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MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENTS, AND
ORGANIC ELECTROLUMINESCENT
ELEMENT USING SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent device using an ortho-carborane compound as
a material for organic electroluminescent devices, and more
specifically, to a thin film-type device that emits light by
applying an electric field to a light-emitting layer containing
an organic compound.

BACKGROUND ART

[0002] In general, an organic electroluminescent device
(hereinafter referred to as organic EL device) includes a light-
emitting layer and a pair 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] Inrecent years, progress has been made in develop-
ing an organic EL device using an organic thin film. In order
to enhance luminous efficacy particularly, the optimization of
the 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 and a light-emitting layer formed of an 8-hydrox-
yquinoline aluminum complex (Alq;) are formed between
electrodes as thin films, resulting in a significant improve-
ment in luminous efficacy, as compared to related-art devices
in which a single crystal of anthracene 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, investigations have been made on using
phosphorescent light rather than fluorescent light as an
attempt to raise the luminous efficacy 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 Alq; are formed 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 efficacy is expected to be
improved by from about three times to about four times, as
compared to the case of using related-art devices in which
fluorescent light (singlet) is used. In order to accomplish this
purpose, investigations have been made on adopting a cou-
marin derivative or a benzophenone derivative as a light-
emitting layer, but extremely low luminance has only been
provided. Further, investigations 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 investigations have been made mainly on
an organic metal complex, such as an iridium complex, as
described in Patent Literature 1, for the purpose of attaining
high luminous efficacy and a long lifetime.

[0005] A device construction is also important for obtain-
ing high luminous efficacy. For example, the following con-
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struction is given. A hole-blocking layer is laminated between
the light-emitting layer and an electron-transporting layer for
the purpose of trapping a hole in the light-emitting layer to
increase the probability that an electron and the hole recom-
bine in the light-emitting layer. The use of the hole-blocking
layer can be expected to improve the luminous efficacy.

[0006] As described in the foregoing, both charges (a hole
and an electron) need to recombine in the light-emitting layer
with high probability in order that high luminous efficacy
may be obtained in the organic EL device. Further, hole-
blocking materials (including an electron-transporting mate-
rial) themselves have been desired to be compounds each of
which is electrochemically stable, and brings together high
heat resistance and excellent amorphous stability, and hence
further improvements thereof have been required.

CITATION LIST

Patent Literature
[0007] [PTL 1]JP 2003-515897 A
[0008] [PTL 2] JP 2005-162709 A
[0009] [PTL 3] JP 2005-166574 A
[0010] [PTL 4] US 2012/0319088 A1
[0011] [PTL 5] WO 2013/094834 Al

Non Patent Literature

[0012] [NPL 1]J. Am.Chem. Soc. 2012, 134,17982-17990
[0013] In Patent Literatures 2 to 5 and Non Patent Litera-

ture 1, there are disclosures of such carborane compounds as
shown below.
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[0014] However, none of the literatures discloses the use-
fulness of a compound obtained by bonding a silyl group to a
carbon atom of an ortho-carborane skeleton through an aro-
matic group.

SUMMARY OF INVENTION

[0015] 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 efficacy 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 that has high
efficiency and high driving stability and is practically useful
and a compound suitable for the organic EL device.

[0016] The inventors of the present invention have made
intensive investigations and have consequently found that,
when an ortho-carborane compound in which a silyl group is
bonded through an aromatic hydrocarbon group or an aro-
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matic heterocyclic group is used in an organic EL device, the
organic EL, device exhibits excellent characteristics. As a
result, the present invention has been completed.

[0017] The present invention is directed to a material for
organic electroluminescent devices, including an ortho-cat-
borane compound represented by the general formula (1).

@

Ry Ry
| Lt L

Rz—Ti Si—Rs
R3 " R5

? q

(%)

[0018] In the general formula (1), a ring A represents a
divalent ortho-carborane group C,B, H, , represented by the
formula (1a), L, and L,, which represent a p+1-valent group
and a q+1-valent group, respectively, each independently rep-
resent a substituted or unsubstituted aromatic hydrocarbon
group having 6 to 30 carbon atoms, a substituted or unsubsti-
tuted aromatic heterocyclic group having 3 to 30 carbon
atoms, or a linked aromatic group formed by linking 2 to 6
aromatic groups selected from the aromatic hydrocarbon
group and the aromatic heterocyclic group, when L, or L,
represents the linked aromatic group, the group may be linear
or branched, and the aromatic rings to be linked may be
identical to or different from each other, R;, R,, R;, R,, R,
and R, each independently represent an aliphatic hydrocar-
bon group having 1 to 12 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 18
carbon atoms, or a substituted or unsubstituted aromatic het-
erocyclic group having 3 to 17 carbon atoms, R, and R, each
independently represent hydrogen, an aliphatic hydrocarbon
group having 1 to 12 carbon atoms, a substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 18 carbon
atoms, or a substituted or unsubstituted aromatic heterocyclic
group having 3 to 17 carbon atoms, p represents an integer of
from 1 to 5, q represents an integer of from 0 to 5, and r
represents an integer of from 1 to 4.

[0019] Of the ortho-carborane compounds each repre-
sented by the general formula (1), an ortho-carborane com-
pound represented by the following general formula (2) is
given as a preferred compound.

(1a)

_ s 9 L [
RZ j: \C/ /L2
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[0020] Inthe general formula (2),L,,1,. R, to Ry, andpto
r are identical in meaning to those in the general formula (1).

[0021] Inthe general formula (2), it is preferred that L., and
L, each independently represent a substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 18 carbon
atoms, a substituted or unsubstituted aromatic heterocyclic
grouphaving 3 to 17 carbon atoms, or a linked aromatic group
formed by linking 2 to 6 aromatic groups selected from the
aromatic hydrocarbon group and the aromatic heterocycle. In
addition, it is preferred that R, to R4 each independently
represent an aliphatic hydrocarbon group having 1 to 10
carbon atoms, or a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 12 carbon atoms.

