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

TECHNICAL FIELD

[0001] The invention relates to a material for an organic
electroluminescence device comprising an azanaphthoben-
zofuran derivative, an organic electroluminescence device
using the same and an electronic apparatus.

BACKGROUND ART

[0002] In general, an organic electroluminescence (EL)
device comprises an anode, a cathode and one or more
organic thin film layers disposed between the anode and the
cathode. When a voltage is applied between the both elec-
trodes, to the emitting region, electrons are injected from the
cathode and holes are injected from the anode. These injected
electrons and holes are re-combined in the emitting region,
create an excited state, and energy is emitted as light when the
excited state is returned to the ground state.

[0003] Since an organic EL device can emit various emis-
sion colors by using various emitting materials in the emitting
layer, practical application thereof to a display or the like has
been actively studied. In particular, researches on emitting
materials of the three primary colors of red, green and blue are
conducted most actively, and extensive studies have been
made in order to attain improvement in properties.

[0004] For example, as the material for an organic EL
device, a compound having a naphthobenzofuran structure is
disclosed in Patent Documents 1 to 3. Further, Patent Docu-
ment 4 discloses use of a compound having a dibenzofuran
structure or a dinaphthofuran structure as the material for an
organic EL device. In the field of an organic EL device,
development of a series of new materials is required in order
to attain further improvement in device performance.

RELATED ART DOCUMENTS

Patent Documents

[0005] Patent Document 1: WO2010/036027

[0006] Patent Document 2: W0O2010/137285

[0007] Patent Document 3: WO2011/137157

[0008] Patent Document 4: WO2006/128800
SUMMARY OF THE INVENTION

[0009] An object of the invention is to provide a novel

material that is effective as a material for an organic EL
device.

[0010] According to one aspect of the invention, a material
for an organic electroluminescence device comprising a com-
pound represented by any of the following formulas (1)to (3)
is provided.
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[0011] According to the invention, a novel material that is
effective as a material for an organic EL device can be pro-
vided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 11is a schematic cross-sectional view showing
one example of the organic EL device of the invention.

MODE FOR CARRYING OUT THE INVENTION

[0013] Inthe invention, the “atob” carbon atoms” inthe “a
substituted or unsubstituted X group including a to b carbon
atoms” means the number of carbon atoms in the X group
which is unsubstituted, and does not include the number of
carbon atoms in a substituent when the X group is substituted
by the substituent.

[0014] In the invention, the “hydrogen atom” includes iso-
mers differing in number of neutrons, i.e. protium, deuterium
and tritium.

[0015] Further, as an arbitrary substituent in the “substi-
tuted or unsubstituted”, preferable is one selected from the
group consisting of an alkyl group including 1 to 50 (prefer-
ably 1 to 18, more preferably 1 to 8) carbon atoms; a
cycloalkyl group including 3 to 50 (preferably 3 to 10, more
preferably 3 to 8, further preferably 5 or 6) carbon atoms that
form a ring (hereinafter referred to as the “ring carbon
atoms”); an aryl group including 6 to 50 (preferably 6 to 25,
more preferably 6 to 18) ring carbon atoms; an aralkyl group
including 7 to 51 (preferably 7 to 30, more preferably 7to 20)
carbon atoms having an aryl group including 6 to 50 (prefer-
ably 6 to 25, more preferably 6 to 18) ring carbon atoms; an
amino group; a mono-substituted or di-substituted amino
group having a substituent selected from an alkyl group
including 1 to 50 (preferably 1 to 18, more preferably 1 to 8)
carbon atoms and an aryl group including 6 to 50 (preferably
610 25, more preferably 6 to 18) ring carbon atoms; an alkoxy
group including 1 to 50 (preferably 1 to 18, more preferably
1 to 8) carbon atoms; an aryloxy group having an aryl group
including 6 to 50 (preferably 6 to 25, more preferably 6to 18)
ring carbon atoms; a mono-substituted, di-substituted or tri-
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substituted silyl group having a substituent selected from an
alkyl group including 1 to 50 (preferably 1 to 18, more pref-
erably 1 to 8) carbon atoms and an aryl group including 6 to
50 (preferably 6 to 25, more preferably 6to 18) carbon atoms;
a heteroaryl group including 5 to 50 (preferably 5 to 24, more
preferably 5 to 13) atoms that form aring (hereinafter referred
to as the “ring atoms”); a haloalkyl group including 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms; a
halogen atom (fluorine atom, chlorine atom, bromine atom,
iodine atom); a cyano group; a nitoro group; a sulfonyl group
having a substituent selected from an alkyl group including 1
to 50 (preferably 1 to 18, more preferably 1 to 8) carbon atoms
and an aryl group including 6 to 50 (preferably 6 to 25, more
preferably 6 to 18) ring carbon atoms; a di-substituted phos-
phoryl group including 1 to 50 (preferably 1 to 18, more
preferably 1 to 8) carbon atoms and an aryl group including 6
to 50 (preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms; an alkylsulfonyloxy group; an arylsulfonyloxy group;
an alkylcarbonyloxy group; an arylcarbonyloxy group; a
boron-containing group; a zinc-containing group; a tin-con-
taining group; a silicon-containing group; a magnesium-con-
taining group; a lithium-containing group; a hydroxy group;
an alkyl-substituted or aryl-substituted carbonyl group; a car-
boxy group; a vinyl group; a (meth)acryloyl group, an epoxy
group; and an oxetanyl group.

[0016] These substituents may further be substituted by the
above-mentioned arbitrary substituent.

[Material for an Organic Electroluminescence Device]

[0017] The material for an organic electroluminescence
material as one embodiment of the invention is characterized
in that it comprises a compound represented by any of the
following formulas (1) to (3):

B
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[0018] In the formulas (1)to (3), X is a sulfuratom S or an

oxygen atom O.

[0019] A, to A, areindependently CH, CR, or a nitorogen
atom N, and R, is a substituent.
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[0020] B,,B,and B, are independently CH, CR, or anitro-
gen atom N, and R, is a substituted or unsubstituted alkyl
group including 1 to 50 carbon atoms, a substituted or unsub-
stituted haloalkyl group including 1 to 50 carbon atoms, a
cyano group or a halogen atom.

[0021] Inthe formula(1),atleastone of A; to Ag, B, and B,
is N.

[0022] Inthe formula(2), atleastone of A, to A5, Agto A 3,
B, andB,is N.

[0023] In the formula (3), at least one of A; to A;, A;, to

A5 B, and By is N.

[0024] When there are plural R, s, the plural R | s may be the
same as or different from each other, and when there are plural
R,s, the plural R,s may be the same as or different from each
other.

[0025] AdjacentR,s,and adjacent R, and R, may indepen-
dently bond to each other to form a ring structure.

[0026] In the formulas (1) to (3), the substituents repre-
sented by R, are independently preferably selected from the
following group (A), more preferably the following group
(B), and further preferably the following group (C).

[0027] The above-mentioned group (A) is a group consist-
ing of a substituted or unsubstituted alkyl group including 1 to
50 carbon atoms; a substituted or unsubstituted cycloalkyl
group including 3 to 50 ring carbon atoms; a substituted or
unsubstituted aryl group including 6 to 50 ring carbon atoms;
a substituted or unsubstituted aralkyl group including 7 to 51
carbon atoms; an amino group; a mono-substituted or di-
substituted amino group having a substituent selected from a
substituted or unsubstituted alkyl group including 1 to 50
carbon atoms or a substituted or unsubstituted aryl group
including 6 to 50 ring carbon atoms; a mono-substituted,
di-substituted or tri-substituted silyl group having a substitu-
ent selected from a substituted or unsubstituted alkoxyl group
including 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group including 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted alkyl group including 1 to 50 carbon
atoms and a substituted or unsubstituted aryl group including
6 to 50 ring carbon atoms; a substituted or unsubstituted
heteroaryl group including 5 to 50 ring atoms, a substituted or
unsubstituted haloalkyl group including 1 to 50 carbon
atoms; a halogen atom; a cyano group; a nitro group; a sul-
fonyl group having a substituent selected from a substituted
or unsubstituted alkyl group including 1 to 50 carbon atoms
and a substituted or unsubstituted aryl group including 6 to 50
ring carbon atoms; a di-substituted phosphoryl group having
a substituent selected from a substituted or unsubstituted
alkyl group including 1 to 50 carbon atoms, a substituted or
unsubstituted heteroaryl group including 5 to 50 ring atoms
and a substituted or unsubstituted aryl group including 6 to 50
ring carbon atoms; an alkylsufonyloxy group; an arylsulfo-
nyloxy group; an alkylcarbonyloxy group; an arylcarbony-
loxy group; a boron-containing group; a zinc-containing
group; a tin-containing group; a silicon-containing group; a
magnesium-containing group; a lithium-containing group; a
hydroxy group; an alkyl-substituted or aryl-substituted car-
bonyl group; a carboxy group; a vinyl group; a (meth)acryloyl
group; an epoxy group; and an oxetanyl group.

[0028] The above-mentioned group (B) is a group consist-
ing of a substituted or unsubstituted alkyl group including 1 to
50 carbon atoms; a substituted or unsubstituted cycloalkyl
group including 3 to 50 ring carbon atoms; a substituted or
unsubstituted aryl group 6 to 50 ring carbon atoms; a substi-
tuted or unsubstituted aralkyl group including 7 to 51 carbon
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atoms; an amino group; a mono-substituted or di-substituted
amino group having a substituent selected from a substituted
or unsubstituted alkyl group including 1 to 50 carbon atoms
and a substituted or unsubstituted aryl group including 6 to 50
ring carbon atoms; a mono-substituted, di-substituted or tri-
substituted silyl group having a substituent selected from a
substituted or unsubstituted alkoxy group including 1 to 50
carbon atoms, a substituted or unsubstituted aryloxy group
including 6 to 50 ring carbon atoms, a substituted or unsub-
stituted alkyl group including 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group including 6 to 50 ring
carbon atoms; a substituted or unsubstituted heteroarayl
group including 5 to 50 ring atoms, a substituted or unsubsti-
tuted haloalkyl group 1 to 50 carbon atoms; a halogen atom;
a cyano group; a nitro group; a sulfonly group having a
substituent selected from a substituted or unsubstituted alkyl
group including 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group including 6 to 50 ring carbon atoms;
and a substituted or unsubstituted alkyl group including 1 to
50 carbon atoms and a substituted or unsubstituted aryl group
including 6 to 50 ring carbon atoms.

[0029] The above-mentioned group (C) is a group consist-
ing ofa substituted or unsubstituted alkyl group including 1 to
50 carbon atoms; a substituted or unsubstituted cycloalkyl
group including 3 to 50 ring carbon atoms; a substituted or
unsubstituted aryl group including 6 to 50 ring carbon atoms;
a substituted or unsubstituted aralkyl group including 7 to 51
carbon atoms; an amino group; a mono-substituted or di-
substituted amino group having a substituent selected from a
substituted or unsubstituted alkyl group including 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
including 6 to 50 ring carbon atoms; a mono-substituted,
di-substituted or tri-substituted silyl group having a substitu-
ent selected from a substituted or unsubstituted alkoxy group
including 1 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group including 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted alkyl group including 1 to 50 carbon
atoms and a substituted or unsubstituted aryl group including
6 to 50 ring carbon atoms; a substituted or unsubstituted
heteroaryl group including 5 to 50 ring atoms, a substituted or
unsubstituted haloalkyl group including 1 to 50 carbon
atoms; a halogen atom; a cyano group; and a nitro group.
[0030] R, is a substituted or unsubstituted alkyl group
including 1 to 50 carbon atoms, a substituted or unsubstituted
haloalkyl group including 1 to 50 carbon atoms, a cyano
group or a halogen atom.

[0031] Specific examples of R, R,, R, (mentioned later)
or the like will be given.

[0032] As the alkyl group including 1 to 50 (preferably 1 to
18, more preferably 1 to 8) carbon atoms, for example,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl,
t-butyl, pentyl (including isomers), hexyl (including iso-
mers), heptyl (including isomers), octyl (including isomers),
nonyl (including isomers), decyl (including isomers), unde-
¢yl (including isomers), and dodecyl (including isomers),
tridecyl, tetradecyl, octadecyl, tetracosanyl, tetracontanyl or
the like can be given. Among these, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, pentyl (includ-
ing isomers), hexyl (including isomers), heptyl (including
isomers), octyl (including isomers), nonyl (including iso-
mers), decyl (including isomers), undecyl (including iso-
mers), dodecyl (isomers), tridecyl, tetradecyl and octadecyl
are preferable. Methyl, ethyl, n-propyl, isopropyl, n-butyl,
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isobutyl, s-butyl, t-butyl, pentyl (including isomers), hexyl
(including isomers), heptyl (including isomers) and octyl (in-
cluding isomers) are more preferable.

[0033] As the cycloalkyl group including 3 to 50 (prefer-
ably 3 to 10, more preferably 3 to 8, and further preferably 5
or 6) ring carbon atoms, a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, acyclooctyl group, an adamantyl group or the like can
be given. Among these, a cyclopentyl group and a cyclohexyl
group are preferable.

[0034] As the aryl group including 6 to 50 (preferably 6 to
25, more preferably 6 to 18) ring carbon atoms, for example,
phenyl, naphthyl, naphthylphenyl, biphenylyl, terphenylyl,
acenaphthylenyl, anthryl, benzoanthryl, aseanthryl, phenan-
thryl, benzophenanthryl, phenalenyl, fluorenyl, 9,9"-spirobi-
fluorenyl, benzofluorenyl, dibenzofluorenyl, picenyl, pen-
taphenyl, pentacenyl, pyrenyl, chrysenyl, benzochrysenyl,
s-indacenyl, as-indacenyl, fluoranthenyl, benzofluoranthe-
nyl, tetracenyl, triphenylenyl, benzotriphenylenyl, perylenyl,
coronyl, dibenzoanthryl or the like can be given.

[0035] As the arylene group including 6 to 50 (preferably 6
to 25. more preferably 6 to 18) ring carbon atoms, one
obtained by removing a hydrogen atom from the above-men-
tioned aryl group can be given.

