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(57) ABSTRACT

The present invention provides an arylamine compound
represented by the general formula (1) shown below. The
arylamine compound of the present invention is a novel
compound and, compared with conventional hole transport
materials, has high hole mobility, has excellent electron
blocking capability, is stable in a thin film state, and is
excellent in heat resistance.
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Fig 2
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Fig. 3
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Fig. 5
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Fig. 7
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Fig 9
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ARYLAMINE COMPOUND AND ORGANIC
ELECTROLUMINESCENT DEVICE

TECHNICAL FIELD

[0001] This invention relates to a compound suitable for
an organic electroluminescent device which is a self light-
emitting device preferred for various displays; and this
device. In detail, the invention relates to an arylamine
compound, and an organic electroluminescent device (may
hereinafter be referred to as an organic EL device) using the
compound.

BACKGROUND ART

[0002] Since an organic EL device is a self light-emitting
device, it is brighter, better in visibility, and capable of
clearer display, than a liquid crystal device. Hence, energetic
researches have been conducted on organic EL devices.
[0003] In 1987, C. W. Tang et al. of Eastman Kodak
developed a laminated structure device sharing various roles
among different materials, thereby imparting practical appli-
cability to organic EL devices using organic materials. Such
an organic EL device is formed by laminating a layer of
tris(8-hydroxyquinoline)aluminum (Alq,), which is a fluo-
rescent body capable of transporting electrons, and a layer of
an aromatic amine compound capable of transporting holes.
Because of this configuration, the organic EL device injected
positive charges and negative charges into the layer of the
fluorescent body to perform light emission, thereby obtain-
ing a high luminance of 1,000 cd/m? or more at a voltage of
10V or less.

[0004] Many improvements have been heretofore made to
put the organic EL devices to practical use. For example,
high efficiency and high durability have been achieved by an
electroluminescent device, in which the roles of the respec-
tive layers in a laminated structure are shared among more
types of materials, and an anode, a hole injection layer, a
hole transport layer, a luminous layer, an electron transport
layer, an electron injection layer, and a cathode are provided
on a substrate.

[0005] For a further increase in the luminous efficiency, it
has been attempted to utilize triplet excitons, and the utili-
zation of phosphorescent compounds has been considered.
Furthermore, devices utilizing light emission by thermally
activated delayed fluorescence (TADF) have been devel-
oped. Adachi et al. of Kyushu University realized in 2011 an
external quantum efliciency of 5.3% by a device using a
thermally activated delayed fluorescence material.

[0006] The luminous layer can also be prepared by doping
a charge transporting compound, generally called a host
material, with a fluorescent compound, a phosphorescent
compound, or a material radiating delayed fluorescence. The
selection of the organic material in the organic EL device
greatly affects the characteristics of the device, such as
efficiency and durability.

[0007] With the organic EL device, the charges injected
from both electrodes recombine in the luminous layer to
obtain light emission. For this purpose, how efficiently the
both charges of the holes and the electrons are passed on to
the luminous layer is of importance in the organic EL device,
and the device needs to be excellent in carrier balance.
Moreover, the hole injecting properties are enhanced, and
the electron blocking properties of blocking electrons
injected from the cathode are enhanced, whereby the prob-
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ability of the holes and the electrons recombining is
increased. Besides, excitons generated within the luminous
layer are confined. By so doing, a high luminous efficiency
can be obtained. Thus, the role of the hole transport material
is so important that there has been a desire for a hole
transport material having high hole injection properties,
allowing marked hole mobility, possessing high electron
blocking propetties, and having high durability to electrons.
[0008] From the viewpoint of device lifetime, heat resis-
tance and amorphousness of the material are also important.
A material with low heat resistance is thermally decomposed
even at a low temperature by heat produced during device
driving, and the material deteriorates. With a material having
low amorphousness, crystallization of a thin film occurs
even in a short time, and the device deteriorates. Thus, high
resistance to heat and satisfactory amorphousness are
required of the material to be used.

[0009] As hole transport materials so far used for organic
EL devices, N,N'-diphenyl-N,N'-di(at-naphthyl)benzidine
(NPD) and various aromatic amine derivatives have been
present (see Patent Documents 1 and 2). NPD has satisfac-
tory hole transport capability, but its glass transition tem-
perature (Tg) serving as an index of heat resistance is as low
as 96° C. Under high temperature conditions, moreover, it
causes decline in device characteristics due to crystalliza-
tion.

[0010] Among the aromatic amine derivatives described
in Patent Documents 1 and 2 are compounds having excel-
lent hole mobility of 107> em*Vs or more. Since the
electron blocking properties of such aromatic amine deriva-
tives are insufficient, however, some of electrons pass
through the luminous layer, and an increase in the luminous
efficiency cannot be expected. Thus, there has been a desire
for a material having higher electron blocking properties,
more stable in the form of a thin film, and possessing higher
resistance to heat, in order to achieve an even higher
efficiency.

[0011] As compounds improved in characteristics such as
heat resistance and hole injection properties, arylamine
compounds having substituted carbazole structures have
been proposed in Patent Documents 3 and 4. In devices
using these compounds as hole injection layers or hole
transport layers, heat resistance and luminous efficiency
have been improved. However, the improved characteristics
have been still insufficient, and an even lower driving
voltage and an even higher luminous efficiency are desired.

PRIOR ART DOCUMENTS

Patent Documents

[0012] Patent Document 1: JP-A-H-8-48656
[0013] Patent Document 2: Japanese Patent No. 3194657
[0014] Patent Document 3: JP-A-2006-151979
[0015] Patent Document 4: WO2008/62636
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0016] Itisan object of the present invention to provide an

organic compound, as a material for an organic EL device,
(1) which is excellent in hole injection properties, (2) which
excels in hole transport performance, (3) which has electron
blocking capability, (4) which is highly stable in a thin film
state, and (5) which is excellent in heat resistance.
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[0017] Tt is another object of the present invention to
provide an organic EL device, by use of this compound, (1)
which is high in luminous efficiency and power efficiency,
(2) which is low in practical driving voltage, and (3) which
has a long lifetime.

Means for Solving the Problems

[0018] In an attempt to attain the above objects, the
present inventors paid attention to the fact that an aromatic
tertiary amine structure had high hole injection/transport
capabilities. They also held expectations for the heat resis-
tance and thin-film stability of the aromatic tertiary amine
structure. Against the background of these circumstances,
the inventors designed and chemically synthesized a mono-
amine compound having a novel triarylamine structure.
Using this compound, they prototyped various organic EL
devices, and energetically evaluated their device character-
istics. As a result, they have accomplished the present
invention.

[0019] 1) The present invention is an arylamine compound
represented by the following general formula (1):

M

A} R!
AII
N\ :
Nt R
AP
Art R}
[0020] where

[0021] Ar' to Ar* may be the same or different, and each
represent an aromatic hydrocarbon group, an aromatic het-
erocyclic group, or a condensed polycyclic aromatic group,
[0022] n denotes an integer of 1 to 3,

[0023] L represents a divalent aromatic hydrocarbon
group, a divalent aromatic heterocyclic group, a divalent
condensed polycyclic aromatic group, and

[0024] R' to R?® may be the same or different, and each
represent a hydrogen atom, a deuterium atom, a fluorine
atom, a chlorine atom, a cyano group, a nitro group, an alkyl
group having 1 to 6 carbon atoms, a cycloalkyl group having
5 to 10 carbon atoms, an alkenyl group having 2 to 6 carbon
atoms, an alkyloxy group having 1 to 6 carbon atoms, a
cycloalkyloxy group having 5 to 10 carbon atoms, an
aromatic hydrocarbon group, an aromatic heterocyclic
group, a condensed polycyclic aromatic group, or an ary-
loxyl group.

[0025] In the arylamine compound of the present inven-
tion, it is preferred that

[0026] 2) Ar® and Ar* may be the same or different, and
each represent an aromatic hydrocarbon group, or a con-
densed polycyclic aromatic group having no hetero-atom;

[0027] 3) Ar® and Ar* may be the same or different, and
each represent an aromatic hydrocarbon group, or a con-
densed polycyclic aromatic group having no hetero-atom,
the aromatic hydrocarbon group or the condensed polycyclic
aromatic group having no substituent;

[0028] 4) Ar’ and Ar* may be the same or different, and
each represent a phenyl group, a biphenylyl group, a naph-
thyl group, a phenanthrenyl group, or a fluorenyl group;
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[0029] 5)R'and R? may be the same or different, and each
represent a hydrogen atom or a deuterium atom;

[0030] 6) L is a phenylene group; and
[0031] 7) L is a 1.4-phenylene group.
[0032] According to the present invention, moreover,

there is provided an organic EL device having a pair of
electrodes and at least one organic layer sandwiched ther-
ebetween, wherein the arylamine compound is used for the
organic layer.

[0033] In the organic EL device of the present invention,
it is preferred for the organic layer to be a hole transport
layer, an electron blocking layer, a hole injection layer, or a
luminous layer.

Effects of the Invention

[0034] The arylamine compound of the present invention
is a novel compound and, compared with conventional hole
transport materials, has high hole mobility, has excellent
electron blocking capability, is stable in a thin film state, and
is excellent in heat resistance.

[0035] The arylamine compound of the present invention,
as compared with conventional materials, is high in hole
injection properties, has high hole mobility, is high in
electron blocking properties, and is highly stable to elec-
trons. In an organic EL device using the arylamine com-
pound of the present invention as a constituent material of a
hole injection layer and/or a hole transport layer, therefore,
excitons generated within a luminous layer can be confined,
and the probability of holes and electrons recombining can
be increased, and a high luminous efficiency can be
obtained. Furthermore, the driving voltage is lowered, and
the durability is enhanced.

[0036] The arylamine compound of the present invention
has excellent electron blocking properties, is better in hole
transport properties in comparison with conventional mate-
rials, and is highly stable in a thin film state. Thus, an organic
EL device using the arylamine compound of the present
invention as a constituent material of an electron blocking
layer has a high luminous efliciency, but is lowered in
driving voltage and improved in current resistance, so that
maximum brightness is increased.

[0037] The arylamine compound of the present invention
is better in hole transport properties and wider in bandgap
than conventional materials. Thus, when the arylamine
compound of the present invention is used as a host material,
and a fluorescent luminous body, a phosphorescent luminous
body or a material radiating delayed fluorescence, called a
dopant, is carried by the host material to form a luminous
layer, an organic EL device lowered in driving voltage and
improved in luminous efficiency can be realized.

[0038] As described above, the arylamine compound of
the present invention is useful as a material constituting the
hole injection layer, hole transport layer, electron blocking
layer, or luminous layer of an organic EL. device. The
organic EL. device of the present invention is high in
luminous efficiency and power efliciency, and can thus lower
the practical driving voltage of the device. Besides, the light
emission start voltage can be lowered, and the durability can
be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a '‘H-NMR chart of Compound 2 of
Example 1.
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[0040] FIG. 2 is a 'H-NMR chart of Compound 10 of
Example 2.

[0041] FIG. 3 is a 'H-NMR chart of Compound 41 of
Example 3.

[0042] FIG. 4 is a 'H-NMR chart of Compound 42 of
Example 4.

[0043] FIG. 5 is a 'H-NMR chart of Compound 57 of
Example 5.

[0044] FIG. 6 is a 'H-NMR chart of Compound 62 of
Example 6.

[0045] FIG. 7 is a 'H-NMR chart of Compound 91 of
Example 7.

[0046] FIG. 8 is a 'H-NMR chart of Compound 92 of
Example 8.

[0047] FIG. 9 is a 'H-NMR chart of Compound 70 of
Example 9.

[0048] FIG. 10 is a *H-NMR chart of Compound 94 of
Example 10.

[0049] FIG. 11 is a view showing the EL device configu-
ration of Device Examples and Device Comparative
Examples.

