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(57) ABSTRACT

A fused amine compound including a furan ring or a
thiophene ring and an organic electroluminescence device
employing the amine compound. The organic electrolumi-
nescence device includes a cathode, an anode, and one or
more organic thin film layers which are disposed between
the cathode and the anode. The organic thin film layers
include a light emitting layer and at least one layer of the
organic thin film layers includes at least one amine com-
pound.
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OXYGEN-CONTAINING FUSED RING
AMINE COMPOUND, SULFUR-CONTAINING
FUSED RING AMINE COMPOUND AND
ORGANIC ELECTROLUMINESCENCE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2012-282908, filed on Dec. 26, 2012; the entire contents
of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] In an embodiment, the present invention relates to
an oxygen-containing fused ring amine compound and a
sulfur-containing fused ring amine compound, more in
detail, an amine compound having a fused ring comprising
a furan ring or a thiophene ring. In another embodiment, the
present invention relates to an organic electroluminescence
device employing the oxygen-containing fused ring amine
compound and/or the sulfur-containing fused ring amine
compound.

BACKGROUND ART

[0003] Generally, an organic electroluminescence device
(organic EL device) is composed of an anode, a cathode, and
one or more organic thin film layers sandwiched between the
anode and the cathode. When a voltage is applied between
the electrodes, electrons are injected from a cathode and
holes are injected from an anode into a light emitting region.
The injected electrons recombine with the injected holes in
the light emitting region to form excited states. When the
excited states return to the ground state, the energy is
released as light.

[0004] Many researches have been made on the applica-
tions of organic EL device to display, etc. because of its
possibility of a wide selection of emission colors by using
various emitting materials in a light emitting layer. Particu-
larly, the research on the materials which emit three primary
red, green, blue colors has been made most actively, and the
intensive research has been made to improve their proper-
ties.

[0005] One of the most important problems in the organic
EL device is to achieve both high emission efficiency and
low driving voltage. It has been known that a highly efficient
light-emitting device is obtained by a light emitting layer
wherein a several percent of a dopant material is doped into
a host material. The host material is required to have a high
carrier mobility and a uniform film-forming property, and
the dopant material is required to have a high fluorescent
quantum yield and a uniform dispersibility.

[0006] Patent Documents 1 to 3 describe fused ring amine
compounds having a furan ring or a thiophene ring.

PRIOR ART

Patent Documents

[0007] Patent Document 1: JP 2011-29220A
[0008] Patent Document 2: JP 2012-503027A
[0009] Patent Document 3: WO 2012/045710

Nov. 9,2017

SUMMARY OF THE INVENTION

[0010] However, the devices employing the fused ring
amine compounds having a furan ring or a thiophene ring
disclosed in Patent Documents 1 to 3 are not sufficient in
lifetime and emission efficiency, and a further improvement
has been required.

[0011] As a result of extensive research, the inventors
have found a fused ring amine compound having a furan ring
or a thiophene ring which are described below in detail.

[0012] Namely, in an embodiment of the invention, the
amine compound is represented by formula (1):

B-{-A), M
[0013] wherein
[0014] n is an integer of 1 to 4;
[0015] B represents a structure represented by formula (2)
shown below;
[0016] A represents a group represented by formula (4)

shown below; and
[0017] when n is two or more, two or more groups A may
be the same or different:

R* RS
X

R? R’
R! R®

[0018] wherein two adjacent groups in at least one pair of
R!and R?, R?and R3, R® and R*, R® and RS, R® and R’, and
R” and R® are bonded to each other to form a divalent group
represented by formula (3):

€)]
R® R¢

vl N\

[0019] ngroup of R! to R® and R to R? represents a single
bond which is bonded to the group A represented by formula
*;

[0020] each of R* to R® which does not form the divalent
group and does not represent the single bond bonded to the
group A represented by formula (4), and each of R® to RY
which does not represent the single bond bonded to the
group A represented by formula (4) are independently
selected from a hydrogen atom, a fluorine atom, a cyano
group, a substituted or unsubstituted alkyl group having 1 to
20 carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 20 carbon atoms, a
substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylsilyl
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group having 3 to 50 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring carbon atoms, and
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; and