[0036] The heteroaryl group including 5 to 50 (preferably 5
to 24, more preferably 5 to 13) ring atoms contains at least
one, preferably 1 to 5 (more preferably 1 to 3, further prefer-
ably 1 to 2) hetero atoms (e.g. a nitrogen atom, a sulfur atom,
an oxygen atom, a phosphorus atom). As the heteroaryl
group, for example, a pyrrolyl group, a furyl group, a thienyl
group, a pyridyl group, a pridazinyl group, a pyrimidinyl
group, a pyrazinyl group, a triazinyl group, an imidazolyl
group, an oxazolyl group, a thiazolyl group. a pyrazolyl
group, an isoxazolyl group, an isothiazolyl group, an oxadia-
zolyl group, a thiadiazolyl group, a triazolyl group, a tetra-
zolyl group, an indolyl group, an isoindolyl group, a benzo-
furanyl group, an isobenzofuranyl group, a benzothiophenyl
group, an isobenzothiophenyl group, an indolizinyl group, a
quinolizinyl group, a quinolyl group, an isoquinolyl group, a
cinnolyl group, a phthalazinyl group, a quinazolinyl group, a
quinoxalinyl group, a benzimidazolyl group, a benzoxazolyl
group, a benzothiazolyl group, an indazolyl group, a ben-
zisoxazolyl group, a benzisothiazolyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a carbazolyl group, a
phenanthridinyl group, an acridinyl group, a phenanthrolinyl
group, a phenazinyl group, a phenothiazinyl group, aphenox-
azinyl group, an azatriphenylenyl group, a diazatriphenylenyl
group, a xanthenyl group, an azacarbazolyl group, an aza-
dibenzofuranyl group, an azadibenzothiophenyl group, a
benzofuranobenzothiophenyl group, a benzothienoben-
zothiophenyl group, a dibenzofuranonaphthyl group, a diben-
zothienonaphthyl group and a dinaphthothienothiophenyl
group or the like can be given.

[0037] As specific examples of the heteroaryl group includ-
ing 5 to 50 ring atoms, a monovalent group obtained by
removing one hydrogen atom from the compounds repre-
sented by the following formulas is preferable.
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wherein in the formulas, As are independently CR**® or a
nitrogen atom and R**’s are independently a hydrogen atom
or a substituent,

[0038] Ys are independently a single bond, C(R**!)(R*%?)
an oxygen atom, a sulfur atom or N(R?%*); and

[0039] R?°', R?*? and R** are independently a hydrogen
atom or a substituent, and ms are independently 0 or 1.
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[0040] 1In the formula, plural As may be the same as or
different from each other, plural Ys may be the same as or
different from each other, and plural ms may be the same as or
different from each other.

[0041] Whenmis 0, noY is present.

[0042] As the substituent in the formula, the same as those
mentioned above can be given.

[0043] As the aralkyl group including 7 to 51 carbon atoms
in total having an aryl group including 6 to 50 (preferably 6 to
25, more preferably 6 to 18) ring carbon atoms, an aralkyl
group having the aryl group mentioned above can be given.
[0044] As the mono-substituted or di-substituted amino
group having a substituent selected from an alkyl group
including 1 to 50 (preferably 1 to 18, more preferably 1 to 8)
carbon atoms and an aryl group including 6 to 50 (preferably
6 to 25, more preferably 6 to 18) ring carbon atoms, and a
mono-substituted or di-substituted amino group having a sub-
stituent selected from the alkyl group or the aryl group men-
tioned above can be given.

[0045] As the alkoxy group having the above-mentioned
alkyl group including 1 to 50 (preferably 1 to 18, more pref-
erably 1 to 8) carbon atoms, the alkoxy group having the alkyl
group mentioned above can be given.

[0046] As the aryloxy group having the above-mentioned
aryl group including 6 to 50 (preferably 6 to 25, more pref-
erably 6to 18) ring carbon atoms, an aryloxy group having the
aryl group mentioned above can be given.

[0047] As the mono-substituted, di-substituted or tri-sub-
stituted silyl group having a substituent selected from an alkyl
group including 1 to 50 (preferably 1 to 18, more preferably
1 to 8) carbon atoms and an aryl group having 6 to 50 (pref-
erably 6 to 25, more preferably 6 to 18) ring carbon atoms, a
mono-substituted, di-substituted or tri-substituted silyl group
having a substituent selected from the alkyl group and the aryl
group can be given.

[0048] As the above-mentioned haloalkyl group including
1 to 50 (preferably 1 to 18, more preferably 1 to 8) carbon
atoms, one in which one or more hydrogen atoms of the alkyl
group is substituted by a halogen atom (a fluorine atom, a
chlorine atom, a bromine atom, an iodine atom) can be given.
[0049] As the sulfonyl group having a substituent selected
from the above-mentioned alkyl group including 1 to 50
(preferably 1 to 18, more preferably 1 to 8) carbon atoms and
the aryl group having a substituent including 6 to 50 (prefer-
ably 6 to 25, more preferably 6 to 18) ring carbon atoms, a
sulfonyl group having a substituent selected from the above-
mentioned akyl group or the above-mentioned aryl group can
be given.

[0050] As the di-substituted phosphoryl group having an
alkyl group including 1 to 50 (preferably 1 to 18, more pref-
erably 1 to 8) carbon atoms and the aryl group including 6 to
50 (preferably 6 to 25, more preferably 6 to 18) ring carbon
atoms, a di-substituted phosphoryl group having a substituent
selected from the alkyl group and the aryl group can be given.
[0051] 1Inthe formulas (1) to (3), the ring structure formed
by bonding of the adjacent substituents may be a saturated
ring or an unsaturated ring.

[0052] As the saturated ring, independently, an aliphatic
hydrocarbon ring having 3 to 50 (preferably 3 to 6, more
preferably 5 or 6) ring carbon atoms is preferable.

[0053] As the unsaturated ring, independently, an aromatic
hydrocarbon ring including 6 to 50 (preferably 6 to 24, more
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preferably 6 to 18) ring carbon atoms or an aromatic hetero-
cyclic ring including 5 to 50 (preferably 5 to 24, more pref-
erably 5 to 13) ring atoms is preferable.

[0054] As specific examples of the aliphatic hydrocarbon
ring including 3 to 50 ring carbon atoms, a cyclopropane ring,
acyclobutane ring, a cyclopentane ring, a cyclohexane ring, a
cycloheptane ring, a cyclooctane ring, an adamantane ring or
the like can be given. Among these, a cyclopentane ring and a
cyclohexane ring are preferable.

[0055] As specific examples of the aromatic hydrocarbon
ring including 6 to 50 ring carbon atoms, a benzene ring, a
naphthalene ring, an anthracene ring, a benzoanthracene ring,
a phenanthrene ring, a benzophenanthrene ring, a fluorene
ring, a benzofluorene ring, a dibenzofluorene ring, a picene
ring, a tetracene ring, a pentacene ring, a pyrene ring, a
chrysene ring, a benzochrysene ring, a s-indacene ring, an
as-indacene ring, a fluoranthene ring, a benzofluoranthene
ring, atriphenylene ring, a benzotriphenylene ring, a perylene
ring, a coronenering, a dibenzoanthracene ring or the like can
be given.

[0056] As specific examples of the above-mentioned aro-
matic heterocyclic ring including 5 to 50 ring atoms, a pyrrole
ring, a pyrazole ring, an isoindole ring, a benzofuran ring, a
benzothiophene ring, an isobenzofuran ring, a diben-
zothiophene ring, an isoquinoline ring, a cinnoline ring, a
quinoxaline ring, a phenanthridine ring, a phenanthroline
ring, a pyridine ring, a pyrazine ring, a pyrimidine ring, a
pyridazine ring, a triazine ring, an imidazopyridine ring, an
indole ring, an indazole ring, a benzimidazole ring, a quino-
line ring, an acridine ring, a pyrrolidine ring, a dioxane ring,
a piperidine ring, a morpholine ring, a piperazine ring, a
carbazole ring, a furan ring, a thiophene ring, an oxazole ring,
an oxadiazole ring, a benzoxazole ring, a thiazole ring, a
thiadiazole ring, a benzothiazole ring, a triazole ring, an imi-
dazole ring, a benzimidazole ring, a pyran ring, a dibenzofu-
ran ring, a benzo[c]dibenzofuran ring, a purine ring, and an
acridine ring can be given.

[0057] In one embodiment of the invention, in the formula
(1), itis preferred that at least one of A, to Ag be CR, and that
at least one of R, be a substituted or unsubstituted aromatic
hydrocarbon group including 6 to 60 ring carbon atoms or a
substituted or unsubstituted heterocyclic group including 3 to
60 ring atoms.

[0058] Similarly, it is preferred that at least one of A to A,
and A, to A, ; in the formula (2) be CR |, at least one of A, to
Ajand A, ,t0A 4 inthe formula (3) be CR | and at least one of
R, be a substituted or unsubstituted aromatic hydrocarbon
group including 6 to 60 ring carbon atoms or a substituted or
unsubstituted heterocyclic ring group including 3 to 60 ring
atoms.

[0059] As the aromatic hydrocarbon group including 6 to
60 ring carbon atoms, the aryl group including 6 to 50 ring
carbon atoms mentioned above as the examples of the sub-
stituent can be given.

[0060] As the heterocyclic group including 3 to 60 ring
atoms, the heteroaryl group including 5 to 50 ring atoms
mentioned above as the examples of the substituent can be
given.

May 19, 2016

[0061] 1Inthe formulas (1) to (3), it is preferred that B,, B,
and B, be independently a nitrogen atom N, C—H or CR*
(R* isa substituted or unsubstituted linear alkyl group includ-
ing 1 to 50 carbon atoms, a trifluoromethyl group or ahalogen
atom). The examples of the alkyl group are the same as those
for R, or the like given above.

[0062] Further, itis preferred that B, to B, be independently
a nitrogen atom N, C—H or a linear alkyl group (including 1
to 2 carbon atoms) being less sterically hindered. By this, a
hydrogen bond is generated between X and H as the adjacent
molecule, and molecules having orientation form a plane that
is parallel to the substrate. As a result, carriers move at a high
speed between the layers, and the device operates at a low
voltage.

[0063] More preferably, B,, B, and B, are independently a
nitrogen atom N or C—H.

[0064] It is preferred that at least two of A, to Ag in the
formula (1) be anitrogen atom N. Similarly, it is preferred that
atleasttwo of A, to A;,Agto A ; and B, and B, in the formula
(2)and atleasttwo of A, toA;, A, ,t0A, ;and B, and B, inthe
formula (3) be a nitrogen atom N.

[0065]
the formulas (1) to (3), it is preferred that at least one of R, s
contain a structure (anthracene structure) represented by the
following formula (5).

According to one embodiment of the invention, in

®)

[0066] The compound that is represented by the formulas
(1) to (3) and has an anthracene structure is preferably used in
the emitting layer, for example.

[0067] In the formula (5), R, to R, are independently a
single bond, a hydrogen atom or a substituent, and atleast one
ofthem bonds to a carbon atom represented by any of A, to Aq
in the formula (1), A, to A; and Ag to A5 in the formula (2)
andA toAjand A, ,t0 A, ¢ inthe formula (3) viaa single bond
or a linking group.

[0068] The examples of the substituent are the same as
those for R, or the like mentioned above.

[0069] Forexample, compounds represented by the follow-
ing formulas (1-1) to (3-1) can be given.
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[0070] In the formulas (1-1) to (3-1), X and R, to R,
independently the same as defined in the above-mentioned
formulas (1) to (3) or (5).

[0071] A,,toA,,,.B,, B, and B, areindependently the
same as A, to A, By, B, and B; defined in the above-
mentioned formulas (1) to (3) or a carbon atom having an
atomic bonding which bonds to a group comprising the struc-
ture represented by the formula (5), or to L.

[0072] L isa single bond or a linking group; As the linking
group, a substituted or unsubstituted aromatic ring is prefer-
able. For example, a phenylene group is preferable. In each
formula, groups in two square brackets bond to each other via
a single bond or a linking group L.

[0073] At least one of A, to Ag, in the formula (1-1), at
leastoneof A, to A, and A, toA,;, inthe formula (2-1)and
atleastoneof A ,to A, in the formula (3-1)and A, 10 A 5,
is a carbon atom having an atomic bonding that bonds to L or
any one of R, to R,,; any oneof R to R, is a single bond,
and bonds to L or a carbon atom represented by A, to A,
[0074] According to one embodiment of the invention, it is
preferred thatR | ; be a single bond and bond to L or any of A, ,

INP) Rys
Be
e
e

g
Rag
©
£
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to A4, For example, compounds represented by the follow-
ing formulas (1-1") to (3-1") are preferable.
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[0075] Inthe formulas, X,R,; t0 Ry, A, 10 A 5,, B, s Bass
B,, and L are independently the same as defined in the for-
mulas (1-1) to (3-1).

[0076] Itis preferred that R, be a substituted or unsubsti-
tuted aryl group including 6 to 50 ring carbon atoms or a
substituted or unsubstituted heteroaryl group including 5 to
50 ring atoms. Examples of the aryl group and the heteroaryl
group are the same as those for R, mentioned above.

[0077] In one embodiment of the invention, it is preferred
that atleast one of R include a structure (carbazole structure)
represented by the following formula (6).

(6)

Ra
Axg
N A
An | |
\ 6
Ads
\Azf Ay

[0078] The compound that is represented by the formulas
(1) to (3) and has a carbazole structure is preferably used in
the organic thin film layers formed between the cathode or the
anode and the emitting layer.

[0079] Inthe formula(6),A,, to A, are independently CH,
CR,,o0rN,andR,, isa single bond or a substituent. Examples
of the substitutent are the same as those for the R, or the like
mentioned above.

[0080] Whenplural R,s are present, the plural R,,s may be
the same as or different from each other. Adjacent R,,s may
bond to each other to form a ring structure. The ring structure
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may be a saturated ring or an unsaturated ring, and the specific
examples thereof are the same as those for the substituent in
the formula (1) or the like.

[0081] R, is asingle bond, a hydrogen atom or a substitu-
ent. Examples of the substituent are the same as those for R
or the like mentioned above.