[0050] FIG. 12 is a view showing Compounds 1 to 10
which are arylamine compounds according to the present
invention.

[0051] FIG. 13 is a view showing Compounds 11 to 18
which are arylamine compounds according to the present
invention.

[0052] FIG. 14 is a view showing Compounds 19 to 26
which are arylamine compounds according to the present
invention.

[0053] FIG. 15 is a view showing Compounds 27 to 34
which are arylamine compounds according to the present
invention.

[0054] FIG. 16 is a view showing Compounds 35 to 44
which are arylamine compounds according to the present
invention.

[0055] FIG. 17 is a view showing Compounds 45 to 54
which are arylamine compounds according to the present
invention.

[0056] FIG. 18 is a view showing Compounds 55 to 64
which are arylamine compounds according to the present
invention.

[0057] FIG. 19 is a view showing Compounds 65 to 74
which are arylamine compounds according to the present
invention.
[0058] FIG. 20 is a view showing Compounds 75 to 82
which are arylamine compounds according to the present
invention.
[0059] FIG. 21 is a view showing Compounds 83 to 92
which are arylamine compounds according to the present
invention.
[0060] FIG. 22 is a view showing Compounds 93 to 95
which are arylamine compounds according to the present
invention.

MODE FOR CARRYING OUT THE INVENTION

[0061] The arylamine compound of the present invention
is a novel compound, and is represented by the following
general formula (1):
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M

A R!
Arl
/N—eL - R?
Ar?
At R3
<Ar' to Ar*>

[0062] Ar', Ar*, Ar® and Ar* may be the same or different,
and each represent an aromatic hydrocarbon group, an
aromatic heterocyclic group, or a condensed polycyclic
aromatic group. Examples of the aromatic hydrocarbon
group, the aromatic heterocyclic group, or the condensed
polycyclic aromatic group, represented by Ar' to Ar?,
include a phenyl group, a biphenylyl group, a terphenylyl
group, a naphthyl group, an anthracenyl group, a phenan-
threnyl group, a fluorenyl group, an indenyl group, a pyrenyl
group, a perylenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyridyl group, a pyrimidinyl group, a
triazinyl group, a furyl group, a pyrrolyl group, a thienyl
group, a quinolyl group, an isoquinolyl group, a benzofura-
nyl group, a benzothienyl group, an indolyl group, a carba-
zolyl group, a benzoxazolyl group, a benzothiazolyl group,
a quinoxalinyl group, a benzimidazolyl group, a pyrazolyl
group, a dibenzofuranyl group, a dibenzothienyl group, a
naphthyridinyl group, a phenanthrolinyl group, an acridinyl
group, and a carbolinyl group.

[0063] The aromatic hydrocarbon group, the aromatic
heterocyclic group, or the condensed polycyclic aromatic
group, represented by Ar' to Ar®, may not have been
substituted, or may have been substituted. The substituent
can be exemplified by the following groups, in addition to a
deuterium atom, a cyano group, and a nitro group:

[0064] a halogen atom, for example, a fluorine atom, a
chlorine atom, a bromine atom, or an iodine atom;

[0065] an alkyl group having 1 to 6 carbon atoms, for
example, a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group, a
neopentyl group, or an n-hexyl group;

[0066] an alkyloxy group having 1 to 6 carbon atoms, for
example, a methyloxy group, an ethyloxy group, or a

propyloxy group,

[0067] an alkenyl group, for example, a vinyl group or an
allyl group;
[0068] an aryloxy group, for example, a phenyloxy group

or a tolyloxy group;

[0069] an arylalkyloxy group, for example, a benzyloxy
group or a phenethyloxy group;

[0070] an aromatic hydrocarbon group or a condensed
polycyclic aromatic group, for example, a phenyl group, a
biphenylyl group, a terphenylyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a fluorenyl
group, an indenyl group, a pyrenyl group, a perylenyl group,
a fluoranthenyl group, or a triphenylenyl group;

[0071] an aromatic heterocyclic group, for example, a
pyridyl group, a pyrimidinyl group, a triazinyl group, a
thienyl group, a furyl group, a pyrrolyl group, a quinolyl
group, an isoquinolyl group, a benzofuranyl group, a ben-
zothienyl group, an indolyl group, a carbazolyl group, a
benzoxazolyl group, a benzothiazolyl group, a quinoxalinyl
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group, a benzimidazolyl group, a pyrazolyl group, a diben-
zofuranyl group, a dibenzothienyl group, or a carbolinyl
group;

[0072] an arylvinyl group, for example, a styryl group, or
a naphthylvinyl group; and

[0073] an acyl group, for example, an acetyl group, or a
benzoyl group.
[0074] The alkyl group having 1 to 6 carbon atoms, the

alkenyl group, and the alkyloxy group having 1 to 6 carbon
atoms may be straight-chain or branched. The above sub-
stituents may not have been substituted, or may have been
substituted with the substituents described above. The above
substituents may be independent from each other and may
not form any ring. However, they may be bonded to each
other via a single bond, a substituted or unsubstituted
methylene group, an oxygen atom, or a sulfur atom to form
a ring,

<L>

[0075] n represents the number of the groups L’s, and
denotes an integer of 1 to 3. When n is 2 or 3, a plurality of
the [ groups present may be the same or different.

[0076] L represents a divalent aromatic hydrocarbon
group, a divalent aromatic heterocyclic group, a divalent
condensed polycyclic aromatic group. The divalent aromatic
hydrocarbon group, the divalent aromatic heterocyclic
group, or the divalent condensed polycyclic aromatic group,
represented by L, is formed by removing two hydrogen
atoms from an aromatic hydrocarbon, an aromatic hetero-
cycle, or a condensed polycyclic aromatic ring. Examples of
the aromatic hydrocarbon, the aromatic heterocycle, or the
condensed polycyclic aromatic ring include benzene, biphe-
nyl, terphenyl, tetrakisphenyl, styrene, naphthalene, anthra-
cene, acenaphthalene, fluorene, phenanthrene, indane,
pyrene, triphenylene, pyridine, pyrimidine, triazine, pyrrole,
furan, thiophene, quinoline, isoquinoline, benzofuran, ben-
zothiophene, indoline, carbazole, carboline, benzoxazole,
benzothiazole, quinoxaline, benzimidazole, pyrazole, diben-
zofuran, dibenzothiophene, naphthyridine, phenanthroline,
and acridine.

[0077] The aromatic hydrocarbon, the aromatic hetero-
cycle, or the condensed polycyclic aromatic ring in this case
may not have been substituted, or may have been substi-
tuted. Examples of the substituent are the same as those
shown as the substituents that the aromatic hydrocarbon
group, the aromatic heterocyclic group, or the condensed
polycyclic aromatic group represented by Ar' to Ar* above
may have. The same holds true of the embodiments that the
substituents can adopt.

<R'to R*>

[0078] R, R* and R® may be the same or different, and
each represent a hydrogen atom, a deuterium atom, a fluo-
rine atom, a chlorine atom, a cyano group, a nitro group, an
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group
having 5 to 10 carbon atoms, an alkenyl group having 2 to
6 carbon atoms, an alkyloxy group having 1 to 6 carbon
atoms, a cycloalkyloxy group having 5 to 10 carbon atoms,
an aromatic hydrocarbon group, an aromatic heterocyclic
group, a condensed polycyclic aromatic group, or an ary-
loxyl group. The alkyl group having 1 to 6 carbon atoms, the
alkenyl group having 2 to 6 carbon atoms, and the alkyloxy
group having 1 to 6 carbon atoms may each be straight-chain
or branched.
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[0079] R' to R*® may be present independently of each
other so as not to form a ring. However, they may be bonded
to each other via a single bond, a substituted or unsubstituted
methylene group, an oxygen atom, or a sulfur atom to form
a ring.

[0080] Examples of the alkyl group having 1 to 6 carbon
atoms, the cycloalkyl group having 5 to 10 carbon atoms, or
the alkenyl group having 2 to 6 carbon atoms, represented by
R to R?, include a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl
group, a tert-butyl group, an n-pentyl group, an isopentyl
group, a neopentyl group, an n-hexyl group, a cyclopentyl
group, a cyclohexyl group, a 1-admantyl group, a 2-ada-
mantyl group, a vinyl group, an allyl group, an isopropenyl
group, and a 2-buteny! group.

[0081] The alkyl group having 1 to 6 carbon atoms, the
cycloalkyl group having 5 to 10 carbon atoms, or the alkenyl
group having 2 to 6 carbon atoms, represented by R to R?,
may not have been substituted, or may have been substi-
tuted. The substituent can be exemplified by the following
groups, in addition to a deuterium atom, a cyano group, and
a nitro group:

[0082] a halogen atom, for example, a fluorine atom, a
chlorine atom, a bromine atom, or an iodine atom;

[0083] an alkyloxy group having 1 to 6 carbon atoms, for
example, a methyloxy group, an ethyloxy group, or a

propyloxy group;

[0084] an alkenyl group, for example, a vinyl group or an
allyl group;
[0085] an aryloxy group, for example, a phenyloxy group

or a tolyloxy group;

[0086] an arylalkyloxy group, for example, a benzyloxy
group or a phenethyloxy group;

[0087] an aromatic hydrocarbon group or a condensed
polycyclic aromatic group, for example, a phenyl group, a
biphenylyl group, a terphenylyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a fluorenyl
group, an indenyl group, a pyrenyl group, a perylenyl group,
a fluoranthenyl group, or a triphenylenyl group; and
[0088] an aromatic heterocyclic group, for example, a
pyridyl group, a pyrimidinyl group, a triazinyl group, a
thienyl group, a furyl group, a pyrrolyl group, a quinolyl
group, an isoquinolyl group, a benzofuranyl group, a ben-
zothienyl group, an indolyl group, a carbazolyl group, a
benzoxazolyl group, a benzothiazoly! group, a quinoxalinyl
group, a benzimidazolyl group, a pyrazolyl group, a diben-
zofuranyl group, a dibenzothienyl group, or a carbolinyl
group.

[0089] The alkyloxy group having 1 to 6 carbon atoms,
and the alkenyl group may be straight-chain or branched.
The above substituents may not have been substituted, or
may have been substituted with the substituents described
above. The above substituents may be independent from
each other and may not form any ring. However, they may
be bonded to each other via a single bond, a substituted or
unsubstituted methylene group, an oxygen atom, or a sulfur
atom to form a ring.

[0090] The alkyloxy group having 1 to 6 carbon atoms or
the cycloalkyloxy group having 5 to 10 carbon atoms,
represented by R* to R?, can be exemplified by a methyloxy
group, an ethyloxy group, an n-propyloxy group, an isopro-
pyloxy group, an n-butyloxy group, a tert-butyloxy group,
an n-pentyloxy group, an n-hexyloxy group, a cyclopenty-
loxy group, a cyclohexyloxy group, a cycloheptyloxy group,
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a cyclooctyloxy group, a 1-admantyloxy group, a 2-adaman-
tyloxy group and the like. These groups may not have been
substituted, or may have been substituted. Examples of the
substituent are the same as those shown as the substituents
that the alkyl group having 1 to 6 carbon atoms, the
cycloalkyl group having 5 to 10 carbon atoms, or the alkenyl
group having 2 to 6 carbon atoms, represented by R* to R?
above, may have. The same holds true of the embodiments
that the substituents can adopt.

[0091] The aromatic hydrocarbon group, the aromatic
heterocyclic group, or the condensed polycyclic aromatic
group, represented by R' to R?, can be the same as those
exemplified in connection with the aromatic hydrocarbon
group, the aromatic heterocyclic group, or the condensed
polycyclic aromatic group represented by Ar' to Ar* above.
These groups may not have been substituted, or may have
been substituted. The substituent can be exemplified by the
same ones as those shown as the substituents that the
aromatic hydrocarbon group, the aromatic heterocyclic
group, or the condensed polycyclic aromatic group repre-
sented by Ar' to Ar® above may have. The same holds true
of the embodiments that the substituents can adopt.