[0022] The present invention is also directed to an organic
electroluminescent device having a structure in which an
anode, an organic layer, and a cathode are laminated on a
substrate, in which the organic layer includes an organic layer
containing the above-mentioned material for organic elec-
troluminescent devices.

[0023] Here, the organic layer containing the material for
organic electroluminescent devices is preferably an electron-
transporting layer, a hole-blocking layer, or an exciton-block-
ing layer.

[0024] The ortho-carborane compound to be used in the
organic electroluminescent device of the present invention is
also referred to as “material for organic electroluminescent
devices” because the compound is used as a material for
organic electroluminescent devices. The organic electrolumi-
nescent device, which may be a phosphorescent light-emit-
ting device or may be a fluorescent light-emitting device, is
preferably a phosphorescent light-emitting device. The ortho-
carborane compound has a structure in which a silyl group is
bonded to an ortho-carborane skeleton through an aromatic
hydrocarbon group or an aromatic heterocyclic group. The
ortho-carborane skeleton having bonded thereto to the aro-
matic hydrocarbon group or the aromatic heterocyclic group
has high abilities to inject and transport both charges, but its
charge-injecting/transporting properties need to be optimized
for additional improvements in characteristics of charge-in-
jecting/transporting. However, it is difficult to control the
distribution of a molecular orbital deeply involved in the
charge-injecting/transporting properties merely by introduc-
ing any other substituent into the aromatic hydrocarbon group
or the aromatic heterocyclic group. In view of the foregoing,
the inventors have found that the injecting/transporting prop-
erties for both charges, especially electron-injecting/trans-
porting properties can be controlled to more preferred ranges
by introducing a substituent containing a silicon atom that can
divide the spread of the molecular orbital. The use of such
compound as a host material having electron-transporting
property for a light-emitting layer, a material for the electron-
transporting layer, a material for the hole-blocking layer, ora
material for the exciton-blocking layer, in the organic EL
device can reduce the voltage at which the device is driven.

[0025] Inaddition, the material for phosphorescent devices
shows a satisfactory amorphous characteristic and high heat
stability because groups linked onto a silicon atom are not
present on the same plane, and hence the groups hardly pack
or interact with each other, and the crystallinity of the material
is low. In other words, a device using the material for phos-
phorescent devices has enabled the realization of an organic
EL device having a long driving lifetime and high durability.
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BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1isasectional view for illustrating an example
of the structure of an organic EL device.

[0027] FIG. 2is an NMR chart of an ortho-carborane com-
pound 1.
[0028]
pound 3.
[0029] It should be noted that respective reference numer-
als in FIG. 1 represent the following: 1: a substrate, 2: an
anode, 3: a hole-injecting layer, 4: a hole-transporting layer,
5: a light-emitting layer, 6: an electron-transporting layer, 7:
a cathode.

FIG. 3 is an NMR chart of an ortho-carborane com-

DESCRIPTION OF EMBODIMENTS

[0030] A material for organic electroluminescent devices
of the present invention is an ortho-carborane compound
represented by the general formula (1). The ortho-carborane
compound exhibits such excellent effects as described above
probably because the compound has a structure of being
substituted with an aromatic hydrocarbon group or an aro-
matic heterocycle having bonded thereto a silyl group. Sym-
bols common to the general formulae (1) and (2) are inter-
preted as having the same meanings.

[0031] In the general formula (1), L, and L, each indepen-
dently represent a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 carbon atoms, a substituted
or unsubstituted aromatic heterocyclic group having 3 to 30
carbon atoms, or a linked aromatic group formed by linking 2
to 6 aromatic rings of aromatic groups selected from the
aromatic hydrocarbon group and the aromatic heterocyclic
group, and when the aromatic rings are linked, the linked
aromatic group may be linear or branched, and the aromatic
rings to be linked may be identical to or different from each
other. L; and [, each preferably represent a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 18
carbon atoms, a substituted or unsubstituted aromatic hetero-
cyclic group having 3 to 17 carbon atoms, or a linked aromatic
group formed by linking 2 to 4 aromatic rings of the aromatic
hydrocarbon group, the substituted or unsubstituted aromatic
heterocyclic group having 3 to 17 carbon atoms, or the aro-
matic hydrocarbon group and the aromatic heterocyclic
group. It should be noted that L, represents a p+1-valent
group and L, represents a q+1-valent group.

[0032] Specific examples of the unsubstituted aromatic
hydrocarbon group include groups each produced by remov-
ing a hydrogen atom from an aromatic hydrocarbon com-
pound, such as benzene, naphthalene, fluorene, anthracene,
phenanthrene, fluoranthene, pyrene, chrysene, or triph-
enylene, or an aromatic hydrocarbon compound in which a
plurality of these compounds are linked to each other. Of
those, a group produced by removing a hydrogen atom from
benzene, naphthalene, anthracene, phenanthrene, or triph-
enylene is preferred.

[0033] Specific examples ofthe unsubstituted aromatic het-
erocyclic group include linking groups each produced by
removing a hydrogen atom from an aromatic heterocyclic
compound, such as pyridine, pyrimidine, triazine, quinoline,
isoquinoline, quinoxaline, naphthyridine, carbazole, diben-
zofuran, dibenzothiophene, acridine, azepine, tribenza-
zepine, phenazine, phenoxazine, phenothiazine, dibenzo-
phosphole, or dibenzoborole, or an aromatic heterocyclic
compound in which a plurality of these compounds are linked
to each other. Of those, a group produced by removing a
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hydrogen atom from pyridine, pyrimidine, triazine, carba-
zole, dibenzofuran, or dibenzothiophene is preferred.

[0034] A group produced by removing a hydrogen atom
from an aromatic compound having a structure in which a
plurality of aromatic rings of aromatic hydrocarbon com-
pounds or aromatic heterocyclic compounds are linked to
each other is referred to as “linked aromatic group.” The
linked aromatic group is a group formed by linking 2 to 6
aromatic rings, the aromatic rings to be linked may be iden-
tical to or different from each other, and both an aromatic
hydrocarbon group and an aromatic heterocyclic group may
be included. The number of the aromatic rings to be linked is
preferably from 2 to 4, more preferably 2 or 3.

