitting layer and includes a phosphorescent light-emitting
dopant and a host material. It is recommended to use, as a
material for the phosphorescent light-emitting dopant, a
material containing an organic metal complex including at
least one metal selected from ruthenium, rhodium, palladium,
silver, rhenium, osmium, iridium, platinum, and gold. Such
organic metal complexes are known in the prior art docu-
ments and the like, and a complex is selected therefrom and
may be used.

[0073] Preferred examples of the phosphorescent light-
emitting dopant include complexes such as Ir(ppy)3, com-
plexes such as Ir(bt)2-acac3, and complexes such as PtOEt3,
the complexes each having a noble metal element such as Ir as
a central metal. Specific examples of those complexes are
shown below, but the complexes are not limited to the com-
pounds described below.

—Light-Emitting Layer—
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-continued

[0074] The content of the phosphorescent light-emitting
dopant in the light-emitting layer is in the range of preferably
5 to 30 wt %.

[0075] Itis preferred to use, as a host material in the light-
emitting layer, an indolocarbazole compound represented by
the general formula (1) according to the present invention.
However, when the indolocarbazole compound is used in any
of the organic layers other than the light-emitting layer, the
host material to be used in the light-emitting layer may be
another host material other than the indolocarbazole com-
pound, or the indolocarbazole compound and any other host
material may be used in combination. Further, a plurality of
kinds of known host materials may be used in combination.

[0076] It is preferred to use, as a usable known host com-
pound, a compound that has a hole-transporting ability and an
electron-transporting ability, is capable of preventing lumi-
nescence from having a longer wavelength, and has a higher
glass transition temperature.

[0077] Such other host materials are known because they
are mentioned in many patent literatures and the like, and
hence a suitable host material may be chosen from those in the
patent literatures and the like. Specific examples of the host
material, which are not particularly limited, include an indole
derivative, a carbazole derivative, a triazole derivative, an
oxazole derivative, an oxadiazole derivative, an imidazole
derivative, a polyarylalkane derivative, a pyrazoline deriva-
tive, a pyrazolone derivative, a phenylenediamine derivative,
an arylamine derivative, an amino-substituted chalcone
derivative, a styrylanthracene derivative, a fluorenone deriva-
tive, a hydrazone derivative, a stilbene derivative, a silazane
derivative, an aromatic tertiary amine compound, a styry-
lamine compound, an aromatic dimethylidene-based com-
pound, a porphyrine-based compound, an anthraquin-
odimethane derivative, an anthrone derivative, a
diphenylquincne derivative, a thiopyrane dioxide derivative,
a heterocyclic tetracarboxylic acid anhydride such as naph-
thalene perylene, a phthalocyanine derivative, various metal
complexes typified by a metal complex of an 8-quinolinol
derivative, a metal phthalocyanine, and metal complexes of
benzoxazole and benzothiazole derivatives, and polymer

33
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compounds such as a polysilane-based compound, a poly(N-
vinylcarbazole) derivative, an aniline-based copolymer, a
thiophene oligomer, a polythiophene derivative, a polyphe-
nylene derivative, a polyphenylene vinylene derivative, and a
polyfluorene derivative.

[0078] —Injecting layer—

[0079] The injecting layer refers to a layer provided
between an electrode and an organic layer for the purpose of
lowering a driving voltage and improving a light emission
luminance, and includes a hole-injecting layer and an elec-
tron-injecting layer. The injecting layer may be interposed
between the anode and the light-emitting layer or the hole-
transporting layer, or may be interposed between the cathode
and the light-emitting layer or the electron-transporting layer.
The injecting layer may be provided as required.

[0080] —Hole-Blocking Layer—

[0081] The hole-blocking layer has, in a broad sense, the
function of an electron-transporting layer, and is formed of a
hole-blocking material that has a remarkably small ability to
transport holes while having a function of transporting elec-
trons, and hence the hole-blocking layer is capable of improv-
ing the probability of recombining an electron and a hole by
blocking holes while transporting electrons.

