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(57) ABSTRACT

Provided are a novel nitrogen-containing aromatic heterocy-
clic compound and an organic electronic device using the
compound. This nitrogen-containing aromatic compound is
represented by the general formula (1). Further, the present
invention relates to organic electronic devices such as a light-
emitting device, a thin-film transistor, and a photovoltaic
device each using the nitrogen-containing aromatic com-
pound.

@

m

(L represents an m+n-valent aromatic hydrocarbon group or
aromatic heterocyclic group, or a group arising from a triary-
lamine or a diaryl sulfone; X represents N-A, O, S, or Se; A
represents an alkyl group or the like; R represent hydrogen, an
alkyl group, an aromatic group, or the like; and m+n is an
integer of 2 to 4.)
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NITROGENATED AROMATIC COMPOUND,
ORGANIC SEMICONDUCTOR MATERIAL,
AND ORGANIC ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a novel nitrogen-
containing aromatic compound and an organic electronic
device using the compound, and to a light-emitting device, a
thin-film transistor, and a photovoltaic device each utilizing
the compound as an organic semiconductor material.

BACKGROUND ART

[0002] In recent years, an organic electronic device using
an organic compound as a semiconductor material has been
showing remarkable development. Representative examples
of its application include: an organic electroluminescence
device (which may hereinafter be referred to as “organic EL
device”) expected as a new-generation flat panel display; an
organic thin-film transistor (which may hereinafter be
referred to as “organic TFT”) that has been attracting atten-
tion because the transistor enables the production of a thin-
film transistor to be used for, for example, the driving of a
pixel of a display by a low-cost process such as printing and
can correspond to a flexible substrate; and a photovoltaic
device (organic thin-film solar cell) as a light-weight, flexible
power source.

[0003] In general, a high-temperature process and a high-
vacuum process are essential for the formation of a semicon-
ductor deviceusing silicon that is an inorganic semiconductor
material into a thin film. The high-temperature process is
needed and hence silicon cannot be formed into a thin film on
aplastic substrate or the like. Accordingly, it has been difficult
to impart flexibility to a product into which the semiconductor
device is incorporated or to reduce the weight of the product.
In addition, the high-vacuum process is needed, and hence an
increase in area of the product into which the semiconductor
device is incorporated and the reduction of a cost for the
product have been difficult.

[0004] Theuse of an organic compound as a semiconductor
material has been expected to realize a low-price device
because the organic compound can be easily processed as
compared with silicon that is an inorganic substance. In addi-
tion, various substrates including a plastic substrate can be
applied to a semiconductor device using the organic com-
pound because the device can be produced at low tempera-
tures. Further, the semiconductor material made of the
organic compound is structurally flexible, and hence the com-
bined use of the plastic substrate and the semiconductor mate-
rial made of the organic compound has been expected to
realize applications to organic semiconductor products taking
advantage of such characteristics, e.g., devices including
flexible displays such as an organic EL panel and electronic
paper, liquid crystal displays, information tags, and large-
area sensors such as an electronic artificial skin sheet and a
sheet-type scanner.

[0005] An organic semiconductor material to be used in any
such organic electronic device has been required to improve
the luminous efficiency of an organic EL device, to lengthen
its lifetime, and to reduce the voltage at which the device is
driven, to reduce the threshold voltage of an organic TFT
device and to increase a charge mobility for, for example,
increasing its switching speed, and to improve the photoelec-
tric conversion efficiency of an organic thin-film solar cell.
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[0006] Forexample, a host material that serves to transport
charge in a light-emitting layer is important for improving
luminous efficiency in a material for an organic EL device.
Typical examples of the host materials proposed include 4,4'-
bis(9-carbazolyl) biphenyl (hereinafter referred to as “CBP”")
as a carbazole compound disclosed in Patent Literature 1 and
1,3-dicarbazolyl benzene (hereinafter referred to as “mcP”)
disclosed in Non Patent Literature 1. When CBP is used as a
host material for a green phosphorescent light-emitting mate-
rial typified by a tris(2-phenylpyridine) iridium complex
(hereinafter referred to as “Ir(ppy),”), the injection balance
between charges is disturbed because CBP has the character-
istic of facilitating the delivery ofholes and not facilitating the
delivery of electrons. Thus, excessively delivered holes flow
out into an electron-transporting layer side, with the result
that the luminous efficiency from Ir(ppy), lowers. Mean-
while, mCP shows a relatively good light-emitting character-
istic when used as a host material for a blue phosphorescent
light-emitting material typified by a bis[2-(4,6-difluorophe-
nyl)pyridinato-N, C2'](picolinato)iridium complex (herein-
after referred to as “Flrpic™), but is not satisfactory in practi-
cal use particularly from the viewpoint of durability.

[0007] As described above, a host material in which inject-
ing/transporting characteristics for both charges (a hole and
an electron) are balanced is needed for obtaining high lumi-
nous efficiency in an organic EL device. Further, a compound
that is electrochemically stable, and has high heat resistance
and excellent amorphous stability has been desired, and
hence additional improvements have been required.

[0008] In addition, among materials for organic TFT
devices, an organic semiconductor material having charge-
transporting property comparable to that of amorphous sili-
con has been reported in recent years. For example, the same
level of charge mobility as that of the amorphous silicon has
been reported in an organic TFT device using, as an organic
semiconductor material, pentacene that is a hydrocarbon-
based, acene-type, polycyclic aromatic molecule in which
five benzene rings are linearly fused introduced in Non Patent
Literature 2. However, the use of pentacene as an organic
semiconductor material for an organic TFT device is disad-
vantageous from the viewpoints of an increase in area, flex-
ibility, a reduction in weight, and a reduction in cost because
an organic semiconductor thin-film layer is formed by a depo-
sition method in an ultrahigh vacuum. In addition, Patent
Literature 2 proposes a method of forming a pentacene crystal
in a dilute solution of o-dichlorobenzene without employing
a vacuum deposition method, but the production method is
difficult and hence a stable device has not been obtained yet.
The fact that the hydrocarbon-based, acene-type, polycyclic
aromatic molecule like pentacene has low oxidation stability
has also been pointed out as a problem.

[0009] Inaddition, researches on an organic thin-film solar
cell have been initially progressed on the basis of a single-
layer film using a merocyanine dye or the like. However, since
the discovery of the fact that the formation of a multilayer film
having a p layer for transporting a hole and an n layer for
transporting an electron improves the efficiency with which
optical input is converted into electrical output (photoelectric
conversion efficiency), the multilayer film has been going
mainstream. Materials used at the initiation of an investiga-
tion on the multilayer film were copper phthalocyanine
(CuPC) for the p layer and peryleneimides (PTCBI) for the n
layer. Meanwhile, in an organic thin-film solar cell using a
polymer, researches have been conducted mainly on the so-
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called bulk heterostructure in which a conductive polymer is
used as a material for the p layer, a fullerene (C60) derivative
is used as a material for the n layer, and the materials are
mixed and heat-treated to induce micro-layer separation,
thereby increasing a hetero interface and improving the pho-
toelectric conversion efficiency. Material systems used here
were mainly a poly-3-hexylthiophene (P3HT) as a material
for the p layer and a C60 detivative (PCBM) as a material for
the n layer.

[0010] As described above, little headway has beenmade in
a material for each layer of an organic thin-film solar cell
since the early days, and a phthalocyanine derivative, a
peryleneimide derivative, or a C60 derivative has still been
used. Therefore, with a view to improving the photoelectric
conversion efficiency, the development of a novel material
that replaces those conventional materials has been earnestly
desired. For example, Patent Literature 3 discloses an organic
thin-film solar cell using a compound having a fluoranthene
skeleton but the cell does not provide satisfactory photoelec-
tric conversion efficiency.

CITATION LIST
Patent Literature
[0011] [PTL 1]JP2001-313178 A
[0012] [PTL 2] WO 2003/016599 A1
[0013] [PTL 3] JP 2009-290091 A
[0014] [PTL 4] JP 2010-205815 A
Non Patent Literature
[0015] [NPL 1] Applied Physics Letters, 2003, 82, 2422-
2424
[0016] [NPL 2]Journalof Applied Physics, 2002, 92,5259-
5263
[0017] Patent Literature 4 discloses an organic EL device

using such a compound as shown below.

[0018] However, those literatures merely disclose a com-
pound having a [3,2-b]-fused benzochalcogeno-benzochal-
cogenophene skeleton and an organic EL device using such
compound.

SUMMARY OF INVENTION

[0019] The present invention aims to provide a novel nitro-
gen-containing aromatic compound that can be used as an
organic semiconductor material solving such problems inher-
ent to the prior art as described above.

[0020] The inventors of the present invention have made
extensive studies, and as a result, have found that a charge
mobility increases when a nitrogen-containing aromatic com-
pound having a specific structure is used as an organic semi-
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conductor material in an organic electronic device. Thus, the
inventors have completed the present invention.

[0021] The present invention relates to a nitrogen-contain-
ing aromatic compound, which is represented by the general
formula (1).

@

[0022] Inthe formula (1), L represents an m+n-valent aro-
matic hydrocarbon group having 6 to 30 carbon atoms or
aromatic heterocyclic group having 3 to 30 carbon atoms and
free of a fused heterocycle having 4 or more rings, a group
arising from a triarylamine having 9 to 30 carbon atoms, ora
group arising from a diaryl sulfone having 6 to 24 carbon
atoms, X’s each represent N-A, O, S, or Se, A’s each inde-
pendently represent an alkyl group having 1 to 30 carbon
atoms, a cycloalkyl group having 3 to 30 carbon atoms, an
alkenyl group having 2 to 30 carbon atoms, an alkynyl group
having 2 to 30 carbon atoms, a silyl group having 3 to 18
carbon atoms, an acyl group having 2 to 19 carbon atoms, an
aromatic hydrocarbon group having 6 to 50 carbon atoms, or
an aromatic heterocyclic group having 3 to 50 carbon atoms
and free of a fused heterocycle having 4 or more rings, R’s
each independently represent hydrogen, an alkyl group hav-
ing 1 to 30 carbon atoms, a cycloalkyl group having 3 to 30
carbon atoms, an alkenyl group having 2 to 30 carbon atoms,
an alkynyl group having 2 to 30 carbon atoms, an aromatic
hydrocarbon group having 6 to 30 carbon atoms, or an aro-
matic heterocyclic group having 3 to 30 carbon atoms and
free of a fused heterocycle having 4 or more rings, m repre-
sents an integer of 1 to 4, n represents an integer of O to 3, and
a sum of the m and the n is an integer of 2 to 4.

[0023] A compound in which n the in the general formula
(1) represents 0 is given as a preferred compound.

[0024] Further, a nitrogen-containing aromatic compound
in which the m in the general formula (1) represents 2 or 3 is
given as a preferred compound.

[0025] In addition, the present invention relates to an
organic semi conductor material containing the nitrogen-con-
taining aromatic compound, in addition, the present invention
relates to an organic electronic device containing the nitro-
gen-containing aromatic compound.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 11s a schematic sectional view illustrating an
example of the structure of an organic EL device.

[0027] FIG. 2 illustrates a schematic sectional view illus-
trating an example of the structure of an organic TFT device.
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[0028] FIG. 3 illustrates a schematic sectional view illus-
trating another example of the structure of the organic TFT
device.

[0029] FIG. 4 is a schematic sectional view illustrating an
example of the structure of a photovoltaic device.

[0030] FIG. 5 is a schematic sectional view illustrating
another example of the structure of the photovoltaic device.
[0031] FIG. 6 shows the "H-NMR chart of a compound 1-7.

[0032] FIG. 7 shows the ‘H-NMR chart of a compound
1-41.

DESCRIPTION OF EMBODIMENTS
[0033] A compound of the present invention is represented

by the general formula (1). Hereinafter, the nitrogen-contain-
ing aromatic compound of the present invention is referred to
as “nitrogen-containing aromatic compound” or “compound
of the present invention.”

[0034] In the general formula (1), L represents an n+m-
valent aromatic hydrocarbon group having 6 to 30 carbon
atoms: or aromatic heterocyclic group having 3 to 30 carbon
atoms, a group arising from a triarylamine having 9 to 30
carbon atoms, or a group arising from a diaryl sulfone having
610 24 carbon atoms. The L preferably represents an n-valent
aromatic hydrocarbon group having 6 to 24 carbon atoms or
aromatic heterocyclic group having 3 to 24 carbon atoms, a
group arising from a triarylamine having 9 to 22 carbon
atoms, or a group arising from a diaryl sulfone having 6 to 20
carbon atoms. Here, the aromatic heterocyclic group is free of
a fused heterocycle having 4 or more rings.