[0082] At least one of R,; and R,, bonds, via a single bond
or a linking group, to a carbon atom represented by any of A,
to Ag in the formula (1), A, to A; and A, to A, ; in the formula
(2)and A, to Ay and A, to A5 in the formula (3).

[0083] Forexample, compounds represented by the follow-
ing formulas (1-2) to (3-2) can be given.

- Ry
\
A
N 28
“Ays
Ao, |
/ \ A%
Ax Ads
\
Ay Aca ]
22
~ Ry
X Al3a ‘ Azg
3 | "Az7
1 A
7\ Alla AN A25
la A9a Ko A
AgdtAsa “AagrAn
3-2)
Ry
\
N Ax
Ay
An |
7N\ 28
2 Ads
\A23"A’4 |

[0084] In the formulas (1-2) and (3-2), X, A, to A, and
R,, are independently the same as those defined in the for-
mulas (1) to (3) or (6).

[0085] A, t0A ., B,,B,,and B,, are independently the
same as A, to A, ¢, B, B, and B; in the formula (1) to (3) ora
carbon atom that has an atomic bonding that bonds to a group
represented by the formula (6), or to L.

[0086] L isa single bond or a linking group. As the linking
group, a substituted or unsubstituted aromatic ring can be
given. In each formula, the groups in two brackets bond to
each other via a single bond or a linking group L.

[0087] At least one of A, , to A, in the formula (1-2), at
leastoneof A, to A5, and Ay, to A5, inthe formula (2-2) and
atleastoneof A, ,to A, and A, toA,,, inthe formula (3-2)
is a carbon atom, and bonds to L or any one of A,, to A, and
a nitrogen atom N.

[0088] AnyoneofR,,inA,, toA,zandR,, isasinglebond,
and bonds to L or a carbon atom represented by any of A, to
A

[0089] Examples of the compound represented by the for-
mulas (1) to (3) will be given below.
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@ indicates text missing or illegible when filed

[0090] The material for an organic EL device of the inven-
tion comprises the compound represented by the above for-
mulas (1) to (3). The content of the above-mentioned com-
pound in the material for an organic EL device is not
particularly restricted. For example, it may be 1 mass % or
more, preferably 10 mass % or more, more preferably 50
mass % or more, further preferably 80 mass % or more, and
particularly preferably 90 mass % or more. The content may
be 100 mass %. As other materials than those represented by
the formulas (1) to (3), materials used in the emitting layer,
the electron-transporting layer, the hole-transporting layer or
the like (mentioned later) can be given.

[0091] The material for an organic EL device of the inven-
tion is effective as the material for an organic EL device, and
can be used as a host material or a dopant material in the
emitting layer of a fluorescent emitting unit or as a host
material in the emitting layer of a phosphorescent emitting
unit. In any of a fluorescent emitting unit and a phosphores-
cent emitting unit, the material is effective as a material for an
anode-side organic thin film layer provided between an anode
and an emitting layer of an organic EL device or as a material
for a cathode-side organic thin film layer provided between a
cathode and an emitting layer of an organic EL device. That
is, it is effective as a material for a hole-transporting layer, a
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hole-injecting layer, an electron-transporting layer, an elec-
tron-injecting layer, a hole-blocking layer, an electron-block-
ing layer, or the like.

[0092] Meanwhile, the “emitting unit” means the minimum
unit that comprises one or more organic layers, one of which
being an emitting layer, and can emit light by recombination
of holes and electrons injected.

[Organic EL Device|

[0093] The organic EL device as one embodiment of the
invention comprises one or more organic thin film layers
including an emitting layer between a cathode and an anode,
and at least one layer of the organic thin film layers comprises
the above-mentioned material for an organic EL device.

[0094] As examples of the organic thin film layers that
comprise the above-mentioned material for an organic EL
device, an anode-side organic thin film layer (hole-transport-
ing layer, hole-injecting layer, or the like), an emitting layer,
a cathode-side organic thin film layer (electron-transporting
layer, electron-injecting layer, or the like) provided between a
cathode and an emitting layer, a spacing layer, a barrier layer
or the like can be given. The examples are not limited thereto.
The above-mentioned material for an organic EL device may
be contained in any of the above-mentioned layers, and can be
used as a host material or a dopant material in the emitting
layer of a fluoresecent emitting unit, a host material in the
emitting layer of a phosophorescent emitting unit, a hole-
transporting layer, an electron-transporting layer or the like of
an emitting unit.

[0095] The organic EL device of the invention may be a
fluorescent or phosphorescent monochromatic emitting
device or may be a fluorescent/phosphorescent hybride white
emitting device. It may be a simple emitting device having a
single emitting unit or a tandem emitting device having plural
emitting units. Among them, the organic EL device may
preferably be a phospresecent emitting device.

[0096] As the representative device structure of a simple
type organic EL device, the following device configuration
can be given.

(1) Anode/Emitting Unit/Cathode

[0097] Theemitting unit mentioned above may be a stacked
type emitting unit comprising plural phorphosrecent emitting
layers or plural fluorescent emitting layers. In this case, in
order to prevent diffusion of excitons generated in the phos-
phorescent emitting layer to the fluorescent emitting layer, a
spacing layer may be provided between the emitting layers.
The representative layer configuration of the emitting unit is
given below.

(a) Hole-transporting layer/Emitting layer (/Electron-trans-
porting layer)

(b) Hole-transporting layer/First phosphorescent emitting
layer/Second phosphorescent emitting layer (/Electron-trans-
porting layer)

(c¢) Hole-transporting layer/Phosphorescent emitting layer/
Spacing layer/Fluorecent emitting layer (/Electron-transport-
ing layer)

(d) Hole-transporting layer/First phosphorescent emitting
layer/Second phosphorescent emitting layer/Spacing layer/
Fluorecent emitting layer (/Electron-transporting layer)
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(e) Hole-transporting layer/First phosphorescent emitting
layer/Spacing layer/Second phosphorescent emitting layer/
Spacing layer/Fluorecent emitting layer (/Electron-transport-
ing layer)

() Hole-transporting layer/Phosphorecent emitting layer/
Spacing layer/First fluorecent emitting layer/Second fluore-
cent emitting layer (/Electron-transporting layer)

(2) Hole-transporting layer/Electron barrier layer/Emitting
layer (/Electron-transporting layer)

(h) Hole-transporting layer/Emitting layer/Hole barrier layer
(/Electron-transporting layer)

(1) Hole-transporting layer/Fluorecent emitting layer/Triplet
barrier layer (/Electron-transporting layer)

[0098] The phosphorescent or fluorescent emitting layer as
mentioned above can emit different colors of light. Specifi-
cally, in the stacked emitting layer (d), a layer configuration of
the hole-transporting layer/first phosphorescent emitting
layer (red emission)/second phosphorescent emitting layer
(green emission)/spacing layer/fluorescent emitting layer
(blue emission )/electron-transporting layer or the like can be
given.

[0099] Between each emitting layer and the hole-transport-
ing layer or the spacing layer, an electron-barrier layer may be
provided appropriately. Between each emitting layer and the
electron-transporting layer, a hole-barrier layer may be pro-
vided appropriately. Due to provision of an electron-barrier
layer or a hole-barrier layer, electrons or holes can be con-
fined within the emitting layer, whereby possibility of recom-
bination of carriers in the emitting layer can be increased, and
the life can be improved.

[0100] As therepresented device configuration of a tandem
organic EL device, the following device configuration can be
given.

(2) Anode/First Emitting Unit/Intermediate Layer/Second
Emitting Unit/Cathode

[0101] Here, as the first emitting unit and the second emit-
ting unit, the same emitting units as those mentioned above
can independently be given, for example.

[0102] In general, the intermediate layer is called an inter-
mediate electrode, an intermediate conductive layer, a carrier-
generating layer, an electron-withdrawing layer, and a known
material configuration that supplies electrons to the first emit-
ting unit and supplies holes to the second emitting unit can be
used.

[0103] FIG. 1 shows a schematic configuration of one
example of the organic EL device of the invention. The
organic EL device 1 comprises a substrate 2, an anode 3, a
cathode 4 and an emitting unit 10 provided between the anode
3 and the cathode 4. The emitting unit 10 comprises an emit-
ting layer 5 that includes at least one phosphorescent emitting
layer comprising a phosphorescent host material and a phos-
phorescent dopant. A hole-injecting and transporting layer 6
or the like may be provided between the emitting layer 5 and
the anode 3 and an electron-injecting and transporting layer 7
or the like may be provided between the emitting layer 5 and
the cathode 4. An electron-barrier layer may be provided on
the anode 3 side of the emitting layer 5 and a hole-barrier
layer may be provided on the cathode 4 side of the emitting
layer 5. Due to such configuration, electrons or holes can be
confined in the emitting layer 5, whereby possibility of gen-
eration of excitons in the emitting layer 5 can be improved.
[0104] Herein, a host that is combined with a fluorescent
dopant is referred to as a fluorescent host and a host that is
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combined with a phosphorescent dopant is referred to as a
phosphorescent host. The fluorescent host and the phospho-
rescent hoast are not distinguished only by the molecular
structure thereof. That is, the phosphorescent host means a
material constituting a phosphorescent emitting layer that
contains a phosphorescent dopant and does not mean a mate-
rial that cannot be used as a material constituting a fluorescent
dopant. The same can be applied to a fluorescent host.

(Substrate)

[0105] The organic EL device is usually formed on a trans-
parent substrate. The transparent substrate is a substrate for
supporting the organic EL device, and is preferably a flat and
smooth substrate having a 400-to-700-nm-visible-light trans-
mittance of 50% or more. Specific examples thereof include
glass plates and polymer plates. Examples of the glass plate
include those obtained by using as raw materials soda-lime
glass, barium/strontium-containing glass, lead glass, alumi-
nosilicate glass, borosilicate glass, barium borosilicate glass,
quartz, or the like. Examples of the polymer plate include
those obtained by using as raw materials polycarbonate,
acrylic polymer, polyethylene terephthalate, polyethersul-
fide, polysulfone, or the like.

(Anode)

[0106] The anode of the organic EL device plays a role for
injecting holes into its hole-transporting layer or emitting
layer. It is effective to use one having a work function of 4.5
eV or more. As specific examples of the anode material,
indium tin oxide alloy (ITO), tin oxide (NESA), indium zinc
oxide, gold, silver, platinum, copper, and the like can be
given. The anode can be formed by forming these electrode
materials into a thin film by vapor deposition, sputtering or
the like. In the case where emission from the emitting layer is
taken out through the anode, the transmittance of the anode to
the emission is preferably more than 10%. The sheet resis-
tance of the anode is preferably several hundred €2/ or less.
The film thickness of the anode, which varies depending upon
the material thereof, is usually from 10nm to 1 um, preferably
from 10 to 200 nm.

(Cathode)

[0107] The cathode plays a role for injecting electrons into
its electron-injecting layer, electron-transporting layer or
emitting layer. The cathode is preferably formed of a material
having a small work function. The cathode material is not
particularly restricted. As specific examples of the cathode
material, indium, aluminum, magnesium, a magnesium-in-
dium alloy, a magnesium-aluminum alloy, an aluminum-
lithium alloy, an aluminum-scandium-lithium alloy, a mag-
nesium-silver alloy or the like can be given. As in the case of
the anode, the cathode can be formed by forming the materi-
als into a thin film by a deposition method, a sputtering
method or the like. If necessary, emission can be outcoupled
from the cathode side.

(Emitting Layer)

[0108] The emitting layer is an organic layer having an
emitting function, and where a doping system is used, it
comprises a host material and a dopant material. The host
material has a function of accelerating recombination of elec-
trons and holes and confining excitons within the emitting
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layer. The dopant material has a function of emitting effi-
ciently excitons obtained by recombination.

[0109] In the case of a phosphorescent device, the host
material has a function of confining excitons mainly gener-
ated by a dopant within the emitting layer.

[0110] Here, in the emitting layer, a double host (also
referred to as a host/cohost) that adjusts the carrier balance in
the emitting layer may be used by combining an electron-
transporting host and a hole-transporting host or by other
methods. It is preferred that the emitting layer comprise a first
host material and a second host material and that the first host
material be the material for the organic EL device according
to the invention.

[0111] Double dopant may be used in which two or more
types of dopant materials having a high quantum vield are
incorporated, and each dopant emits light. Specifically, by
allowing a host, a red dopant and a green dopant to be co-
deposited, yellow emission from the common emitting layer,
whereby yellow emission is realized.

[0112] As for the emitting layer, by allowing plural emit-
ting layers to be a stacked body, electrons and holes are
accumulated in the interface of the emitting layers, whereby
the recombination region is concentrated in the interface of
the emitting layers. As a result, the quantum efficiency is
improved.

[0113] Easiness in injection of holes to the emitting layer
and easiness in injection of electrons to the emitting layer may
differ. Further, the hole-transporting performance and the
electron-transporting performance indicated by the mobility
of holes and electrons in the emitting layer may differ from
each other.

[0114] The emitting layer can be formed by a known
method such as a deposition method, a spin coating method,
a LB method (Langmuir Blodgett method) or the like, for
example. The emitting layer can also be formed by forming a
solution obtained by dissolving a binder such as a resin and
material compounds in a solvent into a thin film by a spin
coating method and the like.

[0115] The emitting layer is preferably a molecular depos-
ited film. The “molecular deposited film” means a thin film
formed by deposition of a raw material compound in a vapor
phase or a film formed by solidification of a raw material
compound ina solution state or a liquid phase state. Normally,
this molecular deposited film differs from a thin film (molecu-
lar accumulated film) formed by a LB method in aggregation
structure or high-order structure, or differ in function derived
from such difference in structure.

[0116] The dopant material is selected from a known fluo-
rescent dopant showing fluorescent emission or a known
phosphorescent dopant showing phosphorescent emission.
[0117] A phosphorescent dopant (phosphorescent emitting
material) that forms the emitting layer is a compound that can
emit light from triplet excited state. The phosphorescent
dopant is not limited as long as it can emit from triplet excited
state. The phosphorescent dopant is preferably an organic
metal complex containing at least one metal selected from I,
Pt, Os, Au, Cu, Re and Ru and a ligand. It is preferred that the
ligand have an ortho-metalated bond. In respect of a high
phosphorescent quantum yield and capability of improving
external quantum yield of an emitting device, the phospho-
rescent dopant is preferably a compound having a metal atom
selected from Ir, Os and Pt. Further preferable are a metal
complex such as an iridium complex, an osmium complex
and a platinum complex, with an ortho-metalated complex
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being more preferable. Among them, an iridium complex and _continued
a platinum complex are more preferable, and an ortho-meta-
lated iridium complex is particularly preferable.