[0035] Specific examples of the linked aromatic group
include groups each produced by removing a hydrogen atom
from biphenyl, terphenyl, phenylnaphthalene, diphenylnaph-
thalene, phenylanthracene, diphenylanthracene, diphe-
nylfluorene, bipyridine, bipyrimidine, bitriazine, biscarba-
zole, bisdibenzofuran, bisdibenzothiophene, phenylpyridine,
phenylpyrimidine, phenyltriazine, phenylcarbazole, phe-
nyldibenzofuran, phenyldibenzothiophene, diphenylpyri-
dine, diphenyltriazine, bis(carbazolyl)benzene, bis(dibenzo-
furanyl)benzene, bis(dibenzothiophenyl)benzene, or the like.
[0036] The aromatic hydrocarbon group, the aromatic het-
erocyclic group, or the linked aromatic group may have a
substituent, and when any such group has a substituent, a
preferred substituent is an alkyl group having 1 to 12 carbon
atoms, an alkoxy group having 1 to 12 carbon atoms, a cyano
group, or an acetyl group. A more preferred substituent is an
alkyl group having 1 to 4 carbon atoms, an alkoxy group
having 1 or 2 carbon atoms, or an acetyl group.

[0037] Here, when the linked aromatic group is a divalent
group, the group is represented by, for example, any one of the
following formulae, and its aromatic rings may be linked in a
linear manner or a branched manner.

Ary
— Ar—An—Ar— ——Ar—An—Arn—
Aty
—Arl—/er—Arg—
1|&.r5
lll.rs

[0038] Inthe formulae, Ar, to Ar, each represent an unsub-
stituted aromatic hydrocarbon ring or aromatic heterocycle.

[0039] Inthe general formula (1), p represents an integer of
from 1 to 5, preferably from 1 to 2. q represents an integer of
from 0 to 5, preferably from 0 to 2. r represents an integer of
from 1 to 4, preferably from 1 to 2. p+q is preferably from 1
to 5, more preferably 1 or 2.

[0040] In the general formula (1), R, to R, each indepen-
dently represent an aliphatic hydrocarbon group having 1 to
12 carbon atoms, an aromatic hydrocarbon group having 6 to
18 carbon atoms, or an aromatic heterocyclic group having 3
to 17 carbon atoms. R, to R each preferably represent an
aliphatic hydrocarbon group having 1 to 10 carbon atoms, or
an aromatic hydrocarbon group having 6 to 12 carbon atoms.
It should be noted that the aliphatic hydrocarbon group may
be saturated or unsaturated, and may be linear, branched, or
cyclic, but is more preferably an alkyl group.

[0041] Specific examples of R, to R, include: alkyl groups,
such as a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, a pentyl group, ahexyl group,
and an octyl group; cycloalkyl groups, such as a cyclopentyl
group and a cyclohexyl group; and aromatic hydrocarbon
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groups or aromatic heterocyclic groups, such as a phenyl
group, a pyridyl group, a pyrimidy! group, a triazyl group, a
naphthyl group, a quinolyl group, an isoquinolyl group, a
quinazolyl group, a phthalazyl group, a fluorenyl group, a
carbazolyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group. Of those, a phenyl group, a pyridyl
group, apyrimidyl group, a triazyl group, a naphthyl group, a
quinolyl group, an isoquinolyl group, a fluorenyl group, or a
carbazolyl group is preferred.

[0042] These groups may each further have a substituent,
and the substituent is preferably an alkyl group having 1 to 4
carbon atoms, an alkoxy group having 1 or 2 carbon atoms, an
acetyl group, a cyano group, an aromatic hydrocarbon group
having 6 to 12 carbon atoms, or an aromatic heterocyclic
group having 3 to 12 carbon atoms. Specific examples thereof
include a methyl group, an ethyl group, an isopropyl group, a
butyl group, a methoxy group, an ethoxy group, an acetyl
group, a phenyl group, a pyridyl group, a pyrimidyl group, a
triazyl group, a naphthyl group, a quinolyl group, an iso-
quinolyl group, a fluorenyl group, a carbazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and a
cyano group. In the case where R, to R, each represent an
aromatic hydrocarbon group or an aromatic heterocyclic
group, and a substituent thereof is an aromatic hydrocarbon
group or an aromatic heterocyclic group, such group is
referred to as “linked aromatic group” in the description of L,
or L,. Even in such case, however, the group is treated as a
substituted aromatic group in description except the descrip-
tion of L, or L,.

[0043] Inthe general formula (1), R, and R; each indepen-
dently represent hydrogen, an aliphatic hydrocarbon group
having 1 to 12 carbon atoms, an aromatic hydrocarbon group
having 6 to 18 carbon atoms, or an aromatic heterocyclic
grouphaving 3 to 17 carbon atoms. R, and R each preferably
represent hydrogen, an aliphatic hydrocarbon group having 1
to 8 carbonatoms, an aromatic hydrocarbon group having 6 to
12 carbon atoms, or an aromatic heterocyclic group having 3
to 12 carbon atoms. The groups are the same as those
described for R, to R4 except that hydrogen is included.

[0044] 1In the general formula (1), a ring A represents a
divalent ortho-carborane group C,B,H, , represented by the
formula (1a). The two bonding hands of the formula (1a) may
each be produced from C or may each be produced from B,
but a bonding hand to be bonded to L, or L, is preferably
produced from C. It should be noted that part or all of the
hydrogen atoms of the ortho-carborane compound may each
be substituted with deuterium.

[0045] Forexample, as an ortho-carborane parent skeleton,
(A-1) may be synthesized in accordance with the following
reaction formula with reference to a synthesis example
described in Macromolecules, 2010, 43, p 6463-6468.