[0035] Specific examples of the aromatic hydrocarbon
group and the aromatic heterocyclic group include an n#m-
valent group produced by removing m+n hydrogen atoms
from benzene, pentalene, indene, naphthalene, azulene, hep-
talene, octalene, indacene, acenaphthylene, phenalene,
phenanthrene, anthracene, trindene, fluoranthene, aceph-
enanthrylene, aceanthrylene, triphenylene, pyrene, chrysene,
tetraphene, tetracene, pleiadene, picene, perylene, pen-
taphene, pentacene, tetraphenylene, cholanthrylene, heli-
cene, hexaphene, rubicene, coronene, trinaphthylene, hep-
taphene, pyranthrene, furan, benzofuran, isobenzofuran,
xanthene, oxathrene, dibenzofuran, peri-xanthenoxanthene,
thiophene, thioxanthene, thianthrene, phenoxathiin, thion-
aphthene, isothianaphtene, thiophthene, thiophanthrene,
dibenzothiophene, pyrrole, pyrazole, tellurazole, selenazole,
thiazole, isothiazole, oxazole, furazan, pyridine, pyrazine,
pyrimidine, pyridazine, triazine, indolizine, indole, isoindole,
indazole, purine, quinolizine, isoquinoline, carbazole, imida-
zole, naphthyridine, phthalazine, quinazoline, benzodiaz-
epine, quinoxaline, cinnoline, quinoline, pteridine, phenan-
thridine, acridine, perimidine, phenanthroline, phenazine,
carboline, phenotellurazine, phenoselenazine, phenothiaz-
ine, phenoxazine, anthyridine, benzothiazole, benzimida-
7ole, benzoxazole, benzisoxazole, benzisothiazole, or an aro-
matic compound in which a plurality of such aromatic rings
are linked to each other. Preferred examples thereof include
an n+m-valent group produced by removing hydrogen from
benzene, naphthalene, anthracene, pyridine, pyrazine, pyri-
midine, pyridazine, triazine, isoindole, indazole, purine, 1s0-
quinoline, imidazole, naphthyridine, phthalazine, quinazo-
line, benzodiazepine, quinoxaline, cinnoline, quinoline,
pteridine, phenanthridine, acridine, perimidine, phenanthro-
line, phenazine, carboline, indole, carbazole, dibenzofuran,
dibenzothiophene, or an aromatic compound in which a plu-
rality of such aromatic rings are linked to each other.
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[0036] 1t should be noted that in the case of the group
produced from an aromatic compound in which a plurality of
aromatic rings are linked to each other, the number of the
aromatic rings to be linked to each other is preferably 2 to 10,
more preferably 2 to 7, and the aromatic rings to be linked to
each other may be identical to or different from each other. In
that case, the bonding position of L to be bonded to nitrogen
is not limited, and L. may be bonded to a ring at a terminal
portion of linked aromatic rings or may be bonded to a ring at
the central portion thereof. Here. the term “aromatic ring” is
a generic term for an aromatic hydrocarbon ring and an aro-
matic heterocycle. Inaddition, when the linked aromatic rings
include at least one heterocycle, the linked aromatic rings are
included in the category of the aromatic heterocyclic group.

[0037] Here, a monovalent group produced by the linking
ofaplurality of aromatic rings is, for example, represented by
any one of the following formulae.

(11
(12)

13)

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

[0038] Specific examples of the group produced by the
linking a plurality of aromatic rings include monovalent
groups each produced by removing hydrogen from, for
example, biphenyl, terphenyl, bipyridine, bipyrimidine, bitri-
azine, terpyridine, bistriazylbenzene, dicarbazolylbenzene,
carbazolylbiphenyl, dicarbazolylbiphenyl, phenyl terphenyl,
carbazolylterphenyl, binaphthalene, phenylpyridine, phenyl-
carbazole, diphenylcarbazole, diphenylpyridine, phenylpyri-
midine, diphenylpyrimidine, phenyltriazine, diphenyltriaz-
ine, phenylnaphthalene, or diphenylnaphthalene.

[0039] Here, the term “aromatic heterocyclic group free of
a fused heterocycle having 4 or more rings” means a mono-
cyclic aromatic heterocyclic group, or a fused aromatic het-
erocyclic group having 2 to 3 rings, and the aromatic hetero-
cyclic group may have a substituent. It should be noted that
when the aromatic heterocyclic group is, for example, such a
group produced by the linking ofa plurality of aromatic rings
as represented by the formula (11), a monovalent or divalent
aromatic heterocyclic group in the aromatic group is not a
fused ring group having 4 or more rings.

[0040] The aromatic hydrocarbon group or the aromatic
heterocyclic group may have a substituent, and when any
such group has a substituent, the substituent is an alkyl group
having 1 to 4 carbon atoms, a cycloalkyl group having 3 to 6
carbon atoms, an alkoxy group having 1 to 2 carbon atoms, an
acetyl group, a secondary amino group having 6 to 18 carbon
atoms, a secondary phosphanyl group having 6 to 18 carbon
atoms, or a silyl group having 3 to 18 carbon atoms. The
substituent is preferably an alkyl group having 1 to 4 carbon
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atoms, a cycloalkyl group having 3 to 6 carbon atoms, or a
secondary amino group having 6 to 15 carbon atoms.

[0041] When the L represents an aromatic hydrocarbon
group or an aromatic heterocyclic group, and the group has a
substituent, the total number of substituents is 1 to 10. The
number is preferably 1 to 6, more preferably 1 to 4. In addi-
tion, when the group has two or more substituents, the sub-
stituents may be identical to or different from each other.
[0042] In the description, in the calculation of the number
of carbon atoms, when the group has a substituent, the num-
ber of carbon atoms of the substituent is also included.
[0043] When the L represents a group arising from a triary-
lamine having 9 to 30 carbon atoms, the number of carbon
atoms of the group is preferably 9 to 24, more preferably 9 to
18. The group arising from a triarylamine is an n-valent group
produced by removing n hydrogen atoms from an Ar of a
triarylamine represented by the following formula (5).

Ar Ar
\Il\I/
Ar
[0044] In the formula (2), the three Ar’s each represent a

monovalent to (m+n+1)-valent aromatic group. The three
Ar’s may be identical to or different from one another, and
may be different from one another in valence. The Ar’s each
represent an aromatic hydrocarbon group having 6 to 18
carbon atoms, or an aromatic heterocyclic group having 3 to
18 carbon atoms and free of a fused heterocycle having 4 or
more rings. The Ar’s each preferably represent a phenyl
group, a naphthyl group, a pyridyl group, a quinolyl group, or
a carbazolyl group, and each more preferably represent a
phenyl group.

[0045] The Ar’s may each have a substituent, and when the
Ar has a substituent, the substituent is an alkyl group having
1 to 4 carbon atoms, a cycloalkyl group having 3 to 6 carbon
atoms, an alkoxy group having 1 to 2 carbon atoms, or an
acetyl group.

[0046] When the L represents a group arising from a diaryl
sulfone having 6 to 24 carbon atoms, the number of carbon
atoms of the group is preferably 6 to 20, more preferably 6 to
18. The group arising from a diaryl sulfone is an n-valent
group produced by removing m+n hydrogen atoms from any
Ar of a diaryl sulfone represented by the following formula

3).

©)

0]
g
A ||\Ar
[¢]
[0047] In the formula (3), the Ar’s each have the same

meaning as that of each of the Ar’s of the formula (2).

[0048] In the general formula (1), X’s each represent N-A,
O, S, or Se. The X’s each preferably represent N-A, O, or S,
and each more preferably represent N-A. Here, A represents
an alkyl group having 1 to 30 carbon atoms, a cycloalkyl
group having 3 to 30 carbon atoms, an alkenyl group having
2 to 30 carbon atoms, an alkynyl group having 2 to 30 carbon
atoms, a silyl group having 3 to 18 carbon atoms, an acyl
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group having 2 to 19 carbon atoms, an aromatic hydrocarbon
group having 6 to 50 carbon atoms, or an aromatic heterocy-
clic group having 3 to 50 carbon atoms. The A preferably
represents an alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group having 3 to 20 carbon atoms, an alkenyl
group having 2 to carbon atoms, an alkynyl group having 2 to
30 carbon atoms, an aromatic hydrocarbon group having 6 to
30 carbon atoms, or an aromatic heterocyclic group having 3
to 30 carbon atoms. Here, the aromatic heterocyclic group is
free of a fused heterocycle having 4 or more rings.

[0049] When A represents an alkyl group having 1 to 30
carbon atoms, the number of carbon atoms of the group is
preferably 1 to 20. more preferably 1 to 8. Specific examples
of the alkyl group include a methy! group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a nonyl group, and a decyl
group. Preferred examples thereof include a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, and an octyl group. The alkyl
group may be linear or branched.

[0050] The alkyl group may have a substituent, and when
the group has a substituent, the substituent is a cycloalkyl
group having 3 to 11 carbon atoms, an aromatic hydrocarbon
group having 6 to 18 carbon atoms, or an aromatic heterocy-
clic group having 3 to 18 carbon atoms.

[0051] When the alkyl group has a substituent, the total
number of substituents is 1 to 10. The number is preferably 1
to 6, more preferably 1 to 4. In addition, when the group has
two or more substituents, the substituents may be identical to
or different from each other.

[0052] When A represents a cycloalkyl group having 3 to
30 carbon atoms, the number of carbon atoms of the group is
preferably 3 to 20, more preferably 5 to 6. Specific examples
of the cycloalkyl group include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, cyclohexyl group, and
decahydronaphthyl group. Preferred examples thereof
include a cyclopentyl group and a cyclohexyl group.

[0053] The cycloalkyl group may have a substituent, and
when the group has a substituent, the substituent is an alkyl
group having 1 to 10 carbon atoms, an aromatic hydrocarbon
group having 6 to 18 carbon atoms, or an aromatic heterocy-
clic group having 3 to 18 carbon atoms.

[0054] When the cycloalkyl group has a substituent, the
total number of substituents is 1 to 10. The number is prefer-
ably 1to 6, more preferably 1 to 4. In addition, when the group
has two or more substituents, the substituents may be identi-
cal to or different from each other.

[0055] When A represents an alkenyl group having 2 to 30
carbon atoms or an alkynyl group having 2 to 30 carbon
atoms, the number of carbon atoms of the group is preferably
2 to 20, more preferably 2 to 10. Specific examples of the
alkenyl group and the alkynyl group include an ethylenyl
group, a propylenyl group, a butenyl group, a pentenyl group,
a hexenyl group, a heptenyl group, an octenyl group, an
acetylenyl group, a propynyl group, a butynyl group, and a
pentynyl group. Preferred examples thereof include an ethyl-
enyl group, a propylenyl group, a butenyl group, an acetyle-
nyl group, and a propynyl group. The alkenyl group and the
alkynyl group may be linear or branched.

[0056] The alkenyl group or the alkynyl group may have a
substituent, and when any such group has a substituent, the
substituent is a cycloalkyl group having 3 to 11 carbon atoms,
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an aromatic hydrocarbon group having 6 to 18 carbon atoms,
or an aromatic heterocyclic group having 3 to 18 carbon
atoms.

[0057] When the A represents a silyl group having 3 to 18
carbon atoms, the number of carbon atoms of the group is
preferably 3 to 12, more preferably 3 to 9. The silyl group is
represented by —SiZ; where Z’s each represent hydrogen or
ahydrocarbon group and all the 7’ s each preferably represent
ahydrocarbon group. Preferred examples of the hydrocarbon
group include an alkyl group and a phenyl group. The three
7’s may be identical toor different from one another, and the
number of carbon atoms is calculated as the total of the carbon
atoms of the Z’s. The silyl group is preferably an alkylsilyl
group.

[0058] Specific examples of the alkylsilyl group include a
trimethylsilyl group, a triethylsilyl group, a tri(n-propyl) silyl
group, a tri(n-butyl) silyl group, a trivinylsilyl group, a tri-
methoxysilyl group, a triethoxysilyl group, a tri(isopropoxy)
silyl group, a tri(n-butoxy) silyl group, a tri(s-butoxy)silyl
group, a tri(t-butoxy) silyl group, a triisopropylsilyl group, a
tricyclohexylsilyl group, a tri(s-butyl)silyl group, a triethy-
nylsilyl group, a triallylsilyl group, a tripropargylsilyl group,
a triphenylsilyl group, a t-butyldimethylsilyl group, a t-bu-
tyldiethylsilyl group, an isopropyldimethylsilyl group, a
cyclohexyldimethylsilyl group, a dimethylphenylsilyl group,
a diethylphenylsilyl group, an isopropyldimethylsilyl group,
an isopropyldiethylsilyl group, a methyldiisopropylsilyl
group, an ethyl diisopropylsilyl group. a cyclopentyldimethyl
silyl group, and a cyclohexylmethylsilyl group. Of those, a
trimethylsilyl group, a triisopropylsilyl group, a t-butyldim-
ethylsiiyl group, and a triphenylsilyl group are preferred.
[0059] When the A represents an acyl group having 2 to 19
carbon atoms, the number of carbon atoms of the group is
preferably 6 to 19, more preferably 7 to 13. The acyl group is
preferably a monovalent group represented by the following
formula (4).

*
0]

AN

[0060] Inthe formula (4), Ar represents an aromatic hydro-
carbon group having 6 to 18 carbon atoms, or an aromatic
heterocyclic group having 3 to 18 carbon atoms and free of a
fused heterocycle having 4 or more rings. The Ar preferably
represents a phenyl group, a naphthyl group, a pyridyl group,
a quinolyl group, or a carbazolyl group, and more preferably
represents a phenyl group.