[0092] The aryloxy group represented by R to R® can be
exemplified by a phenyloxy group, a biphenylyloxy group,
a terphenylyloxy group, a naphthyloxy group, an anthrace-
nyloxy group, a phenanthrenyloxy group, a fluorenyloxy
group, an indenyloxy group, a pyrenyloxy group, a peryle-
nyloxy group and the like. These groups may not have been
substituted, or may have been substituted. The substituent
can be exemplified by the same ones as those shown as the
substituents that the aromatic hydrocarbon group, the aro-
matic heterocyclic group, or the condensed polycyclic aro-
matic group represented by Ar' to Ar* above may have. The
same holds true of the embodiments that the substituents can
adopt.

PREFERRED EMBODIMENTS

[0093] Ar' and Ar* may be the same or different, and each
represent, preferably, either an aromatic hydrocarbon group,
or a condensed polycyclic aromatic group having no hetero-
atom (e.g., a nitrogen atom, an oxygen atom, or a sulfur
atom); more preferably a phenyl group, a naphthyl group, a
phenanthrenyl group, or a fluorenyl group; particularly
preferably a substituted phenyl group, or a substituted fluo-
renyl group. As the substituent for the phenyl group, a
phenyl group, a biphenylyl group, a terphenylyl group, a
naphthy! group, a phenanthrenyl group, or a fluorenyl group
is preferred. As the substituent for the fluorenyl group, a
methyl group or a phenyl group is preferred.

[0094] From the viewpoint of synthesis, if Ar* or Ar® is
substituted, Ar' or Ar® being substituted preferably has a
structure different from a structure composed of a benzene
ring, and L, Ar®, Ar* and R" to R? bound to the benzene ring.
[0095] Ar® and Ar* may be the same or different, and each
represent, preferably, either an aromatic hydrocarbon group,
or a condensed polycyclic aromatic group having no hetero-
atom; more preferably an aromatic hydrocarbon group, or a
condensed polycyclic aromatic group having no hetero-
atom, the aromatic hydrocarbon group and the condensed
polycyclic aromatic group being unsubstituted. Alterna-
tively, Ar® and Ar* may be the same or different, and are each
preferably a phenyl group, a biphenylyl group, a naphthyl
group, a phenanthrenyl group, or a fluorenyl group; more
preferably an unsubstituted phenyl group, an unsubstituted
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biphenylyl group, an unsubstituted naphthyl group, or a
substituted fluorenyl group. As the substituent for the fluo-
renyl group, a methyl group is preferred.

[0096] From the viewpoint of synthesis, Ar’ and Ar*
preferably represent the same group and, more preferably,
Ar’, Ar* and R? represent the same group. The term “same
group” includes a case in which they have the same basic
skeleton and have different substituents, and a case in which
their basic skeleton and substituents are the same, but they
are different in the position of substitution. Particularly
preferably, however, the presence or absence of substituents,
the types of the substituents, and the positions of the
substituents are all the same.

[0097] As L, a divalent aromatic hydrocarbon group, or a
divalent condensed polycyclic aromatic group having no
hetero-atom is preferred. A divalent group formed by remov-
ing two hydrogen atoms from benzene, biphenyl, naphtha-
lene, or phenanthrene is more preferred, a divalent group
formed by removing two hydrogen atoms from benzene
(i.e., a phenylene group) is particularly preferred. and an
unsubstituted phenylene group is the most preferred. The
manner of binding of the phenylene group is preferably the
binding at the para-positions. That is, [ is preferably a
1,4-phenylene group.

[0098] Asn, | is preferred from the viewpoint of synthe-
sis.

[0099] R' and R? may be the same or different, and each
represent, preferably, a hydrogen atom or a deuterium atom.
From the viewpoint of synthesis, a hydrogen atom is more
preferred.

[0100] As R? an aromatic hydrocarbon group, or a con-
densed polycyclic aromatic group having no hetero-atom is
preferred; a phenyl group, a biphenylyl group, a naphthyl
group, a phenanthrenyl group, or a fluorenyl group is more
preferred; and an unsubstituted phenyl group, an unsubsti-
tuted biphenylyl group, an unsubstituted naphthyl group, or
a substituted fluorenyl group is further preferred. As the
substituent for the fluorenyl group, a methyl group is pre-
ferred.

[0101] Of the arylamine compounds according to the
present invention, concrete examples of the preferred com-
pound are shown in FIGS. 12 to 22, but the arylamine
compounds of the present invention are not limited to these
compounds. “Me” in the structural formulas stands for a
methyl group.

[0102] Of'the exemplary compounds shown in FIGS. 12 to
22, Compounds 84 to 86, 92 and 93 correspond to the
compound of the formula (1) in which n=2, and Compounds
87 and 88 correspond to the compound of the formula (1) in
which n=3.

<Manufacturing Method>

[0103] The arylamine compound of the present invention
is a novel compound and, for example, can be synthesized
in the following manner:

[0104] Using any primary or secondary aromatic amine
derivative and any aromatic halide, a known cross coupling
reaction such as Ullmann coupling or Suzuki coupling is
performed to synthesize a secondary or tertiary aromatic
amine derivative.

[0105] The resulting secondary or tertiary aromatic amine
derivative is halogenated by a known method to obtain a
halogeno-secondary amine derivative or a halogeno-tertiary
amine derivative (they are collectively called halides).
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[0106] The resulting halide is reacted with pinacolborane,
bis(pinacolato)diboron, trimethyl borate or the like, whereby
boronic acid or a boronic acid ester derivative can be
synthesized.

[0107] Separately, any aromatic hydrocarbon compound
(for example, 1,3,5-triphenylbenzene derivative) is haloge-
nated by a known method to obtain a halogeno-aromatic
hydrocarbon compound.

[0108] Using the resulting halogeno-aromatic hydrocar-
bon compound and the above boronic acid or the boronic
acid ester derivative, a known cross coupling reaction such
as Suzuki coupling is performed, whereby a targeted arylam-
ine compound can be synthesized.

[0109] The foregoing manufacturing method is an
example, and the desired arylamine compound can be
obtained otherwise, for example, by combining the known
cross coupling reaction and halogenation reaction, as appro-
priate, as in Examples 7 to 10.

[0110] The purification of the resulting compound can be
performed, for example, by purification using a column
chromatograph, by adsorption purification using silica gel,
activated carbon, activated clay. or the like, by recrystalli-
zation or crystallization using a solvent, or by sublimation
purification. The identification of the compounds can be
made by NMR analysis. As the physical properties, the glass
transition temperature (Tg) and the work function can be
measured.

[0111] The glass transition temperature (Tg) serves as an
index to stability in a thin film state. The glass transition
temperature (Tg) can be measured by a high sensitivity
differential scanning calorimeter (DSC3100S, produced by
Bruker AXS) using a powder.

[0112] The work function serves as an index to hole
transport properties. The work function can be measured by
preparing a 100 nm thin film on an ITO substrate, and
making a measurement using an ionization potential mea-
suring device (PYS-202, produced by Sumitomo Heavy
Industries, Ltd.).

<Organic EL, Device>

[0113] The arylamine compound of the present invention
is suitable as a material for an organic layer in an organic EL
device. An organic EL device formed using the arylamine
compound of the present invention (may hereinafter be
referred to as the organic EL device of the present inven-
tion), for example, has a structure in which an anode, a hole
injection layer, a hole transport layer, a luminous layer, an
electron transport layer, and a cathode are formed in this
sequence on a substrate such as a glass substrate or a
transparent plastic substrate (e.g., polyethylene terephthalate
substrate).

[0114] The organic EL device of the present invention may
further have an electron blocking layer between the hole
transport layer and the luminous layer. A hole blocking layer
may be provided between the luminous layer and the elec-
tron transport layer. An electron injection layer may be
provided between the electron transport layer and the cath-
ode,

[0115] In the organic EL device of the present invention,
some of the organic layers can be omitted, or can be allowed
to concurrently serve as the other layers. For example, a
layer concurrently serving as the hole injection layer and the
hole transport layer can be formed, or a layer concurrently
serving as the electron injection layer and the electron

Jun. 21,2018

transport layer can be formed. Furthermore, a constitution in
which two or more of the organic layers having the same
function are laminated can be adopted. It is also possible to
adopt a constitution in which two of the hole transport layers
are laminated, a constitution in which two of the luminous
layers are laminated, or a constitution in which two of the
electron transport layers are laminated.

[0116] FIG. 11, for example, shows the layer constitution
of an organic EL device in which a transparent anode 2, a
hole injection layer 3, a hole transport layer 4, an electron
blocking layer 5, a luminous layer 6, an electron transport
layer 7, an electron injection layer 8, and a cathode 9 are
formed in this sequence on a glass substrate 1. The respec-
tive layers constituting the organic EL device of the present
invention will be described below.

(Anode 2)

[0117] In the organic EL device of the present invention,
an electrode material having a high work function, such as
ITO or gold, is used for the anode 2.

(Hole Injection Layer 3)

[0118] For the hole injection layer 3, a publicly known
material, for example, porphyrin compounds typified by
copper phthalocyanine; triphenylamine derivatives of star-
burst type; materials such as various triphenylamine tetram-
ers; acceptor type heterocyclic compounds such as hexacya-
noazatriphenylene; and coating type polymeric materials
can be used in addition to the arylamine compounds of the
present invention.

[0119] These materials may be subjected singly to film
formation, but a plurality of them may be mixed and
subjected to film formation. If the plurality of materials are
used in combination, those p-doped with tris(bromophenyl)
aminium hexachloroantimonate or radialene derivatives (see
W02014/009310), or polymeric compounds containing the
structures of benzidine derivatives in their partial structures
such as TPD may also be used.

[0120] When thin film formation is performed by a pub-
licly known method such as vapor deposition, a spin coat
method or an ink jet method with the use of any of the above
materials, the hole injection layer 3 can be obtained. Each of
the layers to be described below can similarly be obtained by
thin film formation performed using a publicly known
method such as vapor deposition, spin coating, or ink jetting.

(Hole Transport Layer 4)

[0121] For the hole transport layer 4, a publicly known
compound having hole transport properties can be used, as
well as the arylamine compound of the present invention.
The publicly known compound having hole transport prop-
erties can be exemplified by the following:

[0122] benzidine derivatives, for example,

[0123] N,N'-diphenyl-N,N'-di(m-tolyl)benzidine (TPD),
[0124] N,N'-diphenyl-N,N'-di(at-naphthyl)benzidine
(NPD), and

[0125] N,N,N',N'-tetrabiphenylylbenzidine;

[0126] 1.1-bis[4-(di-4-tolylamino)phenyl]cyclohexane
(TAPC);

[0127] and

[0128] wvarious triphenylamine trimers or tetramers.
[0129] These materials may be subjected singly to film

formation, but a plurality of them may be mixed and
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subjected to film formation. The hole transport layer 4 may
have a single-layer structure or a structure constituted by a
plurality of layers.

[0130] For the hole transport layer 4, it is also allowable
to use the material usually used for the layer and p-doped
with tris(bromophenyl)aminium hexachloroantimonate or a
radialene derivative (see, for example, W02014/009310), or
to use a polymeric compound containing the structure of a
benzidine derivative in its partial structure such as TPD.
[0131] In forming the hole injection layer concurrently
serving as the hole transport layer, a coating type polymeric
material such as poly(3,4-ethylenedioxythiophene) (PE-
DOT )/poly(styrene sulfonate) (PSS) can be used.