[0082] It is preferred to use an indolocarbazole compound
represented by the general formula (1) according to the
present invention for the hole-blocking layer. However, when
the indolocarbazole compound is used in any of the organic
layers other than the hole-blocking layer, a known material
for a hole-blocking layer may be used. Further, it is possible
to use, as a material for the hole-blocking layer, any of the
below-mentioned materials for the electron-transporting
layer as required.

[0083] —FElectron-Blocking Layer—

[0084] The electron-blocking layer is formed of a material
that has a remarkably small ability to transport electrons
while having a function of transporting holes, and hence the
electron-blocking layer is capable of improving the probabil-
ity of recombining an electron and a hole by blocking elec-
trons while transporting holes.

[0085] It is possible to use, as a material for the electron-
blocking layer, any of the below-mentioned materials for the
hole-transporting layer as required. The thickness of the elec-
tron-blocking layer is preferably 3 to 100 nm, more prefer-
ably 5 to 30 nm.

[0086] —Exciton-Blocking Layer—

[0087] The exciton-blocking layer refers to a layer used for
blocking excitons produced by the recombination of a hole
and an electron in the light-emitting layer from diffusing in
charge-transporting layers. Inserting this layer enables effec-
tive confinement of the excitons in the light-emitting layer,
thereby being able to improve the luminous efficiency of the
device. The exciton-blocking layer may be inserted on any of
the anode side and the cathode side of the adjacent light-
emitting layer, and may also be inserted simultaneously on
both sides.

[0088] A material for the exciton-blocking layer is exem-
plified by 1,3-dicarbazolylbenzene (mCP) and bis(2-methyl-
8-quinolinolato)-4-phenylphenolatoaluminum (III) (BAlq).
[0089] —Hole-Transporting Layer—

[0090] The hole-transporting layer is formed of a hole-
transporting material having a function of transporting holes,
and a single hole-transporting layer or a plurality of hole-
transporting layers may be provided.
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[0091] The hole-transporting material has hole-injecting
property or hole-transporting property or has electron-block-
ing property, and any of an organic compound and an inor-
ganic compound may be used as the hole-transporting mate-
rial. It is preferred to use a material represented by the general
formula (1) according to the present invention for the hole-
transporting layer. However, it is possible to select and use
any compound from conventionally known compounds.
Examples of the known hole-transporting material which
may be used include a triazole derivative, an oxadiazole
derivative, an imidazole derivative, a polyarylalkane deriva-
tive, a pyrazoline derivative, and a pyrazolone derivative, a
phenylenediamine derivative, an arylamine derivative, an
amino-substituted chalcone derivative, an oxazole derivative,
a styrylanthracene derivative, a fluorenone derivative, a
hydrazone derivative, a stilbene derivative, a silazane deriva-
tive, an aniline-based copolymer, and a conductive polymeric
oligomer, in particular, a thiophene oligomer. However, a
porphyrin compound, an aromatic tertiary amine compound,
or a styrylamine compound is preferably used, and an aro-
matic tertiary amine compound is more preferably used.

[0092]

[0093] The electron-transporting layer is formed of a mate-
rial having a function of transporting electrons, and a single
electron-transporting layer or a plurality of electron-trans-
porting layers may be provided.

[0094] It is recommended that an electron-transporting
material (which also serves as a hole-blocking material in
some cases) have a function of transferring electrons injected
from the cathode into the light-emitting layer. It is preferred to
use a material represented by the general formula (1) accord-
ing to the present invention for the electron-transporting
layer. However, it is possible to select and use any compound
from conventionally known compounds. Examples thereof
include a nitro-substituted fluorene derivative, a diphe-
nylquinone derivative, a thiopyran dioxide derivative, carbo-
diimide, a fluorenylidenemethane derivative, anthraquin-
odimethane, an anthrone derivative, and an oxadiazole
derivative. Further, it is also possible to use, as the electron-
transporting material, a thiadiazole derivative prepared by
substituting an oxygen atom on an oxadiazole ring with a
sulfur atom in the above-mentioned oxadiazole derivative and
a quinoxaline derivative which has a quinoxaline ring known
as an electron withdrawing group. Further, it is also possible
to use a polymer material in which any of those materials is
introduced in a polymer chain or is used as a polymer main
chain.

