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Description
Technical Field

[0001] The present invention relates to a novel organic electroluminescent device material and an organic electrolu-
minescent device using the material, and specifically, to a thin-film-type device that emits light when an electric field is
applied to a light-emitting layer formed of an organic compound.

Background Art

[0002] In general, an organic electroluminescent device (hereinafter referred to as "organic EL device") is constructed
of a light-emitting layer and apair of counter electrodes interposing the light-emitting layer therebetween in its simplest
structure. That is, the organic EL device uses the phenomenon 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] In recent years, progress has been made in developing an organic EL device using an organic thin film. In
order to enhance luminous efficiency particularly, optimization of kinds of electrodes has been attempted for the purpose
of improving 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 and a light-emitting layer formed of an 8-hydroxyquinoline
aluminum complex (hereinafter referred to as "Alq3") are formed between electrodes as thin films, resulting in a significant
improvement in luminous efficiency, as compared to conventional devices in which a single crystal of anthracene or the
like is used. Thus, 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 phosphorescent light rather than fluorescent light as an attempt to
raise luminous efficiency of a device. Many kinds of devices including the above-mentioned device in which a hole-
transporting layer formed of an aromatic diamine and a light-emitting layer formed of Alg3 are formed emit light by using
fluorescent light emission. However, by using phosphorescent 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, as compared to
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 disclosed in Patent
Literature 1, for the purpose of attaining high luminous efficiency and a long lifetime.

Citation List
Patent Literature
[0005]

[PTL 1] JP 2003-515897 A
[PTL 2] WO 01/041512 A
[PTL 3] JP 2005-166574 A

[0006] Not only the dopant material but also a host material to be used is important for obtaining high luminous
efficiency. A typical material that has been proposed as the host material is, for example, 4,4’-bis(9-carbazolyl)biphenyl
(hereinafter referred to as "CBP") as a carbazole compound introduced 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
(hereinafter referred to as "Ir(ppy)3"), owing to the characteristic of CBP by which the flow of a hole is facilitated and the
flow of an electron is made difficult, a charge injection balance is broken and excessive holes flow out to an electron-
transporting layer side. As a result, the efficiency of light emission from Ir(ppy)3 reduces.

[0007] Asdescribedinthe foregoing, a host material having a high triplet excitation energy and balancedinjecting/trans-
porting characteristics for both charges (a hole and an electron) is needed for obtaining high luminous efficiency in an
organic EL device. Further, a compound that is electrochemically stable, and has high heat resistance and excellent
amorphous stability has been desired, and hence an additional improvement has been required.

[0008] Patent Literature 3 discloses such a carborane compound as shown below as an electron-transporting material
for an organic EL device.
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[0009] However, the disclosed carborane compound is merely a compound having an aromatic hydrocarbon group
on the carbon of a carborane, and the usefulness of a compound having a silyl group on one carbon of a carborane as
an organic EL device material is not disclosed.

[0010] Patent Literature 3 discloses such a carborane compound as shown below as an electron-transporting material
for an organic EL device.

[0011] However, the disclosed carborane compound is merely a compound having an aromatic heterocyclic group on
the carbon of a carborane, and the usefulness of a compound having a silyl group on one carbon of a carborane as an
organic EL device material is not disclosed. Wang et al., studied the synthesis, characterization, and reactions of 6,13-
disubstituted 2,3,9,10-tetrakis(trimethylsilyl) pentacene derivatives (Tetrahedron, 63(35), pages 8586-8597).

Summary of Invention

[0012] 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
efficiency, has high driving stability, and is practically useful and an organic EL device material suitably for the organic
EL device.

[0013] As a result of their extensive studies, the inventors of the present invention have found that the use of a
compound having a silyl group on one carbon of a carborane as an organic EL device material allows a device to show
excellent characteristics, and have completed the present invention.

[0014] Thepresentinvention relates to an organic electroluminescent device material, including a carborane compound
represented by the general formula (1).
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(a)

[0015] In the general formula (1) : a ring CB represents a divalent carborane group -C,B4gHo- represented by any
one of the formula (a), the formula (b), and the formula (c), and when a plurality of rings CB are present in a molecule,
the rings may be identical to or different from each other; R represents hydrogen, a substituted or unsubstituted aliphatic
hydrocarbon group having 1 to 12 carbon atoms, a substituted or unsubstituted aromatic hydrocarbon group having 6
to 50 carbon atoms, or a substituted or unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms, and a
plurality of R’s may be identical to or different from each other; A represents a direct bond,

a substituted or unsubstituted Si(R)4 group, a substituted or unsubstituted aromatic hydrocarbon group having 6 to 50
carbon atoms, or a substituted or unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms, provided that
[0016] A does not represent a direct bond except when p+m represents 2, and A represents a p+m-valent group when
Arepresents a group except a direct bond, R of the Si(R)4 group has the same meaning as that of the R, and d represents
an integer represented by 4-(p+m); and p represents an integer of from 0 to 3, m represents an integer of from 1 to 4,
n represents an integer of from 0 to 3, and p+m represents an integer of from 1 to 4.

[0017] An example of the carborane compound represented by the general formula (1) is a carborane compound
represented by the general formula (2).

/// \\ Ran / \
f SN N Ly
| R—F CB A CB +—si—+ CB +—R

N BN AR NV

/p n (2>

[0018] In the general formula (2), a ring CB, R, and A have the same meanings as those of the ring CB, R, and A of
the general formula (1), p represents an integer of from 0 to 3, and n represents an integer of from 0 to 3.

[0019] In the general formula (1), it is preferred that the ring CB represent a divalent carborane group represented by
the formula (b). It is also preferred that m represent 1 or p represent 0.

[0020] The present invention also relates to an organic electroluminescent device, including: a substrate; an anode;
an organic layer; and a cathode, the anode, the organic layer, and the cathode being laminated on the substrate, in
which the organic layer includes at least one layer selected from the group consisting of a light-emitting layer, a hole-
transporting layer, an electron-transporting layer, an electron-blocking layer, and a hole-blocking layer, the at least one
layer containing the organic electroluminescent device material as recited in claim 5.

[0021] Here, it is preferred that the organic electroluminescent device material be present in a light-emitting layer
containing a phosphorescent light-emitting dopant.
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Bref Description of Drawings
[0022]

FIG. 1 is a sectional view illustrating a structural example of an organic EL device.
FIG. 2 shows a TH-NMR chart of a carborane compound.

Description of Embodiments

[0023] An organic EL device material of the present invention is a carborane compound represented by the general
formula (1). The carborane compound has, as its basic skeleton, a spherical structure (ring CB) formed of 2 carbon
atoms and 10 boron atoms, the structure being represented by any one of the formulae (a), (b), and (c). For example,
when the relationships of p=0, m=1, and n=0 are satisfied in the carborane compound represented by the general formula
(1), the compound is A-(ring CB)-SiRg, i.e., can be represented by a molecular formula "A-C,HgB-SiR3." A divalent
carborane group is represented by any one of the formulae (a), (b), and (c), and has a chemical formula "-C,H4(B4o-."
Hereinafter, the divalent carborane group represented by the formula (a), (b), or (c) is also referred to as "carborane
group (a), (b), or (c)."

[0024] In the general formula (1), p represents an integer of 0 to 3, m represents an integer of 1 to 4, n represents an
integer of 0 to 3, and p+m represents an integer of 1 to 4. It is preferred that p represent 1 or 2 and m represent 1, p
represent 0 and m represent 1 or 2, or p+m represent 2 or 3, and that n represent 0 to 2.