[0118] The content of the phosphorescent dopant in the
emitting layer is not particularly restricted, and it may be
appropriately selected depending on the purpose. For
example, the content is preferably 0.1 to 70 mass %, with 1 to
30 mass % being more preferable. When the content of the
phosphorescent compound is 0.1 mass % or more, sufficient
emission can be obtained. By allowing the content to be 70
mass % orless, it is possible to suppress a phenomenon called
concentration quenching.

[0119] Specific examples of an organic metal complex that
1s preferably as a phosphorescent dopant are shown below.

[0120] An abbreviation under the specific examples, i.e.
PQIr(iridium(ITT)bis(2-phenylquinolyl-N,C*)acetylaceto-
nate) and Ir(ppy),(tris(2-phenylpyridinate-N,C2") iridum
(1I1)), is an abbreviation of an organic metal complex shown
above the abbreviation.
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[0121] The phosphorescent host is a compound having a
function of allowing a phosphorescent dopant to emit light
efficiently by efficiently confining the triplet energy of the
phosphorescent dopant in the emitting layer. The material for
an organic EL device according to the invention is preferable
as the phosphorescent host. The emitting layer may comprise
onekind of the material for an organic EL device according to
the invention or may comprise two or more kinds of the
material for an organic EL device according to the invention.

[0122] When the material for an organic EL device accord-
ing to the invention is used as a host material of the emitting
layer, the emission wavelength of the phosphorescent dopant
contained in the emitting layer is not particularly restricted. It
is preferred that at least one kind of the phosphorescent
dopant materials contained in the emitting layer have a peak
of an emission wavelength of 490 nm or more and 700 nm or
less, more preferably 490 nm or more and 650 nm or less. As
for the emission color of the emitting layer, red, yellow and
green are preferable, for example. By using the compound
according to the invention as the host material and by forming
an emitting layer by doping the phosphorescent dopant hav-
ing such an emission wavelength, it is possible to obtain a
long-lived organic EL device.

[0123] Inthe organic EL device according to the invention,
other compounds than the material for an organic EL device
according to the invention can appropriately be selected as the
phosphorescent host according to the above-mentioned pur-
pose.

[0124] The material for an organic EL device according to
the invention and other compounds may be used in combina-
tion as the phosphorescent host material in the same emitting
layer. When plural emitting layers are present, as the phos-
phorescent host material for one of these emitting layers, the

34
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material for an organic EL device according to the invention
is used, and as the phosphorescent host material for one of
other emitting layers, other compounds than the material for
an organic EL device according to the invention may be used.
The material for an organic EL device according to the inven-
tion can be used in an organic layer other than the emitting
layer. In that case, as the phosphorescent host of the emitting
layer, other compounds than the material for an organic EL
device according to the invention may be used.

[0125] As for the compound other than the material for an
organic EL device according to the invention, as specific
examples of the compound that is preferable as the phospho-
rescent host, carbazole derivatives, triazole derivatives,
oxazole derivatives, oxadiazole derivatives, imidazole
derivatives, polyarylalkane derivatives, pyrazoline deriva-
tives, pyrazolone derivatives, phenylenediamine derivatives,
arylamine derivatives, amino-substituted chalcone deriva-
tives, styrylanthracene derivatives, fluorenone derivatives,
hydrazone derivatives, stilbene derivatives, silazane deriva-
tives, aromatic tertiary amine compounds, styrylamine com-
pounds, aromatic dimethylidene-based compounds, porphy-
rin-based compounds, anthraquinodimethane derivatives,
anthrone derivatives, diphenylquinone derivatives, thiopyr-
andioxide derivatives, carbodiimide derivatives, fluore-
nylidene methane derivatives, distyrylpyrazine derivatives
and heterocyclic tetracarboxylic anhydrides of naphthale-
neperylene or the like, metal complexes of phthalocyanine
derivatives and 8-quinolinol derivatives, various metal com-
plex polysilane compounds represented by metal complexes
having metal phthalocyanine, benzoxazole or benzothiazole
as a ligand, poly(N-vinylcarbazole) derivatives, aniline-
based copolymers, conductive polymer oligomers such as
thiophene oligomers and polythiophene, and polymer com-
pounds such as polythiophene derivatives, polyphenylene
derivatives, polyphenylene vinylene derivatives and poly-
fluorene derivatives can be given. The phosphorescent host
may be used alone or in combination of two or more. As
specific examples, the following compounds can be given.
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[0126] Iftheemitting layer comprises the first host material
and the second host material, the material for an organic EL
device according to the invention may be used as the first host
material and other compounds than the material for an
organic EL device according to the invention may be used as
the second host material. The “first host material” and the
“second host material” as referred to herein mean that the
plural host materials contained in the emitting layer differ
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from each other in structure, and are not determined by the
content of each host material in the emitting layer.

[0127] The second host material is not particularly
restricted, and compounds other than the material for an
organic EL device according to the invention and the same
compound mentioned above as being preferable as the phos-
phorescent host can be given. As the second host, a carbazole
derivative, an arylamine derivative, a fluorenone derivative
and an aromatic tertiary amine compound are preferable.
[0128] Theorganic EL device of the invention may have an
emitting layer that contains a fluorecent emitting material (i.e.
fluorecent emitting layer). As the fluorecent emitting layer, a
known fluorecent emitting material can be used. As the fluo-
recent emitting material, at least one selected from an
anthracene derivative, a fluororanthene derivative, a styry-
lamine derivative and an arylamine derivative is preferable.
An anthracene derivative and an arylamine derivative are
more preferable. In particular, an anthracene derivative is
preferable as a host material, and an arvlamine derivative is
preferable as a dopant. Specifically, preferable materials dis-
closed in W0O2010/134350 or W0O2010/134352 can be
selected. The material for an organic EL device of the inven-
tion may be used as a fluorecent emitting material for the
fluorecent emitting layer, or may be used as a host material for
the fluorecent emitting layer.

[0129] The ring carbon atoms of the anthracene derivative
as a fluorecent emitting layer is preferably 26 to 100, more
preferably 26 to 80, and further preferably 26 to 60. As the
anthracene derivative, more specifically, an anthracne deriva-
tive represented by the following formula (10) is preferable.

(10)

[0130] Inthe formula(10), Ar*' and Ar** are independently
asubstituted or unsubstituted aryl group including 6 to S0 ring
carbon atoms or a heterocyclic group including 5 to 50 ring
atoms.

[0131] R®! to R®® are independently a hydrogen atom, a
substituted or unsubstituted aryl group including 6 to 50 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group including 5 to 50 ring atoms, an alkyl group including
1 to 50 carbon atoms, a substituted or unsubstituted alkoxy
group including 1 to 50 carbon atoms, a substituted or unsub-
stituted aralkyl group including 7 to 50 carbon atoms, a sub-
stituted or unsubstituted aryloxy group including 6 to 50 ring
carbon atoms, a substituted or unsubstituted arylthio group
including 6 to 50 ring carbon atoms, a substituted or unsub-
stituted alkoxycarbonyl group including 2 to 50 carbon
atoms, a substituted or unsubstituted silyl group, a carboxy
group, a halogen atom, a cyano group, a nitro group or a
hydroxyl group.
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[0132] As the above-mentioned any aryl group including 6
to 50 ring carbon atoms, an aryl group including 6 to 40 ring
carbon atoms is preferable, with an aryl group including 6 to
30 ring carbon atoms being more preferable.

[0133] As the above-mentioned any heterocyclic group
including 5 to 50 ring atoms, a heterocyclic group including 5
to 40 ring atoms is preferable, with a heterocyclic group
including 5 to 30 ring atoms being more preferable.

[0134] As the above-mentioned alkyl group including 1 to
50 carbon atoms, an alkyl group including 1 to 30 carbon
atoms is preferable, an alkyl group including 1 to 10 carbon
atoms are more preferable, with an alkyl group including 1 to
5 carbon atoms being further preferable.

[0135] As the above-mentioned alkoxy group including 1
to 50 carbon atoms, an alkoxy group including 1 to 30 carbon
atoms is preferable, an alkoxy group including 1 to 10 carbon
atoms is more preferable, with an alkoxy group including 1 to
5 carbon atoms being further preferable.

[0136] As the above-mentioned aralkyl group including 7
to 50 carbon atoms, an aralkyl group including 7 to 30 carbon
atoms is preferable, with an aralkyl group including 7 to 20
carbon atoms being more preferable.

[0137] As the above-mentioned aryloxy group including 6
to 50 ring carbon atoms, an aryloxy group including 6 to 40
ring carbon atoms is preferable, with an aryloxy group includ-
ing 6 to 30 ring carbon atoms being more preferable.

[0138] As the above-mentioned arylthio group including 6
to 50 ring carbon atoms, an arylthio group including 6 to 40
ring carbon atoms is preferable, with an arylthio group
including 6 to 30 ring carbon atoms being more preferable.
[0139] As the above-mentioned alkoxycarbonyl group
including 2 to 50 carbon atoms, an alkoxycarbonyl group
including 2 to 30 carbon atoms is preferable, an alkoxycar-
bonyl group including 2 to 10 carbon atoms is more prefer-
able, with an alkoxycarbonyl group including 2 to 5 carbon
atoms being further preferable.

[0140] As the above-mentioned halogen atom, a fluorine
atoms, a chlorine atom, a bromine atom or the like may be
given.

[0141] Inparticular, Ar’' and Ar’? are preferably a substi-
tuted or unsubstituted aryl group including 6 to 50 ring carbon
atoms.

[0142] As the anthracene derivative represented by the for-
mula (10), an anthracene derivative represented by the fol-
lowing formula (10-1) is preferable.

(10-1)

[0143] Inthe formula (10-1), Ar*? is a substituted or unsub-
stituted aryl group including 6 to 50 ring carbon atoms or a
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heterocyclic group including 5 to 50 ring atoms. R¥ to R** are
as defined above. R® is the same as defined for R® to R®. a
is an integer of 1 to 7.

[0144] Preferable examples of R*' to R*® are the same as
defined above. Preferable examples of R* are the same as
those for R*! to R®®, a is preferably an integer of 1 to 3, with
1 or 2 being more preferable.

[0145] As the aryl group including 6 to 50 ring carbon
atoms represented by Ar’>, an aryl group including 6 to 40
ring carbon atoms is preferable, an aryl group including 6 to
30ring carbon atoms is more preferable, an aryl group includ-
ing 6 to 20 ring carbon atoms is further preferable, with an
aryl group including 6 to 12 ring carbon atoms being particu-
larly preferable.

[0146] As the arylamine derivative as the fluorescent emit-
ting material, an aryldiamine derivative is preferable, an aryl-
diamine derivative having a pyrene skeleton is more prefer-
able, and an aryldiamine derivative having a pyrene skeleton
and a dibenzofurane skeleton is further preferable.

[0147] As the aryldiamine derivative, more specifically, the
arylamine derivative represented by the following formula
(11) is preferable.

11

ApH AP
Lt
N—I1?-N
ApdS \Al,}ﬁ

[0148] Inthe formula (11), Ar**to Ar’” are independently a
substituted or unsubstituted aryl group including 6 to 50 ring
carbon atoms or a substituted or unsubstituted heteroaryl
group including 5 to 50 ring atoms.

[0149] L?'is a substituted or unsubstituted arylene group
including 6 to 50 ring carbon atoms or a substituted or unsub-
stituted heteroarylene group including 5 to 50 ring atoms.

[0150] As the aryl group including 6 to 50 ring carbon
atoms, an aryl group including 6 to 30 ring carbon atoms is
preferable, an aryl group including 6 to 20 ring carbon atoms
is more preferable, an aryl group including 6 to 12 ring carbon
atoms is further preferable, with a phenyl group and a naph-
thyl group being particularly preferable.

[0151] As the heteroaryl group including 5 to 50 ring
atoms, a heteroaryl group including 5 to 40 ring atoms is
preferable, a heteroaryl group including 5 to 30 ring atoms is
more preferable and a heteroaryl group including S to 20 ring
atoms are further preferable. As the heteroaryl group, a car-
bazolyl group, a dibenzofuranyl group, a dibenzofuranyl
group or the like can be given, and a dibenzofuranyl group is
preferable. As the preferable substitutent of the heteroaryl
group, an aryl group including 6 to 30 (preferably 6 to 20,
more preferably 6 to 12) ring carbon atoms can be given, with
a phenyl group and a naphthyl group being more preferable.
[0152] As the arylene group including 6 to 50 ring carbon
atoms, an arylene group including 6 to 40 ring carbon atoms
is preferable, an arylene group including 6 to 30 ring carbon
atoms is more preferable, an arylene group including 6 to 20
ring carbon atoms is further preferable, with a pyrenyl group
being particularly preferable.

[0153] Thethickness of the emitting layer is preferably 5 to
50 nm, more preferably 7 to 50 nm, and further preferably 10
to 50 nm. Ifthe thickness is 5 nm or more, the formation ofthe
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emitting layer is facilitated. If the thickness is 50 nm or less,
an increase in driving voltage can be avoided.

(Electron-Donating Dopant)

[0154] Inthe organic EL device according to the invention,
it is preferred that an electron-donating dopant be contained
in the interfacial region between the cathode and the emitting
unit. Due to such a configuration, the organic EL device can
have an increased luminance or along life. Here, the electron-
donating dopant means one having a metal with a work func-
tion of 3.8 eV or less. As specific examples thereof, at least
one selected from an alkali metal, an alkali metal complex, an
alkali metal compound, an alkaline earth metal, an alkaline
earth metal complex, an alkaline earth metal compound, a
rare earth metal, a rare earth metal complex and a rare earth
metal compound or the like can be mentioned.