—Electron-Transporting Layer—

EXAMPLES

[0095] Hereinafter, the present invention is described in
more detail with reference to examples, and the present inven-
tion is, as a matter of course, not limited to these examples.
The present invention may be carried out in various forms as
long as the various forms do not deviate from the gist of the
present invention.

[0096] The routes described below were used to synthesize
indolocarbazole compounds each serving as a material for a
phosphorescent light-emitting device. It should be noted that
the number of each compound corresponds to the number
given to each chemical formula described above.
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Synthesis Example 1

Synthesis of 11,12-dihydroindolo[2,3-a]carbazole

dc-1
[0097]
NH,+HCI
T
(6]
1) conc H>SO4, EtOH
" 2) AcOH— TFA
(10:1)
IC-1
[0098] Under a nitrogen atmosphere, 3.0 g (0.031 mol) of

concentrated sulfuric acid were added dropwise over 5 min-
utes to 33.3 g (0.30 mol) of 1,2-cyclohexanedione, 86.0 g
(0.60 mol) of phenylhydrazine hydrochloride, and 1,000 ml
of ethanol with stirring at room temperature. After that, the
mixture was stirred for 4 hours while being heated at 65° C.
The reaction solution was cooled to room temperature. The
precipitated crystal was then collected by filtration and
washed with ethanol (2x500 ml) to afford 80.0 g of'a purple-
brown crystal. 72.0 g (0.26 mol) of the crystal, 72.0 g of
trifluoroacetic acid, and 720.0 g of acetic acid were stirred for
15 hours while being heated at 100° C. The reaction solution
was cooled to room temperature. The precipitated crystal was
then collected by filtration and washed with acetic acid (200
ml). The crystal was subjected to purification by reslurrying
to afford 30.0 g (45% yield) of IC-1 as a white crystal.

Synthesis Example 2

Synthesis of 5,12-dihydroindolo[3,2-a]carbazole
Ic-2)

[0099]

N\ HCl (@)
EGO
N
\
H

Pd/C

Toluene
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-continued

[0100] Under a nitrogen atmosphere, a hydrogen chloride
gas produced by adding dropwise 112.0 g (1.10 mol) of
concentrated hydrochloric acid to 211.7 g (2.16 mol) of con-
centrated sulfuric acid over 1 hour was blown into a solution
0120.0 g (0.17 mol) of indole in 300 ml of dry diethyl ether,
while the solution was being stirred at room temperature.
After the reaction solution was stirred at room temperature for
15 hours, 121.0 g of ethyl acetate and 303.2 g of a saturated
sodium hydrogen carbonate aqueous solution were added.
After the aqueous layer in the mixture was extracted with
ethyl acetate (2x100 ml), the organic layer was washed with
a saturated sodium hydrogen carbonate aqueous solution
(100 ml) and distilled water (2x100 ml). The organic layer
was dried over anhydrous magnesium sulfate. The magne-
sium sulfate was then separated by filtration and the solvent
was subjected to vacuum distillation. The resultant residue
was dissolved in 150 ml of toluene, and 2.5 g of palladium/
activated carbon were added. Then, the mixture was stirred
for 3 hours while being heated at 111° C. to reflux. The
reaction solution was cooled to room temperature, followed
by filtration of the palladium/activated carbon and vacuum
distillation of the solvent. The resultant was purified by
recrystallization to afford 14.7 g (37% yield) of an interme-
diate A as a white crystal.

[0101] Under a nitrogen atmosphere, 14.1 g (0.061 mol) of
the intermediate A, 11.4 g (0.071 mol) of N,N'-dimethylami-
noacetaldehyde diethyl acetal, and 110.0 g of acetic acid were
stirred for 8 hours while being heated at 118° C. to reflux.
After the reaction solution was cooled to room temperature,
the precipitated crystal was collected by filtration and washed
withacetic acid (30 ml). The resultant crystal was subjected to
purification by reslurrying to afford 10.4 g (67% yield) of
IC-2 as a white crystal.
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Example 1

Synthesis of Compound 1-19
[0102]

Cul, K,CO;3,
Quinoline

®)