[0025] In addition, a preferred example of the general formula (1) is the general formula (2). Another preferred example
of the general formula (1) is the case where the ring CB is the carborane group (b).

[0026] Symbols common to the general formulae (1) and (2) have the same meaning. R represents hydrogen, a
substituted or unsubstituted aliphatic hydrocarbon group having 1 to 12 carbon atoms, a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 50 carbonatoms, or a substituted or unsubstituted aromatic heterocyclic group
having 3 to 50 carbon atoms, and when a plurality of R’s exist, the R’s may be identical to or different from each other.
[0027] When R represents an aliphatic hydrocarbon group, specific examples thereof include a methyl group, an ethyl
group, a propyl group, a butyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, and a decyl group,
and the group may be linear, branched, or alicyclic. An aliphatic hydrocarbon group having 1 to 8 carbon atoms is
preferred. Specific examples thereof include a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a cyclohexyl group, and a methylcyclohexyl group.

[0028] When the aliphatic hydrocarbon group has a substituent, the total number of its substituents is 1 to 6, preferably
1 to 4, more preferably 1 to 2. In addition, when the substituent has 2 or more substituents, the substituents may be
identical to or different from each other. In addition, when the aliphatic hydrocarbon group has a substituent, the number
of carbon atoms of the substituent is included in the calculation of the number of carbon atoms of the group.

[0029] Preferred examples of the substituent include an alkoxy group having 1 to 6 carbon atoms, an acyl group having
2 to 7 carbon atoms, an aryl group having 6 to 18 carbon atoms, and a heteroaryl group having 3 to 18 carbon atoms.
More preferred examples of the substituent include an alkoxy group having 1 to 4 carbon atoms, an acyl group having
2 to 5 carbon atoms, an aryl group having 6 to 12 carbon atoms, or a heteroaryl group having 3 to 12 carbon atoms.
Specific examples thereof may include a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a hexyloxy
group, an acetyl group, a propionyl group, a phenyl group, a naphthyl group, a pyridyl group, a piperidyl group, a triazyl
group, an indolyl group, a carbazolyl group, a benzofuranyl group, a dibenzofuranyl group, a benzothiophenyl group,
and a dibenzothiophenyl group.

[0030] Next, the case where R represents an aromatic hydrocarbon group or an aromatic heterocyclic group is de-
scribed.

[0031] The aromatic hydrocarbon group or the aromatic heterocyclic group is an aromatic hydrocarbon group having
6 to 50 carbon atoms or an aromatic heterocyclic group having 3 to 50 carbon atoms. Specific example thereof include
monovalent groups produced by removing one hydrogen atom from benzene, naphthalene, fluorene, pyridine, pyrimidine,
triazine, indole, quinoline, isoquinoline, quinoxaline, naphthyridine, carbazole, indolocarbazole, acridine, phenanthroline,
phenazine, benzofuran, dibenzofuran, xanthene, oxanthrene, phenoxazine, benzothiophene, dibenzothiophene, thiox-
anthene, thianthrene, phenoxathiin, phenothiazine, or an aromatic compound in which a plurality of these compounds
are linked. Of those, monovalent groups produced by removing one hydrogen atom from an aromatic compound selected
from the following compounds are preferred: benzene, pyridine, triazine, carbazole, dibenzofuran, and dibenzothiophene.
Monovalent groups produced by removing one hydrogen atom from an aromatic compound selected from benzene and
carbazole, or from an aromatic compound in which a plurality of these compounds are linked are more preferred. When
the plurality of aromatic compounds are linked, the compounds may be identical to or different from each other. In the
case of a group produced from an aromatic compound in which a plurality of aromatic rings are linked, the number of
the rings to be linked is preferably 2 to 5, more preferably 2 or 3. Specific examples of the group produced by removing
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hydrogen from the aromatic compound in which the plurality of aromatic rings are linked include biphenyl, terphenyl,
phenylpyridine, diphenylpyridine, bipyridine, diphenylpyrimidine, diphenyltriazine, phenylnaphthalene, diphenylnaphtha-
lene, and diphenylfluorene.

[0032] When the aromatic hydrocarbon group or the aromatic heterocyclic group has a substituent, the total number
of its substituents is 1 to 10, preferably 1 to 6, more preferably 1 to 4. In addition, when the substituent has 2 or more
substituents, the substituents may be identical to or different from each other. In addition, in the calculation of the number
of carbon atoms of the aromatic hydrocarbon group or the aromatic heterocyclic group, when any such group has a
substituent, the number of carbon atoms of the substituent is included.

[0033] Preferred examples of the substituent include an alkyl group having 1 to 10 carbon atoms, a cycloalkyl group
having 3 to 10 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, an acyl group having 2 to 7 carbon atoms,
and a diarylamino group having 12 to 24 carbon atoms. More preferred examples thereof include an alkyl group having
1 to 4 carbon atoms, a cycloalkyl group having 3 to 8 carbon atoms, an alkoxy group having 1 to 4 carbon atoms, an
acyl group having 2 to 5 carbon atoms, and a diarylamino group having 12 to 20 carbon atoms, and specific examples
thereof can include a methyl group, an ethyl group, a propyl group, a butyl group, a cyclopentyl group, a cyclohexyl
group, a methylcyclohexyl group, a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a hexyloxy group,
an acetyl group, a propionyl group, and a diphenylamino group.

[0034] In the general formulae (1) to (3), A represents a direct bond, hydrogen, a p+m-valent Si(R)4 group, a p+m-
valent, substituted or unsubstituted aromatic hydrocarbon group having 6 to 50 carbon atoms, or a p+m-valent, substituted
or unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms, provided that when p+m represents an integer
of 2 or more, A does not represent hydrogen, and when p+m represents an integer except 2, A does not represent a
direct bond. In addition, even when p+m represents 1 or 2, A may represent a p+m-valent group except hydrogen and
adirectbond. R of the Si(R)4 group has the same meaning as that described above and d represents an integer calculated
from 4-(p+m).

[0035] When A represents an Si(R)4 group, the total number d of R’s on its Si is represented by 4-(p+m), and when
the number of R’s is 2 or more, the R’s may be identical to or different from each other. Specific examples of the R are
the same as those in the description for R in the general formula (1), and when the R has a substituent, the substituent
is the same as that described above.

[0036] Preferred examples of R in the Si(R) a group include an alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 10 carbon atoms, an alkoxy group having 1 to 6 carbon atoms, an aryl group having 6 to 18 carbon
atoms, and a heteroaryl group having 3 to 18 carbon atoms. More preferred examples thereof include an alkyl group
having 1 to 8 carbon atoms, a cycloalkyl group having 3 to 8 carbon atoms, an alkoxy group having 1 to 4 carbon atoms,
an aromatic hydrocarbon group having 6 to 12 carbon atoms, and an aromatic heterocyclic group having 3 to 14 carbon
atoms. Specific examples thereof may include a methyl group, an ethyl group, a propyl group, a butyl group, a cyclopentyl
group, a cyclohexyl group, a methylcyclohexyl group, a methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a hexyloxy group, a phenyl group, a naphthyl group, a pyridyl group, a piperidyl group, a triazyl group, an indolyl
group, a carbazolyl group, a benzofuranyl group, a dibenzofuranyl group, a benzothiophenyl group, and a dibenzothi-
ophenyl group.

[0037] Next, when A represents a p+m-valent, substituted or unsubstituted aromatic hydrocarbon group or aromatic
heterocyclic group, the group is interpreted as a group obtained by removing p+m-1 hydrogen atoms from the aromatic
hydrocarbon group or aromatic heterocyclic group in the description for R, and when the group has a substituent, the
substituent is the same as that described above.