Decaborane,
N,N-dimethylaniline
Br — B —mmm
Toluene
Br.
c?
IC
Br
[A-1]
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[0046] (A-2) may be synthesized in accordance with the _continued

following reaction formula with reference to synthesis 3
examples described in European Journal of Inorganic Chem-

istry, 2010, p 2012-2024 and Inorganic Chemistry, 1995, 34,

p 2095-2100.

12, H2CO4, HNO3
HCZ/\CH —— > HC/AGCCH  +
) / acetic acid

MgBr

bis-triphenylphosphine-palladium(IT)chloride,
copper(l)iodine Si

Diethylether, THF

O HCCH QQ\

[A-2]
[0047] Specific examples of the ortho-carborane com- 5
pound represented by the general formula (1) or (2) are shown
below. However, the material for organic electroluminescent
devices of the present invention is not limited thereto.
| /@
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34

O

[0048] When the material for organic electroluminescent
devices of the present invention is contained in at least one of
a plurality of organic layers of an organic EL device having a
structure in which an anode, the plurality of organic layers,
and a cathode are laminated on a substrate, an excellent
organic electroluminescent device is provided. A light-emit-
ting layer, an electron-transporting layer, a hole-blocking
layer, or an exciton-blocking layer is suitable as the organic
layer in which the material for organic electroluminescent
devices of the present invention is contained. Here, when the
compound of the present invention is used in the light-emit-
ting layer, the compound can be used as a host material for the
light-emitting layer containing a fluorescent light-emitting,
delayed fluorescent light-emitting, or phosphorescent light-
emitting dopant. In addition, the compound of the present
invention can be used as an organic light-emitting material
that radiates fluorescence and delayed fluorescence. When
the compound of the present invention is used as an organic
light-emitting material that radiates fluorescence and delayed
fluorescence, any other organic compound having a value for
at least one of excited singlet energy or excited triplet energy
higher than that of the compound is preferably used as the
host material. The compound of the present invention is par-
ticularly preferably incorporated as a host material for the
light-emitting layer containing the phosphorescent light-
emitting dopant.

[0049] Next, an organic EL device using the material for
organic electroluminescent devices of the present invention is
described.

[0050] 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 sub-
strate. In addition, at least one of the organic layers contains
the material for organic electroluminescent devices of the
present invention. The material for organic electrolumines-
cent devices of the present invention is advantageously con-
tained in the light-emitting layer, an electron-transporting
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layer, a hole-blocking layer, or an exciton-blocking layer. In
particular, the material for organic electroluminescent
devices of the present invention is preferably contained in an
electron-transporting layer, a hole-blocking layer, or an exci-
ton-blocking layer.

[0051] 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.

[0052] FIG.1isasectional view forillustrating an example
of the structure of a general organic EL device used in the
present invention. Reference numeral 1 represents a sub-
strate, reference numeral 2 represents an anode, reference
numeral 3 represents a hole-injecting layer, reference
numeral 4 represents a hole-transporting layer, reference
numeral 5 represents a light-emitting layer, reference
numeral 6 represents an electron-transporting layer, and ref-
erence numeral 7 represents a cathode. The organic EL device
of the present invention may include an exciton-blocking
layer adjacent to the light-emitting layer, or may include a
hole-blocking layer between the light-emitting layer and the
electron-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-injecting/transporting layer means any
one or both of the hole-injecting layer and the hole-transport-
ing layer, and that the electron-injecting/transporting layer
means any one or both of an electron-injecting layer and the
electron-transporting layer.

[0053] It should be noted that it is possible to adopt a
reverse structure as compared to 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 as required.

[0054] —Substrate—

[0055] 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.

[0056] —Anode—

[0057] Preferably used as the anode in the organic EL
device is an anode formed by using, as an electrode substance,
any ofa 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 sub-
stance include metals such as Au and conductive transparent
materials such as Cul, indium tin oxide (ITO), SnO,, and
Zn0. In addition, a material such as IDIXO (In,0,—Z7Zn0O)
which can produce an amorphous, transparent conductive
film, may be used. In order to produce the anode, it may be
possible to form any of those electrode substances into a thin
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film by using a method such as vapor deposition or sputtering
and form a pattern having a desired shape thereon by photo-
lithography. Alternatively, in the case of not requiring high
pattern accuracy (about 100 um or more), a pattern may be
formed via a mask having a desired shape when any of the
above-mentioned electrode substances is subjected to vapor
deposition or sputtering. Alternatively, when a coatable sub-
stance, such as an organic conductive compound, is used, a
wet film-forming method, such as a printing method or a
coating method, may be used. When luminescence is taken
out from the anode, the transmittance of the anode is desirably
controlled to more than 10%. In addition, the sheet resistance
of the anode is preferably several hundred ohms per square
(€2/0) or less. Further, the thickness of the film is, depending
on its material, selected from the range of generally from 10
nm to 1,000 nm, preferably from 10 nm to 200 nm.

[0058] —Cathode—

[0059] 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 small 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-
nun/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, which is a stable metal having a larger work
function value than the former metal, such as a magnesium/
silver mixture, a magnesium/aluminum mixture, a magne-
sium/indium mixture, an aluminum/aluminum oxide (A1,0;)
mixture, or a lithium/aluminum mixture, or aluminum, is
suitable from the viewpoints of an electron-injecting property
and durability against oxidation or the like. The cathode can
be produced by forming any of those electrode substances
into a thin film by using a method such as vapor deposition or
sputtering. In addition, the sheet resistance of the cathode is
preferably several hundred £/7 or less, and the thickness of
the film is selected from the range of generally from 10 nm to
5 um, preferably from 50 nm 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.

[0060] In addition, after the above-mentioned metal has
been formed into a film having a thickness of from 1 nm to 20
nm as a cathode, the conductive transparent material 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. Through the application of this, a
device in which both the anode and cathode have transpar-
ency can be produced.

[0061] —Light-Emitting Layer—

[0062] 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 contains an organic
light-emitting material and a host material

[0063] When the light-emitting layer is a fluorescent light-
emitting layer, at least one kind of fluorescent light-emitting
material may be used alone as the fluorescent light-emitting
material. However, it is preferred that the fluorescent light-
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emitting material be used as a fluorescent light-emitting
dopant and the host material be contained.