[0103] Under a nitrogen atmosphere, 26.0 g (0.10 mol) of
1C-1,122.7 g (0.60 mol) of iodobenzene, 54.7 g (0.29 mol) of
copper iodide, 66.7 g (0.48 mol) of potassium carbonate, and
800 ml of quinoline were stirred for 72 hours while being
heated at 190° C. The reaction solution was cooled to room
temperature. After that, distilled water (500 ml) and dichlo-
romethane (500 ml) were then added while being stirred. The
precipitated crystal was separated by filtration. The organic
layer was then washed with distilled water (3x500 ml). The
organic layer was dried over anhydrous magnesium sulfate.
The magnesium sulfate was then separated by filtration and
the solvent was subjected to vacuum distillation. The result-
ant residue was purified by silica gel column chromatography
to afford 13.7 g (41% yield) of an intermediate B as a white
solid.

®

A
F Cul, K,CO;
Br N -
Quinoline
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-continued

1-19

[0104] Under a nitrogen atmosphere, 1.00 g (0.0030 mol)
of the intermediate B, 0.70 g (0.0030 mol) of 2-bromo-6-
phenylpyridine, 1.14 g (0.0060 mol) of copper iodide, 1.24 g
(0.0090 mol) of potassium carbonate, and 50 ml of quinoline
were stirred for 20 hours while being heated at 190° C. After
20 hours, a mixed solution obtained by dissolving 0.30 g
(0.0013 mol) of 2-bromo-6-phenylpyridine in 10 ml of quino-
line was additionally charged and the mixture was stirred at
190° C. for 6 hours. The reaction solution was cooled to room
temperature. After that, distilled water (200 ml) and dichlo-
romethane (300 ml) were then added while being stirred. The
precipitated crystal was separated by filtration. The organic
layer was then washed with distilled water (3x200 ml). The
organic layer was dried over anhydrous magnesium sulfate.
The magnesium sulfate was then separated by filtration and
the solvent was subjected to vacuum distillation. The result-
ant residue was purified by silica gel column chromatography
to afford 0.39 g (0.00081 mol, 27% yield) of Compound 1-19
as a white solid. APCI-TOFMS, m/z 486 [M+H]*. FIG. 2
shows "H-NMR measurement results (measurement solvent:
THF-d8).

Example 2

Synthesis of Compound 1-43
[0105]

Br
CuI, K3PO4

trans-1,2-cyclohexandiamine
1,4-dioxane

©

36
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[0106] Under a nitrogen atmosphere, 50 g (0.21 mol) of
2,6-dibromopyridine, 17.5 g (0.10 mol) of carbazole, 0.53 g
(0.0028 mol) of copper iodide, 116.2 g (0.55 mol) of tripo-
tassium phosphate, and 1,000 ml of 1,4-dioxane were added
and the mixture was stirred. To the resultant were added 3.5 g
(0.031 mol) of trans-1,2-cyclohexanediamine and the mix-
ture was heated to 110° C. and stirred for 4 hours. The reaction
solution was cooled to room temperature. After that, inor-
ganic matter was separated by filtration and the solvent was
subjected to vacuum distillation. The resultant residue was
dissolved in 300 ml of dichloromethane, 100 ml of distilled
water were added thereto to separate an organic layer from an
aqueous layer, and the organic layer was washed with dis-
tilled water (2x200 ml). The organic layer was dried over
magnesium sulfate, the magnesium sulfate was separated by
filtration, and the solvent was subjected to vacuum distilla-
tion. The resultant yellow crystal was dried under reduced
pressure, and was then purified by column chromatography to
afford a white powder. The powder was purified by recrystal-
lization to afford 17.0 g (0.053 mol, 31% yield) of an inter-
mediate C as a white powder.

Br K>CO3, Cul

—_—

DMI

1-43
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[0107] Under a nitrogen atmosphere, 2.5 g (0.0098 mol) of
IC-1, 12.6 g (0.039 mol) of the intermediate C, 8.4 g (0.044
mol) of copper iodide, 10.1 g (0.073 mol) of potassium car-
bonate, and 150 ml of 1,3-dimethylimidazolidinone were
stirred for 40 hours while being heated at 170° C. The reaction
solution was cooled to room temperature, and inorganic mat-
ter was then separated by filtration. The filtrate was added to
1,000 ml of water and the mixture was stirred, followed by
filtration of the precipitated crystal. The crystal was dried
under reduced pressure and was then purified by column
chromatography to afford 2.9 g (0.0039 mol, 40.0% yield) of
Compound 1-43 as a white powder.