[0038] Of the skeletons represented by the general formulae (1) and (2), a skeleton in which a substituent on a
carborane is represented by an alkyl group can be synthesized by the following reaction formula with reference to a
synthesis example described in J. Org. Chem. 1999, 64, 1045.

- — . C/ \C
HC\ /CH 1) Buli »H A\ 7

2) R-X(X = halogen)

[0039] Of the skeletons represented by the general formulae (1) and (2), a skeleton in which a substituent on a
carborane is represented by an aromatic hydrocarbon group or an aromatic heterocyclic group can be synthesized by
the following reaction formula with reference to a synthesis example described in Inorg. Chem. 2011, 50, 5485.
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[0040] Specific examples of the compounds represented by the general formulae (1) and (2) are shown below, but
the compounds are not limited to these examples. Compounds 15 and 33 do not fall under general formulae (1) and (2).
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[0041] When the carborane compound represented by the general formula (1) is incorporated into at least one organic
layer in an organic EL device formed by laminating an anode, a plurality of organic layers, and a cathode on a substrate,
an excellent organic EL device is provided. The organic layers preferably include at least a light-emitting layer, and
preferably further include a hole-transporting layer, an electron-transporting layer, a hole-blocking layer, or an electron-
blocking layer. A light-emitting layer, a hole-transporting layer, an electron-transporting layer, a hole-blocking layer, or
an electron-blocking layer is suitable as the organic layer into which the carborane compound is incorporated. Here,
when the carborane compound is used in the light-emitting layer, the compound can be used as a host material for a
light-emitting layer containing a fluorescent light-emitting, delayed fluorescent light-emitting, or phosphorescent light-
emitting dopant. In addition, the carborane compound can be used as an organic light-emitting material that radiates
fluorescence and delayed fluorescence. The carborane compound is more preferably incorporated as a host material
for a light-emitting layer containing a phosphorescent light-emitting dopant.

[0042] The organic EL device of the present invention includes 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
carborane compound. The carborane compound represented by the general formula (1) is advantageously contained
in the light-emitting layer together with a phosphorescent light-emitting dopant.

[0043] 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 illustrated in the
drawings.

[0044] FIG. 1 is a sectional view illustrating a structural example of a general organic EL device. Reference numerals
1,2, 3,4, 5, 6,and 7 represent a substrate, an anode, a hole-injecting layer, a hole-injecting layer, a light-emitting layer,
an electron-transporting layer, and a cathode, respectively. The organic EL device of the present invention may include
an exciton-blocking layer adjacent to the light-emitting layer, or may include an electron-blocking layer between the light-
emitting layer and a hole-transporting 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 EL
device of the present invention includes the substrate, the anode, the light-emitting layer, and the cathode as its essential
layers. The organic EL device of the present invention preferably includes a hole-injecting/transporting layer and an
electron-injecting/transporting layer in addition to the essential layers, and more preferably includes a hole-blocking layer
between the light-emitting layer and the electron-injecting/transporting layer. It should be noted that the hole-inject-
ing/transporting layer means any one or both of the hole-injecting layer and the hole-transporting layer, and that the
electron-injecting/transporting layer means any one or both of an electron-injecting layer and the electron-transporting
layer.

[0045] It should be noted that it is possible to adopt a reverse structure as compared to FIG. 1, that is, a structure
formed by laminating the layers on the substrate 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 cathode. In this case as well, a layer may be added or
eliminated as required.

102

-Substrate-
[0046] The organic EL device of the present invention is preferably supported by a substrate. The substrate is not

particularly limited, and any substrate that has long been conventionally 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.

24
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-Anode-

[0047] 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 large work
function (4 eV or more). Specific examples of such electrode substance include metals such as Au and conductive
transparent materials such as Cul, indium tin oxide (ITO), SnO,, and ZnO. Further, it may be possible to use a material
such as IDIXO (In,05-Zn0O), which maybe used for manufacturing an amorphous, transparent conductive film. In order
to produce 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 shape thereon by photolithography. Alter-
natively, when a coatable substance such as an organic conductive 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
preferably several hundred Q/C1 or less. Further, the thickness of the resultant film is, depending on the material used,
selected from usually the range of from 10 to 1,000 nm, preferably the range of from 10 to 200 nm.

-Cathode-

[0048] 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 electrically conductive compound, and a mixture thereof, all
of which have a small work function (4 eV or less). Suitable specific examples of suchelectrode 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 aluminum/aluminum oxide (Al,O3) mixture, alithium/alu-
minum mixture, and aluminum. The cathode may be produced 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
several hundred Q/O or less, and the thickness of the resultant film is selected from usually the range of from 10 nm to
5 pum, preferably the range of from 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 preferably transparent or semi-transparent,
because the light emission luminance improves.

[0049] 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 mentioned 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
possible to produce a device in which both the anode and cathode have transparency.

-Light-emitting layer-

[0050] The light-emitting layer is a layer that emits light after the production of an exciton by the recombination of a
hole injected from the anode and an electron injected from the cathode, and the light-emitting layer desirably contains
an organic light-emitting material and a host material.

[0051] When the light-emitting layer is a fluorescent light-emitting layer, a fluorescent light-emitting material can be
used alone in the light-emitting layer. However, it is preferred that the fluorescent light-emitting material be used as a
fluorescent light-emitting dopant and the host material be mixed.

[0052] The carborane compound represented by the general formula (1) can be used as the fluorescent light-emitting
material in the light-emitting layer. However, the fluorescent light-emitting material is known through, for example, many
patent literatures, and hence can be selected therefrom. Examples thereof include a benzoxazole derivative, a benzo-
thiazole derivative, a benzimidazole derivative, a styrylbenzene derivative, a polyphenyl derivative, a diphenylbutadiene
derivative, a tetraphenylbutadiene derivative, a naphthalimide derivative, a coumarine derivative, a condensed aromatic
compound, a perinone derivative, an oxadiazole derivative, an oxazine derivative, an aldazine derivative, a pyrrolidine
derivative, a cyclopentadiene derivative, a bisstyrylanthracene derivative, a quinacridone derivative, a pyrrolopyridine
derivative, a thiadiazolopyridine derivative, a styrylamine derivative, a diketopyrrolopyrrole derivative, an aromatic dimeth-
ylidene compound, various metal complexes typified by a metal complex of a 8-quinolinol derivative, and a metal complex,
rare earth complex, or transition metal complex of a pyrromethene derivative, polymer compounds such as polythiophene,
polyphenylene, and polyphenylene vinylene, and an organic silane derivative. Of those, for example, the following
compound is preferred: a condensed aromatic compound, a styryl compound, a diketopyrrolopyrrole compound, an
oxazine compound, or a pyrromethene metal complex, transition metal complex, or lanthanoid complex. For example,
the following compound is more preferred: naphthacene, pyrene, chrysene, triphenylene, benzo [c] phenanthrene, benzo
[a] anthracene, pentacene, perylene, fluoranthene, acenaphthofluoranthene, dibenzol[a,jlanthracene, dibenzo[a,h]an-
thracene, benzo[a]naphthacene, hexacene, anthanthrene, naphtho[2,1-flisoquinoline, a-naphthaphenanthridine, phen-
anthroxazole, quinolino[6,5-flquinoline, or benzothiophanthrene. Those compounds may each have an alkyl group, aryl
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group, aromatic heterocyclic group, or diarylamino group as a substituent.