[0021] X represents an oxygen atom or a sulfur atom,
provided that when X represent a sulfur atom, n represents
an integer of 2 to 4; and

)

Ll_Arl
—L—N
L2—Ar
[0022] wherein:

[0023] each of Ar' and Ar® independently represents a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms;

[0024] each of L, L' and L? independently represents a
single bond, an arylene group having 6 to 30 ring carbon
atoms, a heteroarylene group having 5 to 30 ring atoms, or
a divalent linking group formed by bonding 2 to 4 groups
selected from the arylene groups and the heteroarylene
groups;

[0025] provided that when Ar' and Ar* both represent the
substituted or unsubstituted aryl groups each having 6 to 30
ring carbon atoms, L represents a single bond.

[0026] In another embodiment of the invention, the
organic electroluminescence device comprises a cathode, an
anode and one or more organic thin film layers which are
disposed between the cathode and the anode, wherein the
organic thin film layers comprise a light emitting layer and
at least one layer of the organic thin film layers comprises at
least one amine compound mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic cross-sectional view of an
example of the organic electroluminescence device in an
aspect of the invention.

MODE FOR CARRYING OUT THE INVENTION

[0028] The carbon number of a to b in the expression of “a
substituted or unsubstituted X group having a to b carbon
atoms” referred to herein is the carbon number of the
unsubstituted X group and does not include the carbon atom
or atoms of the optional substituent of the X group.
[0029] The definition of hydrogen atom includes isotopes
different in the neutron numbers, i.e., light hydrogen (pro-
tium), heavy hydrogen (deuterium), and tritium.

[0030] Examples of the optional substituent when saying
“substituted or unsubstituted” herein include an alkyl group
having 1 to 50, preferably 1 to 10, more preferably 1 to 5
carbon atoms; a cycloalkyl group having 3 to 50, preferably
3 to 6, more preferably 5 or 6 ring carbon atoms; an aryl
group having 6 to 50, preferably 6 to 24, more preferably 6
to 12 ring carbon atoms; an aralkyl group composed of an
aryl group having 6 to 50, preferably 6 to 24, more prefer-
ably 6 to 12 ring carbon atoms and an alkyl portion having
1 to 50, preferably 1 to 10, more preferably 1 to 5 carbon
atoms; an amino group; a mono- or dialkylamino group
having an alkyl group having 1 to 50, preferably 1 to 10,
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more preferably 1 to 5 carbon atoms; a mono- or diary-
lamino group having an aryl group having 6 to 50, prefer-
ably 6 to 24, more preferably 6 to 12 ring carbon atoms; an
alkoxy group having an alkyl group having 1 to 50, prefer-
ably 1 to 10, more preferably 1 to 5 carbon atoms; an aryloxy
group having an aryl group having 6 to 50, preferably 6 to
24, more preferably 6 to 12 ring carbon atoms; a mono-, di-
or tri-substituted silyl group having a group selected from an
alkyl group having 1 to 50, preferably 1 to 10, more
preferably 1 to 5 carbon atoms and an aryl group having 6
to 50, preferably 6 to 24, more preferably 6 to 12 ring carbon
atoms; a heterocyclic group having 5 to 50, preferably 5 to
24, more preferably 5 to 12 ring atoms and 1 to 5, preferably
1 to 3, more preferably 1 to 2 hetero atoms, such as a
nitrogen atom, an oxygen atom and a sulfur atom; a
haloalkyl group having 1 to 50, preferably 1 to 10, more
preferably 1 to 5 carbon atoms and 1 to 8, preferably 1 to 5,
more preferably 1 to 3 halogen atoms, such as a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom;
a halogen atom, such as a fluorine atom, a chlorine atom, a
bromine atom and an iodine atom; a cyano group; and a nitro
group.