[0108] APCI-TOFMS, nvz 741 [M+H]". FIG. 3 shows
'H-NMR measurement results (measurement solvent: THF-
ds).

Example 3

Synthesis of Compound 3-11
[0109]

Cu, K2C03
tetraglyme

1C-2

%)

[0110] Under a nitrogen atmosphere, 10.0g (0.039 mol) of
1C-2,39.8 g (0.20 mol) of iodobenzene, 6.2 g (0.098 mol) of
copper, 8.1 g (0.059 mol) of potassium carbonate, and 200 ml
of tetraglyme were added and the mixture was stirred. The
mixture was then heated to 190° C. and stirred for 24 hours.
The reaction solution was cooled to room temperature, and
copper and inorganic matter were then separated by filtration.
200 ml of distilled water were added to the filtrate and the
mixture was stirred, followed by filtration of the precipitated
crystal. The crystal was dried under reduced pressure and was
then purified by column chromatography to afford 9.7 g
(0.029 mol, 75.0% yield) of an intermediate D as a white
powder.
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(5]

\

Br N

_—
Cu, K2C03
DMI

[0111] Under a nitrogen atmosphere, 26.0 g (0.078 mol) of
the intermediate (D), 15.0 g (0.064 mol) of 2-bromo-6-phe-
nylpyridine, 4.2 g (0.065 mol) of copper, 16.6 g (0.12 mol) of
potassium carbonate, and 250 ml of 1,3-dimethyl-2-imidazo-
lidinone (DMI) were added and the mixture was heated to
200° C. and stirred for 4 days. The reaction solution was
cooled to room temperature. After that, inorganic matter was
separated by filtration. The filtrate was added dropwise to
1,000 ml of distilled water and the mixture was stirred over-
night. The precipitated crystal was collected by filtration. The
crystal collected by filtration was dissolved in 300 ml of
dichloromethane, 100 ml of distilled water were added
thereto to separate an organic layer from an aqueous layer,
and the organic layer was washed with distilled water (2x200
ml). The organic layer was dried over magnesium sulfate, the
magnesium sulfate was separated by filtration, and the sol-
vent was subjected to vacuum distillation. The resultant vis-
cous liquid was purified by column chromatography to afford
a white powder. The powder was purified by recrystallization
to afford 10.3 g (0.021 mol, 27% yield) of Compound 3-11 as
a white powder. APCI-TOFMS, nv/z 486 [M+H]*. FIG. 4
shows 'H-NMR measurement results (measurement solvent:
CD,Cl,).
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Example 4

Synthesis of Compound 3-18
[0112]

Br Cu, K>CO3
B ———

DMI

©

3-18

[0113] Under a nitrogen atmosphere, 13.6 g (0.041 mol) of
the intermediate D, 11.0 g (0.034 mol) of the intermediate C,
4.4 g (0.068 mol) of copper, 18.8 g (0.14 mol) of potassium
carbonate, and 125 ml of 1,3-dimethyl-2-imidazolidinone
(DMI) were added and the mixture was heated to 200° C. and
stirred for 5 days. The reaction solution was cooled to room
temperature. After that, inorganic matter was separated by
filtration. The filtrate was added dropwise to 500 ml of dis-
tilled water in a conical flask and the mixture was stirred for
2 hours. The precipitated crystal was collected by filtration.
The crystal collected by filtration was dissolved in 200 ml of
dichloromethane, 100 ml of distilled water were added
thereto to separate an organic layer from an aqueous layer,
and the organic layer was washed with distilled water (2x100
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ml). The organic layer was dried over magnesium sulfate, the
magnesium sulfate was separated by filtration, and the sol-
vent was subjected to vacuum distillation. The resultant vis-
cous liquid was purified by column chromatography to afford
8.2 g (0.014 mol, 35% yield) of Compound 3-18 as a white
powder.