[0064] The ortho-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 deriva-
tive, a benzothiazole derivative, a benzimidazole derivative, a
styrylbenzene derivative, a polyphenyl derivative, a diphe-
nylbutadiene derivative, a tetraphenylbutadiene derivative, a
naphthalimide derivative, a coumarin derivative, a fused aro-
matic compound, a perinone derivative, an oxadiazole deriva-
tive, an oxazine derivative, an aldazine derivative, a pyrroli-
dine derivative, a cyclopentadiene derivative, a
bisstyrylanthracene derivative, a quinacridone derivative, a
pyrrolopyridine derivative, a thiadiazolopyridine derivative, a
styrylamine derivative, a diketopyrrolopyrrole derivative, an
aromatic dimethylidene compound, various metal complexes
typified by a metal complex of an 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 fused aro-
matic 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,  dibenzo[a,jlan-
thracene, dibenzo[a,h]anthracene, benzo[a]naphthacene,
hexacene, anthanthrene, naphtho[2,1-flisoquinoline,
a-naphthaphenanthridine, phenanthroxazole, quinolino[6,5-
flquinoline, or benzothiophanthrene. Those compounds may
each have an alkyl group, aryl group, aromatic heterocyclic
group, or diarylamino group as a substituent.

[0065] The ortho-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 litera-
tures, and hence can be selected therefrom. For example, the
following material can be used: a compound having a fused
aryl ring, such as naphthalene, anthracene, phenanthrene,
pyrene, chrysene, naphthacene, triphenylene, perylene, fluo-
ranthene, fluorene, or indene, or a derivative thereof; an aro-
matic amine derivative, such as N,N'-dinaphthyl-N,N'-diphe-
nyl-4,4'-diphenyl-1,1'-diamine; a metal chelated oxinoid
compound typified by tris(8-quinolinato)aluminum(III); a
bisstyryl derivative, such as a distyrylbenzene derivative; a
tetraphenylbutadiene derivative; an indene derivative; a cou-
marin derivative; an oxadiazole derivative; a pyrrolopyridine
derivative; a perinone derivative; a cyclopentadiene deriva-
tive; a pyrrolopyrrole derivative; a thiadiazolopyridine
derivative; a dibenzofuran derivative; a carbazole derivative;
an indolocarbazole derivative; a triazine derivative; or a poly-
mer-based derivative, such as a polyphenylene vinylene
derivative, a poly-p-phenylene derivative, a polyfluorene
derivative, a polyvinyl carbazole derivative, or a poly-
thiophene derivative. However, the fluorescent host material
is not particularly limited thereto.

[0066] When the fluorescent light-emitting material is used
as a fluorescent light-emitting dopant and the host material is
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contained, the content of the fluorescent light-emitting
dopant in the light-emitting layer desirably falls within the
range of from 0.01 wt % to 20 wt %, preferably from 0.1 wt %
to 10 wt %.

[0067] Anorganic 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, it is said
that 25% of the produced excitons are excited to a singlet
excited state and the remaining 75% of the excitons are
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 trip-
let-triplet annihilation or the absorption of 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. It should be noted that
light emission from thehost material may be present in part of
the light emission.

[0068] When the light-emitting layer is a phosphorescent
light-emitting layer, the light-emitting layer contains a phos-
phorescent 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 ruthe-
nium, rhodium, palladium, silver, rhenium, osmium, iridium,
platinum, and gold.

[0069] Preferred examples of the phosphorescent light-
emitting dopant include complexes such as Ir(ppy);, com-
plexes such as Ir(bt),.acac,, and complexes such as PtOEL;,
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.

N
P
\Ir
R, -
Rj
Ry

L —I3

R1:H,CH;, CFs, F
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R3: CH;, CH2CH3

[0070] Itis preferred that the content of the phosphorescent
light-emitting dopant in the light-emitting layer fall within
the range of from 2 wt % to 40 wt %, preferably from 5 wt %
to 30 wt %.

[0071] When the light-emitting layer is a phosphorescent
light-emitting layer, it is preferred to use, as ahost material in
the light-emitting layer, the ortho-carborane compound rep-
resented by the general formula (1) according to the present
invention. However, when the ortho-carborane compound is
used in any other organic layer except the light-emitting layer,
the material to be used in the light-emitting layer may be
another host material except the ortho-carborane compound.
Inaddition, the ortho-carborane 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.

[0072] It is preferred to use, as a usable known host com-
pound, a compound that has a hole-transporting ability or an
electron-transporting ability, is capable of preventing lumi-
nescence from having a longer wavelength, and has a high
glass transition temperature.

[0073] Any such other host material is known through, for
example, many patent literatures, and hence can be selected
therefrom. Specific examples of the host material include, but
are not particularly limited to, an indole derivative, a carba-
zole derivative, a triazole derivative, an oxazole derivative, an
oxadiazole derivative, an imidazole derivative, a polyarylal-
kane derivative, a pyrazoline derivative, a pyrazolone deriva-
tive, 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, an aromatic tertiary
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amine compound, a styrylamine compound, an aromatic dim-
ethylidene-based compound, a porphyrin-based compound,
an anthraquinodimethane derivative, an anthrone derivative, a
diphenylquinone derivative, a thiopyran dioxide derivative, a
heterocyclic tetracarboxylic acid anhydride, such as naphtha-
lene 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 polyphe-
nylene derivative, a polyphenylenevinylene derivative, and a
polyfluorene derivative.

[0074] The light-emitting layer, which may be any one of a
fluorescent light-emitting layer, a delayed fluorescent light-
emitting layer, and a phosphorescent light-emitting layer, is
preferably the phosphorescent light-emitting layer.

[0075] —Injecting Layer—

[0076] 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-transporting
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.

[0077] —Hole-Blocking Layer—

[0078] 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.