[0031] The optional group is preferably selected from a
halogen atom, a cyano group, a trialkylsilyl group having an
alkyl group having 1 to 5 carbon atoms, an alkyl group
having 1 to 5 carbon atoms, a cycloalkyl group having 5 or
6 ring carbon atoms, and an aryl group having 6 to 12 ring
carbon atoms.

[0032] The amine compound is represented by formula
1)

B€A), oy
[0033] 1In formula (1), n is an integer of 1 to 4, preferably

1 or 2, and more preferably 2.

[0034] In formula (1), B represents a structure represented
by formula (2):

&)

[0035] In formula (2), two adjacent groups in at least one
pair, preferably one or two pairs, and more preferably two
pairs of R' and R, R* and R, R® and R*, R® and RS, R® and
R7, and R” and R® are bonded to each other to form a
divalent group represented by formula (3):

3
R® R¢

wed N\

[0036] In formula (2), n group of R' to R® and R” to RY
represents a single bond which is bonded to the group A.
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[0037] Each of R' to R® which does not form the divalent
group and does not represent the single bond bonded to the
group A, and each of R* to R which does not represent the
single bond bonded to the group A are independently
selected from a hydrogen atom, a fluorine atom, a cyano
group, a substituted or unsubstituted alkyl group having 1 to
20 carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 20 carbon atoms, a
substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 50 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring carbon atoms, and
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; preferably selected from a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
and a substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms; and more preferably selected from a
hydrogen atom and a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms; with a hydrogen atom
being particularly preferred.

[0038] X represents an oxygen atom or a sulfur atom,
preferably an oxygen atom.

[0039] Examples of the alkyl group having 1 to 20,
preferably 1 to 10, and more preferably 1 to 5 carbon atoms
included a methyl group, an ethyl group, a n-propyl group,
an isopropyl group, a n-butyl group, an isobutyl group, a
s-butyl group, a t-butyl group, a pentyl group (inclusive of
isomeric groups), a hexyl group (inclusive of isomeric
groups), a heptyl group (inclusive of isomeric groups), an
octyl group (inclusive of isomeric groups), a nonyl group
(inclusive of isomeric groups), a decyl group (inclusive of
isomeric groups), an undecyl group (inclusive of isomeric
groups), and a dodecyl group (inclusive of isomeric groups),
with a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a
s-butyl group, a t-butyl group, and a pentyl group (inclusive
of isomeric groups) being preferred; a methyl group, an
ethyl group, a n-propyl group, an isopropyl group, a n-butyl
group, an isobutyl group, a s-butyl group, and a t-butyl
group being more preferred; and a methyl group, an ethyl
group, an isopropyl group, and a t-butyl group being pat-
ticularly preferred.

[0040] Examples of the cycloalkyl group having 3 to 20,
preferably 3 to 6, and more preferably 5 or 6 ring carbon
atoms include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
an cyclooctyl group, and an adamantyl group, with a cyclo-
pentyl group and a cyclohexyl group being preferred.
[0041] Examples of the aryl group having 6 to 30, pref-
erably 6 to 24, and more preferably 6 to 18 ring carbon
atoms include a phenyl group, a naphthylphenyl group, a
biphenylyl group, a terphenylyl group, a naphthyl group, an
acenaphthylenyl group, an anthryl group, a benzanthryl
group, an aceanthryl group, a phenanthryl group, a benzo
[c]phenanthryl group, a phenalenyl group, a fluorenyl group,
a picenyl group, a pentaphenyl group, a pyrenyl group, a
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chrysenyl group, a benzo[g]chrysenyl group, a s-indacenyl
group, an as-indacenyl group, a fluoranthenyl group, a
benzo[k]fluoranthenyl group, a triphenyleny! group, a benzo
[b]triphenylenyl group, and a perylenyl group, with a phenyl
group, a biphenylyl group, a terphenylyl group, and a
naphthyl group being preferred, a phenyl group, a bipheny-
1yl group, and a terphenylyl group being more preferred, and
a phenyl group being particularly preferred.