[0155] As the alkali metal, Na (work function: 2.36 eV), K
(work function: 2.28 eV), Rb (work function: 2.16 V), Cs
(work function: 1.95 eV) and the like can be given. One
having a work function of 2.9 eV or less is particularly pref-
erable. Among them, K, Rb and Cs are preferable. Rb or Cs is
further preferable. Cs is most preferable. As the alkaline earth
metal, Ca (work function: 2.9 eV), Sr (work function: 2.0 eV
to 2.5 eV), Ba (work function: 2.52 V) and the like can be
given. One having a work function of 2.9 eV or less is par-
ticularly preferable. As the rare-earth metal, Sc, Y, Ce, Th,Yb
and the like can be given. One having a work function of 2.9
eV or less is particularly preferable.

[0156] Examples of the alkali metal compound include an
alkali oxide such as Li,0, Cs,O or K,O, and an alkali halide
such as LiF, NaF, CsF and KF. Among them, LiF, Li,O and
NaF are preferable. Examples of the alkalineearth metal com-
pound include BaO, SrO, Ca0, and mixtures thereof such as
Ba Sr, O (0<x<1) and Ba,Ca, O (0<x<l). Among them,
BaO, SrO and CaO are preferable. Examples of the rare earth
metal compound include YbF;, ScF;, ScO;, Y,0;, Ce,0;,
GdF; and TbF;. Among these, YbF,, ScF5 and TbF, are pref-
erable.

[0157] Thealkali metal complexes, the alkaline earth metal
complexes and the rare earth metal complexes are not par-
ticularly limited as long as they contain, as a metal ion, at least
one of alkali metal ions, alkaline earth metal ions, and rare
earth metal ions. Meanwhile, preferred examples of the
ligand include, but are not limited to, quinolinol, benzoquino-
linol, acridinol, phenanthridinol, hydroxyphenyloxazole,
hydroxyphenylthiazole, hydroxydiaryloxadiazole, hydroxy-
diarylthiadiazole, hydroxyphenylpyridine, hydroxyphenyl-
benzimidazole, hydroxybenzotriazole, hydroxyfluborane,
bipyridyl, phenanthroline, phthalocyanine, porphyrin, cyclo-

pentadiene, p-diketones, azomethines, and derivatives
thereof.
[0158] Regarding the addition form of the electron-donat-

ing dopant, it is preferred that the electron-donating dopant be
formed in a shape of a layer or an island in the interfacial
region. A preferred method for the formation is a method in
which an organic compound (a light emitting material or an
electron-injecting material) for forming the interfacial region
is deposited simultaneously with deposition of the electron-
donating dopant by a resistant heating deposition method,
thereby dispersing the electron-donating dopant in the
organic compound. The dispersion concentration of the
organic compound:the electron-donating dopant (molar
ratio) is 100:1 to 1:100, preferably 5:1 to 1:5.
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[0159] 1In a case where the electron-donating dopant is
formed into the shape of a layer, the light-emitting material or
electron-injecting material which serves as an organic layer in
the interface is formed into the shape of a layer. After that, a
reductive dopant is solely deposited by the resistant heating
deposition method to form a layer preferably having a thick-
ness of from 0.1 nm to 15 nm. In a case where the electron-
donating dopant is formed into the shape of an island, the
emitting material or the electron-injecting material which
serves as an organic layer in the interface is formed into the
shape of an island. After that, the electron-donating dopant is
solely deposited by the resistant heating deposition method to
form an island preferably having a thickness of from 0.05 nm
to 1 nm.

[0160] The ratio of the main component and the electron-
donating dopant in the organic EL device according to the
invention is main component:electron-donating dopant=5:1
to 1:5 in terms of molar ratio, more preferably 2:1 to 1:2.

(Electron-Transporting Layer)

[0161] The electron-transporting layer is an organic layer
that is formed between the emitting layer and the cathode and
has a function of transporting electrons from the cathode to
the emitting layer. When the electron-transporting layer is
formed of plural layers, an organic layer that is nearer to the
cathode is often defined as the electron-injecting layer. The
electron-injecting layer has a function of injecting electrons
from the cathode efficiently to the organic layer unit. The
material for an organic EL device of the invention is also
preferable as an electron-transporting layer material that con-
stitutes an electron-transporting layer.

[0162] As the electron-transporting material used in the
electron-transporting layer other than the material for an
organic EL device of the invention, an aromatic heterocyclic
compound having one or more hetero atoms in the molecule
may preferably be used. In particular, a nitrogen-containing
ring derivative is preferable. As the nitrogen-containing ring
derivative, an aromatic ring having a nitrogen-containing six-
membered or five-membered ring skeleton or a fused aro-
matic ring compound having a nitrogen-containing six-mem-
bered or five-membered ring skeleton is preferable.

[0163] As the nitrogen-containing ring derivative, a nitro-
gen-containing ring metal chelate complex represented by the
following formula (A) is preferable, for example.

4)

[0164] R?to R’ in the formula (A), that is a nitrogen-con-
taining ring metal chelate complex, are independently a
hydrogen atom, a heavy hydrogen atom, a hydrogen atom, a
hydroxy group, an amino group, a hydrocarbon group includ-
ing 1 to 40 carbon atoms, an alkoxy group including 1 to 40
carbon atoms, an aryloxy group including 6 to 50 carbon
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atoms, an alkoxycarbony! group or an aromatic heterocyclic
group including 5 to 50 ring carbon atoms. They may be
substituted.

[0165] As the halogen atom, fluorine, chlorine, bromine,
iodine or the like can be given, for example.

[0166] As examples of the amino group that may be sub-
stituted, an alkylamino group, an arylamino group and an
aralkylamino group can be given.

[0167] The alkylamino group and the aralkylamino group
are represented by —NQ'Q*. Q" and Q are independently an
alkyl group including 1 to 20 carbon atoms or an aralkyl
group including 1 to 20 carbon atoms. One of Q" and Q° may
be a hydrogen atom or a heavy hydrogen atom.

[0168] The arylamino group is represented by —NAr' Ar”,
and Ar' and Ar? are independently a non-fused aromatic
hydrocarbon group or fused aromatic hydrocarbon group
including 6 to 50 carbon atoms. One of Ar* and Ar* may be
either a hydrogen atom or a heavy hydrogen atom.

[0169] The hydrocarbon group including 1 to 40 carbon
atoms includes an alkyl group, an alkenyl group, a cycloalkyl
group, an aryl group and an aralkyl group.

[0170] The alkoxycarbonyl group is represented by
—COOY" and Y" is an alkyl group including 1 to 20 carbon
atoms.

[0171] M is aluminum (Al), gallium (Ga) or indium (In),
and M is preferably In.

[0172] L is a group represented by the following formula
(A or (A").

(A

RS R’
RIO
RIZ Rl 1
(A"
RIS
Rl4 R] 6
RI8 RI9
Rl 3 R] 7
—Si R
R27 R43
R22 RZI
RZS R24
RZS

[0173] In the formula (A"), R® to R'? are independently a
hydrogen atom, a heavy hydrogen atom or a substituted or
unsubstituted hydrocarbon group including 1 to 40 carbon
atoms, and adjacent groups may form a ring structure. In the
formula (A"), R™ to R*” are independently a hydrogen atom,
a heavy hydrogen atom or a substituted or unsubstituted
hydrocarbon group including 1 to 40 carbon atoms, and adja-
cent groups may form a ring structure.

[0174] The hydrocarbon group including 1 to 40 carbon
atoms represented by R® to R*? and R to R*” in the formulas
(A" and (A") is the same as the hydrocarbon group repre-
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sented by R* to R in the formula (A) that is a nitrogen-
containing ring metal chelate complex. As the divalent group
formed when the adjacent groups of R® to R** and R'? to R*’
form a ring structure, a tetramethylene group, a pentameth-
ylene group, a hexamethylene group. a diphenylmethane-2,
2'-diyl group, a diphenylethane-3,3'-diyl group, a diphenyl-
propane-4,4'-diyl group or the like can be mentioned.

[0175] As the electron-transmitting material used in the
electron-transmitting layer, a metal complex of 8-hydrox-
yquinoline or a derivative thereof, an oxadiazole derivative
and a nitrogen-containing heterocyclic derivative are prefer-
able. Specific examples of the metal complex of the 8-hydrox-
yquinoline or the derivative thereof include metal chelate
oxynoid compounds containing a chelate of oxine (generally,
8-quinolinol or 8-hydroxyquinoline). For example, tris(8-
quinolinol)aluminum can be used. As the oxadiazole deriva-
tive, the following can be given, for example.

T

[0176] Inthe formula, Ar'7, Ar'® Ar*®, Ar*', Ar*? and Ar®®
are independently a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
including 6 to 50 carbon atoms. Ar'” and Ar'®, Ar'® and Ar**
and Ar*? and Ar*® may be the same as or different from each
other. As the aromatic hydrocarbon group or the fused aro-
matic hydrocarbon group, a phenyl group, a naphthyl group,
a biphenyl group, an anthranyl group, a perylenyl group, a
pyrenyl group or the like can be mentioned. As the substituent
of these groups, an alkyl group including 1 to 10 carbon
atoms, an alkoxy group including 1 to 10 carbon atoms, a
cyano group or the like can be given.

[0177] Ar*°, Ar*® and Ar** are independently a substituted
or unsubstituted divalent aromatic hydrocarbon group or
fused aromatic hydrocarbon group including 6 to 50 carbon
atoms, and Ar*> and Ar** may be the same as or different from
each other. As the divalent aromatic hydrocarbon group or the
fused aromatic hydrocarbon group, a phenylene group, a
naphthylene group, a biphenylene group, an anthranylene
group, a perylenylene group, a pyrenylene group or the like
can be given. As the substituent of these, an alkyl group
including 1 to 10 carbon atoms, an alkoxy group including 1
to 10 carbon atoms, a cyano group or the like can be given.

[0178] As these electron-transmitting compounds, those
having excellent thin film-forming capability can be prefer-
ably used. As specific examples of these electron-transmitting
compounds, the following can be given.
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[0179] The nitrogen-containing heterocyclic derivative as selected from the nitrogen-containing heterocyclic groups
the electron-transmitting compound is a nitrogen-containing represented by the following formulas, for example.
heterocyclic derivative that comprises an organic compound

represented by the following formula and is not a metal com-

plex can be given. For example, a five-membered ring or a Rn N X Rn N Rn Rn N
six-membered ring having a skeleton represented by the fol- \’ AN X AN Xy \/\N Y ﬁ
lowing formula (B) or one having a structure represented by [ | [ | | |
the following formula (C) can be mentioned. / S N/ P / & /\/N N/\/N
N
Rn

N ®) N\’Nﬁ RN j RN j

% > © l/\/N AN ”\ AN l\N

[0180] In the formula (C), X is a carbon atom or a nitrogen

/y
1l
AN
atom. 7, and 7, are independently a group of atoms capable Rn&/\l/N\ /\N/X
‘:I\L
N

of forming a nitrogen-containing heterocyclic ring.

Il
[0181] The nitrogen-containing heterocyclic ring deriva- N\/\N-/ AN

tive is further preferably an organic compound having a nitro-

N
gen-containing aromatic polycyclic ring group composed of a /\ N /\ Z N /x
Vi Vi

. . . . m i
ivementeedgors demenbered e b inthe S M S
Compound hiving o skcleton abiined by conbining e . NN PN
Rollowing form O) s preigble, WA N
N N\}ﬁ/\ W
| o SN
PN . /N\N - /N\N
| — i~
[0182] The nitrogen-containing group in the nitrogen-con- M\/IT\?\ \\N)\\N\

taining aromatic polycyclic organic compound can be
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-continued

[0183] In each of the above formulas, R is an aromatic
hydrocarbon group or fused aromatic hydrocarbon group
including 6 to 40 carbon atoms, an aromatic heterocyclic
group or fused aromatic heterocyclic group including 3 to 40
carbon atoms, an alkyl group including 1 to 20 carbon atoms
or an alkoxy group including 1 to 20 carbon atoms. n is an
integer of 0 to 5, and when n is an integer of 2 or more, plural
Rs may be the same as or different from each other.

[0184] As further preferable specific compounds, a nitro-
gen-containing heterocyclic derivative represented by the fol-
lowing formula (D1) can be mentioned.

HAr-LLAr'—Ar D1

[0185] In the formula (D1), HAr is a substituted or unsub-
stituted nitrogen-containing heterocyclic ring group includ-
ing 3 to 40 carbon atoms, 1" is a single bond, a substituted or
unsubstituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group including 6 to 40 carbon atoms or a sub-
stituted or unsubstituted aromatic heterocyclic group or fused
aromatic heterocyclic group including 3 to 40 carbon atoms,
Ar' is a substituted or unsubstituted divalent aromatic hydro-
carbon group including 6 to 40 carbon atoms, and Ar” is a
substituted or unsubstituted aromatic hydrocarbon group or
fused aromatic hydrocarbon group including 6 to 40 carbon
atoms or a substituted or unsubstituted aromatic heterocyclic
group or fused aromatic heterocyclic group including 3 to 40
carbon atoms.

[0186] HAr is selected from the following group, for
example.

'z
\ /
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-continued

NZ

Uy
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i

N\ N

P

[0187] L' in the above formula (D1) is selected from the
following group, for example.

OO

[0188] Ar'in the formula (D1) s selected from the arylan-
thranyl group in the following formulas (D2) and (D3).

D2)
R! RS
R3 R’
3 OO RS
R* R’
D3)

R? AR R4

RIO
l RI3

Rl I AI3 RIZ

[0189] In the formulas (D2) and (D3), R' to R are inde-
pendently a hydrogen atom, a heavy hydrogen atom, a halo-
gen atom, an alkyl group including 1 to 20 carbon atoms, an
alkoxy group including 1 to 20 carbon atoms, an aryloxy
group including 6 to 40 carbon atoms, a substituted or unsub-
stituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group including 6 to 40 carbon atoms or a sub-
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stituted or unsubstituted aromatic heterocyclic group or fused
aromatic heterocyclic group including 3 to 40 carbon atoms;
Ar? is a substituted or unsubstituted aromatic hydrocarbon
group or fused aromatic hydrocarbon group including 6 to 40
carbon atoms or a substituted or unsubstituted aromatic het-
erocyclic group or fused aromatic heterocyclic group includ-
ing 3 to 40 carbon atoms. The nitrogen-containing heterocy-
clic derivative may be one in which all of R' to R® are a
hydrogen atom or a heavy hydrogen atom.