[0061] The Ar’s may each have a substituent, and when the
Ar has a substituent, the substituent is an alkyl group having
1 to 4 carbon atoms, a cycloalkyl group having 3 to 6 carbon
atoms, an alkoxy group having 1 to 2 carbon atoms, or an
acetyl group.

[0062] When the A represents an aromatic hydrocarbon
group having 6 to 50 carbon atoms or an aromatic heterocy-
clic group having 3 to 50 carbon atoms, the number of carbon
atoms of the aromatic hydrocarbon group is preferably 6 to
30, more preferably 6 to 18, and the number of carbon atoms
of the aromatic heterocyclic group is preferably 3 to 30, more
preferably 3 to 18. Here, the aromatic heterocyclic group is
free of a fused heterocycle having 4 or more rings.
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[0063] Specific examples of the case where the A repre-
sents a group selected from an aromatic hydrocarbon group
and an aromatic heterocyclic group are identical to those of
the aromatic hydrocarbon group or aromatic heterocyclic
group constituting the L except that the former group is
monovalent.

[0064] In the general formula (1), R’s each independently
represent hydrogen, an alkyl group having 1 to 30 carbon
atoms, a cycloalkyl group having 3 to 30 carbon atoms, an
alkenyl group having 2 to 30 carbon atoms, an alkynyl group
having 2 to 30 carbon atoms, an aromatic hydrocarbon group
having 6 to 30 carbon atoms, or an aromatic heterocyclic
group having 3 to 30 carbon atoms and free of a fused het-
erocycle having 4 or more rings. The R’s each preferably
represent hydrogen, an alkyl group having 1 to 20 carbon
atoms, a cycloalkyl group having 3 to 20 carbon atoms, an
alkenyl group having 2 to 20 carbon atoms, an alkynyl group
having 2 to carbon atoms, an aromatic hydrocarbon group
having 6 to 20 carbon atoms, or an aromatic heterocyclic
group having 3 to 20 carbon atoms.

[0065] Specific examples of the alkyl group, the cycloalkyl
group, the alkenyl group, or the alkynyl group are identical to
those of the alkyl group, cycloalkyl group, alkenyl group, or
alkynyl group constituting the L. In addition, description in
the case of the L holds true for the case where such alkyl
group, cycloalkyl group, alkenyl group, or alkynyl group has
a substituent.

[0066] Specific examples of the aromatic hydrocarbon
group or the aromatic heterocyclic group are identical to those
of the aromatic hydrocarbon group or aromatic heterocyclic
group constituting the [ except for a difference in total num-
ber of carbon atoms. In addition, the description in the case of
the L holds true for the case where such aromatic hydrocarbon
group or aromatic heterocyclic group has a substituent.

[0067] Inthe general formula (1), mrepresents an integer of
1to4. m preferably represents an integer of 2 to 3, and m more
preferably represents 2. In addition, n represents an integer of
0 to 3. n preferably represents 0 or 1, and more preferably
represents (.

[0068] Inthe general formula (1), the sum of the m and the
nis 2 to 4. The sum is preferably 2 or 3, more preferably 2.

[0069] The nitrogen-containing aromatic compound of the
present invention can be synthesized from an indole deriva-
tive as a starting material by employing a known approach
after selecting raw materials in accordance with the structure
of the target compound.

[0070] For example, out of skeletons each having a [2,3-b]
fusion mode, a skeleton in which the X represents N-A can be
synthesized by the following reaction formula with reference
to a synthesis example described in each of J.C.S. Chem.
Comm., 1975, 911-912 and Journal of Chemical Research,
1988, 272-273.

/g Y

Si(i-Pr);
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[0072] In addition, out of skeletons each having a [3,2-b]
fusion mode, a skeleton in which the X represents N-A can be
synthesized by the following reaction formula with reference
to a synthesis example described in each of J. Org. Chem.,
2009, 4242-4245, Journal of Medicinal Chemistry, 2003,
2436-2445, and J. Am. Chem. Soc., 1994, 8152-161.

[0071] In addition, out of the skeletons each having a [2,3-
b] fusion mode, a skeleton in which the X represents one of O,
S, and Se can also be synthesized by using the synthesis
example.
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[0073] In addition, out of skeletons each having a [3,2-b]
fusion mode, a skeleton in which the X represents O can be
synthesized by the following reaction formula with reference
to a synthesis example described in each of Heterocycles,
1990, vol. 31, 1951-1958, and Journal of Chemical Research,
1988, 272-273.

Br

NO,

(1)
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[0074] In addition, a skeleton in which the X which repre-
sents S can be synthesized by the following reaction formula
with reference to a synthesis example described in Tetrahe-
doron, 2003, vol. 59, 3737-3744.

Br.
R | >
N
|\ X N
A
Br
R
XN
| P / Br
==
NH \ LR
/
R
|\ N
R
A~ T
N e
H
[0075] The nitrogen-containing aromatic compound repre-

sented by the general formula (1) can be synthesized by
substituting hydrogen on nitrogen of each of the various
compounds obtained by the foregoing reaction formulae with
the corresponding linking group or substituent through a cou-
pling reaction such as the Ullmann reaction.

[0076] Specific examples of the compound of the present
invention represented by the general formula (1) are shown
below. However, the compound of the present invention is not
limited thereto.
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[0077] Next, an organic semiconductor material of the [0081] FIG. 1 is a sectional view illustrating a structural

present invention and an organic electronic device of the
present invention are described. The nitrogen-containing aro-
matic compound of the present invention is useful as an
organic semiconductor material because the compound itself
has a function as an organic semiconductor material. The
organic semiconductor material of the present invention con-
tains the nitrogen-containing aromatic compound of the
present invention. The organic semiconductor material of the
present invention has only to contain the nitrogen-containing
aromatic compound of the present invention, and for
example, may be used as a mixture with any other organic
semiconductor material and may contain various dopants.
Examples of the dopant which may be used in the case of
using the organic semiconductor material in a light-emitting
layer of an organic EL device include: coumarin-, quinacri-
done-, rubrene-, and stilbene-based derivatives; fluorescent
dyes; and noble metal complexes such as an iridium complex
and a platinum complex,

[0078] The organic electronic device of the present inven-
tion is an organic electronic device using the organic semi-
conductor material of the present invention. That is, the
organic electronic device of the present invention is an
organic electronic device containing the nitrogen-containing
aromatic compound of the present invention. Specifically, the
organic electronic device of the present invention has at least
one organic layer and at least one layer of the organic layer
contains the compound of the present invention,

[0079] Although the organic electronic device of the
present invention can be used in various embodiments, a
preferred embodiment is an organic EL device. Specifically,
the organic electronic device is an organic electronic device
formed of an organic EL device obtained by laminating, on a
substrate, an anode, an organic layer including a phosphores-
cent light-emitting layer, and a cathode, in which the organic
layer contains the compound of the present invention.
[0080] The structure of the organic EL device of the present
invention is described with reference to the drawings. How-
ever, the structure of the organic EL device of the present
invention is by no means limited to one illustrated in the
drawings.

example of a general organic EL device used in the present
invention. Reference numeral 1 represents a substrate, refer-
ence numeral 2 represents an anode, reference numeral 3
represents a hole-injecting layer, reference numeral 4 repre-
sents a hole-transporting layer, reference numeral 5 repre-
sents a light-emitting layer, reference numeral 6 represents an
electron-transporting layer, and reference numeral 7 repre-
sents a cathode. The organic EL device of the present inven-
tion may have an exciton-blocking layer adjacent to the light-
emitting layer, or may have an electron-blocking layer
between the light-emitting layer and the hole-injecting layer.
The exciton-blocking layer may be inserted on any of the
anode side and the cathode side of the light-emitting layer,
and may also be inserted simultaneously on both sides. The
organic EL device of the present invention has the substrate,
the anode, the light-emitting layer, and the cathode as its
essential layers. The organic EL device of the present inven-
tion preferably has a hole-injecting/transporting layer and an
electron-injecting/transporting layer in addition to the essen-
tial layers, and more preferably has a hole-blocking layer
between the light-emitting layer and the electron-injecting/
transporting layer. It should be noted that the hole-injecting/
transporting layer means any one or both of the hole-injecting
layer and the hole-transporting layer, and that the electron-
injecting/transporting layer means any one or both of an
electron-injecting layer and the electron-transporting layer.

[0082] It should be noted that it is possible to adopt a
reverse structure compared with FIG. 1, that is, the reverse
structure being formed by laminating the layers on the sub-
strate 1 in the order of the cathode 7, the electron-transporting
layer 6, the light-emitting layer 5, the hole-transporting layer
4, and the anode 2. In this case as well, some layers may be
added or eliminated if necessary.

[0083] Thecompound of the present invention may be used
for any of the layers in the organic EL device. The compound
is preferably used for the light-emitting layer, the hole-trans-
porting layer, the electron-blocking layer, the hole-blocking
layer, or the electron-transporting layer, particularly prefer-
ably used for the light-emitting layer, the hole-transporting
layer, or the electron-blocking layer.
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[0084] —Substrate—

[0085] The organic EL device of the present invention is
preferably supported by a substrate. The substrate is not par-
ticularly limited, and any substrate that has long been con-
ventionally used for an organic EL device may be used. For
example, a substrate made of glass, a transparent plastic,
quartz, or the like may be used.

[0086] — Anode

[0087] Preferably used as the anode in the organic EL
device is an anode formed by using, as an electrode substance,
any ofa metal, an alloy, an electrically conductive compound,
and a mixture thereof, all of which have a large work function
(4 eV or more). Specific examples of such electrode sub-
stance include metals such as Au and conductive transparent
materials such as Cul, indium tin oxide (ITO), SnO,, and
Zn0. Further, it may be possible to use a material such as
IDIXO (In,O— 7Zn0), which may be used for manufacturing
an amorphous, transparent conductive film. In order to pro-
duce the anode, it may be possible to form any of those
electrode substances into a thin film by using a method such
as vapor deposition or sputtering and form a pattern having a
desired design thereon by photolithography. Alternatively, in
the case of not requiring high pattern accuracy (about 100 pm
or more), a pattern may be formed via amask having a desired
shape when any of the above-mentioned electrode substances
is subjected to vapor deposit ion or sputtering. Alternatively,
when a coatable substance such as an organic conductive
compound is used, it is also possible to use a wet film-forming
method such as a printing method or a coating method. When
luminescence is taken out from the anode, the transmittance
of the anode is desirably controlled to more than 10%. Fur-
ther, the sheet resistance as the anode is preferably several
hundred €/ or less. Further, the thickness of the resultant
film is, depending on the material used, selected from usually
the range of 10to 1,000 nm, preferably the range ofto 200 nm,

[0088] —Cathode—

[0089] On the other hand, used as the cathode is a cathode
formed by using, as an electrode substance, any of a metal
(referred to as “electron-injecting metal”), an alloy, an elec-
trically conductive compound, and a mixture thereof, all of
which have a small work function (4 eV or less). Specific
examples of such electrode substance include sodium, a
sodium-potassium alloy, magnesium, lithium, a magnesium/
copper mixture, a magnesium/silver mixture, a magnesium/
aluminum mixture, a magnesium/indium mixture, an alumi-
num/aluminum oxide (Al,O,) mixture, indium, a lithium/
aluminum mixture, and a rare earth metal. Of those, for
example, a mixture of an electron-injecting metal and a sec-
ond metal as a stable metal having a larger work function
value than the former metal, such as a magnesium/silver
mixture, a magnesium/aluminum mixture, a magnesium/in-
dium mixture, an aluminum/aluminum oxide (Al,O;) mix-
ture, or a lithium/aluminum mixture, or aluminum is suitable
from the viewpoints of electron-injecting property and dura-
bility against oxidation or the like. The cathode may be pro-
duced by forming any of those electrode substances into a thin
film by using a method such as vapor deposition or sputtering.
Further, the sheet resistance as the cathode is preferably sev-
eral hundred /7 or less, and the thickness of the resultant
film is selected from usually the range of 10 nm to 5 um,
preferably the range of 50 to 200 nm. It should be noted that,
in order for luminescence produced to pass through, any one
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of the anode and cathode of the organic EL device is prefer-
ably transparent or semi-transparent, because the light emis-
sion luminance improves.

[0090] Further, after any of the above-mentioned metals is
formed into a film having a thickness of 1 to 20 nm as a
cathode, any of the conductive transparent materials men-
tioned in the description of the anode is formed into a film on
the cathode, thereby being able to produce a transparent or
semi-transparent cathode. Then, by applying this, it is pos-
sible to produce a device in which both the anode and cathode
have transparency.

[0091]

[0092] The light-emitting layer, which may be any one of a
fluorescent light-emitting layer and a phosphorescent light-
emitting layer, is preferably the phosphorescent light-emit-
ting layer.

[0093] When the light-emitting layer is the fluorescent
light-emitting layer, at least one kind of fluorescent light-
emitting material may be used alone as a fluorescent light-
emitting material, but it is preferred that the fluorescent light-
emitting material be used as a fluorescent light-emitting
dopant and a host material be incorporated.