(Electron Blocking Layer 5)

[0132] For the electron blocking layer 5, publicly known
compounds having electron blocking action can be used in
addition to the arylamine compound of the present inven-
tion. As the publicly known compounds having electron
blocking action, the following can be exemplified:

[0133] Carbazole derivatives, for example,

[0134] 4.4'4"-tri(N-carbazolyl)triphenylamine (TCTA);
[0135] 9,9-bis[4-(carbazol-9-yl)phenyl]fluorene;

[0136] 1,3-bis(carbazol-9-yl)benzene (mCP); and

[0137] 2,2-bis(4-carbazol-9-ylphenyl)adamantane  (Ad-
Cz); and

[0138] Compounds having a triphenylsilyl group and a

triarylamine structure, for example,

[0139] 9-[4-(carbazol-9-yl)phenyl]-9-[4-(triphenylsilyl)
phenyl]-9H-fluorene.

[0140] These materials may be subjected singly to film
formation, but a plurality of them may be mixed and
subjected to film formation. The electron blocking layer 5
may have a single-layer structure, or a structure constituted
by a plurality of layers.

(Luminous Layer 6)

[0141] For the luminous layer 6, publicly known luminous
materials can be used. Examples of the publicly known
luminous materials include various metal complexes, such
as metal complexes of quinolinol derivatives including Alg;
anthracene derivatives; bisstyrylbenzene derivatives; pyrene
derivatives; oxazole derivatives; and polyparaphenylenevi-
nylene derivatives.

[0142] The luminous layer 6 may be comprised with a host
material and a dopant material. Examples of the host mate-
rial include, in addition to the arylamine compounds of the
present invention and the above luminous materials, hetero-
cyclic compounds having an indole ring as a partial structure
of a condensed ring; heterocyclic compounds having a
carbazole ring as a partial structure of a condensed ring;
carbazole derivatives; thiazole derivatives; benzimidazole
derivatives; polydialkylfluorene derivatives; and anthracene
derivatives.

[0143] As the dopant material, there can be used amine
derivatives having a fluorene ring as a partial structure of a
condensed ring; quinacridone, coumarin, rubrene, perylene,
pyrene and derivatives thereof; benzopyran derivatives;
indenophenanthrene derivatives; rhodamine derivatives;
aminostyryl derivatives; and the like.

[0144] These materials may be subjected singly to film
formation, but a plurality of them may be mixed and
subjected to film formation. The luminous layer 6 may have
a single-layer structure, or a structure constituted by a
plurality of layers.
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[0145] Furthermore, a phosphorescent luminous body can
be used as the luminous material. As the phosphorescent
luminous body, a phosphorescent luminous body in the form
of a metal complex containing iridium, platinum or the like
can be used. Concretely, a green phosphorescent luminous
body such as Ir(ppy)s; a blue phosphorescent luminous body
such as Flrpic or FIr6; a red phosphorescent luminous body
such as Btp,lr(acac); or the like can be used.

[0146] As the host material in this case, the following hole
injecting/transporting host material, for example, can be
used:

[0147] A carbazole derivative, for example, 4,4'-di(N-
carbazolyl)biphenyl (CBP), TCTA, or mCP; or

[0148] Arylamine compound of the present invention. The
following electron transporting host material is also usable:
[0149] p-bis(triphenylsilyl)benzene (UGH2); or

[0150] 2.2'2"-(1,3,5-phenylene)-tris(1-phenyl-1H-benz-
imidazole) (TPBI).

By using such a host material, a high performance organic
EL device can be prepared.

[0151] To avoid concentration quenching, the host mate-
rial is desirably doped with the phosphorescent luminous
material by the vacuum coevaporation in a range of 1 to 30%
by weight based on the entire luminous layer.

[0152] Moreover, a material which emits delayed fluores-
cence, such as a CDCB derivative, for example, PIC-TRZ,
CC2TA, PXZ-TRZ, or 4CzIPN, can be used as the luminous
material.

(Hole Blocking Layer)

[0153] Ahole blocking layer (not shown) can be provided
between the luminous layer 6 and the electron transport
layer 7. The hole blocking layer can use publicly known
compounds having hole blocking action. The publicly
known compounds having hole blocking action are as fol-
lows:
[0154] Phenanthroline derivatives, e.g., bathocuproine
(BCP):
[0155] Metal complexes of quinolinol derivatives, e.g.,
aluminum(IIT)  bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolate (BAlq);

[0156] Various rare earth complexes;
[0157] Triazole derivatives;
[0158] Triazine derivatives; and
[0159] Oxadiazole derivatives.
[0160] These materials may also concurrently serve as the

materials for the electron transport layer. These materials
may be subjected singly to film formation, but a plurality of
them may be mixed and subjected to film formation. The
hole blocking layer may have a single-layer structure, or a
structure constituted by a plurality of layers.

(Electron Transport Layer 7)

[0161] The electron transport layer 7 can use the following
publicly known compounds:

[0162] Metal complexes of quinolinol derivatives includ-
ing Alg, and BAIg;

[0163] Various metal complexes;
[0164] Triazole derivatives;
[0165] Triazine derivatives;
[0166] Oxadiazole derivatives;
[0167] Pyridine derivatives;
[0168] Pyrimidine derivatives;
[0169] Benzimidazole derivatives;
[0170] Thiadiazole derivatives;
[0171] Anthracene derivatives;
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[0172] Carbodiimide derivatives;

[0173] Quinoxaline derivatives;

[0174] Pyridoindole derivatives;

[0175] Phenanthroline derivatives; and

[0176] Silole derivatives.

[0177] These materials may be subjected singly to film

formation, but a plurality of them may be mixed and
subjected to film formation. The electron transport layer 7
may have a single-layer structure, or a structure constituted
by a plurality of layers.

(Flectron Injection Layer 8)

[0178] The electron injection layer 8 can use an alkali
metal salt such as lithium fluoride or cesium fluoride; an
alkaline earth metal salt such as magnesium fluoride; or a
metal oxide such as aluminum oxide. However, the electron
injection layer can be omitted in the suitable selection of the
electron transport layer and the cathode.

(Cathode 9)

[0179] Inthe cathode 9, a metal with a low work function
such as aluminum, or an alloy having a lower work function,
such as a magnesium-silver alloy, a magnesium-indium
alloy, or an aluminum-magpesium alloy, is used as an
electrode material.

EXAMPLES
[0180] The embodiments of the present invention will now
be described more specifically by the following Examples,

but the present invention is in no way limited to these
Examples.

Example 1: Compound 2

Synthesis of N,N-bis(biphenyl-4-yl)-N-[4-{(2,4,6-
tripheny!l)phenyl } phenylJamine

(Procedure 1)

[0181]

A nitrogen-purged reaction vessel was charged with
1,3,5-triphenylbenzene

and

chloroform

Then,

bromine

500 ml.

291 ¢g

was added, and the mixture was stirred for 16 hours at room
temperature to prepare a reaction liquid. To the reaction
liquid, a saturated aqueous solution of sodium sulfite was
added, followed by stirring the mixture. Then, a liquid
separating operation was performed, and an organic layer
was collected. The organic layer was dehydrated over mag-
nesium sulfate, and then concentrated under reduced pres-
sure to obtain a crude product. Hexane was added to the
crude product, and the mixture was dispersed and washed.
As a result, 55.0 g (yield 86%) of 2-bromo-1,3,5-triphenyl-
benzene was obtained as a white powder.
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(Procedure 2)

[0182]
A nitrogen-purged reaction vessel was charged with 5.0 g,
the resulting 2-bromo-1,3,5-triphenylbenzene
4-{N,N-bis(biphenyl-4-yl)amino Jphenylboronic acid 6.9 g,
tripotassium phosphate 83 g,
1,4-dioxane 90 ml,
and
water 10 ml.
A nitrogen gas was passed through the vessel for 30
minutes to obtain a mixture. To this mixture,
palladium (II) acetate 0.087 g,
and
tricyclohexylphosphine 025 g

were added, followed by heating. The mixture was stirred
for 6 hours at 85° C. to obtain a reaction liquid. To the
reaction liquid, 50 ml of water was added, and precipitated
solids were collected by filtration to obtain a crude product.
Toluene was added to the resulting crude product, followed
by heating the mixture until it dissolved. Silica gel was
added, and the mixture was stirred, whereafter hot filtration
was performed. The filtrate was cooled to room temperature,
and precipitated solids were collected by filtration. The filter
cake was subjected to recrystallization using toluene. As a
result, 7.7 g (yield 84%) of Compound 2 was obtained as a
white powder.

(Compound 2)

O~
[0183] The structure of the resulting white powder was
identified using NMR. The results of the 'H-NMR measure-

ment are shown in FIG. 1. In the 'H-NMR (THF-de), the
following signals of 39 hydrogens were detected.

[0184] & (ppm)=7.92 (2H)
[0185] 7.87 (2H)
[0186] 7.75 (4H)
[0187] 7.67 (4H)
[0188] 7.60 (2H)
[0189] 7.54 (4H)
[0190] 7.49 (1H)
[0191] 7.40 (12H)
[0192] 7.21 (4H)
[0193] 6.96 (41)
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Example 2: Compound 10

Synthesis of N-(biphenyl-4-y1)-N-(1,1": 4',1"-terphe-
nyl-4-y1)-N-[4-{(2,4,6-triphenyl)phenyl } phenyl]

amine
[0194]
A nitrogen-purged reaction vessel was charged with 38.0 g,
N-{4-bromophenyl)-4-biphenylamine
4-biphenylboronic acid 255 g,
potassium carbonate 324 g,
toluene 3000 ml,
ethanol 76 ml,
and
water 113 ml

A nitrogen gas was passed through the vessel for 30
minutes to obtain a mixture. To this mixture,
tetrakis(triphenylphosphine)palladium 2.7 g,

was added, followed by heating, and the mixture was stirred
for 5 hours at 73° C. to obtain a reaction liquid. To the
reaction liquid, 100 ml of water was added, and precipitated
solids were collected by filtration. To the resulting solids,
o-dichlorobenzene was added, followed by heating the mix-
ture until it dissolved. Further, silica gel was added, and the
mixture was stirred, whereafter hot filtration was performed.
The filtrate was concentrated under reduced pressure, and
precipitated solids were collected by filtration. As a result,
20.1 g (yield 43%) of N-(biphenyl-4-yI)-N-(1,1":4',1"-ter-
phenyl-4-y)amine was obtained as a yellow powder.

A nitrogen-purged reaction vessel was charged with 200 g,
the resulting N-(biphenyl-4-y1)-N-(1,1":4',1"-

terphenyl-4-yl)amine

icdobenzene 154 g,
copper powder 03 g,
potassium carbonate 139 g,
3,5-di-tert-butylsalicylic acid 1.2 g
sodium bisulfite 1.5 g
and

dodecylbenzne 20 ml.

The mixture was heated, and stirred for 16 hours at 180° C.
to obtain a reaction liquid. The reaction liquid was cooled to
100° C., then toluene was added, and precipitated solids
were collected by filtration. The collected solids were
washed with water, and then washed with methanol. The
washed solids were dissolved in o-dichlorobenzene, and the
solution was subjected to adsorption purification using silica
gel. As a result, 17.1 g (yield 72%) of N-(biphenyl-4-yl)-
N-phenyl-N-(1,1"4',1"-terphenyl-4-yl)amine was obtained
as a white powder.

A nitrogen-purged reaction vessel was charged
with the resulting N-(bipheny!-4-yl)-N-phenyl-
N-(1,1":4',1"-terphenyl-4-yl)amine

and

dimethylformamide

Then,

N-bromosuccinimide 70 g

170 g

340 ml.

was added, followed by stirring for 13 hours at room
temperature to obtain a mixture. Methanol was added to the
mixture, and precipitated solids were collected by filtration.
As a result, 17.2 g (vield 87%) of N-(biphenyl-4-y1)-N-(4-
bromophenyl)-N-(1,1":4',1"-terphenyl-4-yl)amine was
obtained as a white powder.
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A nitrogen-purged reaction vessel was charged with 5.0 g,
the resulting N-(biphenyl-4-y1)-N-(4-bromophenyl)-
N-(1,1":4',1"-terphenyl-4-yl)amine

bis(pinacolato)diboron 28 g,
potassium acetate 22 ¢g
and

1,4-dioxane 100 ml.