[0079] Itis preferred to use the ortho-carborane compound
represented by the general formula (1) according to the
present invention for the hole-blocking layer. However, when
the ortho-carborane compound is used in any other organic
layer, a known material for a hole-blocking layer may be
used. In addition, a material for the electron-transporting
layer to be described later can be used as a material for the
hole-blocking layer as required.

[0080] —Electron-Blocking Layer—

[0081] 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.

[0082] A material for the hole-transporting layer to be
described later can be used as a material for the electron-
blocking layer as required. The thickness of the electron-
blocking layer is preferably from 3 nm to 100 nm, more
preferably from 5 nm to 30 nm.

[0083] —Exciton-Blocking Layer—

[0084] The exciton-blocking layer refers to a layer for
blocking excitons produced by the recombination of a hole
and an electron in the light-emitting layer from diffusing into
charge-transporting layers. The insertion of this layer enables
efficient confinement of the excitons in the light-emitting
layer, thereby being able to improve the luminous efficacy of
the device. The exciton-blocking layer can be inserted on any
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of the anode side and the cathode side of the adjacent light-
emitting layer, and can also be inserted simultaneously on
both sides.

[0085] Although the ortho-carborane compound repre-
sented by the general formula (1) can be used as a material for
the exciton-blocking layer, as other materials therefor, there
are given, for example, 1,3-dicarbazolylbenzene (mCP) and
bis(2-methyl-8-quinolinolato)-4-phenylphenolatoaluminum
(1) (BAlg).

[0086] —Hole-Transporting Layer—

[0087] 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 can be formed.

[0088] The hole-transporting material has a hole-injecting
property or a hole-transporting property or has an electron-
blocking property, and any of an organic material and an
inorganic material can be used as the hole-transporting mate-
rial. Although the ortho-carborane compound represented by
the general formula (1) can be used as a hole-transporting
material that can be used, it is preferred to use any compound
selected from conventionally known compounds. Examples
of the known hole-transporting material that can be used
include a triazole derivative, an oxadiazole derivative an imi-
dazole derivative, a polyarylalkane derivative, 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 derivative, an aniline-based
copolymer, and a conductive high-molecular weight oligo-
met, in particular, a thiophene oligomer. However, a porphy-
rin compound, an aromatic tertiary amine compound, or a
styrylamine compound is preferably used, and an aromatic
tertiary amine compound is more preferably used.

[0089] —Electron-Transporting Layer—

[0090] Theelectron-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 can be formed.

[0091] An electron-transporting material (which also
serves as a hole-blocking material in some cases) only needs
to have a function of transferring electrons injected from the
cathode into the light-emitting layer. Although it is preferred
to use the ortho-carborane derivative represented by the gen-
eral formula (1) according to the present invention for the
electron-transporting layer, any compound selected from
conventionally known compounds can be used. Examples
thereof include a nitro-substituted fluorene derivative, a
diphenylquinone derivative, a thiopyran dioxide derivative, a
carbodiimide, a  fluorenylidenemethane  derivative,
anthraquinodimethane, an anthrone derivative, and an oxa-
diazole derivative. Further, a thiadiazole derivative prepared
by substituting an oxygen atom on an oxadiazole ring with a
sulfur atom in the oxadiazole derivative or a quinoxaline
derivative that has a quinoxaline ring known as an electron
withdrawing group can be used as the electron-transporting
material. Further, a polymer material in which any such mate-
rial is introduced in a polymer chain or is used as a polymer
main chain can be used.

EXAMPLES

[0092] Now, the present invention is described in more
detail by way of Examples. It should be appreciated that the
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present invention is not limited to Examples below and can be
carried out in various forms as long as the various forms do
not deviate from the gist of the present invention.

[0093] Theroute described below was used to synthesize an
ortho-carborane compound to be used as a material for
organic electroluminescent devices. It should be noted that
the number of each compound corresponds to the number
given to the chemical formula.

Example 1

[0094] A compound 1 is synthesized in accordance with the
following reaction formulae.

)
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e
1N
Si

[0095] Under a nitrogen atmosphere, 1.72 g (0.00149 mol)
of tetrakis(triphenylphosphine)palladium(0), 34.3 g (0.0825
mol) of 4-bromotetraphenylsilane, 25.0 g (0.0412 mol) of
bis(tributylstannyl) acetylene, and 300 mL of 1,4-dioxane
were added, and the mixture was stirred at 120° C. overnight.
The reaction solution was cooled to room temperature, and
then the precipitated crystal was taken by filtration and the
resultant solid was purified by silica gel column chromatog-
raphy to provide 13.0 g (18.7 mmol, 45.3% yield) of an
intermediate A as a white solid.

[0096] Under a nitrogen atmosphere, 2.23 g (0.0186 mol)
of decaborane and 229 mL of toluene were added, and
decaborane was completely dissolved in toluene. 2.34 mL of
N,N-dimethylaniline was dropped to the solution and the
mixture was stirred at room temperature for 30 min. After
that, 13.0 g (18.7 mmol) of the intermediate A was added to
the resultant and the mixture was stirred at 120° C. overnight.
The reaction solution was cooled to room temperature, and
then the precipitated crystal was taken by filtration and the
resultant solid was purified by crystallization to provide 8.01
2 (9.83 mmol, 52.8% yield) of the compound 1 as a white
solid. The FD-MS of the compound showed an [M+H]" ion
peak at an m/z of 814. The results of its "H-NMR measure-
ment (measurement solvent: CDCl,) are shown in FIG. 2.

Example 2

[0097] A compound 3 is synthesized in accordance with the
following reaction formulae.