[0094] Although the compound of the present invention
represented by the general formula (1) can be used as the
fluorescent light-emitting material in the light-emitting layer,
when the compound is used in any other organic layer, a
material selected from fluorescent light-emitting materials
known to the public by many patent literatures and the like
canbe used. Examples thereofinclude: a benzoxazole deriva-
tive, abenzimidazole derivative, a benzothiazole derivative, a
styrylbenzene derivative, a polyphenyl derivative, a diphe-
nylbutadiene derivative, a tetraphenylbutadiene derivative, a
naphthalimide derivative, a coumarin derivative, a fused aro-
matic compound, a perinone derivative, an oxadiazole deriva-
tive, an oxazine derivative, an aldazine derivative, a pyrroli-
dine derivative, a cyclopentadiene derivative, a
bisstyrylanthracene derivative, a quinacridone derivative, a
pyrrolopyridine derivative, a thiadiazolopyridine derivative, a
cyclopentadiene derivative, a styrylamine derivative, a dike-
topyrrolopyrrole derivative, and an aromatic dimethylidyne
compound; various metal complexes exemplified by a metal
complex of an 8-quinolinol derivative and a metal complex,
rare earth metal complex, or transition metal complex of a
pyrromethene derivative; polymer compounds such as a poly-
thiophene, a polyphenylene, and a polyphenylenevinylene;
and an organic silane derivative. Preferred examples thereof
include a fused aromatic compound, a styryl compound, a
diketopyrrolopyrrole compound, an oxazine compound, and
a metal complex, transition metal complex, or lanthanoid
complex of pyrromethene. More preferred examples include
naphthacene, pyrene, chrysene, triphenylene, benzo|[c]
phenanthrene, benzo[alanthracene, pentacene, perylene,
fluoranthene,  acenaphthofluoranthene,  dibenzo[a,jlan-
thracene, dibenzo[a,h]anthracene, benzo[a]naphthacene,
hexacene, anthanthrene, naphtho[2,1-flisoquinoline,
a-naphthophenanthridine, phenanthroxazole, quinolino[6,5-
flquinoline, and benzothiophanthrene. Each of those materi-
als may have an aromatic hydrocarbon group, a heteroaro-
matic ring group, a diarylamino group, or an alkyl group as a
substituent.

[0095] When the fluorescent light-emitting material is used
as the fluorescent light-emitting dopant and the host material
is incorporated, the amount of the fluorescent light-emitting

—Light-Emitting Layer—
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dopant to be incorporated into the light-emitting layer desir- _continued
ably falls within the range of 0.01 to 20 wt %, preferably 0.1
to 10 wt %.

[0096] Inordinary cases, the organic EL device is caused to
emit light by producing a light-emitting substance in an
excited state through the injection of charge into a light-
emitting substance from each of both electrodes, i.e., the
anode and the cathode. It is said that in the case of a charge
injection-type organic EL device, 25% of produced excitons
are excited to excited singlet states and the remaining 75% are
excited to excited triplet states. As described in the meeting
proceedings (19p-ZK-4 and 19p-7ZK-5) of the 57th Meeting
of The Japan Society of Applied Physics and Related Societ-
ies, a specific fluorescent light-emitting substance is known to
express thermally activated delayed fluorescence via the fol-
lowing mechanism. After the transition of its energy into an
excited triplet state through intersystem crossing or the like,
the substance undergoes inverse intersystem crossing into an
excited singlet state by virtue of triplet-triplet annihilation or
the absorption of a thermal energy, thereby radiating fluores-
cence. The organic EL device using the compound of the
present invention can also express delayed fluorescence. In
this case, the fluorescence can include both fluorescent emis-
sion and delayed fluorescent emission, provided that light
emission from the host material may constitute part of the
light emission.

[0097] In the case where the light-emitting layer is a phos-
phorescent light-emitting layer, a phosphorescent light-emit-
ting dopant and a host material are incorporated. It is recom-
mended to use, as a material for the phosphorescent light-
emitting dopant, a material containing an organic metal
complex including at least one metal selected from ruthe-
nium, rhodium, palladium, silver, rhenium, osmium, iridium,
platinum, and gold. Such organic metal complexes are known
in the prior art documents and the like, and a complex is
selected therefrom and may be used.

[0098] Preferred examples of the phosphorescent light-
emitting dopant include complexes such as Ir (ppy);, com-
plexes such as (Bt),Iracac, and complexes such as (Btp)Pta-
cac, the complexes each having a noble metal element such as
Ir as a central metal. Specific examples of those complexes
are shown below, but the complexes are not limited to the
compounds described below.
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[0099] The content of the phosphorescent light-emitting
dopant in the light-emitting layer is in the range of preferably
1 to 50 wt %, more preferably 5 to 30 wt %.

[0100] Itis preferred to use, as a host material in the com-
pound of the present invention, or the compound of the
present invention and any other host material may be used in
combination. Further, a plurality of kinds of known host
materials may be used in combination.

[0101] Itis preferred to use, as a usable known host com-
pound, a compound that has a hole-transporting ability or an
electron-transporting ability, is capable of preventing lumi-
nescence from having a longer wavelength, and has a high
glass transition temperature.

[0102] Such other host materials are known because they
are mentioned in many patent literatures and the like, and
hence a suitablehost material may be chosen from those in the
patent literatures and the like. Specific examples of the host
material, which are not particularly limited, include an indole
derivative, a carbazole derivative, an indolocarbazole deriva-
tive, atriazole derivative, an oxazole derivative, an oxadiazole
derivative, an imidazole derivative, a polyarylalkane deriva-
tive, a pyrazoline derivative, a pyrazolone derivative, a phe-
nylenediamine derivative, an arylamine derivative, an amino-
substituted  chalcone derivative, a styrylanthracene
derivative, a fluorenone derivative, a hydrazone derivative, a
stilbene derivative, a silazane derivative, an aromatic tertiary
amine compound, a styrylamine compound, an aromatic dim-
ethylidene-based compound, a porphyrine-based compound,
an anthraquinodimethane derivative, an anthrone derivative, a
diphenylquinone derivative, a thiopyrane dioxide derivative,
a heterocyclic tetracarboxylic acid anhydride such as naph-
thalene perylene, a phthalocyanine derivative, various metal
complexes typified by a metal complex of an 8-quinolinol
derivative, a metal phthalocyanine, and metal complexes of
benzoxazole and benzothiazole derivatives, and polymer
compounds such as a polysilane-based compound, a poly(N-
vinylcarbazole) derivative, an aniline-based copolymer, a
thiophene oligomer, a polythiophene derivative, a polyphe-
nylene derivative, a polyphenylenevinylene derivative, and a
polyfluorene derivative.
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[0103] —Injecting Layer—
[0104] The injecting layer refers to a layer provided

between an electrode and an organic layer for the purpose of
lowering a driving voltage and improving a light emission
luminance, and includes a hole-injecting layer and an elec-
tron-injecting layer. The injecting layer may be interposed
between the anode and the light-emitting layer or the hole-
transporting layer, or may be interposed between the cathode
and the light-emitting layer or the electron-transporting layer.
The injecting layer may be provided as required. Although the
compound of the present invention represented by the general
formula (1) can be used as an injecting material, when the
compound is used in any other organic layer, any compound
selected from conventionally known compounds can be used.
[0105] —Hole-Blocking Layer—

[0106] The hole-blocking layer has, in a broad sense, the
function of an electron-transporting layer, and is formed of a
hole-blocking material that has a remarkably small ability to
transport holes while having a function of transporting elec-
trons, and hence the hole-blocking layer is capable of improv-
ing the probability of recombining an electron and a hole by
blocking holes while transporting electrons.

[0107] It is preferred to use the compound of the present
invention represented by the general formula (1) for the hole-
blocking layer. However, when the compound is used in any
other organic layer, a known material for a hole-blocking
layer may be used. Further, it is possible to use, as a material
for the hole-blocking layer, any of the below-mentioned
materials for the electron-transporting layer as required.
[0108] —FElectron-Blocking Layer—

[0109] The electron-blocking layer is formed of a material
that has a remarkably small ability to transport electrons
while having a function of transporting holes, and hence the
electron-blocking layer is capable of improving the probabil-
ity of recombining an electron and a hole by blocking elec-
trons while transporting holes.

[0110] Although the compound of the present invention
represented by the general formula (1) can be used as a
material for the electron-blocking layer, when the compound
is used in any other organic layer, any of the below-mentioned
materials for the hole-transporting layer can be used as
required. The thickness of the electron-blocking layer is pref-
erably 3 to 100 nm, more preferably to 30 nm.

[0111] —Exciton-Blocking Layer—

[0112] The exciton-blocking layer refers to a layer used for
blocking excitons produced by the recombination of a hole
and an electron in the light-emitting layer from diffusing in
charge-transporting layers. Inserting this layer enables effec-
tive confinement of the excitons in the light-emitting layer,
thereby being able to improve the luminous efficiency of the
device. The exciton-blocking layer may be inserted on any of
the anode side and the cathode side of the adjacent light-
emitting layer, and may also be inserted simultaneously on
both sides.

[0113] Although the compound of the present invention
represented by the general formula (1) can be used as a
material for the exciton-blocking layer, any compound
selected from conventionally known compounds can be used.
Examples thereof include 1,3-dicarbazolylbenzene (mCP)
and his (2-methyl-8-quinolinolato)-4-phenylphenolatoalu-
minum(IIT) (BAlg).

[0114] —Hole-Transporting Layer—

[0115] The hole-transporting layer is formed of a hole-
transporting material having a function of transporting holes,
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and a single hole-transporting layer or a plurality of hole-
transporting layers may be provided.

[0116] The hole-transporting material has hole-injecting
property or hole-transporting property ot has electron-block-
ing property, and any of an organic compound and an inor-
ganic compound may be used as the hole-transporting mate-
rial. Although it is preferred to use the compound of the
present invention represented by the general formula (1) for
the hole-transporting layer, when the compound is used in any
other organic layer, any compound selected from convention-
ally known compounds may be used. Examples of the known
hole-transporting material which may be used include a tria-
zole derivative, an oxadiazole derivative, an imidazole deriva-
tive, a polyarylalkane derivative, a pyrazoline derivative, and
a pyrazolone derivative, a phenylenediamine derivative, an
aromatic amine derivative, an amino-substituted chalcone
derivative, an oxazole derivative, a styrylanthracene deriva-
tive, a fluorenone derivative, a hydrazone derivative, a stil-
bene derivative, a silazane derivative, an aniline-based
copolymer, a porphyrin compound, a styrylamine compound,
and a conductive high-molecular weight oligomer, in particu-
lar, a thiophene oligomer. However, a porphyrin compound,
an aromatic tertiary amine compound, or a styrylamine com-
pound is preferably used, and an aromatic tertiary amine
compound is more preferably used.

[0117]

[0118] Theelectron-transporting layer is formed of a mate-
rial having a function of transporting electrons, and a single
electron-transporting layer or a plurality of electron-trans-
porting layers may be provided.

[0119] An electron-transporting material (which also
serves as a hole-blocking material in some cases) has only to
have a function of transferring electrons injected from the
cathode into the light-emitting layer. Although it is preferred
to use the compound of the present invention represented by
the general formula (1) for the electron-transporting layer,
when the compound is used in any other organic layer, any
compound selected from conventionally known compounds
may be used. Examples thereof include a nitro-substituted
fluorene derivative, a diphenyl quinone derivative, a thiopy-
ran dioxide derivative, carbodiimide, a fluorenyliden-
emethane derivative, anthraquinodimethane, an anthrone
derivative, and an oxadiazole derivative. Further, it is also
possible to use, as the electron-transporting material, a thia-
diazole derivative prepared by substituting an oxygen atom
on an oxadiazole ring with a sulfur atom in the oxadiazole
derivative and a quinoxaline derivative which has a quinoxa-
line ring known as an electron withdrawing group. Further, it
is also possible to use a polymer material in which any of
those materials is introduced in a polymer chain or is used as
a polymer main chain.

[0120] Another preferred embodiment of the organic elec-
tronic device containing the compound of the present inven-
tion is an organic TFT device. Specifically, the organic elec-
tronic device is an organic electronic device formed of an
organic TFT device having, on a substrate, a gate electrode, a
gate insulating layer, an organic semiconductor layer, a
source electrode, and a drain electrode, in which the organic
semiconductor layer contains the compound of the present
invention.

[0121] The structure of the organic TFT device of the
present invention is described with reference to the drawings

—FElectron-Transporting Layer—
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but the structure of the organic TFT device of the present
invention is by no means limited to those illustrated in the
drawings.

[0122] FIG. 2 and FIG. 3 are sectional views illustrating
examples of the structure of a general organic TFT device
used in the present invention. Reference numeral 8 represents
the substrate, reference numeral 9 represents the gate elec-
trode, reference numeral represents the insulating layer, ref-
erence numeral 11 represents the organic semiconductor
layer, reference numeral 12 represents the source electrode,
and reference numeral 13 represents the drain electrode.
[0123] —Substrate—

[0124] The substrate is not particularly limited and can be
of, for example, any one of the conventionally known con-
structions. Examples of the substrate include a glass (such as
quartz glass), silicon, ceramic, and a plastic. Examples of the
plastic include general-purpose resin substrates such as a
polyethylene terephthalate, a polyethylene naphthalate, and a
polycarbonate. A gas barrier film for reducing permeability
for a gas such as oxygen or water vapor is preferably lami-
nated on any such resin substrate.