A nitrogen gas was passed through the vessel for 30 minutes
to obtain a mixture. 0.2 g of a dichloromethane adduct of
{1,1"-bis(diphenylphosphino)ferrocene }palladium(IT)

dichloride was added to the mixture, followed by heating.
The heated mixture was stirred for 5 hours at 97° C. to obtain
a reaction liquid. The resulting reaction liquid was cooled to
room temperature, and a liquid separating operation was
performed with the addition of water and toluene to collect
an organic layer. The organic layer was dehydrated over
anhydrous magnesium sulfate, and then concentrated under
reduced pressure to obtain a crude product. The crude
product was dissolved in toluene, and the solution was
subjected to adsorption purification using silica gel. After
filtration, the filtrate was concentrated under reduced pres-
sure, and precipitated solids were collected by filtration. As
a result, 4.4 g (yield 81%) of N-(biphenyl-4-yl)-N-{4-(4,4,
5,5-tetramethyl-[1,3,2]dioxabor  an-2-yl)phenyl}-N-(1,1"
4'.1"-terphenyl-4-yl)amine was obtained as a gray powder.

[0195] In Procedure 2 of Example 1,

[0196] N-(biphenyl-4-y1)-N-{4-(4,4,5,5-tetramethyl-[1,3,
2]dioxaboran-2-ylyphenyl }-N-(1,1":4',1"-terphenyl-4-y1)
amine

was used instead of

[0197] 4-{N,N-bis(biphenyl-4-yl)amino}phenylboronic
acid, and reactions were performed under the same condi-
tions. As a result, 3.8 g (vield 75%) of Compound 10 was
obtained as a white powder.

(Compound 10)

[0198] The structure of the resulting white powder was
identified using NMR. The results of the "H-NMR measure-
ment are shown in FIG. 2. In the *H-NMR (THF-de), the
following signals of 43 hydrogens were detected.
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[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]

& (ppm)=7.92 (2H)
7.87 (2H)
7.85 (4H)
7.83 (2H)
7.74 (4H)
7.68 (2H)
7.57 (61)
7.49 (2H)
7.40 (11H)
7.22 (4H)
6.97 (4H)

Example 3: Compound 41

Synthesis of N-(biphenyl-4-y1)-N-(9,9-dimethyl-9H-
fluoren-2-y1)-N-[4-{(2,4,6-triphenyl)phenyl } phenyl]

amine
[0210]
N-(biphenyl-4-y1)-N-(4-bromophenyl)-N-(9,9-dimethyl- 719 g,
9H-fluoren-2-yl)amine
and
tetrahydrofuran 360 ml,

were put into a nitrogen-purged reaction vessel and was
cooled to -=78° C. to obtain a mixture. To this mixture, 100
ml of a hexane solution (1.6M) of n-butyl lithium was
slowly added dropwise, followed by stirring the mixture for
1 hour at the same temperature. Then, 19 ml of trimethyl
borate was slowly added dropwise, and the mixture was
stirred for 1 hour at the same temperature. Then, the mixture
was heated to room temperature, and then further stirred for
1 hour. Then, a 1IN aqueous solution of hydrochloric acid
was added, and the mixture was stirred for 1 hour. By
performing a liquid separating operation, an organic layer
was collected. Then, the organic layer was dehydrated over
anhydrous magnesium sulfate, and then concentrated under
reduced pressure to obtain a crude product. The resulting
crude product was subjected to crystallization purification
using an ethyl acetate/n-hexane mixed solution. As a result,
44.6 g (yield 67%) of 4-{N-(biphenyl-4-yl)-N-(9,9-dim-
ethyl-9H-fluoren-2-yl)amino }phenylboronic ~ acid ~ was
obtained as a gray powder.

[0211]

[0212] 4-{N-(biphenyl-4-y1)-N-(9,9-dimethyl-9H-fluo-
ren-2-yl)amino } phenylboronic acid

In Procedure 2 of Example 1,

was used instead of

[0213]  4-{N,N-bis(biphenyl-4-yl)amino}phenylboronic
acid, and reactions were performed under the same condi-
tions. As a result, 4.9 g (yield 85%) of Compound 41 was
obtained as a white powder.
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(Compound 41)

5

Me

[0214] The structure of the resulting white powder was
identified using NMR. The results of the 'H-NMR measure-
ment are shown in FIG. 3. In the 'H-NMR (THF-d), the
following signals of 43 hydrogens were detected.

[0215] & (ppm)=7.92 (2H)
[0216] 7.87 (2H)
[0217] 7.81 (1H)
[0218] 7.76 (3H)
[0219] 7.65 (2H)
[0220] 7.60 (2H)
[0221] 7.57-7.52 (3H)
[0222] 7.50 (1H)
[0223] 7.40 (13H)
[0224] 729 (1H)
[0225] 7.19 (2H)
[0226] 7.13 (1H)
[0227] 6.95 (4H)
[0228] 1.55 (6H)

Example 4: Compound 42

Synthesis of N,N-bis(9,9-dimethyl-9H-fluoren-2-
y1)-N-[4-{(2,4,6-tripheny 1)phenyl}phenyl]amine

[0229]

[0230] N,N-bis(9,9-dimethyl-9H-fluoren-2-y1)-N-{4-(4,4,
5,5-t etramethyl-[1,3,2]dioxaboran-2-yl)phenyl}amine was
used instead of

[0231] 4-{N,N-bis(biphenyl-4-yl)amino }phenylboronic
acid, and reactions were performed under the same condi-
tions. As a result, 11.0 g (yield 91%) of Compound 42 was
obtained as a white powder.

In Example 1,
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(Compound 42)

T

Me

[0232] The structure of the resulting white powder was
identified using NMR. The results of the "H-NMR measure-
ment are shown in FIG. 4. In the *H-NMR (THF-de), the
following signals of 47 hydrogens were detected.

Me

O

[0233] § (ppm)=7.92 (2H)
[0234] 7.87 (2H)
[0235] 7.80 (2H)
[0236] 7.74 (2H)
[0237] 7.60 (2H)
[0238] 7.56 (2H)
[0239] 7.50 (1H)
[0240] 7.40 (14H)
[0241] 7.29 (2H)
[0242] 7.10 (2H)
[0243] 6.97 (2H)
[0244] 6.93 (2H)
[0245] 1.55 (12H)

Example 5: Compound 57

Synthesis of N-(biphenyl-4-y1)-N-{p-(9,9-dimethyl-
9H-fluoren-2-yl)phenyl}-N-[4-{(2.4,6-tripheny])

phenyl}phenyl]amine

[0246]
A nitrogen-purged reaction vessel was charged with 20.0 g,
N-(4-bromophenyl)-N-(biphenyl)amine
2-(9,9-dimethyl-9H-fluoren-2-y1)-4,4,5,5-tetramethyl- 217 g,
1,3,2-dioxaborane
tripotassium phosphate 26.2 g,
1,4-dioxane 200 ml,
and
water 70 ml,

and a nitrogen gas was passed through the vessel for 40
minutes to obtain a mixture. To the mixture, 1.4 g of tetrakis
(triphenylphosphine) palladium was added, followed by
heating. The mixture was stirred for 4 hours at 85° C. to
obtain a reaction liquid. The reaction liquid was cooled to
room temperature, whereafter a liquid separating operation
was performed with the addition of toluene to collect an
organic layer. The organic layer was dried over magnesium
sulfate, and then concentrated under reduced pressure to
obtain a crude product. Hexane was added to the resulting
crude product, and the mixture was subjected to crystalli-
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zation purification, whereupon precipitated solids were col-
lected by filtration. As a result, 20.7 g (yield 77%) of
N-(biphenyl-4-y1)-N-[p-(9,9-dimethyl-9H-fluoren-2-yl)
phenyl]amine was obtained as white solids.

A nitrogen-purged reaction vessel was charged with 200 g,
the resulting N-(biphenyl-4-y1)-N-[p-(9, 9-dimethyl-9H-
fluoren-2-yl)phenyl]amine

1-bromo-4-iodebenzene 155 g,
sodium tert-butoxide 6.6 g,
and

xylene 400 ml,
and a nitrogen gas was passed through the vessel for 1 hour to

obtain a mixture. To the mixture,

palladium acetate 0.2 g,
and

xantphos 1.1 g,

were added, followed by heating. The mixture was stirred
for 2 hours at 105° C. to obtain a reaction liquid. The
reaction liquid was cooled to room temperature, then water
was added. and the mixture was filtered to collect an organic
layer. The organic layer was dried over magnesium sulfate,
and then concentrated under reduced pressure to obtain a
concentrate. The concentrate was subjected to crystallization
purification using methanol, whereupon precipitated solids
were collected by filtration. As a result, 19.0 g (yield 70%)
of  N-(biphenyl-4-yl)-N-(4-bromophenyl)-N-[p-(9,9-dim-
ethyl-9H-f luoren-2-yl)phenyl]amine was obtained as white
solids.

The resulting N-(biphenyl-4-yl)-N-(4-bromephenyl)-N- 18.0 g,
[p-(9,9-dimethyl-9H-fluoren-2-yl)phenyl]amine

and

tetrahydrofuran 20 ml,

were put into a nitrogen-purged reaction vessel and cooled
to -68° C. to obtain a mixture. To this mixture, 22 ml of a
hexane solution (1.6M) of n-butyl lithium was added drop-
wise over 45 minutes, followed by stirring the mixture for 45
minutes. Then, 4 ml of trimethyl borate was added dropwise
over 15 minutes, and then the mixture was stirred for 1 hour
at -68° C. The mixture was further stirred for 2 hours at
room temperature, 60 ml of IN hydrochloric acid was
added, and the mixture was stirred for 2 hours. An organic
layer was dehydrated over magnesium sulfate, and then
concentrated under reduced pressure. The resulting concen-
trate was subjected to crystallization purification using
hexane, and precipitated solids were collected by filtration.
As aresult, 12.5 g (yield 74%) of 4-[N-(biphenyl-4-y1)-N-
{p-(9,9-dimethyl-9H-fluoren-2-yl)

phenyl } amino }phenylboronic acid was obtained as a white
powder.

[0247]

[0248] 4-[N-(biphenyl-4-yI)-N-{p-(9,9-dimethyl-9H-fluo-
ren-2-yl)phenyl}amino} phenylboronic acid

In Procedure 2 of Example 1,

was used instead of

[0249] 4-{N,N-bis(biphenyl-4-yl)amino }phenylboronic
acid, and reactions were performed under the same condi-
tions. As a result, 5.5 g (yield 43%) of Compound 57 was
obtained as white solids.
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(Compound 57)

J
1
)

The structure of the resulting white solids was identified
using NMR. The results of the 'H-NMR measurement are
shown in FIG. 5. In the '"H-NMR (THF-d), the following
signals of 47 hydrogens were detected.

[0250] (ppm)=7.97-7.92 (4H)
[0251] 7.90 (3H)
[0252] 7.77 (5H)
[0253] 7.70 (2H)
[0254] 7.63 (3H)
[0255] 7.57 (2H)
[0256] 7.52 (1H)
[0257] 7.44 (13H)
[0258] 7.25 (4H)
[0259] 6.99 (4H)
[0260] 1.71 (6H)

Example 6: Compound 62

Synthesis of N-(biphenyl-4-y1)-N-(9,9-diphenyl-9H-
fluoren-2-y1)-N-[4-{(2,4,6-triphenyl)phenyl }phenyl]

amine
[0261]
A nitrogen-purged reaction vessel was charged with 10.0 g,
2-amino-9,9-biphenyl-9H-fluorene
4-bromobipheny! 73 g,
sodium tert-butoxide 4.3
and
toluene 100 ml,
and a nitrogen gas was passed through the vessel for
40 minutes to obtain a mixture. To the mixture,
palladium acetate 0.1 g,
and
a toluene solution (50 wt. %) of tri-tert-butylphosphine 07 g

were added, followed by heating. The mixture was stirred
for 5 hours at 80° C. to obtain a reaction liquid. The reaction
liquid was cooled to room temperature, and then concen-
trated under reduced pressure. Toluene was added to the
concentrate, and the mixture was dissolved by heating.
Silica gel was added, and the mixture was stirred and
hot-filtered. The filtrate was concentrated under reduced
pressure, and precipitated solids were collected by filtration.
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As a result, 12.0 g (yield 82%) of N-(biphenyl-4-y1)-N-(9,
9-diphenyl-9H-fluoren-2-yl)amine was obtained as white
solids.