[0190] Ar?in the formula (D1) is selected from the follow-
ing group, for example.

e
Ot

oy

[0191] As the nitrogen-containing aromatic polycyclic
organic compound as the electron-transmitting compound, in
addition to those mentioned above, the following compounds
can preferably be used.

(D4)
R Xy
=
R,—N N—R,
T
Xl R3
[0192] In the formula (D4), R, to R, are independently a

hydrogen atom, a heavy hydrogen atom, a substituted or
unsubstituted aliphatic group including 1 to 20 carbon atoms,
a substituted or unsubstituted alicyclic group including 3 to
20 carbon atoms, a substituted or unsubstituted aromatic ring
group including 6 to 50 carbon atoms or a substituted or
unsubstituted heterocyclic group including 3 to 50 carbon
atoms; and X, and X, are independently an oxygen atom, a
sulfur atom or a dicyanomethylene group.
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[0193] As the electron-transmitting compound, the follow-
ing compound is preferably used.

Rl H H 0
N Cc=cC
/

RZ

[0194] In the formula (D5), R', R?, R? and R* are groups
that are the same as or different from each other, and are an
aromatic hydrocarbon group or a fused aromatic hydrocarbon
group represented by the following formula (D6).

0

RS R’ oo
R
R® R®
[0195] In the formula (D6), R, RS R7, R® and R are

groups that are the same as or different from each other, and
are a hydrogen atom, a heavy hydrogen atom, a saturated or
unsaturated alkoxy group including 1 to 20 carbon atoms, a
saturated or unsaturated alkyl group including 1 to 20 carbon
atoms, an amino group or an alkylamino group including 1 to
20 carbon atoms. At least one of R>, R®, R, R®* and R° is a
group other than a hydrogen atom or a heavy hydrogen atom.

[0196] Further, the electron-transmitting compound may
be a high molecular compound that comprises the nitrogen-
containing heterocyclic group or the nitrogen-containing het-
erocyclic derivative.

[0197] It is particularly preferred that the electron-trans-
porting layer of the organic EL device according to the inven-
tion contain at least one of the nitrogen-containing heterocy-
clic derivatives represented by the following formulas (E) to

(G):

. ®
Ar\Ll 7!
Y \Il\I
A = —r2
®") D SN Ty
)
N

Z N

/\/‘Q?LL_M_

®Y; A
RZ
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[0198] In the formulas (E) to (G), Z', Z* and Z? are inde-
pendently a nitrogen atom or a carbon atom.

[0199] R!and R? are independently a substituted or unsub-
stituted aryl group including 6 to 50 ring carbon atoms, a
substituted or unsubstituted heteroaryl group including 5 to
50 ring atoms, a substituted or unsubstituted alkyl group
including 1 to 20 carbon atoms, a substituted or unsubstituted
haloalkyl group including 1 to 20 carbon atoms or a substi-
tuted or unsubstituted alkoxy group including 1 to 20 carbon
atoms.

[0200] nis aninteger of 0to 5. When n is an integer of 2 or
more, plural R's may be the same or different. The two
adjacent R's may be bonded to each other to form a substi-
tuted or unsubstituted hydrocarbon ring.

[0201] Ar' is a substituted or unsubstituted aryl group
including 6 to 50 ring carbon atoms or a substituted or unsub-
stituted heteroaryl group including 5 to 50 ring atoms.

[0202] Ar?is a hydrogen atom, a substituted or unsubsti-
tuted alkyl group including 1 to 20 carbon atoms, a substi-
tuted or unsubstituted haloalkyl group including 1 to 20 car-
bon atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group including 6 to 50 ring carbon atoms or a substituted
or unsubstituted heteroaryl group including 5 to 50 ring
atoms.

[0203] Any one of Ar* and Ar? is a substituted or unsubsti-
tuted fused aromatic hydrocarbon ring group including 10 to
50 ring carbon atoms or a substituted or unsubstituted fused
aromatic heterocyclic group including 9 to 50 ring atoms.

[0204] Ar’ is a substituted or unsubstituted arylene group
including 6 to 50 ring carbon atoms or a substituted or unsub-
stituted heteroarylene group including 5 to 50 ring atoms.

[0205] L', L? and L? are independently a single bond, a
substituted or unsubstituted arylene group including 6 to 50
ring carbon atoms or a substituted or unsubstituted divalent
fused aromatic heterocyclic group including 9 to 50 ring
atoms.
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[0206] As the aryl group including 6 to 50 ring carbon
atoms, a phenyl group, a naphthyl group, an anthryl group, a
phenanthryl group, a naphthacenyl group, a chrysenyl group,
a pyrenyl group, a biphenyl group, a terphenyl group, a tolyl
group, a fluoranthenyl group and a fluorenyl group can be
mentioned.

[0207] As the heteroaryl group including 5 to 50 ring
atoms, a pyrrolyl group, a furyl group, a thienyl group, a
silolyl group, a pyridyl group, a quinolyl group, an iso-
quinolyl group, a benzofuryl group, an imidazolyl group, a
pyrimidyl group, a carbazolyl group, a selenophenyl group,
an oxadiazolyl group, a triazolyl group, a pyrazinyl group, a
pyridazinyl group, a triazinyl group, a quinoxalinyl group, an
acridinyl group, an imidazo[1,2-a]pyridinyl group, an imi-
dazo[1,2-a]pyrimidiny! group or the like can be given.
[0208] As thealkyl group including 1 to 20 carbon atoms, a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group or the like can be given.
[0209] As the haloalkyl group including 1 to 20 carbon
atoms, a group obtained by substituting one or two or more
hydrogen atoms in the alkyl group with at least one halogen
atom selected from fluorine, chlorine, iodine and bromine can
be given.

[0210] As thealkoxy group including 1 to 20 carbon atoms,
a group having the alkyl group as an alkyl moiety can be
given.

[0211] As the arylene group including 6 to 50 ring carbon
atoms, a group obtained by removing one hydrogen atom
from the aryl group can be given.

[0212] As the divalent fused aromatic heterocyclic group
including 9 to 50 ring atoms, a group obtained by removing
one hydrogen atom from the fused aromatic heterocyclic
group mentioned above as the heteroaryl group can be given.
[0213] The film thickness ofthe electron-transporting layer
1s not particularly restricted, but is preferably 1 nmto 100 nm.
[0214] As the constituting elements of the electron-inject-
ing layer that can be provided in adjacent to the electron-
transporting layer, in addition to the nitrogen-containing ring
derivative, as an inorganic compound, it is preferable to use an
insulator or a semiconductor. If the electron-injecting layer is
formed of an insulator or a semiconductor, current leakage
can be effectively prevented, whereby electron-injecting
properties can be improved.

[0215] As such an insulator, it is preferable to use at least
one metal compound selected from the group consisting of an
alkali metal chalcogenide, an alkaline earth metal chalco-
genide, a halide of an alkali metal and a halide of an alkaline
earth metal. It is preferred that the electron-injecting layer be
formed of these alkali metal chalcogenides or the like, since
the electron-injecting property can be further improved. Spe-
cifically, as preferable alkali metal chalcogenides, Li,0,
K,0, Na,S, Na,Se and Na,O can be given. As preferable
alkaline earth metal chalcogenides, CaO, BaO, SrO, BeO,
BaS and CaSe can be given, for example. As preferable
halides of an alkali metal, LiF, NaF, KF, LiCI, KC1, NaCl and
the like can be given, for example. As preferable halides of an
alkaline earth metal, a fluoride such as Cal,, BaF,, StF,,
MgF, and BeF, and a halide other than a fluoride can be given,
for example.
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[0216] As the semiconductor, an oxide, a nitride or a nitric
oxide containing at least one element selected from Ba, Ca,
Sr,Yb, Al, Ga, In, Li,Na, Cd, Mg, Si, Ta, Sb and Zn or the like
can be given, for example. They can be used singly or in
combination of two or more. Further, it is preferred that an
inorganic compound constituting the electron-injecting layer
be a finely-crystallized or amorphous insulating thin film. If
the electron-injecting layer is formed of these insulting thin
films, more homogenous thin film is formed, and hence, pixel
defects such as dark spots can be decreased. As such an
inorganic compound, alkali metal chalcogenide, alkaline
earth metal chalcogenide, a halide of an alkali metal and a
halide of an alkaline earth metal or the like can be given, for
example.

[0217] If such an insulator or a semiconductor is used, the
preferable thickness ofthe layeris about 0.1 nmto 15 nm. The
electron-injecting layer in the invention may preferably com-
prise the above-mentioned electron-donating dopant.

(Hole-Transporting Layer)

[0218] The hole-transporting layer is an organic layer that
is formed between the emitting layer and the anode, and has
afunction of transporting holes from the anode to the emitting
layer. If the hole-transporting layer is composed of plural
layers, an organic layer that is nearer to the anode may often
be defined as the hole-injecting layer. The hole-injecting layer
has a function of injecting holes efficiently to the organic
layer unit from the anode.

[0219] As other materials that form the hole-transporting
layer, an aromatic amine compound, for example, an aromatic
amine derivative represented by the following formula (H)
can preferably be used.

)

[0220] In the formula (H), Ar' to Ar* are a substituted or
unsubstituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group including 6 to 50 ring carbon atoms, a
substituted or unsubstituted aromatic heterocyclic group or
fused aromatic heterocyclic group including 5 to 50 ring
atoms, or a group formed by bonding of these aromatic hydro-
carbon group or the fused aromatic hydrocarbon group with
an aromatic heterocyclic group or a fused aromatic heterocy-
clic group.

[0221] In the formula (H), L is a substituted or unsubsti-
tuted aromatic hydrocarbon group or fused aromatic hydro-
carbon group including 6 to 50 ring carbon atoms or a sub-
stituted or unsubstituted aromatic heterocyclic group or fused
aromatic heterocyclic group including 5 to 50 ring atoms.
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[0222] Specific examples of the compound represented by _continued
the formula (H) are shown below.
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-continued

[0223] An aromatic amine represented by the following
formula (J) is preferably used for forming the hole-transport-
ing layer.

0

[0224] Inthe formula (J), Ar* to Ar® are as defined for Ar' to
Ar* in the formula (H). Specific examples of the compound
represented by the formula (J) will be shown below. The
compound represented by the formula (J) is not limited to
these.
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-continued

[0225] Thehole-transporting layer of the organic EL device
according to the invention may have a two-layer structure of
a first hole-transporting layer (anode side) and a second hole-
transporting layer (cathode side).

[0226] The thickness of the hole-transporting layer is not
particularly restricted, but preferably 10 to 200 nm.

[0227] Inthe organic EL device according to the invention,
alayer comprising an acceptor material may be stacked to the
anode side of the hole-transporting layer or the first hole-
transporting layer. As a result, a lowering in driving voltage or
a decrease in production cost can be expected.

May 19, 2016

[0228] As the acceptor material, a compound represented
by the following formula (K) is preferable.

X)
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[0229] In the formula (K), R,, to R, which may be the
same as or different from each other, are independently a
cyano group, —CONH,, a carboxyl group or —COOR,,
(R, is an alkyl group including 1 to 20 carbon atoms or a
cycloalkyl group including 3 to 20 carbon atoms); provided
that, one ortwo or more pairs of R,; and R,,; R,; and R, 5 and
R,5 and R,¢ may be bonded together to form a group repre-
sented by —CO—O—CO—.

[0230] AsR,,, a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl
group, a t-butyl group, a cyclopentyl group, a cyclohexyl
group or the like can be given.

[0231] The thickness of the layer that comprises an accep-
tor material is not particularly limited, but preferably 5 to 20
nm.

[0232] (n/p doping)

[0233] In the hole-transporting layer or the electron-trans-
porting layer mentioned above, as described in the Japanese
Patent No. 3695714, the carrier injecting performance can be
adjusted by doping (n) of a donor material or doping (p) of an
acceptor material.

[0234] As representative examples of the n-doping, a
method in which an electron-transporting material is doped
with a metal such as Li and Cs can be mentioned. As the
represented example of the p-doping, a method in which a
hole-transporting material is doped with an acceptor material
such as F,TCNQ (2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-
quinodimethane) can be given.

(Spacing Layer)

[0235] The spacing layer is a layer provided between the
fluorescent emitting layer and the phosphorescent emitting
layer when the fluorescent emitting layer and the phospho-
rescent emitting layer are stacked inorder to prevent diffusion
of excitons generated in the phosphorescent emitting layer to
the fluorescent emitting layer or in order to adjust the carrier
balance. Further, the spacing layer can be provided between
the plural phosphorescent emitting layers.

[0236] Since the spacing layer is provided between the
emitting layers, the material for the spacing layer is prefer-
ably a material having both electron-transporting propetties
and hole-transporting properties. In order to prevent diffusion
of the triplet energy in adjacent phosphorescent emitting lay-
ers, it is preferred that the spacing layer have a triplet energy
of 2.6 eV or more. As the material used for the spacing layer,
the same material as those used in the above-mentioned hole-
transporting layer can be given.
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(Barrier Layer)

[0237] Itis preferred that the organic EL device according
to the invention have a barrier layer such as an electron-
barrier layer, a hole-barrier layer and a triplet barrier layer in
apart that is adjacent to the emitting layer. Here, the electron-
barrier layer is a layer that serves to prevent leakage of elec-
trons from the emitting layer to the hole-transporting layer,
and the hole-barrier layer is a layer that serves to prevent
leakage of holes from the emitting layer to the electron-
transporting layer.

[0238] The triplet barrier layer prevents diffusion of triplet
excitons generated in the emitting layer to the surrounding
layers, and has a function of preventing energy deactivation of
triplet excitons on molecules in the electron-transporting
layer other than the emitting dopant by confining the triplet
excitons within the emitting layer.