APCI-TOFMS, m/z 575 [M+H]*. FIG. 5 shows '"H-NMR
measurement results (measurement solvent: CD,Cl,).
[0114] Further, Compounds 1-1, 2-1, 3-1, and 3-22 were
synthesized according to the above-mentioned synthesis
examples and the synthesis methods described herein, and
they were used for manufacturing organic EL devices.

Example 5

[0115] On a glass substrate on which ITO had been formed
into an anode having a film thickness of 150 nm, each thin
film was laminated by using a vacuum deposition method at a
vacuum degree of4.0x10* Pa. First, on the ITO film, copper
phthalocyanine (CuPc) was formed into a film having a thick-
ness of 20 nm. Next, 4,4'-bis [N-(1-naphthyl)-N-pheny-
lamino]biphenyl (NPB) was formed into a film having a
thickness of 40 nm as a hole-transporting layer. Next, on the
hole-transporting layer, co-vapor deposition was carried out
by using Exemplary Compound 1-1 as a host material for a
light-emitting layer and tris(2-phenylpyridine)iridium (I1I)
(Ir(ppy)3) as a guest material from different vapor deposition
sources, forming a light-emitting layer having a thickness of
35 nm. In this case, the concentration of Ir(ppy); was 7.0 wt
%. Next, tris(8-hydroxyquinolinato)aluminum (III) (Alq3)
was formed into a film having a thickness of 40 nm as an
electron-transporting layer. Further, on the electron-trans-
porting layer, lithium fluoride (LiF) was formed into a film
having a thickness of 0.5 nm as an electron-injecting layer.
Finally, on the electron-injecting layer, aluminum (Al) was
formed into a film having a thickness of 170 nm as an elec-
trode. Thus, an organic EL device was provided.

[0116] An external power source was connected to the
resultant organic EL device, followed by application of a DC
voltage. As a result, the organic EL device was found to have
the luminescence properties shown in Table 1. In Table 1, the
values of luminance, voltage, and luminous efficiency are
those at 10 mA/cm?. Tt should be noted that the maximum
wavelength ofthe luminescence spectrum ofthe device is 517
nm, showing that luminescence is provided by Ir(ppy)s.

Example 6

[0117] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 1-19 was
used instead as the host material of the light-emitting layer.

Example 7

[0118] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 1-43 was
used instead as the host material of the light-emitting layer.

Example 8

[0119] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 2-1 was
used instead as the host material of the light-emitting layer.
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Example 9

[0120] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 3-1 was
used instead as the host material of the light-emitting layer.

Example 10

[0121] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 3-11 was
used instead as the host material of the light-emitting layer.

Example 11

[0122] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 3-18 was
used instead as the host material of the light-emitting layer.

Example 12

[0123] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound 3-22 was
used instead as the host material of the light-emitting layer.

Comparative Example 1

[0124] Anorganic EL device was manufactured in the same
manner as that in Example 1 except that CBP was used
instead as the host material of the light-emitting layer.

Comparative Example 2

[0125] Anorganic EL device was manufactured in the same
manner as that in Example 5 except that Compound H-1
below was used instead as the host material of the light-
emitting layer.

[0126] The maximum wavelength of the luminescence
spectrum of the organic EL device obtained in each of
Examples 5 to 12 and Comparative Examples 1 and 2 is 517
nm, showing that luminescence is provided by Ir(ppy),. Table
1 shows the luminescence properties of each device.
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TABLE 1
Initial properties
(@10 mA/cm?)
Visual
luminous
Host Luminance Voltage efficiency
material (cd/m?) V) (Im/W)
Example 5 1-1 2790 6.0 14.6
6 1-19 2840 6.2 144
7 1-43 2810 6.4 13.8
8 2-1 2840 6.5 13.7
9 3-1 2770 6.2 14.0
10 3-11 2930 59 15.6
11 3-18 2820 6.3 14.1
12 3-22 2760 6.3 13.8
Comparative ~ CBP 2250 9.2 7.7
Example 1
2 H-1 2740 6.7 12.8
Example 13
[0127] On a glass substrate on which indium tin oxide