A nitrogen-purged reaction vessel was charged with 119 g,
the resulting N-(biphenyl-4-y1)-N-(9,9-dipheny!-9H-
fluoren-2-yl)amine

1-bromo-4-iodebenzene 83 g,
sodium tert-butoxide 35 g,
and

xylene 240 ml,
and a nitrogen gas was passed through the vessel for

1 hour to obtain a mixture. To the mixture,

palladium acetate 0.1 g,
and

xantphos 0.6 g,

were added, followed by heating. The mixture was stirred
for 4 hours at 120° C. to obtain a reaction liquid. The
reaction liquid was cooled to room temperature, then water
was added. and the mixture was filtered to collect an organic
layer. The organic layer was dried over magnesium sulfate,
and then concentrated under reduced pressure. The concen-
trate was subjected to adsorption purification using silica
gel. As a result, 13.2 g (yield 84%) of N-(biphenyl-4-yl)-

N-(4-bromopheny!)-N-(9,9-diphenyl-9H-fluo ren-2-yl)
amine was obtained as white solids.

The resulting N-(biphenyl-4-yl)-N-(4-bromaophenyl)-N- 129 g,
(9,9-diphenyl-9H-fluoren-2-yl )amine

and

tetrahydrofiran 100 ml,

were put into a nitrogen-purged reaction vessel and cooled
to -68° C. to obtain a mixture. To this mixture, 15 ml of a
hexane solution (1.6M) of n-butyl lithium was added drop-
wise over 20 minutes, followed by stirring the mixture for 40
minutes. Then, 3 ml of trimethyl borate was added dropwise
over 15 minutes, and the mixture was stirred for 1 hour at
-68° C. The mixture was further stirred for 2 hours at room
temperature, 60 ml of IN hydrochloric acid was added,
followed by stirring the mixture for 2 hours. An organic
layer was dehydrated over magnesium sulfate, and then
concentrated under reduced pressure. The resulting concen-
trate was subjected to crystallization purification using
hexane, and precipitated solids were collected by filtration.
As a result, 7.3 g (vield 60%) of 4-{N-(biphenyl-4-yl)-N-
(9,9-dipheny!-9H-fluoren-2-yl)amino } phenylboronic  acid
was obtained as greenish white solids.

[0262] In Procedure 2 of Example 1,

[0263] 4-{N-(biphenyl-4-y1)-N-(9,9-diphenyl-9H-fluo-
ren-2-yl)amino }phenylboronic acid was used instead of
[0264] 4-{N,N-bis(biphenyl-4-yl)amino }phenylboronic
acid, and reactions were performed under the same condi-
tions. As a result, 7.5 g (yield 81%) of Compound 62 was
obtained as yellowish white solids.
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(Compound 62)

o
O O
&

[0265] The structure of the resulting yellowish white sol-
ids was identified using NMR. The results of the 'H-NMR

measurement are shown in FIG. 6. In the "H-NMR (THEF-
ds), the following signals of 47 hydrogens were detected.

[0266] (ppm)=7.93 (2H)
[0267] 7.90 (1)
[0268] 7.88 (2H)
[0269] 7.83 (1H)
[0270] 7.75 (2H)
[0271] 7.64-7.61 (4H)
[0272] 7.55 (3H)
[0273] 7.53-7.48 (2H)
[0274] 7.43 (1H)
[0275] 736 (11H)
[0276] 731 (11H)
[0277] 7.17 (2H)
[0278] 7.14 (1H)
[0279] 6.94 (4H)

Example 7. Compound 91

Synthesis of N-{p-(phenanthrenyl-9-yl)phenyl}-N-
(1,1 4',1"-terphenyl-4-y1)-N-[4-{(2.4,6-triphenyl)

phenyl}phenyl]amine

[0280]
A nitrogen-purged reaction vessel was 1000 g,
charged with 4-bromodiphenylamine
bis(pinacolato)diboron 1230 g,
potassium acetare 98.9 g,
and
1,4-dioxane 1000 ml.

A nitrogen gas was passed through the vessel for 30 minutes
to obtain a mixture. To the mixture, 6.6 g of {1,1'-bis
(diphenylphosphino)ferrocene} palladium was added, fol-
lowed by heating. The heated mixture was stirred for 6 hours
at 100° C. to obtain a reaction liquid. The resulting reaction
liquid was cooled to room temperature, and then a liquid
separating operation was performed with the addition of
toluene and water to collect an organic layer. The organic
layer was dehydrated over magnesium sulfate, and then
concentrated under reduced pressure. Hexane was added to
the concentrate, and the mixture was cooled in a freezer,
whereafter precipitated solids were collected by filtration.
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As a result, 56.1 g (vield 47%) of N-phenyl{p-(4.4,5,5-

tetramethyl-1,3,2-dioxaboran-2-yl)phenyl }amine was
obtained as white solids.
A nitrogen-purged reaction vessel was 548 g,
charged with the resulting N-phenyl{p-
{4,4,5 5-tetramethyl-1,3,2-dioxaboran-
2-yl)phenyl }amine
2-bromo-1,3,5-triphenylbenzene 65.0 g,
tripotassium phosphate 717 g,
1,4-dioxane 650 ml,
and
water 180 ml.

A nitrogen gas was passed through the vessel for 45 minutes
to obtain a mixture. To this mixture, 3.9 g of tetrakis
(triphenylphosphine)palladium was added, followed by
heating, and the mixture was stirred for 11 hours at 90° C.
to obtain a reaction liquid. After the reaction liquid was
cooled to room temperature, water was added, and a liquid
separating operation was performed to collect an organic
layer. The organic layer was dehydrated over magnesium
sulfate, and then concentrated under reduced pressure to
obtain a crude product. Methanol was added to the crude
product, and the mixture was dispersed and washed. As a
result, 71.6 g (yield 90%) of N-phenyl-N-[4-{(2,4,6-triph-
enyl)phenyl }phenyl]amine was obtained as white solids.

A nitrogen-purged reaction vessel was 300 g,
charged with the resulting N-phenyl-N-
[4-{(2,4,6-triphenyl)phenyl }phenyl]amine
4-bromo-1,1"4"1"-terphenyl 206 g,
sodium tert-butoxide 9.1 g,
and

toluene 300 ml,
and a nitrogen gas was passed through

the vessel for 35 minutes

to obtain a mixture. To the mixture,

palladium acetate 03 g,
and

a toluene solution (50 wt. %) of 15 ¢

tri-tert-butylphosphine

were added, followed by heating. The mixture was stirred
for 3 hours at 80° C. to obtain a reaction liquid. The reaction
liquid was cooled to room temperature, and then concen-
trated under reduced pressure. The concentrate was sub-
jected to crystallization purification using methanol, and
precipitated solids were collected by filtration. As a result,
37.9 g (yield 85%) of N-phenyl-N-(1,1" 4',1"-terphenyl-4-

y1)-N-[4-{(2,4,6-triphen  yl)phenyl}phenyl]lamine  was
obtained as yellowish green solids.
The resulting N-phenyl-N-(1,1":4',1"-terphenyl-4-yl)- 369 g,
N-[4-{(2,4,6-triphenyl)phenyl }phenyl Jamine
N-bromosuccinimide 9.1 g,
and
chloroform 370 ml,

were put into a nitrogen-purged reaction vessel and stirred
for 3 hours at room temperature to obtain a mixture. The
mixture was concentrated under reduced pressure. Methanol
was added, and precipitated solids were collected by filtra-
tion. As a result, 31.4 g (vield 76%) of N-(4-bromophenyl)-
N-(1,1":4',1"-terphenyl-4-y1)-N-[4-{(2,4,6-tripheny])
phenyl}phenyljamine was obtained as yellowish white
solids.
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A nitrogen-purged reaction vessel was 62 g,
charged with the resulting N-(4-bromophenyl)-
N-(1,1":4",1"-terphenyl-4-y1)-N-[4-{(2,4,6-
triphenyl)pheny!}phenyl]amine

9-phenanthreneboronic acid 21 g
potassium carbonate 22 g,
14-dioxane 60 ml,
and

water 20 ml.

A nitrogen gas was passed through the vessel for 35 minutes
to obtain a mixture. To this mixture, 0.3 g of tetrakis
(triphenylphosphine) palladium was added, followed by
heating. The mixture was stirred for 14 hours at 85° C. to
obtain a reaction liquid. After the reaction liquid was cooled
to room temperature, 50 ml of water was added, and the
mixture was filtered. Precipitated solids were collected by
filtration. Toluene was added to the resulting crude product,
and the mixture was dissolved by heating. After silica gel
was added to the solution, the mixture was stirred, and then
hot-filtered. The filtrate was concentrated under reduced
pressure, and the concentrate was subjected to adsorption
purification using silica gel. As a result, 2.7 g (vield 39%) of
Compound 91 was obtained as white solids.

(Compound 91)

[0281] The structure of the resulting white solids was
identified using NMR. The results of the "H-NMR measure-
ment are shown in FIG. 7. In the "H-NMR (THF-de), the
following signals of 47 hydrogens were detected.

[0282] S(ppm)=9.04 (1)
[0283] 8.97 (1H)
[0284] 8.20 (1H)
[0285] 8.10 (1H)
[0286] 7.95 (2H)
[0287] 7.90 (7H)
[0288] 7.85 (3H)
[0289] 7.84-7.82 (1H)
[0290] 7.79 (3H)
[02901] 7.74 (1H)
[0292] 7.61 (6H)
[0293] 7.50 (2H)
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[0294] 7.44 (8H)
[0295] 7.39 (2H)
[0296] 7.33 (4H)
[0297] 7.08 (2H)
[0298] 7.03 (2H)

Example 8: Compound 92

Synthesis of N-(biphenyl-4-y1)-N-(9,9-dimethyl-9H-
fluoren-2-y1)-N-[4'-(2,4,6-triphenyl)-1,1"-biphenyl-4-
yl}phenyljamine

[0299]

A nitrogen-purged reaction vessel was 200 g
charged with 4-{N-(biphenyl-4-yl)-N-(9,9-
dimethyl-9H-fluoren-2-yl)amino}

phenylboronic acid obtained in Example 3

1-bromo-4-iodobenzene 129 g,

potassium carbonate 115 g,

toluene 160 ml,

ethanol 40 ml,

and

water 40 ml.
[0300] A nitrogen gas was passed through the vessel for 45

minutes to obtain a mixture. To this mixture, 1.0 g of tetrakis
(triphenylphosphine) palladium was added, followed by
heating. The mixture was stirred for 8 hours at 74° C. to
obtain a reaction liquid. After the reaction liquid was cooled
to room temperature, water was added, and a liquid sepa-
rating operation was performed to collect an organic layer.
The organic layer was dehydrated over magnesium sulfate,
and then concentrated under reduced pressure. Toluene was
dissolved in the concentrate, and the solution was added
dropwise into methanol. Precipitated solids were collected
by filtration. As a result, 19.8 g (vield 80%) of N-(biphenyl-
4-y1)-N-(4-bromo-4-biphenyl)-N-(9,9-dimethyl-9H-fluo-

ren-2-yl)amine was obtained as yellowish green solids.