[0053] The carborane compound represented by the general formula (1) can be used as a fluorescent host material
in the light-emitting layer. However, the fluorescent host material is known through, for example, many patent literatures,
and hence can be selected therefrom. For example, the following material can be used: a compound having a condensed
aryl ring such as naphthalene, anthracene, phenanthrene, pyrene, chrysene, naphthacene, triphenylene, perylene,
fluoranthene, fluorene, or indene, or a derivative thereof; an aromatic amine derivative such as N,N’-dinaphthyl-N,N’-
diphenyl-4,4’-diphenyl-1,1’-diamine; a metal chelated oxinoid compound typified by tris(8-quinolinato)aluminum(lll); a
bisstyryl derivative such as a distyrylbenzene derivative; a tetraphenylbutadiene derivative; an indene derivative; a
coumarin derivative; an oxadiazole derivative; a pyrrolopyridine derivative; a perinone derivative; a cyclopentadiene
derivative; a pyrrolopyrrole derivative; a thiadiazolopyridine derivative; a dibenzofuran derivative; a carbazole derivative;
an indolocarbazole derivative; a triazine derivative; or a polymer-based derivative such as a polyphenylene vinylene
derivative, a poly-p-phenylene derivative, a polyfluorene derivative, a polyvinyl carbazole derivative, or a polythiophene
derivative. However, the fluorescent host material is not particularly limited thereto. Further, a plurality of kinds of host
materials may be used in combination.

[0054] When the fluorescent light-emitting material is used as a fluorescent light-emitting dopant and the host material
is contained, the content of the fluorescent light-emitting dopant in the light-emitting layer desirably falls within the range
of from 0.01 to 20 wt%, preferably from 0.1 to 10 wt%.

[0055] An organic EL device typically injects charges from both of its electrodes, i.e., its anode and cathode into a
light-emitting substance to produce a light-emitting substance in an excited state, and causes the substance to emit
light. In the case of a charge injection-type organic EL device, 25% of the produced excitons are said to be excited to a
singlet excited state and the remaining 75% are said to be excited to a triplet excited state. As described in Advanced
Materials 2009, 21, 4802-4806., it has been known that after a specific fluorescent light-emitting substance has undergone
an energy transition to a triplet excited state as a result of intersystem crossing or the like, the substance is subjected
to inverse intersystem crossing to a singlet excited state by triplet-triplet annihilation or the absorption of a thermal energy
to radiate fluorescence, thereby expressing thermally activated delayed fluorescence. The organic EL device of the
present invention can also express delayed fluorescence. In this case, the light emission can include both fluorescent
light emission and delayed fluorescent light emission, provided that light emission from the host material may be present
in part of the light emission.

[0056] When the light-emitting layer is a delayed fluorescent light-emitting layer, a delayed fluorescent light-emitting-
material can be used alone in the light-emitting layer. However, it is preferred that the delayed fluorescent light-emitting
material be used as a delayed fluorescent light-emitting dopant and the host material be mixed.

[0057] Although the carborane compound represented by the general formula (1) can be used as the delayed fluo-
rescent light-emitting material in the light-emitting layer, a material selected from known delayed fluorescent light-emitting
materials can also be used. Examples thereof include a tin complex, an indolocarbazole derivative, a copper complex,
and a carbazole derivative. Specific examples thereof include, but not limited to, compounds described in the following
non patent literatures and patent literature.

[0058] Adv. Mater. 2009, 21, 4802-4806, Appl. Phys. Lett. 98, 083302 (2011), JP 2011-213643 A, and J. Am. Chem.
Soc. 2012, 134, 14706-147009.

[0059] Specificexamples of the delayed fluorescent light-emitting material are shown below, but the delayed fluorescent
light-emitting material is not limited to the following compounds.

e
£ Qo

9

26



(]

10

20

25

30

35

40

45

50

55

EP 2 793 280 B1

[0060] When the delayed fluorescent light-emitting material is used as a delayed fluorescent light-emitting dopant and
the host material is contained, the content of the delayed fluorescent light-emitting dopant in the light-emitting layer
desirably falls within the range of from 0.01 to 50 wt%, preferably from 0.1 to 20 wt%, more preferably from 0.01 to 10%.
[0061] The carborane compound represented by the general formula (1) can be used as the delayed fluorescent host
material in the light-emitting layer. However, the delayed fluorescent host material may be selected from compounds
other than the carborane. For example, the following compound can be used: a compound having a condensed aryl ring
such as naphthalene, anthracene, phenanthrene, pyrene, chrysene, naphthacene, triphenylene, perylene, fluoranthene,
fluorene, or indene, or a derivative thereof; an aromatic amine derivative such as N,N’-dinaphthyl-N,N’-diphenyl-4,4’-
diphenyl-1,1’-diamine; a metal chelated oxinoid compound typified by tris(8-quinolinato)aluminum(lll); a bisstyryl deriv-
ative such as a distyrylbenzene derivative; a tetraphenylbutadiene derivative; an indene derivative; a coumarin derivative;
an oxadiazole derivative; a pyrrolopyridine derivative; a perinone derivative; a cyclopentadiene derivative; a pyrrolopyrrole
derivative; a thiadiazolopyridine derivative; a dibenzofuran derivative; a carbazole derivative; an indolocarbazole deriv-
ative; a triazine derivative; or a polymer-based derivative such as a polyphenylene vinylene derivative, a poly-p-phenylene
derivative, a polyfluorene derivative, a polyvinyl carbazole derivative, a polythiophene derivative, or an arylsilane deriv-
ative. However, the delayed fluorescent host material is not particularly limited thereto. Further, a plurality of kinds of
host materials may be used in combination.

[0062] When the light-emitting layer is a phosphorescent light-emitting layer, and the light-emitting layer contains 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 complexincluding at least one metal selected from ruthenium,
rhodium, palladium, silver, rhenium, osmium, iridium, platinum, and gold. Specific examples thereof include, but not
limited to, the compounds disclosed in the following patent literatures.

[0063] For example, WO 2009/073245 A1, WO 2009/046266 A1, WO 2007/095118 A3, WO 2008/156879 A1, WO
2008/140657 A1, US 2008/261076 A1, JP 2008-542203 A, WO 2008/054584 A1, JP 2008-505925 A, JP 2007-522126
A, JP 2004-506305 A, JP 2006-513278 A, JP 2006-50596 A, WO 2006/046980 A1, WO 2005/113704 A3, US
2005/260449 A1, US 2005/2260448 A1, US 2005/214576 A1, WO2005/076380 A3, US 2005/119485 A1, WO
2004/045001 A3, WO 2004/045000 A3, WO 2006/100888 A1, WO 2007/004380 A1, WO 2007/023659 A1, WO
2008/035664 A1, JP 2003-272861 A, JP 2004-111193 A, JP 2004-319438 A, JP 2007-2080 A, JP 2007-9009 A, JP
2007-227948 A, JP 2008-91906 A, JP 2008-311607 A, JP 2009-19121 A, JP2009-46601A, JP2009-114369 A, JP
2003-253128 A, JP 2003-253129 A, JP 2003-253145 A, JP 2005-38847 A, JP 2005-82598 A, JP 2005-139185 A, JP
2005-187473 A, JP 2005-220136 A, JP 2006-63080 A, JP 2006-104201 A, JP2006-111623A, JP2006-213720A,
JP2006-290891A, JP2006-298899 A, JP 2006-298900 A, WO 2007/018067 A1, WO 2007/058080 A1, WO 2007/058104
A1, JP 2006-131561 A, JP 2008-239565 A, JP 2008-266163 A, JP 2009-57367 A, JP 2002-117978 A, JP 2003-123982
A, JP 2003-133074 A, JP 2006-93542 A, JP 2006-131524 A, JP 2006-261623 A, JP 2006-303383 A, JP 2006-303394
A, JP2006-310479A, JP2007-88105A, JP 2007-258550 A, JP 2007-324309 A, JP 2008-270737 A, JP 2009-96800 A,
JP 2009-161524 A, WO 2008/050733 A1, JP 2003-73387 A, JP 2004-59433 A, JP 2004-155709 A, JP 2006-104132
A, JP 2008-37848 A, JP 2008-133212 A, JP 2009-57304 A, JP 2009-286716 A, JP 2010-83852 A, JP 2009-532546 A,
JP 2009-536681 A, and JP 2009-542026 A.