(ITO) had been formed into an anode having a film thickness
of 110 nm, each thin film was laminated by using a vacuum
deposition method at a vacuum degree of 2.0x10~° Pa. First,
on the ITO film, copper phthalocyanine (CuPc) was formed
into a film having a thickness of 25 nm as a hole-injecting
layer. Next, N,N-di(naphthalen-1-yl)-N,N-diphenyl-ben-
zidene (NPB) was formed into a film having a thickness of 90
nm as a hole-transporting layer. Next, on the hole-transport-
ing layer, co-vapor deposition was carried out by using Com-
pound 3-1 as a host material for a light-emitting layer and an
iridium complex [iridium (III) bis(4,6-di-fluorophenyl)-py-
ridinato-N,C2']picolinate] (Flrpic) which is a blue phospho-
rescent material as a dopant from different vapor deposition
sources, forming a light-emitting layer having a thickness of
30 nm. The concentration of Flrpic was 10%. Next, Alq3 was
formed into a film having a thickness of 30 nm as an electron-
transporting layer. Further, on the electron-transporting layer,
lithium fluoride (LiF) was formed into a film having a thick-
ness of 1.0 nm as an electron-injecting layer. Finally, on the
electron-injecting layer, aluminum (Al) was formed into a
film having a thickness of 70 nm as an electrode. The resultant
organic EL device has a layer structure having an additional
electron-injecting layer between a cathode and an electron-
transporting layer in the organic EL device shown in FIG. 1.
[0128] An external power source was connected to the
resultant organic EL device, followed by application of a DC
voltage. As a result, the organic EL device was found to have
the luminescence properties shown in Table 2. In Table 2, the
values of luminance, voltage, and luminous efficiency are
those at 2.5 mA/cm?. It should be noted that the maximum
wavelength ofthe luminescence spectrum ofthe device is 475
nm, showing that luminescence is provided by Flrpic.

Example 14

[0129] Anorganic EL device was manufactured in the same
manner as that in Example 13 except that Compound 3-11
was used instead as the host material of the light-emitting
layer.

Example 15

[0130] Anorganic EL device was manufactured in the same
manner as that in Example 13 except that Compound 3-18
was used instead as the host material of the light-emitting
layer.



US 2011/0315975 Al

Example 16

[0131] Anorganic EL device was manufactured in the same
manner as that in Example 13 except that Compound 3-22
was used instead as the host material of the light-emitting
layer.

Comparative Example 3

[0132] Anorganic EL device was manufactured in the same
manner as that in Example 13 except that CBP was used
instead as the host material of the light-emitting layer.

Comparative Example 4

[0133] Anorganic EL device was manufactured in the same
manner as that in Example 13 except that H-1 was used
instead as the host material of the light-emitting layer.
[0134] The maximum wavelength of the luminescence
spectrum of the organic EL device obtained in each of
Examples 13 to 16 and Comparative Examples 3 and 4 is 475
nm, showing that luminescence is provided by Flrpic. Table 2
shows the luminescence properties of each device.

TABLE 2
Initial properties
(@ 2.5 mA/ecm?)
Visual
luminous
Host Luminance Voltage efficiency
material (cd/m?) V) (lm/W)
Example 13 3-1 140 7.5 2.3
14 3-11 135 7.3 2.3
15 3-18 140 7.2 2.4
16 3-22 120 7.4 2.0
Comparative ~ CBP 90 8.5 1.3
Example 3
4 H-1 55 8.1 0.9

[0135] As seen from Table 2 as well, the organic EL device
of each example exhibits satisfactory luminescence proper-
ties as compared to the organic EL device of each compara-
tive example, which suggests the superiority of the present
invention.