[0125] —Gate Electrode—

[0126] Thegateelectrodeis not particularly limited and can
be of, for example, any one of the conventionally known
constructions. As a material for the gate electrode, there may
be used, for example: metals such as gold, platinum, chro-
mium, tungsten, tantalum, nickel, copper, aluminum, silver,
magnesium, and calcium or alloys thereof;, and a polysilicon,
amorphous silicon, graphite, ITO, zinc oxide, and a conduc-
tive polymer.

[0127] —Gate Insulating Layer—

[0128] The gate insulating layer is not particularly limited
and can be of, for example, any one of the conventionally
known constructions. As a material for the gate insulating
layer, there may be used, for example, SiO,, Si;N,, SiON,
AlO;, Ta, 0., amorphous silicon, a polyimide resin, a poly-
vinylphenol resin, a polyparaxylylene resin, a polymethyl
methacrylate resin, and fluororesins (e.g., PTFE, PFA,
PETFE, PCTFE, and CYTOP (trademark)).

[0129] —Organic Semiconductor Layer—

[0130] Theorganic semiconductor layer has only to contain
the compound of the present invention and is not particularly
limited. For example, the layer may be a layer formed sub-
stantially only of the compound of the present invention, or
may contain any substance other than the compound of the
present invention.

[0131] —Source Electrode and Drain Electrode—

[0132] Both the source electrode and the drainelectrode are
not particularly limited and can each be of, for example, any
one of the conventionally known constructions. For each of
the source electrode and the drain electrode, there may be
used materials such as: metals, e.g., gold, platinum, chro-
mium, tungsten, tantalum, nickel, copper, aluminum, silver,
magnesium, and calcium or alloys thereof; and a polysilicon,
amorphous silicon, graphite, ITO, zinc oxide, and a conduc-
tive polymer.

[0133] The construction of the lamination in the organic
TFT device may be any one ofa construction (i) having, from
a substrate side, the gate electrode, the gate insulating layer,
the organic semiconductor layer, and the source electrode and
the drain electrode in the stated order, and a construction (ii)
having, from the substrate side, the gate electrode, the gate
insulating layer, the source electrode and the drain electrode,
and the organic semiconductor layer in the stated order.
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Although a method of producing the organic TFT device is
not particularly limited, in the case of the construction (i), the
method is, for example, a top contact method involving
sequentially laminating, on the substrate, the gate electrode,
the gate insulating layer, the organic semiconductor layer, and
the drain electrode and the source electrode. In the case of the
construction (ii), the method is, for example, a bottom contact
method involving sequentially laminating, on the substrate,
the gate electrode, the gate insulating layer, the drain elec-
trode and the source electrode, and the organic semiconductor
layer.

[0134] Although a method of forming each of the gate
electrode, the gate insulating layer, the source electrode, and
the drain electrode is not particularly limited, each of the
electrodes and the layer can be formed by a well-known film
production method such as a vacuum deposition method, an
electron beam deposition method, an RF sputtering method, a
spin coating method, or a printing method with, for example,
the foregoing material. Although a method of forming the
organic semiconductor layer is not particularly limited, the
layer can be formed by a well-known film production method
such as the vacuum deposition method, the spin coating
method, an inkjet method, or the printing method with, for
example, the above-mentioned compound (I).

[0135] Although the applications ofthe organic TFT device
are not particularly limited, the device is suitably used as, for
example, a TFT device for driving a flexible display using a
plastic substrate. In general, it is difficult to produce a TFT
device constituted of an inorganic substance on the plastic
substrate from a process viewpoint. However, in the step of
producing the organic electronic device of the present inven-
tion formed of the organic TFT device, as described above, a
process such as the vacuum deposition method, the spin coat-
ing method, the inkjet method, or the printing method is
employed and no high-temperature process is employed, and
hence a TFT device for driving a pixel can be formed on the
plastic substrate. In particular, the compound (1) used in the
present invention is soluble in a general-purpose organic sol-
vent such as chloroform, tetrahydrofuran, or toluene. Accord-
ingly, the compound enables the application of a low-cost
process such as the spin coating method, the inkjet method, or
the printing method, and is hence suitable for the production
of an inexpensive, paper-like (flexible) display.

[0136] Another preferred embodiment of the organic elec-
tronic device containing the compound of the present inven-
tion is a photovoltaic device. Specifically, the organic elec-
tronic device is a photovoltaic device having, on a substrate,
a positive electrode, an organic semiconductor layer, and a
negative electrode, in which the organic semiconductor layer
contains the above-mentioned compound of the present
invention.

[0137] The structure of the photovoltaic device of the
present invention is described with reference to the drawings
but the structure of the photovoltaic device of the present
invention is by no means limited to those illustrated in the
drawings.

[0138] FIG. 4isa sectional view illustrating an example of
the structure of a general photovoltaic device to be used in the
present invention. Reference numeral 14 represents the sub-
strate, reference numeral 15 represents the positive electrode,
reference numeral 16 represents the organic semiconductor
layer, and reference numeral 17 represents the negative elec-
trode. In addition, FIG. 5 is a sectional view illustrating a
structure example in the case where organic semiconductor
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layers are laminated. Reference symbol 16-a represents an
electron-donating organic semiconductor layer and reference
symbol 16-b represents an electron-accepting organic semi-
conductor layer.

[0139] —Substrate—

[0140] The substrate is not particularly limited and can be
of, for example, any one of the conventionally known con-
structions. A glass substrate or transparent resin film having
mechanical and thermal strengths, and having transparency is
preferably used. Examples of the transparent resin film
include a polyethylene, an ethylene-vinyl acetate copolymer,
an ethylene-vinyl alcohol copolymer, a polypropylene, a
polystyrene, a polymethylmethacrylate, a polyvinyl chloride,
a polyvinyl alcohol, a polyvinyl butyral, nylon, a polyether
ether ketone, a polysulfone, a polyether sulfone, a tetrafluo-
roethylene-perfluoroalky vinyl ether copolymer, a polyvinyl
fluoride, a tetrafluoroethylene-ethylene copolymer, a tet-
rafluoroethylene-hexafluoropropylene copolymer, a poly-
chlorotrifluoroethylene, a polayvinylidene fluoride, a polyes-
ter, a polycarbonate, a polyurethane, a polyimide, a polyether
imide, a polyimide, and a polypropylene.

[0141] —Electrodes—

[0142] A conductive material having a large work function
is preferably used as an electrode material for one electrode,
and a conductive material having a small work function is
preferably used as an electrode material for the other elec-
trode. The electrode using the conductive material having a
large work function serves as the positive electrode. In addi-
tion to metals such as gold, platinum, chromium, and nickel,
metal oxides of, for example, indium and tin, and composite
metal oxides thereof (such as an indium tin oxide (ITO) and
an indium zinc oxide (IZ0)) each having transparency are
each preferably used as the conductive material having a large
work function. Here, the conductive material to be used in the
positive electrode is preferably capable of ohmic junction
with the organic semiconductor layer. Further, when a hole-
transporting layer to be described later is used, the conductive
material to be used in the positive electrode is preferably
capable of ohmic junction with the hole-transporting layer.
[0143] The electrode using the conductive material having
asmall work function serves as the negative electrode. Alkali
metals and alkaline earth metals, specifically lithium, mag-
nesium, and calcium are each used as the conductive material
having a small work function. In addition, tin, silver, and
aluminum are each preferably used. Further, alloys formed of
the metals and electrodes formed of laminates of the metals
are each preferably used. In addition, the introduction of a
metal fluoride such as lithium fluoride or cesium fluoride into
an interface between the negative electrode and an electron-
transporting layer can increase an extracted current. Here, the
conductive material to be used in the negative electrode is
preferably capable of ohmic junction with the organic semi-
conductor layer. Further, when the electron-transporting
layer to be described later is used, the conductive material to
be used in the negative electrode is preferably capable of
ohmic junction with the electron-transporting layer.

[0144] —Organic Semiconductor Layer—

[0145] The organic semiconductor layer contains the com-
pound of the present invention. That is, the layer contains an
electron-donating organic material containing the compound
of the present invention represented by the general formula
(1) and an electron-accepting organic material. Those mate-
rials are preferably mixed, and the electron-don-donating
organic material and the electron-accepting organic material
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are preferably compatible with each other, or preferably
undergo phase separation, at a molecular level. The domain
size of the phase-separated structure, which is not particularly
limited, is typically a size of 1 nm or more and 50 nm or less.
In addition, when the electron-donating organic material and
the electron-accepting organic material are laminated, it is
preferred that a layer having the electron-donating organic
material showing a p-type semiconductor characteristic be on
a positive electrode side and a layer having the electron-
accepting organic material showing an n-type semiconductor
characteristic be on a negative electrode side. The organic
semiconductor layerhas a thickness of preferably 5 nm to 500
nm, more preferably 30 nm to 300 nm. When the layers are
laminated, the layer having the electron-donating organic
material of the present invention has a thickness of preferably
1 nm to 400 nm, more preferably 15 nm to 150 nm out of the
thickness.

[0146] The electron-donating organic material may be
formed only of the compound of the present invention repre-
sented by the general formula (1), or may contain any other
electron-donating organic material. Examples of the other
electron-donating organic material include: conjugated poly-
mers such as a polythiophene-based polymer, a benzaothia-
diazole-thiophene-based derivative, a benzothiadiazole-
thiophene-based copolymer, a poly-p-phenylenevinylene-
based polymer, a poly-p-phenylene-based polymer, a
polyfluorene-based polymer, a polyypyrrole-based polymer,
apolyaniline-based polymer, a polyacetylene-based polymer,
and a polythienylene vinylene-based polymer; and low-mo-
lecular weight organic compounds such as phthalocyanine
derivatives including H2 phthalocyanine (H2Pc), copper
phthalocyanine (CuPc), and zinc phthalocyanine (ZnPc), por-
phyrin derivatives, triarylamine derivatives including N,N'-
diphenyl-N,N'-di(3-methylphenyl)-4,4-diphenyl-1,1'-di-
amine (TPD) and N,N'-dinaphthyl-N,N'-diphenyl-4,4'-
diphenyl-1,1-diamine ~ (NPD), carbazole derivatives
including 4,4'-di(carbazol-9-yl)biphenyl (CBP), and oligoth-
iophene derivatives (e.g., terthiophene, quaterthiophene,
sexithiophene, and octithiophene).

[0147] Materials for the photovoltaic device of the present
invention preferably further contain the electron-accepting
organic material (n-type organic semiconductor) because the
compound of the present invention represented by the general
formula (1) shows electron-donating property (p-type semi-
conductor characteristic). The combination of the compound
of the present invention and the electron-accepting organic
material can additionally improve the photoelectric conver-
sion efficiency of the photovoltaic device.

[0148] The electron-accepting organic material to be used
for the photovoltaic device of the present invention is an
organic material showing an n-type semiconductor character-
istic. Examples thereof include: 1,4,5,8-naphthalenetetracar-
boxylic dianhydride (NTCDA); 3,4,9,10-perylenetetracar-
boxylic dianhydride (PTCDA), 3,4,9,10-
perylenetetracarboxylic bisbenzimidazole (PTCBI); N,N'-
dioctyl-3,4,9,10-naphthyltetracarboxy  diimide (PTCDI-
C8H); oxazole derivatives such as 2-(4-biphenylyl)-5-(4-t-
butylphenyl)-1,3,4-0xadiazole  (PBD) and  2,5-di(1-
naphthyl)-1,3,4-oxadiazole (BND); triazole derivatives such
as 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-tria-
zole (TAZ); phenanthroline derivatives; phosphine oxide
derivatives; fullerene compounds (e.g., non-substituted
fullerene compounds exemplified by C60, C70, C76, C78,
C82, C84, €90, and CY4, [6,6]-phenyl-C61-butyric acid
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methyl ester ([6,6]-PCBM), [5,6]-phenyl-C61-butyric acid
methyl ester ([5,6]-PCBM), [6,6]-phenyl-C61-butyric acid
hexyl ester ([6,6]-PCBH), [6,6]-phenyl-C61-butyric acid
dodecyl ester ([6,6]-PCBD), phenyl-C71-butyric acid methyl
ester (PC70BM), and phenyl-C85-butyric acid methyl ester
(PC84BM)); carbon nanotubes (CNT’s); and derivatives each
obtained by introducing a cyano group to a poly-p-phenyle-
nevinylene-based polymer (CN-PPV’s). Of those, fullerene
compounds are preferably used because of their high charge
separation rates and high electron transfer rates.

[0149] In the photovoltaic device of the present invention,
the hole-transporting layer may be provided between the
positive electrode and the organic semiconductor layer. A
conductive polymer such as a polythiophene-based polymer,
a poly-p-phenylenevinylene-based polymer, or a polyfluo-
rene-based polymer, or a low-molecular weight organic com-
pound showing a p-type semiconductor characteristic such as
a phthalocyanine derivative (e.g., H2Pc, CuPc, or ZnPc¢) or a
porphyrin derivative is preferably used as a material for form-
ing the hole-transporting layer. In particular, a polyethylene-
dioxythiophene (PEDOT) that is a polythiophene-based
polymer or a product obtained by adding a polystyrene sul-
fonate (PSS) to the PEDOT is preferably used. The hole-
transporting layer has a thickness of preferably 5 nm to 600
nm, more preferably 30 nm to 200 nm.