[0239] When the triplet barrier layer is provided, in the
phosphorescent emitting device, the following is considered.
The the triplet energy of the phosphorescent emitting dopant
is taken as E” ;and the triplet energy of the compound used as
the triplet barrier layer is taken as E” . If the energy rela-
tionship BZ <E7 . is satisfied, in respect of energy, the triplet
excitons of the phosphorescent emitting dopant is confined
(i.e. the triplet excitons cannot be moved to other molecules),
whereby the energy deactivation route other than emission on
the dopant is cut off, leading to efficient emission. However,
even when the relationship EZ,<E%,; is established, if the
energy difference AE"=E”,;—E” , is small, it is thought that,
in an environment at around room temperature where the
device is actually driven, due to thermal energy of the sur-
rounding area, the triplet excitons can move to other mol-
ecules by endothermically overcoming this energy difference
AE. In particular, in the case of phosphorescent emission that
has a longer exciton life as compared with fluorescent emis-
sion, effects of the endothermic move of excitons relatively
tend to appear. Relative to the thermal energy at room tem-
perature, a larger energy difference AE” is preferable. The
energy difference AE” is further preferably 0.1 eV or more,
and particularly preferably 0.2 ¢V or more. On the other hand,
in a fluorescent device, as the triplet barrier layer of the TTF
device configuration disclosed in W02010/134350A1, the
material for an organic EL device according to the invention
can be used.

[0240] The electron mobility of the matetial constituting
the triplet barrier layer is desirably 107 em?®/Vs or more in a
field intensity range of 0.04 to 0.5 MV/cm. As the method for
measuring the electron mobility of an organic material, sev-
eral methods that include the Time of Flight method are
known. Here, the electron mobility means an electron mobil-
ity that is determined by the impedance spectroscopy.

[0241] The electron mobility of the electron-injecting layer
is desirably 107% em?®/V's or more in a field intensity range of
0.04 to 0.5 MV/cm. The reason is that, by this electron mobil-
ity, injection of electrons from the cathode to the electron-
transporting layer is promoted, and as a result, injection of
electrons to adjacent barrier layer and emitting layer is pro-
moted, enabling the device to be driven at a lower voltage.

[0242] The organic EL device of the invention can be used
as an emitting device in a panel module used in various
displays.
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[0243] The organic EL device according to the invention
can be used as a display element ofa TV, a mobile phone and
a PC; or an electronic apparatus such as lightings or the like.

EXAMPLES
Synthesis of Intermediates (A) to (J)
Synthesis Example 1

Synthesis of Intermediates (A) and (B)
[0244]

F F
1. HCL, NaNO,
2.KI
—_— »
ILN 0 I
B Br
N. OMe n-BuLi
X B(OiPr);
—_—
THF
Z
F >\:\<
Br

Pd(PPhs),
Na,CO;

DME/H,0

Br BBr;
—
CH,Cl,

Br KxCOs
NMP

n-BulLi

I
N OMe
©/\I
= B(OH),
N
N
P
F
N
X
i
F
N
X
B(OMe),
Y HCl
THF

6y



US 2016/0141515 Al

-continued

\ e}

L

B(OH),
B)

(1) Synthesis of 5-bromo-2-fluoroiodobenzene

[0245] In an argon atmosphere, water (120 mL) was added
to 5-bromo-2-fluoroaniline (45.6 g, 240 mmol), followed by
stirring. After adding concentrated hydrochloric acid (120
mL), the mixture was cooled to -20° C., and an aqueous
solution of sodium sulfite (19.9 g, 288 mmol) and water (80
ml) was added dropwise. The resultant was stirred at —20° C.
for 20 minutes, an aqueous solution of potassium iodide (59.8
2,360 mmol) and water (60 mL) was added, and stirred for 30
minutes. After extracting with hexane, an organic layer was
washed with an aqueous solution of saturated sodium hydro-
gen carbonate and an aqueous solution of sodium sulfite, and
dried with sodium sulfate. The solvent was removed under
reduced pressure. Residues were purified with silica gel col-
umn chromatography, whereby 5-bromo-2-fluoroiodoben-
zene (54.6 g, 181 mmol) (vield: 76%) was obtained.

(2) Synthesis of 2-methoxyquinoline-3-boronic acid

[0246] 2-methoxyquinoline (20.0 g, 126 mmol) and triiso-
propoxyborane (59.1 g, 314 mmol, tetrahydrofuran (dehy-
drated) (200 mL) were mixed, and cooled to -78° C. To the
resultant, n-butyllithium (1.6M in hexane, 86 mL, 138 mmol)
was added, and stirred at =78° C. for 4 hours, and then heated
up to room temperature in 5 hours. After completion of the
reaction, a saturated NEH,CI solution (100 mL) was added,
and a HCI solution (3M) was added until the pH became 5.
Thereafter, solids obtained by concentrating the organic layer
were washed by suspending them in water, and recovered by
filtration, whereby 2-methoxyquinoline-3-boronic acid (19.7
2, 97.0 mmol) was obtained (yield: 77%).

(3) Synthesis of
2-methoxy-3-(2-fluoro-5-bromophenyl)quinoline

[0247] Inan argon atmosphere, 2-methoxyquinoline-3-bo-
ronic acid (12.0 g, 59.0 mmol), 5-bromo-2-fluoroiodoben-
zene (18.7 g, 62.1 mmol), tetrakistriphenylphosphine palla-
dium (1.37 g, 1.18 mmol), 1,2-dimethoxyethane (100 ml.)
and an aqueous sodium carbonate solution (2M, 100 mL.)
were mixed. The resultant was heated under reflux for 6
hours. After cooling to room temperature, the reaction solu-
tion was extracted with toluene. After removing an aqueous
layer, an organic layer was washed with saturated saline. The
organic layer was dried with magnesium sulfate and concen-
trated. The residues were purified with silica gel column
chromatography, whereby 2-methoxy-3-(2-fluoro-5-bro-
mophenyl)quinoline (12.8 g, 38.4 mmol) was obtained (yield:
65%).

(4) Synthesis of
2-hydroxy-3-(2-fluoro-5-bromophenyl)quinoline

[0248] 2-methoxy-3-(2-fluoro-5-bromophenyl)quinoline
(12.0 g, 36.1 mmol) and dichloromethane (dehydrated) (360
mL) were mixed, and cooled to -=78° C. BBr; (1M in dichlo-
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romethane, 54.2 mL, 54.2 mmol) was added, and then heated
up to room temperature in 3 hours. After completion of the
reaction, the solution was cooled to =78° C., carefully deac-
tivated with methanol, and then deactivated with a sufficient
amount of water. The solution was extracted with dichlo-
romethane, dried with magnesium sulfiate, and then passed
through a short silica gel chromatography. Thereafter, the
solution was dried by concentration, whereby 2-hydroxy-3-
(2-fluoro-5-bromophenyl)quinoline (5.05 g, 15.9 mmol)
(yield: 44%) was obtained.

(5) Synthesis of Intermediate (A)

[0249] 2-hydroxy-3-(2-fluoro-5-bromophenyl)quinoline
(7.30 g, 22.9 mmol), N-methyl-2-pyrrolidinone (dehydrated)
(70 mL) and K,CO; (6.33 g. 45.8 mmol) were mixed, and
stirred at 120° C. for 2 hours. After completion of the reaction,
the solution was cooled to room temperature, diluted with
toluene and washed with water. This solution was dried with
magnesium sulfate, and then purified by silica gel column
chromatography, whereby intermediate (A) (4.92 g, 16.5
mmol) (vield: 72%) was obtained.

(6) Synthesis of Intermediate (B)

[0250] Intermediate (A) (2.65 g, 8.90 mmol) and tetrahy-
drofuran (dehydrated) (100 mL) were mixed, and cooled to
-78° C. Thereafter, n-butyl (n-Bu) Li (1.60M in hexane, 5.85
mL, 9.35 mmol) was added, and heated up to 0° C. in 2 hours.
Then, the solution was again cooled to -=78° C. Trimethox-
yhoran (2.31 g, 22.3 mmol) was added, and stirred at =78° C.
for 10 minutes. The resultant was heated up to room tempera-
ture in 5 hours. After completion of the reaction, a HCI solu-
tion (1M, 25 mL) was added, stirred at room temperature for
1 hour, and then extracted with ethyl acetate. This solution
was dried with magnesium sulfate, concentrated, washed by
suspending it in hexane and recovered by filtration, whereby
intermediate (B) (960 mg, 3.65 mmol) (yield: 41%) was
obtained.

Synthesis Example 2

Synthesis of Intermediates (C) and (D)

[0251]
F
I
OMe Br
, Pd(PPhs),
N B(OH), Na,CO;3

toluene/H,0
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K,CO3
—_—
NMP

n-Bul.i
B(OMe)3

)]

[0252] Intermediate (C) and intermediate (D) were synthe-
sized according to the above-mentioned scheme in the same
manner as in the synthesis of intermediate (B), except that
4-methoxyquinoline-3-boronic acid was used instead of
2-methoxyquinoline-3-boronic acid.

Synthesis Example 3

Synthesis of Intermediates (E) and (F)

[0253]
F
I
B(OH), Br
Pd(PPhy),
X OMe Na,CO;

_—
| toluene/H,O

BBB
—_—
CHL,Cly

K,C0;
e
NMP
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n-BuLi
B(OMe)s
HCl
THF

B(OH),

[0254] Intermediate (E) and intermediate (F) were synthe-
sized according to the above-mentioned scheme in the same
manner as in the synthesis of intermediate (B), except that
7-methoxyisoquinoline-8-boronic acid was used instead of
2-methoxyquinoline-3-boronic acid.

Synthesis Example 4

Synthesis of Intermediates (G) and (H)

[0255]

Br

Pd(PPhy)4
Na2C03
toluene/H,0

B(OH),
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i CH,Cl,
F Br
N OH
O ) .
K004
= NMP
F Br
N n-Buli
@ X2 B(OMe);
HCl
[0256] Intermediate (G) and intermediate (H) were synthe- 7 B THE
sized according to the above-mentioned scheme in the same '
manner as in the synthesis of intermediate (D), except that o
2-bromo-5-fluoro-4-iodopyridine was used instead of N
5-bromo-2-fluoroiodobenzene. x4
Synthesis Example 5 y
B(OH),
Synthesis of Intermediates (1) and (J)
[0257] ®
N OMe LDA
N B(OiPr); [0258] Intermediate (I) and intermediate (J) were synthe-
THF sized according to the above-mentioned scheme in the same
7 manner as in the synthesis of intermediate (B), except that
! 4-bromo-2-fluoroiodobenzene was used instead of 5-bromo-
2-fluoroiodobenzene.
F
Synthesis of Azanaphthobenzofuran Derivative
Br i
N\ OMe Pd(PPhs), Synthesis Example 6
N2,CO;
) toluene/Hy0 Synthesis of Compound 1
B(OH),
[0259]
\ 9,

Pd(PPhy)y

/ Na,CO3
DME/H,0
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[0260] In an argon atmosphere, intermediate (A) (2.00 g,
6.71 mmol), 10-(4-biphenyl)anthracene-9-boronic acid (2.51
g, 6.71 mmol), tetrakis(triphenylphosphine)palladium (388
mg, 0.336 mmol), 1,2-dimethoxyethane (20 mL) and an
aqueous sodium carbonate solution (2M, 20 mL) were mixed,
and stirred while heating under reflux for 8 hours. After
cooling to room temperature, precipitated solids were col-
lected by filtration. The thus obtained solids were washed
with water and methanol, and recrystallized from toluene,
whereby compound 1 (2.02 g, 3.69 mmol) (yield: 55%) was
obtained. As a result of mass spectrometry, this compound
was an intended product, and had an m/e value of 547 relative
to a molecular weight of 547.66.

Synthesis Example 7

Synthesis of Compound 2
[0261]

(HO)B

4%

Pd(PPhs)

N
N
s Q Na,CO5 R
B

DME/H,0

[0262] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that 10-(2-naphthyl)
anthrathene-9-boronic acid that had been synthesized by a
known method was used instead of 10-(4-biphenyl)an-
thracene-9-boronic acid, whereby compound 2 was obtained.
As a result of mass spectrometry, this compound was an
intended product, and had an m/e value of 521 relative to a
molecular weight of 521.62.

Synthesis Example 8
Synthesis of Compound 3
[0263]
N O
\ O

Pd(PPhy),

/ Na3C03 N
DME/H,0

Br
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[0264] Synthesis was conducted in the same manner as in _continued
the synthesis of compound 1, except that 9-phenanthrenebo-
ronic acid that had been synthesized by a known method was
used instead of 10-(4-biphenyl)anthracene-9-boronic acid,
whereby compound 3 was obtained. As a result of mass
spectrometry, this compound was an intended product, and
had an m/e value of 395 relative to a molecular weight of
395.46.

Synthesis Example 9

Synthesis of Compound 4

May 19, 2016

[0265]

)

[0266] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that 2-(4-bromophenyl)-
1,10-phenanthroline that had been synthesized by a known
method was used instead of intermediate A and intermediate
B was used instead of 10-(4-biphenyl)anthracene-9-boronic
acid, whereby compound 4 was obtained. As a result of mass

Pd(PPhy), spectrometry, this compound was an intended product, and
P N, CO; had an m/e value of 473 relative to a molecular weight of
DMEH,0 473.54.

Synthesis Example 10
Synthesis of Compound 5

[0267]

Pd(PPhs)y
N3.2C03

DME/IL0

®)

[0268] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that intermediate C was
used instead of intermediate A, whereby compound 5 was
obtained. As a result of mass spectrometry, this compound
was an intended product, and had an m/e value of 547 relative
to a molecular weight of 547.66.
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Synthesis Example 11
Synthesis of Compound 6

[0269]

Pd(PPhs)s

Na.2CO3
DME/H,0

[0270] Synthesis was conducted in the same manner as in -continued
the synthesis of compound 1, except that intermediate G was
used instead of intermediate A, whereby compound 6 was
obtained. As a result of mass spectrometry, this compound
was an intended product, and had an m/e value of 548 relative
to a molecular weight of 548.64.