Br

N
+ §i—Cl —=

/N

Br

17
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[0098] Under a nitrogen atmosphere, 63.6 g (0.268 mol) of
2,6-dibromopyridine and 1,080 mL of tetrahydrofuran (THF)
were added, and the mixture was cooled to -50° C. After that,
a2.69 M solution of n-butyllithium in hexane was dropped to
the mixture, and the whole was stirred at —=50° C. for 2 hr. 78.4
2 (0.266 mol) of triphenylchlorosilane dissolved in 240 ml of
THF and 160 ml of diethyl ether was dropped to the resultant
black solution. After that, the mixture was stirred overnight
while its temperature was gradually increased to room tem-
perature. Ethyl acetate (1,000 mL) and 1 N hydrochloric acid
(1,000 mL) were added to the resultant reaction liquid while
the liquid was stirred, followed by the washing of an organic
layer with distilled water (3x500 mL) The organic layer was
dried with anhydrous magnesium sulfate, and then magne-
sium sulfate was separated by filtration and the solvent was
distilled offunder reduced pressure. The resultant residue was
purified by silica gel column chromatography to provide 18.5
g (44.4 mmol, 17% yield) of an intermediate B as a white
solid.

[0099] Under a nitrogen atmosphere, 665 mg (0.575 mmol)
of tetrakis(triphenylphosphine) palladium (0), 28 g (0.0672
mol) of the intermediate B, 19.4 g (0.0320 mol) of bis(tribu-
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tylstannyl) acetylene, and 245 mL of 1,4-dioxane were added,
and the mixture was stirred at 120° C. overnight. The reaction
solution was cooled to room temperature, and then the pre-
cipitated crystal was taken by filtration and the solvent was
distilled offunder reduced pressure. The resultant residue was
purified by crystallization and silica gel column chromatog-
raphy to provide 12.4 g (17.8 mmol, 55.7% yield) of an
intermediate C as a white solid.

[0100] Under a nitrogen atmosphere, 2.0 g (0.0164 mol) of
decaborane and 200 mL of toluene were added, and decabo-
rane was completely dissolved in toluene. 2.12 mL of N,N-
dimethylaniline was dropped to the solution and the mixture
was stirred at room temperature for 30 min. After that, 12.4 g
(17.8 mmol) of the intermediate C was added to the resultant
and the mixture was stirred at 120° C. overnight. The reaction
solution was cooled to room temperature, and then the pre-
cipitated crystal was taken by filtration, and the resultant solid
was purified by crystallization and silica gel column chroma-
tography to provide 2.6 g (3.19 mmol, 19.5% yield) of the
compound 3 as a white solid. The APCI-TOFMS of the com-
pound showed an [M+H]* ion peak at an m/z of §816. The
results of its TH-NMR measurement (measurement solvent:
CDCl,) are shown in FIG. 3.

[0101] Compounds 10,16, 17,22, and 23 were synthesized
in conformity with the synthesis examples. In addition, the
following compounds H-1 to H-4 were synthesized as com-
pounds for comparison.

H-1

H-2
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Example 3

[0102] Each thin film was laminated by a vacuum deposi-
tion method at a degree of vacuum of 2.0x107> Pa on a glass
substrate on which an anode formed of ITO having a thick-
ness of 70 nm had been formed. First, CuPC was formed into
alayerhaving a thickness of 30 nm to serve as a hole-injecting
layer on the ITO. Next, a-NPD was formed into a layer
having a thickness of 15 nm to serve as a hole-transporting
layer. Next, CBP serving as a host material for a light-emit-
ting layer and Ir(ppy); serving 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. The concentration of Ir(ppy); was 10 wt %. Next, the
compound 1 was formed into a layer having a thickness of 5
nm to serve as a hole-blocking layer on the light-emitting
layer. Next, Alq, was formed into a layer having a thickness of
20 nm to serve as an electron-transporting layer. Further, LiF
was formed into a layer having a thickness of 1.0 nm to serve
as an electron-injecting layer on the electron-transporting
layer. Finally, Al was formed into a layer having a thickness of
70 nm to serve as an electrode on the electron-injecting layer.
The resultant organic EL device has such a layer construction
that the electron-injecting layer is added between the cathode
and the electron-transporting layer and the hole-blocking
layer is added between the light-emitting layer and the elec-
tron-transporting layer in the organic EL device illustrated in
FIG. 1.

[0103] 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. The col-
umns “luminance”, “voltage”, and “luminous efficacy” in
Table 1 show Values (initial characteristics) at the time of
driving at 20 mA/cm®. The maximum wavelength of the
emission spectrum of the device was 530 nm, and hence the
acquisition of light emission from Ir(ppy); was found.

Examples 4 to 9

[0104] Organic EL devices were each produced in the same
manner as in Example 3 except that the compound 3, 10, 16,
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17, 22, or 23 was used instead of the compound 1 as the
hole-blocking material in Example 3.

Comparative Example 1

[0105] An organic EL device was produced in the same
manner as in Example 3 except that the thickness of Alq,
serving as the electron-transporting layer in Example 3 was
changed to 25 nm and the hole-blocking layer was not
formed.

Comparative Examples 2 to 5

[0106] Organic EL devices were each produced in the same
manner as in Example 3 except that the compound H-1, H-2,
H-3, or H-4 was used as the hole-blocking material in
Example 3.

[0107] Theorganic EL devices obtained in Examples 3to 9
and Comparative Exaniples 1 to 5 were evaluated in the same
manner as in Example 3. As a result, it was confirmed that the
devices had such light-emitting characteristics as shown in
Table 1. It should be noted that the maximum wavelength of
each of the emission spectra of the organic EL devices
obtained in Examples 3 to 7 and Comparative Examples 1 to
5 was 530 nm, and hence the acquisition of light emission
from Ir(ppy), was identified. It should be noted that each of
the host materials for the light-emitting layers used in
Examples 3 to 9 and Comparative Examples 1 to 5 is CBP.