[0150] Inaddition, inthe photovoltaic device of the present
invention, the electron-transporting layer may be provided
between the organic semiconductor layer and the negative
electrode. Although a material for forming the electron-trans-
porting layer is not particularly limited, organic materials
showing n-type semiconductor characteristics like the elec-
tron-accepting organic materials (such as NTCDA, PTCDA,
PTCDI-C8H, the oxazole derivatives, the triazole derivatives,
the phenanthroline derivatives, the phosphine oxide deriva-
tives, the fullerene compounds, the CNT’s, and the
CN-PPV’s) are each preferably used. The electron-transport-
ing layer has a thickness of preferably S nm to 600 nm, more
preferably 30 nm to 200 nm.

[0151] Inaddition, inthe photovoltaic device of the present
invention, two or more organic semiconductor layers may be
laminated (put in tandem) through one or more intermediate
electrodes to form series junction. For example, a laminate
construction “substrate/positive electrode/first organic semi-
conductor layer/intermediate electrode/second organic semi-
conductor layer/negative electrode” can be given. Such lami-
nation can increase an open-circuit voltage. It should be noted
that the hole-transporting layer may be provided between the
positive electrode and the first organic semiconductor layer,
and between the intermediate electrode and the second
organic semiconductor layer, or the hole-transporting layer
may be provided between the first organic semiconductor
layer and the intermediate electrode, and between the second
organic semiconductor layer and the negative electrode.
[0152] In the case of such laminate construction, it is pre-
ferred that at least one layer of the organic semiconductor
layers contain the compound of the present invention repre-
sented by the general formula (1) and the other layer contain
an electron-donating organic material having a band gap dif-
ferent from that of the electron-donating organic material of
the present invention for preventing a reduction in short-
circuit current. Examples of such electron-donating organic
material include the above-mentioned materials, that is: the
conjugated polymers such as the polythiophene-based poly-
mer, the poly-p-phenylenevinylene-based polymer, the poly-
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p-phenylene-based polymer, the polyfluorene-based poly-
met, the polypyrrole-based polymer, the polyaniline-based
polymer, the polyacetylene-based polymer, and the polythie-
nylene vinylene-based polymer; and the low-molecular
weight organic compounds such as the phthalocyanine
derivatives including H2 phthalocyanine (H2Pc), copper
phthalocyanine (CuPc), and zinc phthalocyanine (ZnPc), the
porphyrin derivatives, the triarylamine derivatives including
N,N'-diphenyl-N,N'-di(3-methylpheny1)-4,4'-diphenyl-1,1'-

diamine (TPD) and N,N'-dinaphthyl-N,N'-diphenyl-4,4'-
diphenyl-1,1"-diamine (NPD), the carbazole derivatives
including 4,4'-di(carbazol-9-yl)biphenyl (CBP), and the oli-
gothiophene derivatives (e.g., terthiophene, quaterthiophene,
sexithiophene, and octithiophene).

[0153] In addition, as a material for the intermediate elec-
trode as used herein, a material having high conductivity is
preferred. Examples thereof include the above-mentioned
materials, that is: the metals such as gold, platinum, chro-
mium, nickel, lithium, magnesium, calcium, tin, silver, and
aluminum; the metal oxides of, for example, indium and tin,
and complex metal oxides thereof (e.g., indium tin oxide
(ITO) and indium zinc oxide (IZO)) each having transpar-
ency; the alloys formed of the metals; the laminates of the
metals; the polyethylenedioxythiophene (PEDOT); and the
product obtained by adding a polystyrene sulfonate (PSS) to
the PEDOT. Although the intermediate electrode preferably
has light permeability, sufficient light permeability can be
secured by reducing its thickness in many cases even when
the electrode is made of a material like a metal having low
light permeability.

[0154] Any one of the methods such as spin coating appli-
cation, blade coating application, slit die coating application,
screen printing application, bar coater application, cast appli-
cation, a printing transfer method, a dip-pulling method, an
inkjet method, a spray method, and a vacuum deposition
method may be employed for the formation of the organic
semiconductor layer, and a formation method has only to be
selected in accordance with organic semiconductor layer
characteristics to be obtained such as thickness control and
orientation control.

[0155] The organic semiconductor material of the present
invention containing the compound of the present invention
has a high charge mobility, solvent solubility, oxidation sta-
bility, and good film formability, and an organic semiconduc-
tor device using the material also exerts high characteristics.
An organic field-effect transistor and an organic thin-film
solar cell can be given as specific examples of the organic
semiconductor device capable of taking advantage of the
features of the organic semiconductor material of the present
invention. Further, the incorporation of those organic semi-
conductor devices enables the devices to find applications in
displays such as an organic EL panel and electronic paper,
liquid crystal displays, information tags, and large-area sen-
sors such as an electronic artificial skin sheet and a sheet-type
scanner.

EXAMPLES

[0156] Hereinafter, the present invention is described in
more detail with reference to examples. It should be appreci-
ated that the present invention is not limited to these examples
and may be carried out in various forms as long as the various
forms do not deviate from the gist of the present invention.
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Example 1

Synthesis of Compound 1-2

[0157]

1) NaH
\ 2) Triisopropylsilyl chloride
THF
N
H
{ )
\.
\(817/
(A1)
Br
: N NBS N
\ —— -
h THF

~

(A-2)

\(81\7/
Al

[0158] Under a nitrogen atmosphere, 5.8 g (135 mmol) of
sodium hydride (56.0% product) and 60 ml of dehydrated
tetrahydrofuran (THF) were loaded, and were then stirred at
room temperature for minutes. A solution of 13.4 g (114
mmol) of indole in THF (120 ml) was dropped to the resultant
suspension over 30 minutes. After the completion of the drop-
ping, the mixture was stirred at room temperature for 30
minutes. 22.0 Grams (114 mol) of triisroropylsilyl chloride
were added to the resultant suspension and then the mixture
was stirred at room temperature for 1.5 hours. A precipitated
crystal was taken by filtration and then the solvent was dis-
tilled offunder reduced pressure to provide 31.1 g (114 mmol,
100% yield) of an intermediate A-1.

[0159] Under a nitrogen atmosphere, 31.1 g (114 mmol) of
the intermediate A-1 and 100 ml of THF were loaded, and then
a solution of 20.2 g (114 mmol) of N-bromosuccinimide in
THF (70 ml) was dropped to the mixture over 30 minutes.
After the completion of the dropping, the resultant was stirred
at room temperature for 2 hours. The solvent of the reaction
solution was distilled off under reduced pressure. 90.0 Grams
of dichloromethane were added to the resultant residue and
then the mixture was left at rest for 1 hour. A precipitated
crystal was taken by filtration and then the solvent was dis-
tilled off under reduced pressure. 100 Milliliters of ethanol
were added to the resultant residue and then the mixture was
stirred at room temperature overnight. A precipitated solid
was taken by filtration to provide 34.5 g (98 mmol, 86% yield)
of an intermediate A-2.
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1) n-BuLi
2) Isopropyl Borate
THF
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(A-2)
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NO,

Pd(PPh3)4, Na2C03 aq.

0

2L
'

(A-4)

Toluene, Ethanol

NO,

[0160] Under a nitrogen atmosphere, 34 g (96 mmol) ofthe
intermediate A-2 and 200 ml of THF were loaded, and then
the mixture was cooled to —60° C. 72 Milliliters (1.57 mol/l)
of a solution of n-butyllithium in hexane were dropped to the
mixture and then the whole was stirred for 1 hour. 21.7 Grams
(115 mmol) of isopropyl borate were added to the resultant
and then the mixture was stirred for 1 hour. The temperature
of the reaction solution was returned to room temperature,
and then 100 m1 of a saturated aqueous solution of ammonium
chloride and 100 ml of toluene were added to the solution. An
organic layer was washed with distilled water (3x200 ml).
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After the organic layer had been dried with anhydrous mag- _continued
nesium sulfate, magnesium sulfate was separated by filtration

and then the solvent was distilled off under reduced pressure

to provide 27.3 g (86 mmol, 90% yield) of an intermediate

A-3.

[0161] 27.3 Grams (88 mmol) of the intermediate A-3,22 g

(88 mmol) of 2-iodonitrobenzene, 0.6 g (0.52 mmol) of tet-
rakis(triphenylphosphine)palladium(0), a solution of 17 g of NO
sodium carbonate in water (80 ml), 200 ml of toluene, and 100 2
ml of ethanol were loaded, and were then stirred overnight \
while being heated at 90° C. The reaction solution was cooled

to room temperature, and then distilled water (100 ml) was N

added to the solution while the solution was stirred. An

organic layer was washed with distilled water (3x100 ml).

After the organic layer had been dried with anhydrous mag-

nesium sulfate, magnesium sulfate was separated by filtration

and then the solvent was distilled off under reduced pressure,

150 Milliliters of methanol were added to the resultant resi-
due while the residue was stirred, followed by stirring at room O

Triethyl phosphite
_—

Cumene

temperature for 60 minutes. A precipitated solid was taken by
filtration to provide 30 g (76 mmol, 87% yield) of an intet-
mediate A-4.
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-continued

[0162] 30 Grams (76 mmol) of the intermediate A-4,2.4 ¢
(7.6 mmol) of tetrabutylammonium fluoride trihydrate
(TBAF), and 200 ml of THF were loaded, and were then
stirred at room temperature for 1 hour. Distilled water (100
ml) and toluene (100 ml) were added to the reaction solution,
and then the mixture was stirred to be fractionated into a water
layer and an organic layer. The organic layer was extracted
with toluene (2x100 ml). After the combined organic layer
had been dried with anhydrous magnesium sulfate, magne-
sium sulfate was separated by filtration and then the solvent
was distilled off under reduced pressure to provide an inter-
mediate A-5. 14 Grams (60 mmol) of 3-bromobiphenyl, 1.1 g
(5.8 mmol) of copper iodide, 38 g (179 mmol) of tripotassium
phosphate, 6.8 g (60 mmol) of trans-1,2-cyclohexanedi-
amine, and 600 ml of 1,4-dioxane were added to the resultant
intermediate A-5, and then the mixture was stirred for 18
hours while being heated at 12° C.C. After the reaction solu-
tion had been cooled to room temperature, a precipitated
crystal was taken by filtration and then the solvent was dis-
tilled off under reduced pressure. The resultant residue was
purified by silica gel column chromatography to provide 21.2
2 (54 mol, 90% yield) of an intermediate A-6.

[0163] 21.0 Grams (54 mmol) of the intermediate A-6,36 g
(215 mmol) of triethyl phosphite, and 340 g of cumene were
loaded, and were then stirred for 20 hours while being heated
at 160° C. The reaction solution was cooled to room tempera-
ture and then the solvent was distilled off under reduced
pressure. The resultant residue was purified by silica gel
column chromatography to provide 17.4 g (49 mmol, 90%
vyield) of an intermediate A-7.

[0164] Under a nitrogen atmosphere, 2.5 g (7.0 mmol) of
the intermediate A-7, 1.2 g (3.8 mmol) of 1,3-diiodobenzene,
0.34 g (1.8 mmol) of copper iodide, 11.3 g (53.3 mmol) of
tripotassium phosphate, 2.0 g (17.5 mmol) of trans-1,2-cy-
clohexanediamine, and 100 ml of 1,4-dioxane were loaded,
and were then stirred for 4 hours while being heated at 120° C.
After the reaction solution had been cooled to room tempera-
ture, a precipitated crystal was taken by filtration and then the
solvent was distilled off under reduced pressure. The resultant
residue was purified by silica gel column chromatography to
provide 3.2 g (4.0 mmol, 57% yield) of a compound 1-2 as a
white solid.

[0165] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 791.
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Example 2

Synthesis of Compound 1-7

[0166]

(A-4)
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-continued

[0167] An intermediate A-8 was obtained in the same man-
ner as in the synthesis of the intermediates A-6 and A-7 except
that 1-bromo-3-(N-carbazolyl)benzene was used instead of
3-bromobiphenyl.

[0168] 1.9 Grams (2.0 mmol, 74% yield) of a compound
1-7 as a white solid were obtained in the same manner as in the
synthesis of the compound 1-2 except that the intermediate
A-8 was used instead of the intermediate A-7.
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[0169] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 969, and the "H-NMR mea-
surement result (measurement solvent: THF-d8) thereof is
shown in FIG. 6.

Example 3

Synthesis of Compound 1-8

[0170]
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-continued -continued

[0171] An intermediate A-9 was obtained in the same man-
ner as in the synthesis of the intermediates A-6 and A-7 except
that 2-bromo-2-methylpropane was used instead of 3-bromo-
biphenyl.