[0064] Preferred examples of the phosphorescent light-emitting dopantinclude complexes such as Ir(ppy);, complexes
such as Ir(bt),.acacs, and complexes such as PtOEt;, 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
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[0065] Itis preferred that the content of the phosphorescent light-emitting dopant in the light-emitting layer fall within
the range of from 0.1 to 50 wt%, more preferably from 1 to 30 wt%.

[0066] It is preferred to use, as the host material in the light-emitting layer, the carborane compound represented by
any one of the general formulae (1) to (3). However, when the carborane compound is used in any of the organic layers
other than the light-emitting layer, the material to be used in the light-emitting layermaybe any other host material other
than the carborane compound. Further, a plurality of kinds of known host materials may be used in combination.
[0067] Such other host materials are known because they are mentioned in many patent literatures and the like, and
hence can be selected from those in the patent literatures and the like. Specific examples of the host material include,
but not particularly limited to, an indole derivative, a carbazole derivative, an indolocarbazole derivative, a triazole
derivative, an oxazole derivative, an oxadiazole derivative, an imidazole derivative, a polyarylalkane derivative, a pyra-
zolone derivative, a phenylenediamine derivative, an arylamine derivative, an amino-substituted chalcone derivative, a
styrylanthracene derivative, a fluorenone derivative, a hydrazone derivative, a stilbene derivative, a silazane derivative,
a styrylamine derivative, an aromatic dimethylidene-based compound, a porphyrin-based compound, an anthraquin-
odimethane derivative, an anthrone derivative, a diphenylquinone derivative, a thiopyran dioxide derivative, a heterocyclic
tetracarboxylic acid anhydride such as naphthalene 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 compounds such as a polysilane-based compound, a poly(N-vinylcarbazole)
derivative, an aniline-based copolymer, a thiophene oligomer, a polythiophene derivative, a polyphenylene derivative,
a polyphenylenevinylene derivative, and a polyfluorene derivative.

-Injecting layer-

[0068] The injecting layer refers to a layer formed between an electrode and an organic layer for the purposes of
lowering a driving voltage and improving light emission luminance, and includes a hole-injecting layer and an electron-
injecting layer. The injecting layer may be interposed between the anode and the light-emitting layer or the hole-trans-
porting layer, or may be interposed between the cathode and the light-emitting layer or the electron-transporting layer.
The injecting layer may be formed as required.

-Hole-blocking layer-

[0069] 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
electrons, and hence the hole-blocking layer is capable of improving the probability of recombining an electron and a
hole by blocking holes while transporting electrons.

[0070] The carborane compound represented by any one of the general formulae (1) to (3) is preferably used in the
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hole-blocking layer. However, when the carborane compound is used in any other organic layer, a known hole-blocking
material may be used. In addition, it is possible to use, as the hole-blocking material, any of materials for the electron-
transporting layer to be described later as required.

-Electron-blocking layer-

[0071] 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 probability
of recombining an electron and a hole by blocking electrons while transporting holes.

[0072] The carborane compound represented by any one of the general formulae (1) to (3) is preferably used in the
electron-blocking layer. However, when the carborane compound is used in any other organic layer, a known electron-
blocking material maybe used. Inaddition, a material for the hole-transporting layer to be described later can be used
as the electron-blocking material as required.

-Exciton-blocking layer-

[0073] 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. The insertion of this layer enables
effective 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.

[0074] As an exiton-blocking material, there are given, for example, 1,3-dicarbazolylbenzene (mMCP) and bis(2-methyl-
8-quinolinolato)-4-phenylphenolatoaluminum(lil) (BAIqg).

-Hole-transporting layer-

[0075] 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 formed.

[0076] The hole-transporting material has any one of hole-injecting property, hole-transporting property, and electron-
blocking property, and any of an organic compound and an inorganic compound may be used. It is preferred to use the
carborane compound represented by any one of the general formulae (1) to (3) in the hole-transporting layer. However,
any compound selected from conventionally known compounds may be used. Examples of the known hole-transporting
material that may be used include a triazole derivative, an oxadiazole derivative, an imidazole derivative, a polyarylalkane
derivative, a pyrazolone derivative, a phenylenediamine derivative, an arylamine derivative, an amino-substituted chal-
cone derivative, an oxazole derivative, a styrylanthracene derivative, a fluorenone derivative, a hydrazone derivative, a
stilbene derivative, a silazane derivative, an aniline-based copolymer, and a thiophene oligomer. However, a triazole
derivative, an oxadiazole derivative, an imidazole derivative, or an arylamine derivative is preferably used, and an
arylamine derivative is more preferably used.

-Electron-transporting layer-

[0077] The electron-transporting layer is formed of a material having a function of transporting electrons, and a single
electron-transporting layer or a plurality of electron-transporting layers may be formed.

[0078] An electron-transporting material has a function of transferring electrons injected from the cathode into the
light-emitting layer. Although the carborane compound represented by any one of the general formulae (1) to (3) is
preferably used in the electron-transporting layer, any compound selected from conventionally known compounds may
be used. Examples thereof include a nitro-substituted fluorene derivative, a diphenylquinone derivative, a carbodiimide
derivative, a fluorenylidenemethane derivative, anthraquinodimethane and 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 oxadiazole derivative and a quinoxaline
derivative that 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 main chain.

Examples
[0079] Hereinafter, the present invention is described in more detail by way of Examples. It should be appreciated

that the present invention is not limited to Examples below and may be carried out in various forms as long as the various
forms do not deviate from the gist of the present invention.
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[0080] The routes described below were used to synthesize a carborane compound to be used as an organic EL
device material. It should be noted that the number of each compound corresponds to the number given to the chemical
formula in the foregoing.
Example 1

Synthesis of compound 30

[0081]

OIS 1) BuLiiTHE

2) Ph3SiCY/THF

[0082] Underanitrogenatmosphere, m-carborane (5.00g, 0.0347 mol) and dry THF (50 ml) were loaded into a three-
necked flask and cooled to 0°C. n-Butyllithium (51 ml, 0.0834 mol) was dropped to the mixture over 30 min. After the
completion of the dropping, the mixture was stirred at 3°C for 1 hr. A THF solution (250 ml) in which triphenylchlorosilane
(28.66 g, 0.0972 mol) had been dissolved was dropped to the mixture over 20 min. After the completion of the dropping,
the mixture was stirred at 26 °C for 4 hr. Water (50 ml) was added to the mixture and the whole was extracted with
dichloromethane (50 miXx2). After that, an organic layer was dried with anhydrous magnesium sulfate and filtered, and
then the filtrate was concentrated. The resultant residue was purified by silica gel column chromatography and recrys-
tallization to provide the compound 30 (5.3 g, 23% yield) as a white solid.