A nitrogen-purged reaction vessel was
charged with the resulting N-(biphenyl-
4-y1)-N-(4-bromo-4-bipheny!)-N-(9,9-
dimethyl-9H-fluoren-2-yl)amine
bis(pinacolato)diboron

potassium acetate

and

1,4-dioxane

100 g

51 g,
33 g,

100 ml.

A nitrogen gas was passed through the vessel for 30 minutes
to obtain a mixture. To the mixture, 0.3 g of {1,1'-bis
(diphenylphosphino)ferrocene } palladium(IT) dichloride was
added, followed by heating. The heated mixture was stirred
for 19 hours at 80° C. to obtain a reaction liquid. The
resulting reaction liquid was cooled to room temperature,
and then a liquid separating operation was performed with
the addition of toluene and water to collect an organic layer.
The organic layer was dehydrated over magnesium sulfate,
and then concentrated under reduced pressure to obtain a
crude product. Methanol was added to the crude product,
and the mixture was subjected to crystallization purification.
Precipitated solids were collected by filtration. As a result,
7.3 g (vield 68%) of N-(biphenyl-4-y1)-N-(9,9-dimethyl-9H-
fluoren-2-y1)-N-{p-(4,4,5,5-tetramethyl-1,3,2-dioxaboran-
2-yl)biphenyl}amine was obtained as white solids.
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A nitrogen-purged reaction vessel was charged with 72 g,
the resulting N-(biphenyl-4-y1)-N-(9,9-dimethyl-9H-
fluoren-2-y1)-N-{p-(4 4,5,5-tetramethyl-1,3,2-
dioxaboran-2-yl)biphenyl }amine

2-bromo-1,3,3-triphenylbenzene 36 g,
potassium carbonate 52 g
14-dioxane 80 ml,
and

water 20 ml

A nitrogen gas was passed through the vessel for 46 minutes
to obtain a mixture. To this mixture, 0.3 g of tetrakis
(triphenylphosphine) palladium was added, followed by
heating. The mixture was stirred for 9 hours at 85° C. to
obtain a reaction liquid. After the reaction liquid was cooled
to room temperature, toluene and water were added, and a
liquid separating operation was performed to collect an
organic layer. The organic layer was dehydrated over mag-
nesium sulfate, and then concentrated under reduced pres-
sure to obtain a crude product. Toluene and hexane were
added to the crude product, and the mixture was subjected
to adsorption purification using silica gel. As a result, 6.7 g
(vield 88%) of Compound 92 was obtained as yellowish
white solids.

(Compound 92)

5

OO0
&
O

[0301] The structure of the resulting yellowish white sol-
ids was identified using NMR. The results of the 'H-NMR
measurement are shown in FIG. 8. In the 'H-NMR (THF-
de), the following signals of 47 hydrogens were detected.

Me

[0302] S(ppm)=7.94 (2H)
[0303] 7.89 (2H)
[0304] 7.84 (2H)
[0305] 7.79 (2H)
[0306] 7.73 (2H)
[0307] 7.69 (2H)
[0308] 7.62 (2H)
[0309] 7.59-7.55 (3H)
[0310] 7.53-7.49 (4H)
[0311] 7.46-7.43 (21
[0312] 7.40 (1H)
[0313] 7.33 (14H)
[0314] 7.24 (1H)
[0315] 7.10 (2H)
[0316] 1.59 (6H)
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Example 9: Compound 70

Synthesis of N-(biphenyl-4-y1)-N-(9-phenyl-9H-
carbazol-3-y1)-N-[4-{(2,4,6-tripheny])
phenyl}phenyl]amine

(Procedure 1)

[0317]
A nitrogen-purged reaction vessel was 500 g,
charged with N-(4-bromobiphenyl)-4-
biphenylamine
bis(pinacelato)diboron 47.0 g,
potassium acetate 378 g,
and
1,4-dioxane 500 ml.

A nitrogen gas was passed through the vessel for 50 minutes
to obtain a mixture. To the mixture, 2.5 g of {1,1'-bis
(diphenylphosphino)ferrocene } palladium(IT) dichloride was
added, followed by heating. The heated mixture was stirred
for 5 hours at 180° C. to obtain a reaction liquid. After the
resulting reaction liquid was cooled to 90° C., a liquid
separating operation was performed with the addition of
toluene and a saturated saline solution to collect an organic
layer. The organic layer was dehydrated over magnesium
sulfate, and then concentrated under reduced pressure.
Methanol was added to the concentrate, and the mixture was
subjected to crystallization purification. Precipitated solids
were collected by filtration. As a result, 38.9 g (yield 68%)
of N-(biphenyl-4-y1)-N-{4-(4,4,5,5-tetramethyl-1,3,2-diox-
abora n-2-yl)phenyl}amine was obtained as yellow solids.

(Procedure 2)

[0318]

A nitrogen-purged reaction vessel was charged 212 g,
with the resulting N-(biphenyl-4-yl)-N-{4-(4,4,5.5-
tetramethyl-1,3,2-dioxaboran-2-yl)phenyl jamine
2-bromo-1,3,5-triphenylbenzene 200 g,
tripotassium phosphate 21 g,
1,4-dioxane 200 ml,
and

water 60 ml.

A nitrogen gas was passed through the vessel for 35 minutes
to obtain a mixture. To this mixture, 0.6 g of tetrakis
(triphenylphosphine) palladium was added, followed by
heating. The heated mixture was stirred for 8 hours at 86° C.
to obtain a reaction liquid. After the reaction liquid was
cooled to room temperature, water was added. Precipitated
solids were collected by filtration. Toluene was added to the
resulting solids, and the mixture was dissolved by heating.
Then, silica gel was added to the solution, the mixture was
stirred, and hot filtration was performed. The filtrate was
concentrated under reduced pressure, and methanol was
added to carry out crystallization purification. Precipitated
solids were collected by filtration. As a result, 28.3 g (yield
99%) of N-(biphenyl-4-y1)-N-{4-(2,4,6-triphenylphenyl)
phenyl }amine was obtained as white solids.
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(Procedure 3)
[0319]

A nitrogen-purged reaction vessel was charged with 6.0 g,
the resulting N-(biphenyl-4-yl)-N-{4-(2,4,6-
triphenylphenyl) phenyl}amine

3-bromo-9-phenyl-9H-carbazole 39 g,
sodium tert-butoxide 1.6 g,
and

toluene 60 ml,
and a nitrogen gas was passed through the vessel for 45 minutes

to obtain a mixture. To the mixture,

palladium acetate 0.l g
and

tri-tert-butylphosphine 02 g

were added, followed by heating. The mixture was stirred
for 3 hours at 104° C. to obtain a reaction liquid. The
reaction liquid was cooled to room temperature, and then
methanol was added. Precipitated solids were collected by
filtration. Toluene was added to the resulting solids, and the
mixture was dissolved with heating. Then, silica gel was
added, and the mixture was stirred and filtered. The filtrate
was concentrated under reduced pressure. Methanol was
added to precipitated solids, and the mixture was dispersed
and washed. As a result, 6.7 g (vield 88%) of Compound 70
was obtained as white solids.

(Compound 70)
N .

[0320] The structure of the resulting white solids was
identified using NMR. The results of the 'H-NMR measure-
ment are shown in FIG. 9. In the 'H-NMR (THF-dy), the
following signals of 42 hydrogens were detected.

[0321] d(ppm)=8.23 (1H)
[0322] 8.04 (1H)
[0323] 7.93 (2H)
[0324] 7.88 (2H)
[0325] 7.84-7.79 (4H)
[0326] 7.75 (2H)
[0327] 7.64 (5H)
[0328] 7.55-7.50 (6H)
[0329] 7.41 (12H)
[0330] 7.33 (1H)
[0331] 7.20 (2H)
[0332] 6.98 (2H)
[0333] 6.92 (2H)
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Example 10: Compound 94

Synthesis of N-(biphenyl-4-y1)-N-{4-(dibenzofuran-
4-yl)phenyl}-N-[4-{(2,4,6-triphenyl)phenyl } phenyl]
amine

[0334]

A nitrogen-purged reaction vessel was 10.0

charged with 1-bromo-4-iodobenzene

4-dibenzofuranylboronic acid 79 g,
potassium carbonate 9.8 g,
toluene 80 ml,
ethanol 20 ml,
and

water 40 ml.

A nitrogen gas was passed through the vessel for 40 minutes
to obtain a mixture. To this mixture, 0.8 g of tetrakis
(triphenylphosphine)palladium was added, followed by
heating, and the mixture was stirred for 6 hours at 74° C. to
obtain a reaction liquid. After the reaction liquid was cooled
to room temperature, a liquid separating operation was
performed with the addition of water to collect an organic
layer. The organic layer was dehydrated over magnesium
sulfate, and then concentrated under reduced pressure. Pre-
cipitated solids were collected by filtration. As a result, 5.6
g (vield 49%) of 4-(4-bromophenyl)dibenzofuran was
obtained as yellow solids.

A nitrogen-purged reaction vessel was charged 3.9 g,
with the resulting 4-(4-bromophenyl)dibenzofuran
N-(biphenyl-4-y1)-N-{4-(2,4,6-

triphenylphenyl)phenyl }amine obtained in 6.0 g,
Procedure 2 of Example 9

sodium tert-butoxide 16 g,
and

toluene 60 ml,
and a nitrogen gas was passed through the vessel

for 1 hour to obtain a mixture. To the mixture,

palladium acetate 0.1 g,
and

tri-tert-butylphosphine 02 g

were added, followed by heating. The mixture was stirred
for 3 hours at 103° C. to obtain a reaction liquid. The
reaction liquid was cooled to room temperature. Precipitated
solids were collected by filtration. Monochlorobenzene was
added to the resulting solids, and the mixture was dissolved
with heating. Then, silica gel was added, and the mixture
was stirred and hot-filtered. The filtrate was concentrated
under reduced pressure. Methanol was added to precipitated
solids, and the mixture was dispersed and washed. As a
result, 7.5 g (yield 87%) of Compound 94 was obtained as
white solids.
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(Compound 94)
O~
- b
[0335] The structure of the resulting white solids was
identified using NMR. The results of the 'H-NMR measure-

ment are shown in FIG. 10. In the '"H-NMR (THF-ds), the
following signals of 41 hydrogens were detected.

[0336] S(ppm)=8.24 (1H)
[0337] 8.15 (1H)
[0338] 8.03 (2H)
[0339] 7.95 (2H)
[0340] 7.90 (2H)
[0341] 7.83 (2H)
[0342] 7.79 (2H)
[0343] 7.73 (2H)
[0344] 7.67-7.51 (8H)
[0345] 7.43 (11H)
[0346] 7.30 (4H)
[0347] 7.02 (4H)

<Measurement of Glass Transition Temperature>

[0348] The arylamine compounds of the present invention
were measured for the glass transition temperature by a high
sensitivity differential scanning calorimeter (DSC31008,
produced by Bruker AXS).

Glass transition
temperature (° C.)

110
121
121

Compound of Example 1 (Compound 2)
Compound of Example 2 (Compound 10)
Compound of Example 3 (Compound 41)

Compound of Example 4 (Compound 42) 135
Compound of Example 5 (Compound 57) 128
Compound of Example 6 (Compound 62) 145
Compound of Example 7 (Compound 91) 143
Compound of Example 8 (Compound 92) 144
Compound of Example 9 (Compound 70) 134
Compound of Example 10 (Compound 94) 123

[0349] The arylamine compounds of the present invention
had a glass transition temperature of 100° C. or higher,
demonstrating that they were stable in a thin film state.

<Measurement of Work Function>

[0350] Using each of the compounds of the present inven-
tion, a vapor deposited film with a film thickness of 100 nm

17
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was prepared on an ITO substrate, and its work function was
measured using an ionization potential measuring device
(PYS-202, produced by Sumitomo Heavy Industries, Ltd.).