[0172] 3.6 Grams (6.0 mmol, 56% yield) of a compound
1-8 as a white solid were obtained in the same manner as in the
synthesis of the compound 1-2 except that the intermediate
A-9 was used instead of the intermediate A-7 and 1,4-diiodo-
benzene was used instead of 1,3-diiodobenzene.

[0173] The APCI-TOFMS of the compound showed an
[M+H]" ion peak at an m/z of 599.
Example 4

Synthesis of Compound 1-24

[0174]

NO, (A-10)

(A-10)



US 2013/0184458 A1l Jul. 18, 2013
32

-continued -continued

(A-11)
124

[0175] An intermediate A-10 was obtained in the same
manner as in the synthesis of the intermediates A-6 and A-7
except that 3-bromo-N,N'-diphenylaniline was used instead
of 3-bromobiphenyl.

[0176] 3.5 Grams (3.6 mmol, 33% yield) of a compound
1-24 as a white solid were obtained in the same manner as in
the synthesis of the compound 1-2 except that the intermedi-
ate A-10 was used instead of the intermediate A-7.

[0177] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 974.

Exaniple 5

Synthesis of Compound 1-34

[0178]
NO,
N\ —
\Si 1-34
\< 7/ [0179] An intermediate A-11 was obtained in the same
(A-9) manner as in the synthesis of the intermediates A-6 and A-7
1 except that iodobenzene was used instead of 3-bromobiphe-
nyl.
[0180] 1.7 Grams (2.6 mmol, 69% yield) of a compound
NO, , 1-34asa whﬂe solid were obtained in the same manner as in
the synthesis of the compound 1-2 except that the intermedi-
\ ate A-9 was used instead of the intermediate A-7 and 2,6-
dibromopyridine was used instead of 1,3-diiodobenzene.
g [0181] The APCI-TOFMS of the compound showed an

[M+H]* ion peak at an m/z of 640.
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Example 6

Synthesis of Compound 1-39

[0182]

(a-11)

[0183] Under a nitrogen atmosphere, 0.34 g (8.8 mmol) of
sodium hydride (62.2% product) and 20 mL of dehydrated
N,N-dimethylformamide (DMF) were loaded, and were then
stirred at room temperature for 0.5 hour. A solution of 2.5 g
(8.8 mmol) of the intermediate A-11 in DMF (20 mL) was
added to the resultant suspension and then the mixture was
stirred at room temperature for 30 minutes. 0.84 Gram (3.7
mmol) of 2,4-dichloro-6-phenyl-1,3,5-triazine was added to
the resultant suspension and then the mixture was stirred at
60° C. for 30 minutes. After the reaction solution had been
cooled to room temperature, distilled water (100 mL) was
added to the solution while the solution was stirred, and then
aprecipitated solid was taken by filtration. The resultant solid
was purified by silica gel column chromatography and reshur-
rying under heat to provide 2.3 g (3.3 mmol, 88% yield) of a
compound 1-39 as a yellow solid.

[0184] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 718.
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Example 7
Synthesis of Compound 1-41

[0185]

1-41

[0186] 1.1 Grams (1.6 mmol, 46% yield) of a compound
1-41 as a white solid were obtained in the same manner as in
the synthesis of the compound 1-2 except that the intermedi-
ate A-1 was used instead of the intermediate A-7 and 6,6'-
dibromo-2,2"-bipyridine was used instead of 1,3-diiodoben-
zene.

[0187] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 717, and the "H-NMR mea-
surement result (measurement solvent: THF-d8) thereof is
shown in FIG. 7.

Example 8

Synthesis of Compound 1-49
[0188]

\NH *

N

s

(A-11)



US 2013/0184458 A1l Jul. 18, 2013
34

-continued -continued

Br. Br
\Q\O/ B

[0189] 5.2 Grams (6.5 mmol, 43% yield) of a compound
1-49 as a white solid were obtained in the same manner as in
the synthesis of the compound 1-2 except that the intermedi-
ate A-ii was used instead of the intermediate A-7 and 4,4'-bis
(p-bromophenyl) amine was used instead of 1,3-diiodoben-
zene.

[0190] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 806.

Example 9

Synthesis of Compound 1-53

O \ Triisopropylsilyl chloride
N
H

.’%

O Isopropyl Borate
N —_—
\,
\( 817/

[0191]
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-continued

[0192]

An intermediate A-12 was obtained in the same
manner as in the synthesis of the intermediate A-4 except that
6-pheny! indole was used instead of indole.

[0193] An intermediate A-13 was obtained in the same
manner as in the synthesis of the intermediates A-6 and A-7
except that the intermediate A-12 was used instead of the
intermediate A-4 and iodobenzene was used instead of
1-bromo-3-(N-carbazolyl)benzene.

[0194] 3.0 Grams (3.4 mmol, 92% yield) of a compound
1-53 as a yellow solid were obtained in the same manner as in
the synthesis of the compound 1-39 except that the interme-
diate A-13 was used instead of the intermediate A-11.

[0195] The APCI-TOFMS of the compound showed an
[M+H]* ion peak at an m/z of 871.
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Example 10

Synthesis of Compound 1-58

[0197] Under a nitrogen atmosphere, 10 r (47 mmol) of
3-bromobenzothiophene and 100 ml of THF were loaded, and
then the mixture was cooled to -60° C. 36 Milliliters (1.57
mol/1) of a solution of n-butyllithium in hexane were dropped
to the mixture and then the whole was stirred for 1 hour. 13.3
Grams (71 mmol) of triisopropyl borate were added to the
resultant and then the mixture was stirred for 1 hour. The
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temperature of the reaction solution was returned to room _continued
temperature, and then 50 ml of'a saturated aqueous solution of

ammonium chloride and 100 m! of toluene were added to the

solution. An organic layer was washed with distilled water Q

(3x100 ml). After the organic layer had been dried with anhy-

drous magnesium sulfate, magnesium sulfate was separated

by filtration and then the solvent was distilled off under

reduced pressure to provide 6.9 g (39 mmol, 83% yield) of an \ NH

intermediate B-1.

[0198] An intermediate B-2 was obtained in the same man-
ner as in the synthesis of the intermediates A-4 and A-7 except
that the intermediate B-1 was used instead of the intermediate
A-3.

[0199] 1.6 Grams (2.4 mmol, 24% yield) of a compound
1-58 as a white solid were obtained in the same manner as in
the synthesis of the compound 1-2 except that the intermedi- (Arl4)

ate B-2 was used instead of the intermediate A-7 and 4-bro-

mophenyl sulfone was used instead of 1,3-diiodobenzene. Br N Br

[0200] The APCI-TOFMS of the compound showed an X Cul, K5PO4

[M+H]™ ion peak at an m/z of 661. trans-1,2-Cyclohexanediamine
F 1,4-Dioxane

Example 11

Synthesis of Compound 2-6
[0201]

Br.

Si (A-15)

(A4

Br.
n-Bul ‘

—_—

;

\NH

N

Cul, K3P04

trans-1,2-Cyclohexanediamine
1,4-Dioxane

(A-14)
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-continued

[0202] An intermediate A-14 was obtained in the same
manner as in the synthesis of the intermediates A-6 and A-7
except that 1-iodobutane was used instead of 3-bromobiphe-
nyl.

[0203] Under anitrogen atmosphere, 15 g (57 mmol) of the
intermediate A-14, 20 g (84 mmol) of 2,6-dibromopyridine,
1.0 g (5.2 mmol) of copper iodide, 36 g (170 mmol) of
tripotassium phosphate, 6.5 g (57 mmol) of trans-1,2-cyclo-
hexanediamine, and 200 ml of 1,4-dioxane were loaded, and
were then stirred for 6 hours while being heated at 120° C.
After the reaction solution had been cooled to room tempera-
ture, a precipitated crystal was taken by filtration and then the
solvent was distilled off under reduced pressure. The resultant
residue was purified by silica gel column chromatography to
provide 11g (26 mmol, 46% yield) of an intermediate A-15 as
a light yellow solid.

[0204] Under anitrogen atmosphere, 10 g (24 mmol) of the
intermediate A-15, 5.1 g (23 mmol) of the intermediate B-2,
0.5 g (2.6 mmol) of copper iodide, 18 g (85 mmaol) of tripo-
tassium phosphate, 3.2 g (27 mmol) of trans-1,2-cyclohex-
anediamine, and 90 ml of 1,4-dioxane were loaded, and were
then stirred for 29 hours while being heated at 120° C. After
the reaction solution had been cooled to room temperature, a
precipitated crystal was taken by filtration and then the sol-
vent was distilled off under reduced pressure. The resultant
residue was purified by silica gel column chromatography to
provide 3.2 g (5.7 mmol, 25% yield) of a compound 2-6 as a
white solid.

[0205] The APCI-TOFMS of the compound showed an
[M+H]" ion peak at an m/z of S61.
Example 12

Synthesis of Compound 2-11

[0206]

(0

(€1

ON

2

O
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-continued

(A-11)

Br

(A-16)

(A-16)

€2
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-continued -continued
Br

[0207] An intermediate C-2 was obtained in the same man-
ner as in the synthesis of the intermediates A-4 and A-7 except
that the intermediate C-i was used instead of the intermediate
A-3.

[0208] An intermediate A-16 as a white solid was obtained
in the same manner as in the synthesis of the intermediate
A-15 except that the intermediate A-11 was used instead of
the intermediate A-14 and 1-bromo-3-iodobenzene was used
instead of 2,6-dibromopyridine.

[0209] 1.9 Grams (3.4 mmol, 74% yield) of a compound
2-11 as a white solid were obtained in the same manner as in
the synthesis of the compound 2-6 except that the intermedi-
ate A-16 was used instead of the intermediate A-15 and the 3.
intermediate C-2 was used instead of the intermediate B-2.

[0210] The APCI-TOFMS of the compound showed an [0212] 13 Grams (1.1 mmol, 39% vield) of a compound

[M+H]" ion peak at an m/z of 564. 3-2 asawhite solid were obtained in the same manner as inthe
synthesis of the compound 1-2 except that the intermediate
Example 13 A-11 was used instead of the intermediate A-7 and 1,3,5-tris
(4-bromophenyl)benzene was used instead of 1,3-diiodoben-

. zene.
Synthesis of Compound 3-2 [0213] The APCI-TOFMS of the compound showed an

[M+H]* ion peak at an m/z of 1,148.
[0211]

Example 14

[0214] Each thin film was laminated by a vacuum deposi-
tion method at a degree of vacuum of 4.0x110 Pa on a glass
substrate on which an anode formed of an ITO having a
thickness of 110 nm had been formed. First, copper phthalo-
cyanine (CuPC) was formed into a layer having a thickness of
25 nm on the ITO. Next, 4,4'-bis[N-(1-naphthyl)-N-pheny-
O lamino|biphenyl (NPB) was formed into a layer having a
thickness of 40 nm to serve as a hole-transporting layer. Next,

\ NH + the compound 1-2 obtained in Example 1 as a host material
and tris(2-phenylpyridine) iridium(IIT) (Ir (ppy);) as a phos-
N phorescent light-emitting dopant were co-deposited from dif-

ferent deposition sources onto the hole-transporting layer to
form a light-emitting layer having a thickness of 40 nm. The
concentration of Ir(ppy), in the light-emitting layer was 10.0
wt %. Next, tris(8-hydroxyquinoinlinato)aluminum(III)
(Alg3) was formed into a layer having a thickness of 20 nm to
(A-11) serve as an electron-transporting layer. Further, lithium fluo-
ride (LiF) was formed into a layer having a thickness of 1.0
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nm on the electron-transporting layer to serve as an electron-
injecting layer Finally, aluminum (Al) was formed into a
layer having a thickness of 70 nm on the electron-injecting
layer to serve as an electrode. Thus, an organic EL device was
produced.

[0215] An extemal power source was connected to the
resultant organic EL, device to apply a DC voltage to the
device. As a result, the device was observed to have such
light-emitting characteristics as shown in Table 1. The col-
umns “luminance.” “voltage,” and “luminous efficiency” in
Table 1. show values at 10 mA/cm' It should be noted that it
was found that the local maximum wavelength of the emis-
sion spectrum of the device was 530 nm and hence light
emission from Ir(ppy); was obtained.

Example 15

[0216] An organic FL device was produced in the same
manner as in Example 15 except that the compound 1-7 was
used as the host material for the light-emitting layer.

Example 16

[0217] An organic EL, device was produced in the same
manner as in Example 15 except that the compound 1-8 was
used as the host material for the light-emitting layer.

Example 17

[0218] An organic FL device was produced in the same
manner as in Example 15 except that the compound 1-24 was
used as the host material for the light-emitting layer.

Example 18

[0219] An organic EL device was produced in the same
manner as in Example 15 except that the compound 1-34 was
used as the host material for the light-emitting layer.

Example 19

[0220] An organic EL device was produced in the same
manner as in Example 15 except that the compound 1-49 was
used as the host material for the light-emitting layer.

Example 20

[0221] An organic FL device was produced in the same
manner as in Example 15 except that the compound 1-58 was
used as the host material for the light-emitting layer.

Comparative Example 1

[0222] An organic EL device was produced in the same
manner as in Example 15 except that 4,4'-bis(9-carbazolyl)
biphenyl (CBP) was used as the host material for the light-
emitting layer.