Synthesis Example 12

Synthesis of Compound 7

[0271]

N=
01—<\ o
N Q ™

N,
Oy, O

[0272] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that 2-(3,5-biscarba-
zolylphenyl)-4-chloro-6-phenyl-[ 1,3,5]triazine that had been
syntheized by a known method was used instead of interme-
PS(PEIS)“ diate A and intermediate D was used instead of 10-(4-biphe-
e » nyl)anthracene-9-boronic acid, whereby compound 7 was

DME/H,0

obtained. As a result of mass spectrometry, this compound
was an intended product, and had an m/e value of 780 relative
to a molecular weight of 780.89.
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Synthesis Example 13

Synthesis of Compound 8

[0273]

Pd(PPhy)s
NagCOg

DME/H,0

[0274] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that intermediate E was
used instead of intermediate A and 10-(2,2'-bipyridin-6-yl)
anthranene-9-boronic acid that had been synthesized by a
known method was used instead of 10-(4-biphenyl)an-
thracene-9-boronic acid, whereby compound 8 was obtained.
As a result of mass spectrometry, this compound was an
intended product, and had an m/e value of 780 relative to a
molecular weight of 780.89.

Synthesis Example 14

Synthesis of Compound 9
[0275]

=N
(HO)gB—Q—N

Pd(PPhy)4
N3.2C03

DME/H;0
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[0276] Synthesis was conducted in the same manner as in
the synthesis of compound 1, except that intermediate I was
used instead of intermediate A and (4-(2-phenyl-1-H-benzo
[d]imidazol-1-yl)phenyl)boronic acid that had been synthe-
sized by a known method was used instead of 10-(4-biphenyl)
anthracene-9-boronic acid, whereby compound 9 was
obtained. As a result of mass spectrometry, this compound
was an intended product, and had an m/e value 0f 487 relative
to a molecular weight of 487.56.

Organic EL Device

Example 1

[0277] A glass substrate of 25 mm by 75 mm by 1.1 mm
thick with an ITO transparent electrode (anode) (manufac-
tured by GEOMATEC Co., Ltd.) was subjected to ultrasonic
cleaning with isopropyl alcohol for 5 minutes, and then sub-
jected to UV-ozone cleaning for 30 minutes. The cleaned
glass substrate with a transparent electrode was mounted in a
substrate holder of a vacuum vapor deposition apparatus.
First, compound A-1 was deposited on the surface where
transparent electrode lines were formed so as to cover the
transparent electrode, thereby to form a 60 nm-thick com-
pound A-1 film. Subsequent to the formation of the A-1 film,
a 20 nm-thick A-2 film was formed on this A-1 film.

[0278] Further, onthis A-2 film, the following host H-1 and
dopant D-1 were formed into a 40 nm-thick film in a film
thickness ratio of 40:2, whereby an emitting layer was
formed. On the emitting layer, as an electron-transporting
layer, compound 3 synthesized in Synthesis Example 8 was
formed into a 20 nm-thick film by deposition. Thereafter, LiF
was formed into a 1 nm-thick film, and metal Al was depos-
ited on this LiF film in a thickness of 150 nm to form a metal
cathode, whereby an organic EL. device was formed.

[0279] The organic EL device as fabricated above was
allowed to emit light by passing through DC current of 10
mA/cm?, and driving voltage and luminous efficiency were
measured. The half life was measured by conducting a con-
tinuous DC current test at an initial luminance of 1000 ¢cd/m*.
The results of the driving voltage and the half life are shown
in Table 1.
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A-1

A-2
H-1
D-1

Comparative Example 1

[0280] Anorganic EL device was prepared and evaluated in
the same manner as in Example 1, except that compound (A)
with the following structure was used instead of compound 3.
The results are shown in Table 1.

May 19, 2016

(4)
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TABLE 1

Electron- Voltage (V)

transporting (at the time of ~ Lifetime Emission

layer 10 mA/em?) (h)  color
Example I ~ Compound 3 4.8 2000  Blue
Comparative Compound A 8.0 1000 Blue
Example 1
[0281] From the results mentioned above, it can be con-

firmed that, by using the compound of the invention, a low-
ering in driving voltage of an organic EL device can be
realized. As compared with the compound (A) used in Com-
parative Example 1, an organic EL device obtained by using
an azidated naphthobenzofuran derivative can be driven at a
low voltage.

Example 2

[0282] Formation of films was conducted in the same man-
ner as in Example 1, until the emitting layer was formed. On
the emitting layer, as an electron-transporting layer, com-
pound 1 synthesized in the above-mentioned Synthesis
Example 6 and lithium 8-hydroxyquinolate (Liq) were co-
deposited in a film thickness ratio of 1:1, whereby a 35 nm-
thick film was formed. On this electron-transporting layer,
metal Alwas deposited in a thickness of 80 nm to form a metal
cathode, whereby an organic EL device was fabricated.
Bvaluation was conducted in the same manner as in Example
1. The results of the driving voltage and the luminous effi-
ciency are shown in Table 2.

Comparative Example 2

[0283] An organic EL device was fabricated and evaluated
in the same manner as in Example 2, except that compound
(B) having the following structure was used instead of com-
pound 1. The results are shown in Table 2.

TABLE 2
Electron- Voltage (V)
transporting  (atthetime of  Efficiency Emission
layer 10 mA/em?) (%) color
Example 2 Compound 1 4.8 8.7 Blue
Comparative Compound B 6.1 79 Blue
Example 2
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[0284] From the above, by using the compound of the
invention in which the naphthobenzofuran skeleton that has
been azidated, a lowering in voltage and an increase in effi-
ciency in an organic EL device can be realized.
[0285] Although only some exemplary embodiments and/
or examples of this invention have been described in detail
above, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments and/or examples without materially departing from the
novel teachings and advantages of this invention. Accord-
ingly, all such modifications are intended to be included
within the scope of this invention.
[0286] The specification of a Japanese application on the
basis of which the present application claims Paris Conven-
tion priority is incorporated herein by reference in its entirety.
1. A material for an organic electroluminescence device
comprising a compound represented by any of the following
formulas (1) to (3):

B
X 2§A8
B, |
7\
Al/ / Ay
\ = I
AT A
MM
5

M

6

@

B A
X ) 13
= SAp
By | |
Vi \ ARl
Al A
AT
R 3
18
Bsé “Ap
I
X A Ass
B, |
/ \ 2Ars
A 5
\A2’A3

wherein in the formulas (1) to (3),
X is a sulfur atom S or an oxygen atom O,
A, to A, are independently CH, CR, or a nitorogen
atom N, and R, is a substituent;
B,. B, and B, are independently CH, CR,, or a nitrogen
atom N, and R, is a substituted or unsubstituted alkyl
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group including 1 to 50 carbon atoms, a substituted or
unsubstituted haloalkyl group including 1 to 50 car-
bon atoms, a cyano group or a halogen atom;

in the formula (1), at least one of A, to A4, B, and B, is
N;

in the formula (2), atleastone of A, to A, A, to A, 5, B,
and B, is N;

in the formula (3), at least one of A to A;, A 410 A o, B,
and B, is N;

when there are plural R s, the plural R, s may be the same
as or different from each other, and when there are
plural R,s, the plural R,s may be the same as or
different from each other; and

adjacentR s, and adjacent R, and R, may independently
bond to each other to form a ring structure.

2. The material for an organic electroluminescence device
according to claim 1, wherein

in the formula (1), at least one of A; to Ag is CR;

in the formula (2), at least one of A to Ay and Agto A, 5 is
CR;;

inthe formula (3), at least one of A to A; and A, ,t0 A 5 1s
CR,;and

atleastone of R, s is a substituted or unsubstituted aromatic
hydrocarbon group including 6 to 60 ring carbon atoms
or a substituted or unsubstituted heterocyclic group
including 3 to 60 ring atoms.

3. The material for an organic electroluminescence device
according to claim 1, wherein at least two of A, to Ay, B, and
B, inthe formula (1), atleasttwo of A, to A;, A, t0A 5, B, and
B, in the formula (2), and at least two of A to A;, A, t0 A,
B, and B, in the formula (3) are a nitrogen atom N.

4. The material for an organic electroluminescence device
according to claim 1, wherein at least one of R, s comprises a
structure represented by the following formula (5):

©)

Rp Ry
Ry O R
Rio O Rao
Ris O Rig
Ris Ry7

wherein in the formula (5), R, to R, are independently a
single bond, a hydrogen atom or a substituent, and at
least one of R, to R,, bonds via a single bond or a
linking group to a carbon atom which is represented by
any of A, to A; in the formula (1), any of A, to A; and A,
to A5 in the formula (2) and any of A to A; and A, to
A in the formula (3).

5. The material for an organic electroluminescence device
according to claim 4, which comprises a compound repre-
sented by any of the following formulas (1-1) to (3-1):
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. (1-1)
Rpp Riz
=T Rio O Rag
L Ryg Ry ]
- (2-1)
Ry Rz
Rll O R14
X Bsa Az
| = Al
Bia | LT Ry Ry
/ \ /\E Al
Az L e
N2
B K Rys
(-
L Rys Rp ]
wherein in the formulas, the formula (1-1) to (3-1) are independently compounds rep-

Xand R, to R, are independently the same as defined ~ resented by the following formulas (1-1') to (3-1'):

in the above-mentioned formulas (1) to (3) and (5);
A, t0A4,,B, By, and B, areindependently the same
as A, to A, By, B,, and B; defined in the above-
mentioned formulas (1) to (3) ora carbon atom having
an atomic bonding which bonds to a group compris-
ing the structure represented by the formula (5), or to

(-1

Ls
L is a single bond or a linking group; in each formula, 14/2 : R R
groups in two square brackets bond to each other via ! *

a single bond or a linking group L; and

atleastone of A, , to A, inthe formula (1-1), at least one
of A, to Ay, and A, to A 5, in the formula (2-1) and
at least one of A;, to A;, and A,,, to A, in the
formula (3-1) are a carbon atom having an atomic
bonding that bonds to L or at least one of R, to R,;
any one of R, to R, is a single bond, and bonds to L.

or a carbon atom represented by any of A, 10 A .
6. The material for an organic electroluminescence device
according to claim 5, wherein the compounds represented by
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-continued

1)

Ryy

Ryo

Rig

G-19

Ris

Ryo

Rig

wherein in the formulas, X, R;; to Ryo, A;, 10 A ., By,
B,,, B;,and L are independently the same as defined in
the above-mentioned formulas (1-1) to (3-1).

7. The material for an organic electroluminescence device
according to claim 4, wherein R, is a substituted or unsub-
stituted aryl group including 6 to 50 ring carbon atoms or a
substituted or unsubstituted heteroaryl group including S to
50 ring atoms.

8. The material for an organic electroluminescence device
according to claim 1, wherein at least one of R | s comprises a
structure represented by the following formula (6):

(6)

Ry
\N Agg
A
An | I
\ 6
Ads
\
Azg// A24

wherein in the formula (6), A,, to A, are independently
CH, CR,, or a nitrogen atom N, R, is a single bond or a
substituent, when there are plural R,,s, the plural R,,s
may be the same as or different from each other, and
adjacent R,,s may bond to each other to form a ring
structure;

R,, is a single bond, a hydrogen atom or a substituent; and

at least one of R,, and R, bonds via a single bond or a
linking group to a carbon atom represented by any of A
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to Ag in the formula (1), any of A, to Ay and Agto A 5 in
the formula (2) or any of A, to A; and A, to A inthe
formula (3).

9. The material for an organic electroluminescence accord-

ing to claim 8, which comprises a compound represented by
any of the formulas (1-2) to (3-2):

X BZa R2]
SAg \N Asg
B, | SAyy
Vi N\ Va Ay | |
Ala A7a I- // \ ¢A25
\Aw ”A3a A [L A22 A25
< da,, 6a \
‘Ag g An
2-2)
r R21
Ap
g | \ aAlZ N AZE;'"A27
B
b \ Al la A21 | Azﬁ
la AQa e Aé
L AgrAsa A73 Ax
32
Ry
\
\ Agg
Ay
Ay ‘ |
i N\ 6
Axn Ads
\A23"A24
A7a”A3a

wherein in the formulas, X, A,, to A, and R,, are inde-
pendently the same as those defined in the above-men-
tioned formulas (1) to (3) or (6);

A, 10A 5, B, By, and B, are independently the same as
A 10A ;, B, B, and B, in the above-mentioned formu-
las (1) to (3), ora carbon atom having an atomic bonding
which bonds to a group including the structure repre-
sented by the formula (6), orto L;

L is a single bond or a linking group; in each formula,
groups in two square brackets bond to each other via a
single bond or a linking group L;

at least one of A, to A, in the formula (1-2), at least one
of A, oA, and A, t0 A |5, in the formula (2-2), and at
leastone of A, jto A, , A, t0 A, inthe formula (3-2)
area carbon atom and bondsto L orany one of A, to A,
and a nitrogen atom N; and

any one of R,, in A,; to A,q and R, is a single bond and
bonds to L or a carbon atom which is represented by any
of AjtoA.

10. The material for an organic electroluminescence device
according to claim 1, whereinB,,B,.B;, B, ,,B, ,and B, are
independently a nitrogen atom N or C H.

11. An organic electroluminescence device which com-
prises a cathode, an anode, and at least one organic thin film
layer including an emitting layer disposed between the cath-
ode and the anode, wherein at least one of said organic thin
film layers comprises the material for an organic electrolumi-
nescence device according to claim 1.
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12. The organic electroluminescence device according to
claim 11, wherein the emitting layer comprises the material
for an organic electroluminescence device.

13. The organic electroluminescence device according to
claim 11, which further comprises an anode-side organic thin
film layer disposed between the anode and the emitting layer,
and the anode-side organic thin film layer contains the mate-
rial for an organic electroluminescence device.

14. The organic electroluminescence device according to
claim 11, which further comprises a cathode-side organic thin
film layer disposed between the cathode and the emitting
layer, and the cathode-side organic thin film layer contains the
material for an organic electroluminescence device.

15. The organic electroluminescence device according to
claim 11, wherein the emitting layer contains a fluorescent
emitting material.

16. The organic electroluminescence device according to
claim 11, wherein the emitting layer contains a phosphores-
cent emitting material.

17. The organic electroluminescence device according to
claim 16, wherein the phosphorescent emitting material is an
ortho-metalated complex of a metal atom selected from iri-
dium (Ir), osmium (Os) and platinum (Pt).

18. An electronic apparatus comprising the organic elec-
troluminescence device according to claim 11.

I I T T
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