[0083] The FD-MS of the compound showed a peak at an m/z of 660. FIG. 2 shows the results of its 1H-NMR meas-
urement (measurement solvent: THF-d8).

Example 2

[0084] Each thin film was laminated by a vacuum deposition method at a degree of vacuum of 4.0x10-5 Pa on a glass
substrate on which an anode formed of an ITO substrate having a thickness of 110 nm had been formed. First, CuPC
was formed into a layer having a thickness of 20 nm on the ITO. Next, NPB was formed into a layer having a thickness
of 20 nm to serve as a hole-transporting layer. Next, the compound 30 as a host material and Ir(ppy); as a dopant were
co-deposited from different deposition sources onto the hole-transporting layer to form a light-emitting layer having a
thickness of 30 nm. At this time, the concentration of Ir(ppy); was 10 wt%. Next, Alqg3 was formed into a layer having a
thickness of 40 nm to serve as an electron-transporting layer. Further, lithium fluoride (LiF) was formed into a layer
having a thickness of 1 nm to serve as an electron-injecting layer on the electron-transporting layer. Finally, aluminum
(Al) was formed into a layer having a thickness of 70 nm to serve as an electrode on the electron-injecting layer. Thus,
an organic EL device was produced.

[0085] An external power source was connected to the resultant organic EL device to apply a DC voltage to the device.
As a result, it was confirmed that the device had such light-emitting characteristics as shown in Table 1. A luminance,
voltage, and luminous efficiency in Table 1 show values at the time of driving at 20 mA/cm?2. It was found that the local
maximum wavelength of the emission spectrum of the device was 540 nm and hence light emission from Ir(ppy); was
obtained.

Examples 3to 10
[0086] Organic EL devices were each produced in the same manner as in Example 2 except that compounds 1, 17,
18, 23, 48, 58, 59, and 102 were synthesized in the same manner as in Example 1 and the compound 1, 17, 18, 23, 48,

58, 59, or 102 was used instead of the compound 30 as the host material for the light-emitting layer in Example 2. It was
found that the local maximum wavelength of the emission spectrum of each of the devices was 540 nm and hence light
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emission from Ir(ppy); was obtained. Table 1 shows the respective characteristics.
Example 11 (comparison)
[0087] An organic EL device was produced in the same manner as in Example 2 except that CBP was used as the
host material for the light-emitting layer in Example 2. It was confirmed that the local maximum wavelength of the emission
spectrum of the device was 535 nm and hence light emission from Ir(ppy); was obtained. Table 1 shows its light-emitting
characteristics.
Example 12 (comparison)
[0088] An organic EL device was produced in the same manner as in Example 2 except that a compound H-1 was

used as the host material for the light-emitting layer in Example. It was confirmed that the local maximum wavelength
of the emission spectrum of the device was 540 nm and hence light emission from Ir(ppy); was obtained. Table 1 shows

its light-emitting characteristics.
C
C

A

H-1
[Table 1]

Example | Host material compound | Luminance (cd/m2) | Voltage (V) | Visual luminous efficiency (Im/W)
2 30 2630 9.0 4.6
3 1 1920 9.3 3.2
4 17 1880 9.2 3.2
5 18 2020 9.0 3.5
6 23 2400 8.9 4.2
7 48 2530 9.2 4.3
8 58 2660 8.8 4.7
9 59 2150 8.5 4.0
10 102 1960 8.6 3.6
11 CBP 1120 8.7 2.0
12 H-1 1340 8.2 2.6

[0089] Example 2 is improved in initial characteristics as compared to Examples 11 and 12 as comparisons. The
foregoing shows that the use of a compound having a silyl group on one carbon of a carborane in an organic EL device
improves the characteristics of the organic EL device. The characteristics of the EL devices of Examples 3 to 10 are
similarly good, which shows the superiority of the carborane compound represented by the general formula (1).
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Example 13

[0090] Each thin film was laminated by a vacuum deposition method at a degree of vacuum of 4.0x 10-5 Pa on a glass
substrate on which an anode formed of an ITO substrate having a thickness of 110 nm had been formed. First, CuPC
was formed into a layer having a thickness of 20 nm on the ITO. Next, NPB was formed into a layer having a thickness
of 20 nm to serve as a hole-transporting layer. Next, CBP as a host material and Ir(ppy), as a dopant were co-deposited
from different deposition sources onto the hole-transporting layer to form a light-emitting layer having a thickness of 30
nm. At this time, the concentration of Ir(ppy); was 10 wt%. Then, the compound 58 was formed into a layer having a
thickness of 10 nm to serve as a hole-blocking layer. Next, Alq3 was formed into a layer having a thickness of 30 nm to
serve as an electron-transporting layer. Further, lithium fluoride (LiF) was formed into a layer having a thickness of 1
nm to serve as an electron-injecting layer on the electron-transporting layer. Finally, aluminum (Al) was formed into a
layer having a thickness of 70 nm to serve as an electrode on the electron-injecting layer. Thus, an organic EL device
was produced.

Examples 14 to 16

[0091] Organic EL devices were each produced in the same manner as in Example 13 except that the compound 27,
28, or 59 was used instead of the compound 58 as the hole-blocking layer of Example 13.

Example 17 (comparison)

[0092] An organic EL device was produced in the same manner as in Example 13 except that bathocuproine (BCP)
was used instead of the compound 58 as the hole-blocking layer of Example 13.

[0093] Itwas confirmed thatthe local maximum wavelength of the emission spectrum of each of the devices of Examples
14 to 17 was 540 nm and hence light emission from Ir(ppy); was obtained. Table 2 shows their initial characteristics (at
20 mA/cm?2) as light-emitting characteristics.

[Table 2]
Example | Hole-blocking layer compound | Luminance (cd/m2) | Voltage (V) | Visual luminous efficiency (Im/W)
13 58 3300 8.0 6.5
14 59 3100 8.3 5.9
15 27 2500 7.9 5.0
16 28 2550 8.0 5.0
17 BCP 2300 7.7 47

Industrial Applicability

[0094] It is assumed that the carborane compound represented by the general formula (1) or (2) has a high triplet
excitation energy (T1) because the compound has a silyl group on at least one carbon of a carborane, and the compound
enables the fine adjustment of hole and electron mobilities, and the control of various energy values, i.e., an ionization
potential (IP) and an electron affinity (EA) because the compound has specific substituents on the other carbon and on
the silyl group. In addition, it may be possible to improve the stability of the carborane compound in each of active states,
i.e., oxidation, reduction, and excitation, and at the same time, the compound has a good amorphous characteristic. As
a result of the foregoing, the compound can realize an organic EL device having a long lifetime and high durability.
[0095] The organic EL device according to the present invention has light-emitting characteristics, driving lifetime, and
durability at practically satisfactory levels. Thus, the organic EL device has a high technical value in applications to flat
panel displays (display devices for portable phones, in-vehicle display devices, display devices for OA computers,
televisions, and the like), light sources utilizing characteristics of planar light emitters (light sources in lighting equipment
and copying machines and backlight sources in liquid crystal displays and instruments), sign boards, sign lamps, and
the like.
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Claims

1. Anorganic electroluminescent device material, characterized in that the organic electroluminescent device material
comprises a carborane compound represented by the general formula (1):
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(a)

in the general formula (1):

a ring CB represents a divalent carborane group C,B4oHg- represented by any one of the formula (a), the
formula (b), and the formula (c), and when a plurality of rings CB are present in a molecule, the rings may be
identical to or different from each other;

R represents hydrogen, a substituted or unsubstituted aliphatic hydrocarbon group having 1 to 12 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon group having 6 to 50 carbon atoms, or a substituted or
unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms, and a plurality of R’s may be identical
to or different from each other;

A represents a direct bond, an Si(R)4 group, a substituted or unsubstituted aromatic hydrocarbon group having
6 to 50 carbon atoms, or a substituted or unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms,
provided that A does not represent a direct bond except when p+m represents 2, and A represents a p+m-
valent group when A represents a group except a direct bond, R of the Si(R)4 group has the same meaning as
that of the R, and d represents an integer represented by 4-(p+m); and

p represents an integer of from 0 to 3, m represents an integer of from 1 to 4, n represents an integer of from
0 to 3, and p+m represents an integer of from 1 to 4.