[0223] It was found that the local maximum wavelength of
the emission spectrum of each of the devices produced in
Examples 15 to 20 and Comparative Example I was 530 nm,
and hence light emission from Ir(ppy); was obtained. Table 1
shows the light-emitting characteristics.
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TABLE 1

Light-emitting characteristic

Visual
luminous
Host Luminance Voltage efficiency
compound (ed/m?) V) (lm/W)
Example 1-2 2920 8.5 10.8
14
15 1-7 3140 8.7 10.1
16 1-8 2730 8.8 9.7
17 1-24 2980 8.5 10.9
18 1-34 2730 8.8 9.7
19 1-49 2790 10.2 8.9
20 1-38 3100 9.0 10.8
Comparative CBP 2420 9.3 8.2
Example 1
Example 21
[0224] Each thin film was laminated by a vacuum deposi-

tion method at a degree of vacuum of 4.0x10~° Pa on a glass
substrate on which an anode formed of an ITO having a
thickness of 110 nm had been formed. First, copper phthalo-
cyanine (CuPC) was formed into a layer having a thickness of
25 nm on the ITO. Next, NPB was formed into a layer having
a thickness of 55 nm to serve as a hole-transporting layer.
Next, the compound 1-39 obtained in Example 6 as a host
material and  bis(2-(2-benzo[4,5-a]thienyl)pyridinato-N,
C3)iridium(acetylacetonate) ((Btp),Iracac) as a phosphores-
cent light-emitting dopant were co-deposited from different
deposition sources onto the hole-transporting layer to form a
light-emitting layer having a thickness of 47.5 nm. The con-
centration of (Btp),Iracac in the light-emitting layer was 8.0
wt %. Next, Alg3 was formed into a layer having a thickness
of 30 nm to serve as an electron-transporting layer. Further,
LiF was formed into a layer having a thickness of 1.0 nm on
the electron-transporting layer to serve as an electron-inject-
ing layer. Finally, Al was formed into a layer having a thick-
ness of 200 nm on the electron-injecting layer to serve as an
electrode. Thus, an organic EL device was produced.

[0225] An external power source was connected to the
resultant organic EL, device to apply a DC voltage to the
device. As a result, the device was observed to have such
light-emitting characteristics as shown in Table 2. The col-
umns “luminance,” “voltage,” and “luminous efficiency” in
Table 2 show values at 10 mA/cm?. It should be noted that it
was found that the local maximum wavelength of the emis-
sion spectrum of the device was 620 nm and hence light
emission from (Btp),Iracac was obtained.

Example 22

[0226] An organic EL device was produced in the same
manner as in Example 22 except that the compound 1-41 was
used as the host material for the light-emitting layer.

Example 23

[0227] An organic EL device was produced in the same
manner as in Example 22 except that the compound 1-53 was
used as the host material for the light-emitting layer.

Example 24

[0228] An organic ELL device was produced in the same
manner as in Example 22 except that the compound 2-11 was
used as the host material for the light-emitting layer.
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Comparative Example 2

[0229] An organic FL device was produced in the same
manner as in Example 22 except that bis(2-methyl-5-quino-
linolato)-4-phenylphenolatoaluminum(IIl) (BAlq) was used
as the host material for the light-emitting layer.

[0230] It was found that the maximum wavelength of the
emission spectrum of each of the devices produced in
Examples 22 to 24 and Comparative Example 2 was 620 nm,
and hence light emission from (Btp),Iracac was obtained.
Table 2 shows the light-emitting characteristics.

TABLE 2

Light-emitting characteristic

Visual
luminous
Host Luminance Voltage efficiency
compound (ed/m?) W) (lm/W)
Example 1-39 1386 7.8 5.1
21
22 1-41 1280 7.2 5.6
23 1-33 1320 8.2 4.6
24 2-11 1083 5.8 5.3
Comparative BAlg 1020 8.4 3.8
Example 2
[0231] Table 1 and Table 2 show that when the nitrogen-

containing aromatic compound of the present invention is
used in an organic EL device, the device shows good light-
emitting characteristics for CBP or BAlq generally known as
a phosphorescent host.

Example 25

[0232] An organic TFT device having a construction illus-
trated in FIG. 2 was produced and then the organic semicon-
ductor material of the present invention was evaluated for its
characteristics. First, a silicon wafer (n-doped) having a ther-
mally grown silicon oxide layer having a thickness of about
300 nm was washed with a solution of sulfuric acid in hydro-
gen peroxide water and then boiled with isopropyl alcohol,
followed by drying. The resultant silicon wafer was subjected
to spin coating with a photoresist and then the photoresist was
exposed with an exposing machine through a photomask.
Next, the photoresist was subjected to development with a
developer and then washed with ion-exchanged water, fol-
lowed by air-drying. Chromium having a thickness of 3 nm
was deposited by a vacuum deposition method onto the sili-
con wafer to which the patterned photoresist had been
applied, and then gold having a thickness of 50 nm was
deposited by the method onto chromium. A source electrode
and a drain electrode were produced on the silicon wafer by
immersing the silicon wafer in aremover solution. The silicon
wafer on which the source electrode and the drain electrode
had been produced was washed with acetone. Further, the
washed product was boiled with isopropyl alcohol and then
dried, followed by immersion in a solution of octyltrichlo-
rosilane in toluene having a concentration of about 1x107° M
overnight. After that, the immersed product was washed with
toluene and isopropyl alcohol, and was then heated at 110° C.
for about 10 minutes. Thus, an organic TFT substrate sub-
jected to an octyltrichlorosilane (OTS) treatment was pro-
duced. The substrate had a channel length L of 25 pm and a
channel width W of 15.6 pm. Next, a solution (1 wt %) of the
compound 1-2 in chlorobenzene was filtered with a 0.2-um
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syringe filter, and then the top of the substrate subjected to the
OTS treatment was subjected to spin coating with the solution
under the conditions of room temperature, 1,000 rpm, and 30
seconds. Next, the resultant was dried at 80° C. for 30 min-
utes. At this time, the thickness of an organic semiconductor
layer was 50 nm. Thus, an organic TFT device having the
structure illustrated in FIG. 2 was obtained.

[0233] A voltage of -10to -100V was applied between the
source electrode and drain electrode of the resultant organic
TFT device, and then a gate voltage was changed in the range
of =30 to -80 V to determine its voltage-current curve at a
temperature of 25° C., followed by the evaluation of the
device for its transistor characteristics. A field-effect mobility
(n) was calculated with the following equation (I) represent-
ing a drain current I,.

LAWRLIC(V -V, 0

[0234] Inthe equation (I), L represents a gate length and W
represents a gate width in addition, C, represents the capacity
of an insulating layer per unit area, V, represents the gate
voltage, and V, represents a threshold voltage. In addition, an
on/off ratio was calculated from a ratio between the maxi-
mum and minimum drain current values (I,,). Table 3 shows
the characteristics of the resultant organic TFT device.

Example 26

[0235] An organic TFT device was produced by perform-
ing the same operations as those of Example 25 except that: a
solution (1 wt %) of the compound 1-8 in. chloroform was
used instead of the solution (1 wt %) of the compound 1-2 in
chlorobenzene; and the spin coating was performed at room
temperature under the conditions of 1,000 rpm and 30 sec-
onds. Table 3 shows the characteristics of the resultant
organic TFT device.

Example 27

[0236] Anorganic TFT substrate was produced by the same
method as that of Example 25. The substrate had a channel
length L of 25 um and a channel width w of 15.6 um. Next, the
compound 3-6 was deposited by a vacuum deposition method
under the condition of a degree of vacuum of 5.0x10~* Pa onto
the organic TFT substrate to form a thin film of the compound
3-6 having a thickness of 100 nm at 0.3 nm/sec. Thus, an
organic FT device having the structure illustrated in FIG. 2
was obtained. Table 3 shows the characteristics of the result-
ant organic TFT device.

TABLE 3
Mobility On/off
Compound (em?/Vs) ratio
Example 1-2 32x107 103
25
26 1-8 88 x 1072 10°
27 2-6 2.8x1072 10°

[0237] Table 3 shows that the nitrogen-containing aromatic
compound of the present invention has high characteristics as
an organic semiconductor.

INDUSTRIAL APPLICABILITY

[0238] The skeleton of the nitrogen-containing aromatic
compound of the present invention may enable the control of
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various energy values, i.e., an ionization potential, an electron
affinity, and a triplet excitation energy by virtue of a hetero-
cycle fused to indole and a linking group. The presence of a
plurality of such fused indole skeletons in the same molecule
may improve stability against charge. In addition, the nitro-
gen-containing aromatic compound of the present invention
may have a high charge-transferring characteristic. There-
fore, the organic electronic device using the nitrogen-contain-
ing aromatic compound of the present invention may be able
to express high characteristics. The device may find applica-
tions in, for example, displays such as an organic EL, panel
and electronic paper, liquid crystal displays, organic field-
effect transistors, organic thin-film solar cells, information
tags, and large-area sensors such as an electronic artificial
skin sheet and a sheet-type scanner, and hence its technical
value is large.

1. A nitrogen-containing aromatic compound, which is

represented by the general formula (1):

M

m

in the formula (1), L represents an m+n-valent aromatic
hydrocarbon group having 6 to 30 carbon atoms or aro-
matic heterocyclic group having 3 to 30 carbon atoms
and free of a fused heterocycle having 4 or more rings, a
group arising from a triarylamine having 9 to 30 carbon
atoms, or a group arising from a diaryl sulfone having 6
to 24 carbon atoms, X’s each represent N-A, O, S, or Se,
A’s each independently represent an alkyl group having
1 to 30 carbon atoms, a cycloalkyl group having 3 to 30
carbon atoms, an alkenyl group having 2 to 30 carbon
atoms, an alkynyl group having 2 to 30 carbon atoms, a
silyl group having 3 to 18 carbon atoms, an acyl group
having 2 to 19 carbon atoms, an aromatic hydrocarbon
group having 6 to 50 carbon atoms, or an aromatic het-
erocyclic group having 3 to 50 carbon atoms and free of
a fused heterocycle having 4 or more rings, R’s each
independently represent hydrogen, an alkyl group hav-
ing 1 to 30 carbon atoms, a cycloalkyl group having 3 to
30 carbon atoms, an alkenyl group having 2 to 30 carbon
atoms, an alkynyl group having 2 to 30 carbon atoms, an
aromatic hydrocarbon group having 6 to 30 carbon
atoms, or an aromatic heterocyclic group having 3 to 30
carbon atoms and free of a fused heterocycle having 4 or
more rings, m represents an integer of 1 to 4, nrepresents
an integer of 0 to 3, and a sum of the m and the nis 2 to
4.

2. A nitrogen-containing aromatic compound according to
claim 1., wherein the n in the general formula (1) represents 0.
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3. A nitrogen-containing aromatic compound according to
claim 1, wherein the X’s in the general formula (1) each
represent N-A.

4. A compound according to claim 1, wherein the m in the
general formula (1) represents 2 or 3.

5. An organic semiconductor material, comprising the
nitrogen-containing aromatic compound according to claim
1.

6. An organic semiconductor thin film, which is formed of
the organic semiconductor material according to claim 5.

7. An organic electronic device, which is obtained by using
the organic semiconductor material according to claim 5.

8. An organic electronic device according to claim 7,
wherein the organic electronic device is selected from a light-
emitting device, a thin-film transistor, and a photovoltaic
device.

9. An organic electronic device according to claim 8,
wherein the light-emitting device comprises an organic elec-
troluminescence device.

10. An organic semiconductor material, comprising the
nitrogen-containing aromatic compound according to claim
2.

11. An organic semiconductor material, comprising the

nitrogen-containing aromatic compound according to claim
3

12. An organic semiconductor material, comprising the
nitrogen-containing aromatic compound according to claim
4.

13. An organic semiconductor thin film, which is formed of
the organic semiconductor material according to claim 10.

14. An organic semiconductor thin film, which is formed of
the organic semiconductor material according to claim 11.

15. An organic semiconductor thin film, which is formed of
the organic semiconductor material according to claim 12.

16. An organic electronic device, which is obtained by
using the organic semiconductor material according to claim
10.

17. An organic electronic device, which is obtained by
using the organic semiconductor material according to claim
11.

18. An organic electronic device, which is obtained by
using the organic semiconductor material according to claim
12.

19. An organic electronic device according to claim 16,
wherein the organic electronic device is selected from a light-
emitting device, a thin-film transistor, and a photovoltaic
device.

20. An organic electronic device according to claim 17,
wherein the organic electronic device is selected from a light-
emitting device, a thin-film transistor, and a photovoltaic
device.

21. An organic electronic device according to claim 18,
wherein the organic electronic device is selected from a light-
emitting device, a thin-film transistor, and a photovoltaic
device.

22. An organic electronic device according to claim 19,
wherein the light-emitting device comprises an organic elec-
troluminescence device.

23. An organic electronic device according to claim 20,
wherein the light-emitting device comprises an organic elec-
troluminescence device.
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24. An organic electronic device according to claim 21,
wherein the light-emitting device comprises an organic elec-
troluminescence device.

* % % ok &
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