TABLE 1
Visual luminous
Hole-blocking Luminance Voltage efficacy
material (cd/m?) %) (Im/W)

Example 3~ Compound 1 3,100 8.2 5.9
Example 4  Compound 3 3,400 7.9 6.8
Example 5  Compound 10 3,100 8.2 5.9
Example 6  Compound 16 3,000 8.2 5.7
Example 7 Compound 17 3,000 8.0 5.9
Example 8  Compound 22 3,200 8.4 6.0
Example 9  Compound 23 3,000 8.2 5.7
Comparative — 1,120 8.7 2.0
Example 1

Comparative H-1 1,300 7.5 2.7
Example 2

Comparative H-2 1,100 7.3 24
Example 3

Comparative H-3 1,500 7.2 33
Example 4

Comparative H-4 2,300 8.0 4.5
Example 5

[0108] Ttis found from Table 1 that Examples 3 to 9 each

using the ortho-carborane compound of the present invention
in its hole-blocking layer show characteristics better than
those of Comparative Example 1 not using the hole-blocking
material and Comparative Examples 2, 3, 4, and 5 each using
a compound other than that of the present invention.

INDUSTRIAL APPLICABILITY

[0109] The use of the ortho-carborane compound of the
present invention as a host material having electron-trans-
porting property for a light-emitting layer, a material for an
electron-transporting layer, a material for a hole-blocking
layer, or a material for an exciton-blocking layer, in an
organic EL device can reduce the voltage at which the device
is driven. In addition, the organic EL device using the material
for phosphorescent devices has enabled the realization of an
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organic EL device improved in luminous efficacy, and having
a long driving lifetime and high durability.

1. A material for organic electroluminescent devices, com-
prising an ortho-carborane compound represented by the gen-
eral formula (1):

M

R By
| L L]
Rz—Ti Si—Rs
R r
3 » R¢ .
Ry Rg

(1a)

)

where a ring A represents a divalent ortho-carborane group
C,B,H,, represented by the formula (1a), L, and L,
each independently represent a substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 30 carbon
atoms, a substituted or unsubstituted aromatic heterocy-
clic group having 3 to 30 carbon atoms, or a linked
aromatic group formed by linking 2 to 6 aromatic rings
selected from the aromatic hydrocarbon group and the
aromatic heterocyclic group, when L, or L, represents
the linked aromatic group, the group may be linear or
branched, and the aromatic rings to be linked may be
identical to or different from each other, and L, repre-
sents a p+1-valent group and L, represents a q+1-valent
group, R, R,, R;, Ry, Ry, and R, each independently
represent an aliphatic hydrocarbon group having 1 to 12
carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 18 carbon atoms, or a
substituted or unsubstituted aromatic heterocyclic group
having 3 to 17 carbon atoms, R, and R each indepen-
dently represent hydrogen, an aliphatic hydrocarbon
group having 1 to 12 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group having 6 to
18 carbon atoms, or a substituted or unsubstituted aro-
matic heterocyclic group having 3 to 17 carbon atoms, p
represents an integer of from 1 to 5, q represents an
integer of from 0 to 5, and r represents an integer of from
1to 4.
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2. A material for organic electroluminescent devices
according to claim 1, wherein the ortho-carborane compound
represented by the general formula (1) comprises an ortho-
carborane compound represented by the general formula (2):

Ry
| Ll\— —_ R4
R,—Si I
e
Il{ \C/ éi—R5
1y N |
— Rs

Rg

where L, L,, R, to R, p, q, and r are identical in meaning
to those in the general formula (1).

3. A material for organic electroluminescent devices
according to claim 2, wherein in the general fornmula (2), L,
and L, each independently represent a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 18 carbon
atoms, a substituted or unsubstituted aromatic heterocyclic
group having 3 to 17 carbon atoms, or a linked aromatic group
formed by linking 2 to 6 aromatic rings selected from the
aromatic hydrocarbon group and the aromatic heterocyclic
group.

4. A material for organic electroluminescent devices
according to claim 3, wherein in the general formula (2), R, to
R; each independently represent an aliphatic hydrocarbon
group having 1 to 10 carbon atoms, or an aromatic hydrocar-
bon group having 6 to 12 carbon atoms.

5. An organic electroluminescent device having a structure
in which an anode, an organic layer, and a cathode are lami-
nated on a substrate, wherein the organic layer comprises an
organic layer containing the material for organic electrolumi-
nescent devices of claim 1.

6. An organic electroluminescent device according to
claim 5, wherein the organic layer containing the material for
organic electroluminescent devices comprises at least one
layer selected from the group consisting of a light-emitting
layer, an electron-transporting layer, a hole-blocking layer,
and an exciton-blocking layer.

7. An organic electroluminescent device according to
claim 5, wherein the organic layer containing the material for
organic electroluminescent devices comprises an electron-
transporting layer, a hole-blocking layer, or an exciton-block-
ing layer.



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

AEARE—MPEN BB NSEMT (BVELSES )  HEGRSHER
W ZOBREHREE , HEEEHENES , URATEVELS
HHEVELERGHNMR. ATEVNELE4NMRRHERETRERE
(-SiR3 ) BETRTHW M - BEIRERAN SN SHEBRLLEY
RN ENELSEFNMR, BIFE , BIC2B10H 10, tko , BHH
HEANBHEREENTEMNENBIE NS , EHEK , BIE ka
HMPAREEEERL , ZB4HEETES - RARCAUNENENSE
ME. EREXE , BF£ARE , ZrEEERBFHEEE.

ATAENBBERXTANMBAERENEN B TH

US20160218304A1 AFF(AE)A
US15/023797 BiE A
FRESKEKRX L

NIPPON STEEL{F£{t THRZ A

NIPPON STEEL{F&{t THRL A

UEDA TOKIKO
OGAWA JUNYA
KAl TAKAHIRO

UEDA, TOKIKO
OGAWA, JUNYA
KAI, TAKAHIRO

HO1L51/00 CO7F7/08

2016-07-28

2014-08-28

patsnap

HO01L51/0094 HO1L51/5096 CO7F7/082 CO7F7/0803 CO7F7/0814 HO1L51/0052 HO1L51/0058 HO1L51

/0067 HO1L51/0072 HO1L51/0079

2013204374 2013-09-30 JP

US9978963

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/8c77bb87-1e27-4606-b1fb-f2810aa03816
https://worldwide.espacenet.com/patent/search/family/052742869/publication/US2016218304A1?q=US2016218304A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160218304%22.PGNR.&OS=DN/20160218304&RS=DN/20160218304