INDUSTRIAL APPLICABILITY

[0136] The material for a phosphorescent light-emitting
device of the present invention has the feature that a nitrogen
atom of an indolocarbazole skeleton is substituted with pyri-
dine and further substituted with an aromatic ring. In particu-
lar, the substitution of pyridine at positions 2 and 6 with an
indolocarbazole skeleton and an aromatic ring, respectively,
is estimated to improve molecular stability. The above-men-
tioned material for a phosphorescent light-emitting device is
estimated to exhibit satisfactory charge-injecting/transport-
ing properties and to have high durability. The organic EL
device using the material has a low driving voltage of the
device. In particular, when the organic EL device includes
this material for a phosphorescent light-emitting device in a
light-emitting layer, it is estimated that the balance between
charges improves, and hence the probability of their recom-
bination increases. Further, it is estimated that the material for
a phosphorescent light-emitting device has energy in the
minimum excited triplet state, the energy being sufficiently
high to confine energy in the minimum excited triplet state of
a dopant, and thus the transfer of triplet excitation energy
from the dopant to a host molecule can be effectively sup-
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pressed. By virtue of the above-mentioned respects, high
luminous efficiency has been accomplished. In addition, the
material for a phosphorescent light-emitting device exhibits a
good amorphous characteristic and high thermal stability and
has electrochemical stability, resulting in the achievement of
an organic EL devise having a long operation life and having
high durability.

[0137] The organic EL device according to the present
invention has practically satisfactory levels in luminescence
properties, operation life, and durability. Thus, the organic EL
device has a large technical value in applications to flat panel
displays (display devices for portable phones, in-vehicle dis-
play devices, display devices for OA computers, televisions,
and the like), light sources exerting characteristics of planar
light emitters (light sources in lighting equipment and copiers
and backlight sources in liquid crystal displays and instru-
ments), signboards, sign lamps, and the like.

1-8. (canceled)

9. A material for a phosphorescent light-emitting device,
comprising an indolocarbazole compound represented by the
following general formula (2):

@

(la)

(Ib)

2

in the general formula (2): a ring A represents an aromatic
ring represented by the formula (1a) to be fused with an
adjacent ring; and a ring B represents a heterocycle
represented by the formula (1b) to be fused with an
adjacent ring;

in the formula (1a), X represents a methine group;

in the formula (1b), A represents an aromatic hydrocarbon
group having 6 to 38 carbon atoms, an alkyl group hav-
ing 1 to 10 carbon atoms, a cycloalkyl group having 3 to
11 carbon atoms, or an aromatic heterocyclic group rep-
resented by the formula (2¢);

in the general formulae (2) and (2¢), Ar’s each indepen-
dently represent an aromatic hydrocarbon group having
6 to 18 carbon atoms or an aromatic heterocyclic group
having 3 to 17 carbon atoms; and
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in the general formulae (2), (1a), and (2¢), R’s each inde-
pendently represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, or a cycloalkyl group
having 3 to 11 carbon atoms.

10. A material for a phosphorescent light-emitting device
according to claim 9, wherein A in the general formula (2)
represents an aromatic hydrocarbon group having 6 to 38
carbon atoms except a fused ring structure or an aromatic
heterocyclic group represented by the formula (2¢).

11. A material for a phosphorescent light-emitting device
according to claim 9, wherein Ar in the general formula (2)
represents an aromatic hydrocarbon group having 6 to 18
carbon atoms except a fused ring structure or an aromatic
heterocyclic group having 3 to 17 carbon atoms.

12. A material for a phosphorescent light-emitting device
according to claim 9, wherein the indolocarbazole compound
represented by the general formula (2) comprises an indolo-
carbazole compound represented by any one of the general
formulae (3) to (6):

©)

@

41
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-continued

®)

©)

inthe general formulae (3) to (6), A’s, Ar’s, and R’s have the
same meanings as those in the general formula (2).

13. An organic electroluminescent device, comprising an
anode, an organic layer, and a cathode laminated on a sub-
strate, wherein the organic electroluminescent device com-
prises an organic layer containing the material for a phospho-
rescent light-emitting device according to any one of claims 9
to 12.

14. An organic electroluminescent device according to
claim 13, wherein the organic layer containing the material
for a phosphorescent light-emitting device comprises at least
one layer selected from the group consisting of a light-emit-
ting layer, a hole-transporting layer, an electron-transporting
layer, and a hole-blocking layer.

15. An organic electroluminescent device according to
claim 14, wherein the organic layer containing the material
for a phosphorescent light-emitting device comprises a light-
emitting layer containing a phosphorescent light-emitting
dopant.
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