2. An organic electroluminescent device material according to claim 1, wherein the organic electroluminescent device
material comprises a carborane compound represented by the general formula (2):

/ \ Ran/ \

[ A~ I [~~~
/p (2)

in the general formula (2), a ring CB, R, and A have the same meanings as those of the ring CB, R, and A of the
general formula (1), p represents an integer of from 0 to 3, and n represents an integer of from 0 to 3.
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3. Anorganic electroluminescent device material according to claim 1, wherein in the general formula (1), m represents

1 and the ring CB represents a divalent carborane group represented by the formula (b).

4. Anorganic electroluminescent device material accordingto claim 1, whereinin the generalformula (1), p represents 0.

5. An organic electroluminescent device, comprising:

a substrate (1);

an anode (2);

an organic layer; and

a cathode (7),

the anode, the organic layer, and the cathode being laminated on the substrate,

wherein the organic layer comprises at least one layer selected from the group consisting of a light-emitting
layer (5), a hole-transporting layer (4), an electron-transporting layer (6), an electron-blocking layer, and a hole-
blocking layer, characterized in that the at least one layer contains an organic electroluminescent device
material comprising a carborane compound represented by the general formula (1):

A
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in the general formula (i):

a ring CB represents a divalent carborane group -C,B4oHo- represented by any one of the formula (a), the
formula (b), and the formula (c), and when a plurality of rings CB are present in a molecule, the rings may be
identical to or different from each other;

R represents hydrogen, a substituted or unsubstituted aliphatic hydrocarbon group having 1 to 12 carbon atoms,
a substituted or unsubstituted aromatic hydrocarbon group having 6 to 50 carbon atoms, or a substituted or
unsubstituted aromatic heterocyclic group having 3 to 50 carbon atoms, and a plurality of R’s may be identical
to or different from each other;

A represents a direct bond, hydrogen, an Si(R)4 group, a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 50 carbon atoms, or a substituted or unsubstituted aromatic heterocyclic group having 3 to
50 carbon atoms, provided that A does not represent hydrogen except when p+m represents 1, A does not
represent a direct bond except when p+m represents 2, and A represents a p+m-valent group when A represents
a group except hydrogen and a direct bond, R of the Si(R)4 group has the same meaning as that of the R, and
d represents an integer represented by 4-(p+m); and

p represents an integer of from 0 to 3, m represents an integer of from 1 to 4, n represents an integer of from
0 to 3, and p+m represents an integer of from 1 to 4.

6. An organic electroluminescent device according to claim 5, wherein the light-emitting layer (5) contains the organic
electroluminescent device material and a phosphorescent light-emitting dopant.
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Patentanspriiche

1. Ein Material fUr eine organische Elektrolumineszenzvorrichtung, dadurch gekennzeichnet, dass das Material fir
eine organische Elektrolumineszenzvorrichtung eine Carboran-Verbindung der allgemeinen Formel (1) umfasst:

10

15

20

25

30

35

40

45

50

55

R3-n
R A CB Si ~ CB R
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(a) (b) ©

in der allgemeinen Formel (1):

ein Ring CB stellt eine zweiwertige Carboran-Gruppe -C,BoHo- dar, dargestellt durch eine der Formel (a),
der Formel (b) und der Formel (c), und wenn eine Mehrzahl der Ringe CB in einem Molekiil vorhanden ist,
kénnen die Ringe identisch oder verschieden voneinander sein;

R stellt Wasserstoff, eine substituierte oder unsubstituierte aliphatische Kohlenwasserstoff-Gruppe mit 1 bis 12
Kohlenstoffatomen, eine substituierte oder unsubstituierte aromatische Kohlenwasserstoff-Gruppe mit 6 bis 50
Kohlenstoffatomen oder eine substituierte oder unsubstituierte aromatische heterocyclische Gruppe mit 3 bis
50 Kohlenstoffatomen dar, und eine Mehrzahl von R’s kann identisch oder verschieden voneinander sein;

A stellt eine direkte Bindung, eine Si(R)4-Gruppe, eine substituierte oder unsubstituierte aromatische Kohlen-
wasserstoff-Gruppe mit 6 bis 50 Kohlenstoffatomen oder eine substituierte oder unsubstituierte aromatische
heterocyclische Gruppe mit 3 bis 50 Kohlenstoffatomen dar, mit der Malgabe, dass A keine direkte Bindung
darstellt, auBer wenn p+m 2 darstellt, und A stellt eine p+m-wertige Gruppe dar, sofern A eine Gruppe aulRer
einer direkten Bindung darstellt, R der Si(R)4-Gruppe hat die gleiche Bedeutung wie die von R, und d stellt eine
ganze Zahl dar, dargestellt durch 4-(p+m); und p stellt eine ganze Zahl von 0 bis 3 dar, m stellt eine ganze Zahl
von 1 bis 4 dar, n stellt eine ganze Zahl von 0 bis 3 dar, und p+m stellt eine ganze Zahl von 1 bis 4 dar.

2. Ein Material fiir eine organische Elektrolumineszenzvorrichtung gemaR Anspruch 1, wobei das Material fir eine
organische Elektrolumineszenzvorrichtung eine Carboran-Verbindung, dargestellt durch die allgemeine Formel (2),
umfasst:

P ()

in der allgemeinen Formel (2) haben ein Ring CB, R, und A die gleiche Bedeutung wie die des Rings CB, R, und A
der allgemeinen Formel (1), p stellt eine ganze Zahl von 0 bis 3 dar, und n stellt eine ganze Zahl von 0 bis 3 dar.
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Ein Material fr eine organische Elektrolumineszenzvorrichtung gemal Anspruch 1, wobeiin der allgemeinen Formel
(1), m 1 darstellt und der Ring CB eine zweiwertige Carboran-Gruppe, dargestellt durch Formel (b), darstellt.

Ein Material fr eine organische Elektrolumineszenzvorrichtung gemaR Anspruch 1, wobeiin der allgemeinen Formel
(1), p 0 darstellt.