Work function

(eV)
Compound of Example 1 (Compound 2) 571
Compound of Example 2 (Compound 10) 5.67
Compound of Example 3 (Compound 41) 5.63
Compound of Example 4 (Compound 42) 5.55
Compound of Example 5 (Compound 57) 5.66
Compound of Example 6 (Compound 62) 5.67
Compound of Example 7 (Compound 91) 570
Compound of Example 8 (Compound 92) 5.63
Compound of Example 9 (Compound 70) 5.50
Compound of Example 10 (Compound 94) 570

[0351] The compounds of the present invention showed a
suitable energy level as compared with a work function of
5.4 eV which an ordinary hole transport material such as
NPD or TPD has. Thus, these compounds had satisfactory
hole transport capability.

Device Example 1

[0352] The hole injection layer 3, the hole transport layer
4, the electron blocking layer 5, the luminous layer 6, the
electron transport layer 7, the electron injection layer 8, and
the cathode (aluminum electrode) 9 were vapor-deposited in
this order on an ITO electrode formed beforehand as the
transparent anode 2 on the glass substrate 1 to prepare the
organic EL device as shown in FIG. 11.

[0353] Concretely, the glass substrate 1 having a 50 nm
thick ITO film formed thereon was washed with an organic
solvent, and then the ITO surface was cleaned by UV/ozone
treatment. Then, the glass substrate with the ITO electrode
was placed in a vacuum deposition machine, and the pres-
sure therein was reduced to 0.001 Pa or lower.

[0354] The hole injection layer 3 was formed. Concretely,
a compound HIM-1 represented by the following structural
formula was vapor-deposited so as to cover the transparent
anode 2, whereby a layer with a film thickness of 5 nm was
formed.

(HIM-1)
N
NC
Xy
N N N
N
&
N N N
N
NC &
N
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[0355] Then, the hole transport layer 4 was formed. Con-
cretely, a compound HTM-1 represented by the following
structural formula was vapor-deposited on the hole injection
layer 3 to form a layer with a film thickness of 60 nm.

[0356] Then, the electron blocking layer 5 was formed.
Concretely, the compound of Example 1 (Compound 2) was
vapor-deposited on the hole transport layer 4 to form a layer
with a film thickness of 5 nm.

(Compound 2)

> P

[0357] Then, the luminous layer 6 was formed. Con-
cretely, a pyrene derivative EMD-1 of the following struc-
tural formula and an anthracene derivative EMH-1 of the
following structural formula were binary vapor deposited on
the electron blocking layer 5 at such vapor deposition rates

Jun. 21,2018

that the vapor deposition rate ratio was EMD-1:EMH-1=5:

93, whereby a layer was formed in a film thickness of 20 nm.

(EMD-1)

(EMH-1)

[0358] Then, the electron transport layer 7 was formed.
Concretely, compounds ETM-1 and ETM-2 of the following
structural formulas were binary vapor deposited on the
luminous layer 6 at such vapor deposition rates that the
vapor deposition rate ratio was ETM-1:ETM-2=50:50,
whereby a layer was formed in a film thickness of 30 nm.
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(ETM-1)

19

Jun. 21,2018

(Compound 10)

0

(ETM-2)

[0359] Then, the electron injection layer 8 was formed.
Concretely, lithium fluoride was vapor deposited on the
electron transport layer 7 to form the layer in a film thickness
of 1 nm.

[0360] Finally, aluminum was vapor deposited to a film
thickness of 100 nm to form the cathode 9.

[0361] The glass substrate having the organic films and the
aluminum film formed thereon was moved into a glove box
purged with dry nitrogen, and a sealing glass substrate was
laminated thereto using a UV curing resin to produce an
organic EL device.

Device Example 2

[0362] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 2 (Compound 10) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

Device Example 3

[0363] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 3 (Compound 41) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

(Compound 41)

s
O <L
O

&

Device Example 4

[0364] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 4 (Compound 42) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.
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(Compound 42)

Me
Q O O )
*Ac

Device Example 5

[0365] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 5 (Compound 57) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

(Compound 57)

)
:
O

Device Example 6

[0366] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 6 (Compound 62) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

(Compound 62)
N Q

Device Example 7

[0367] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 7 (Compound 91) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

(Compound 91)

Device Example 8

[0368] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 8 (Compound 92) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.
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(Compound 92)

00 ’t
ol of

Device Example 9

[0369] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 9 (Compound 70) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.

(Compound 70)

B

Device Example 10

[0370] An organic EL device was prepared under the same
conditions as in Device Example 1, except that the com-
pound of Example 10 (Compound 94) was used, instead of
the compound of Example 1 (Compound 2), as the material
for the electron blocking layer 5.
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(Compound 94)

&,

Device Comparative Example 1

[0371] An organic EL device was prepared under the same
conditions as in Device Example 1, except that a compound
HTM-A of the following structural formula was used,
instead of the compound of Example 1 (Compound 2), as the
material for the electron blocking layer 5.

(HTM-A)

®
»
®

o

Device Comparative Example 2

[0372] An organic EL device was prepared under the same
conditions as in Device Example 1, except that a compound
HTM-B of the following structural formula was used,
instead of the compound of Example 1 (Compound 2), as the
material for the electron blocking layer 5.
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[0373] Each of the organic EL devices prepared in Device
Examples 1 to 10 and Device Comparative Examples 1 to 2
was measured for the device lifetime. The results are shown
in Table 1. The device lifetime was measured as the period
of time until the emission luminance attenuated to 1900
cd/m® (corresponding to 95%, with the initial luminance
taken as 100%: 95% attenuation) when constant current
driving was performed, with the emission luminance at the
start of light emission (initial luminance) being set at 2000
cd/m?,

[0374] Each of the organic EL devices prepared in Device
Examples 1 to 10 and Device Comparative Examples 1 to 2
was measured for the light emission characteristics when a
direct current voltage was applied at normal temperature in
the atmosphere. The results are shown in Table 1.
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(HTM-B)

[0378] The device lifetime was 74 to 81 hours in Device
Comparative Examples 1 to 2. On the other hand, it was 183
to 250 hours in Device Examples 1 to 10, showing much
longer lifetimes.

[0379] As the above results clearly shows, the organic EL
devices using the arylamine compounds of the present
invention were lower in driving voltage, higher in luminous
efficiency, and longer in lifetime than the conventional
organic EL devices.

INDUSTRIAL APPLICABILITY

[0380] The arylamine compound of the present invention
has high hole transport capability, excels in electron block-
ing capability, and is stable in a thin film state. Thus, it is

TABLE 1
Luminous Power
Electron Voltage Luminance efficiency efficiency Device lifetime
blocking v] [ed/m?] [ed/A] [lm/W] (hrs)
layer (@10 mA/em®) (@10 mA/em?) (@10 mA/em®) (@10 mA/em?)  95% attenuation
Dev. Ex. 1 Comp. 2 385 835 8.35 6.82 194
Dev. Ex. 2 Comp. 10 385 878 .78 7.18 225
Dev. Ex. 3 Comp. 41 377 821 8.21 6.84 209
Dev. Ex. 4 Comp. 42 374 804 8.04 6.78 187
Dev. Ex. 5 Comp. 57 384 913 9.13 748 184
Dev. Ex. 6  Comp. 62 381 861 8.61 7.10 250
Dev. Ex. 7 Comp. 91 387 923 9.23 7.51 201
Dev. Ex. 8  Comp. 92 375 882 8.82 742 207
Dev. Ex. 9 Comp. 70 3.65 822 8.22 7.08 183
Dev. Ex. 10 Comp. 94 368 845 8.45 7.22 228
Dev. Comp. HIM-A 4.15 576 5.76 4.43 81
Ex. 1
Dev. Comp. HTM-B 4.18 442 4.42 341 74
Ex. 2

Dev. Ex.: Device Example
Dev. Comp. Ex.: Device Comparative Example
Comp.: Compound

[0375] The driving voltage was 4.15 to 4.18V in Device
Comparative Examples 1 to 2. On the other hand, it was 3.65
to 3.87V in Device Examples 1 to 10, demonstrating that the
organic EL devices of the Device Examples were all driv-
able at low voltages.

[0376] The luminous efficiency was 4.42 to 5.76 cd/A in
Device Comparative Examples 1 to 2, while it was as high
as 8.04 10 9.23 cd/A in all of Device Examples 1 to 10.

[0377] The power efficiency was 3.41 to 4.43 Im/W in
Device Comparative Examples 1 to 2, while it was as high
as 6.78 to 7.51 Im/W 1n all of Device Examples 1 to 10.

excellent as a compound for an organic EL device. When an
organic EL device is prepared using this compound, a high
luminous efficiency and a high power efficiency can be
obtained, practical driving voltage can be lowered, and
durability can be improved. Hence, the organic EL device of
the present invention can be put to uses such as domestic
electrical appliances and illumination.

EXPLANATIONS OF LETTERS OR NUMERALS

[0381] 1 Glass substrate
[0382] 2 Transparent anode
[0383] 3 Hole injection layer
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[0384] 4 Hole transport layer
[0385] 5 Electron blocking layer
[0386] 6 Luminous layer

[0387] 7 Electron Transport layer
[0388] 8 Electron injection layer
[0389] 9 Cathode

1. (canceled)

2. The arylamine compound according to claim 13,
wherein Ar® and Ar* may be the same or different, and each
represent an aromatic hydrocarbon group, or a condensed
polycyclic aromatic group having no hetero-atom.

3. The arylamine compound according to claim 1,
wherein Ar® and Ar* may be the same or different, and each
represent an aromatic hydrocarbon group, or a condensed
polycyclic aromatic group having no hetero-atom, the aro-
matic hydrocarbon group or the condensed polycyclic aro-
matic group having no substituent.

4. The arylamine compound according to claim 13,
wherein Ar® and Ar* may be the same or different, and each
represent a phenyl group, a biphenylyl group, a naphthyl
group, a phenanthrenyl group, or a fluorenyl group.

5. The arylamine compound according to claim 13,
wherein R' and R® may be the same or different, and each
represent a hydrogen atom or a deuterium atom.

6. The arylamine compound according to claim 13,
wherein L is a phenylene group.

7. The arylamine compound according to claim 13,
wherein L is a 1,4-phenylene group.

8. An organic electroluminescent device having a pair of
electrodes and at least one organic layer sandwiched ther-
ebetween, wherein

the arylamine compound according to claim 13 is used for

the organic layer.

9. The organic electroluminescent device according to
claim 8, wherein the organic layer is a hole transport layer.

10. The organic electroluminescent device according to
claim 8, wherein the organic layer is an electron blocking
layer.
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11. The organic electroluminescent device according to
claim 8, wherein the organic layer is a hole injection layer.

12. The organic electroluminescent device according to
claim 8, wherein the organic layer is a luminous layer.

13. An arylamine compound represented by the following
general formula (1):

M

Ar R!
A.rl
Nl R?
AP
Art R}

where

Art, A, Ar® and Ar* may be the same or different, and
each represent an aromatic hydrocarbon group, an
aromatic heterocyclic group, or a condensed polycyclic
aromatic group,

L represents a divalent aromatic hydrocarbon group, a
divalent aromatic heterocyclic group, or a divalent
condensed polycyclic aromatic group,

R', R? and R? may be the same or different, and each
represent a hydrogen atom, a deuterium atom, a fluo-
rine atom, a chlorine atom, a cyano group, a nitro
group, an alkyl group having 1 to 6 carbon atoms, a
cycloalkyl group having 5 to 10 carbon atoms, an
alkenyl group having 2 to 6 carbon atoms, an alkyloxy
group having 1 to 6 carbon atoms, a cycloalkyloxy
group having 5 to 10 carbon atoms, an aromatic hydro-
carbon group, an aromatic heterocyclic group, a con-
densed polycyclic aromatic group, or an aryloxyl
group, and

n denotes an integer of 1 to 3.

L S S T
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