Eine organische Elektrolumineszenzvorrichtung, umfassend:
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ein Substrat (1);

eine Anode (2);

eine organische Schicht; und

eine Kathode (7),

wobei die Anode, die organische Schicht, und die Kathode auf das Substrat laminiert sind,

wobei die organische Schicht mindestens eine Schicht, ausgewahlt aus der Gruppe bestehend aus einer lich-
temittierenden Schicht (5), einer lochtransportierenden Schicht (4), einer elektronentransportierenden Schicht
(6), einer Elektronensperrschicht, und einer Lochsperrschicht, umfasst, dadurch gekennzeichnet, dass die
mindestens eine Schicht ein Material fiir eine organische Elektrolumineszenzvorrichtung umfassend eine Car-
boran-Verbindung, dargestellt durch die allgemeine Formel (1), enthalt:

(a) (©

in der allgemeinen Formel (1):

ein Ring CB stellt eine zweiwertige Carboran-Gruppe -C,B4oH,o- dar, dargestellt durch eine der Formel (a),
der Formel (b) und der Formel (c), und wenn eine Mehrzahl der Ringe CB in einem Molekiil vorhanden ist,
kénnen die Ringe identisch oder verschieden voneinander sein;

R stellt Wasserstoff, eine substituierte oder unsubstituierte aliphatische Kohlenwasserstoff-Gruppe mit 1 bis 12
Kohlenstoffatomen, eine substituierte oder unsubstituierte aromatische Kohlenwasserstoff-Gruppe mit 6 bis 50
Kohlenstoffatomen oder eine substituierte oder unsubstituierte aromatische heterocyclische Gruppe mit 3 bis
50 Kohlenstoffatomen dar, und eine Mehrzahl von R’s kann identisch oder verschieden voneinander sein;

A stellt eine direkte Bindung, Wasserstoff, eine Si(R)4-Gruppe, eine substituierte oder unsubstituierte aromati-
sche Kohlenwasserstoff-Gruppe mit 6 bis 50 Kohlenstoffatomen oder eine substituierte oder unsubstituierte
aromatische heterocyclische Gruppe mit 3 bis 50 Kohlenstoffatomen dar, mit der MaRgabe, dass A nicht Was-
serstoff darstellt, auRer wenn p+m 1 darstellt, A stellt keine direkte Bindung dar, aufler wenn p+m 2 darstellt,
und A stellt eine p+m-wertige Gruppe dar, wenn A eine Gruppe aufter Wasserstoff und einer direkten Bindung
darstellt, R der Si(R)4-Gruppe hat die gleiche Bedeutung wie die von R, und d stellt eine ganze Zahl dar,
dargestellt durch 4-(p+m); und p stellt eine ganze Zahl von 0 bis 3 dar, m stellt eine ganze Zahl von 1 bis 4 dar,
n stellt eine ganze Zahl von 0 bis 3 dar, und p+m stellt eine ganze Zahl von 1 bis 4 dar.
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6. Ein organische Elektrolumineszenzvorrichtung gemafl Anspruch 5, wobei die lichtemittierende Schicht (5) das Ma-
terial fir eine organische Elektrolumineszenzvorrichtung und einen phosphoreszierenden lichtemittierenden Dotier-
stoff enthalt.

Revendications

1. Matériau pour dispositif électroluminescent organique, caractérisé en ce que le matériau pour dispositif électrolu-
minescent organique comprend un composé de carborane représenté par la formule générale (1) :

~@} <© o)

m M

\C

(a) {c)

dans la formule générale (1) :

un cycle CB représente un groupe carborane divalent -C,B4yHo- représenté par 'une quelconque des formule
(a), formule (b), et formule (c), et quand une pluralité de cycles CB est présente dans une molécule, les cycles
peuvent étre identiques ou différents les uns des autres ;

R représente un atome d’hydrogene, un groupe hydrocarbure aliphatique substitué ou non ayant de 1 a 12
atomes de carbone, un groupe hydrocarbure aromatique substitué ou non ayant de 6 a 50 atomes de carbone,
ou un groupe hétérocyclique aromatique substitué ou non ayant de 3 a 50 atomes de carbone, et une pluralité
de R peuvent étre identiques ou différents les uns des autres ;

A représente une liaison directe, un groupe Si(R)y4, un groupe hydrocarbure aromatique substitué ou non ayant
de 6 a 50 atomes de carbone, ou un groupe hétérocyclique aromatique substitué ou non ayant de 3 a 50 atomes
de carbone, a condition que A ne représente pas une liaison directe sauf quand p+m représente 2, et que A
représente un groupe p+m-valent quand A représente un groupe sauf une liaison directe, R dans le groupe
Si(R)4 a la méme signification que celle de R, et d représente un nombre entier représenté par 4-(p+m) ; et p
représente un nombre entier de 0 a 3, m représente un nombre entier de 1 a 4, n représente un nombre entier
de 0 a 3, et p+m représente un nombre entier de 1 a 4.

2. Matériau pour dispositif électroluminescent organique selon la revendication 1, dans lequel le matériau pour dispositif
électroluminescent organique comprend un composé de carborane représenté par la formule générale (2) :

_@\ (o y—st{cn

dans la formule générale (2), un cycle CB, R et A ont les mémes significations que celles du cycle CB, de R, etde
A dans la formule générale (1), p représente un nombre entier de 0 a 3, et n représente un nombre entier de 0 a 3.

(2

38



EP 2 793 280 B1

3. Matériau pour dispositif électroluminescent organique selon la revendication 1, dans lequel dans la formule générale
(1), m représente 1 et le cycle CB représente un groupe carborane divalent représenté par la formule (b).

4. Matériau pour dispositif électroluminescent organique selon la revendication 1, dans lequel dans la formule générale
(1), p représente 0.

5. Dispositif électroluminescent organique, comprenant :
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un substrat (1) ;

une anode (2) ;

une couche organique ; et

une cathode (7),

I'anode, la couche organique, et la cathode étant stratifiées sur le substrat,

dans lequel la couche organique comprend au moins une couche choisie dans le groupe constitué par une
couche électroluminescente (5), une couche transporteur de trous (4), une couche transporteur d’électrons (6),
une couche de blocage d’électrons, et une couche de blocage de trous, caractérisé en ce que ladite au moins
une couche contient un matériau pour dispositif électroluminescent organique comprenant un composé de
carborane représenté par la formule générale (1) :

(a)

dans la formule générale (1) :

un cycle CB représente un groupe carborane divalent -C,B,oH (- représenté par 'une quelconque des formule
(a), formule (b), et formule (c), et quand une pluralité de cycles CB est présente dans une molécule, les cycles
peuvent étre identiques ou différents les uns des autres ;

R représente un atome d’hydrogene, un groupe hydrocarbure aliphatique substitué ou non ayant de 1 a 12
atomes de carbone, un groupe hydrocarbure aromatique substitué ou non ayant de 6 a 50 atomes de carbone,
ou un groupe hétérocyclique aromatique substitué ou non ayant de 3 a 50 atomes de carbone, et une pluralité
de R peuvent étre identiques ou différents les uns des autres ;

A représente une liaison directe, un atome d’hydrogéne, un groupe Si(R)y4, un groupe hydrocarbure aromatique
substitué ou non ayant de 6 a 50 atomes de carbone, ou un groupe hétérocyclique aromatique substitué ou
non ayant de 3 a 50 atomes de carbone, a condition que A ne représente pas un atome d’hydrogéne sauf quand
p+mreprésente 1, que A ne représente pas une liaison directe sauf quand p+mreprésente 2, et que Areprésente
un groupe p+m-valent quand A représente un groupe sauf un atome d’hydrogene et une liaison directe, R dans
le groupe Si(R)4 a méme signification que celle de R, et d représente un nombre entier représenté par 4-(p+m) ;
et p représente un nombre entier de 0 a 3, m représente un nombre entier de 1 a 4, n représente un nombre
entier de 0 a 3, et p+m représente un nombre entier de 1 a 4.

6. Dispositif électroluminescent organique selon la revendication 5, dans lequel la couche électroluminescente (5)
contient le matériau pour dispositif électroluminescent organique et un dopant électroluminescent de type phospho-
rescent.
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Fig.2
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