[0042] Examples of the substituted aryl group include a
phenylnaphthyl group, a naphthylphenyl group, a tolyl
group, a xylyl group, a 9,9-dimethylfluorenyl group, and a
9,9-diphenylfluorenyl group.

[0043] Examples of the alkyl portion of the alkoxy group
having 1 to 20, preferably 1 to 10, and more preferably 1 to
5 carbon atoms, the preferred alkyl portion, the more pre-
ferred alkyl portion, and the particularly preferred alkyl
portion are as described above with respect to the alkyl
group.

[0044] Examples of the aryl portion of the aryloxy group
having 6 to 30, preferably 6 to 24, and more preferably 6 to
18 ring carbon atoms, the preferred aryl portion, more
preferred aryl portion, and the particularly preferred aryl
portion are as described above with respect to the aryl group.
[0045] Examples of the alkyl portion of the alkylthio
group having 1 to 20, preferably 1 to 10, and more prefer-
ably 1 to 10 carbon atoms, the preferred alkyl portion, the
more preferred alkyl portion, and the particularly preferred
alkyl portion are as described above with respect to the alkyl
group.

[0046] Examples of the aryl portion of the arylthio group
having 6 to 30, preferably 6 to 24, and more preferably 6 to
18 ring carbon atoms, the preferred aryl portion, more
preferred aryl portion, and the particularly preferred aryl
portion are as described above with respect to the arvl group.
[0047] Examples of the alkylsilyl group having 3 to 50,
preferably 3 to 12, and more preferably 3 to 6 carbon atoms
include a monoalkylsilyl group, a dialkylsilyl group, and a
trialkylsilyl group. The alkyl portion of the alkylsilyl group,
the preferred alkyl portion, the more preferred alkyl portion,
and the particularly preferred alkyl portion are as described
above with respect to the alkyl group.

[0048] Examples of the arylsilyl group having 6 to 50,
preferably 6 to 18, and more preferably 6 to 10 ring carbon
atoms include a monoarylsilyl group, a diarylsilyl group,
and a triarylsilyl group. The aryl portion of the arylsilyl
group, the preferred aryl portion, more preferred aryl por-
tion, and the particularly preferred aryl portion are as
described above with respect to the aryl group.

[0049] The heterocyclic group having 5 to 30, preferably
6 to 24, and more preferably 6 to 18 ring atoms comprises
at least one, preferably 1 to 5 hetero atoms, such as a
nitrogen atom, a sulfur atom and an oxygen atom. Examples
of the heterocyclic group include a pyrrolyl group, a furyl
group, a thienyl group, a pyridyl group, a pyridazinyl 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 oxadiazolyl group, a thiadiazolyl group, a triazolyl group,
a tetrazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, an isobenzofuranyl group, a benzoth-
iopheny! 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
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benzoxazolyl group, a benzothiazolyl group, an indazolyl
group, a benzisoxazolyl group, a benzisothiazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a carba-
zolyl group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a phenothiazinyl
group, a phenoxazinyl group, and a xanthenyl group, with a
furyl group, a thienyl group, a pyridyl group, a pyridazinyl
group, a pyrimidinyl group, a pyrazinyl group, a triazinyl
group, a benzofuranyl group, a benzothiophenyl group, a
dibenzofuranyl group, and a dibenzothiopheny! group being
preferred, and a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group being more preferred.

[0050] The structure B of formula (1), wherein one pair
selected from R! and R?, R? and R3, R? and R*, R® and RS,
R® and R7, and R” and R® forms the divalent group repre-
sented by formula (3) is preferably represented by any of the
following formulae (11) to (13), more preferably by formula
(11) or (13):

{1y

13)

wherein X and R! to R® are as defined above, R to R'#, R*!
to R?*, and R3* to R** are defined as in R? to R?, and each
of 1 to 4 groups, preferably 1 or 2 groups, and more
preferably 2 groups selected from ten R* groups in each of
formulae (11) to (13) represents a single bond bonded to the
group A.

[0051] The structure B of formula (1), wherein two pairs
selected from R! and R?, R? and R3, R? and R*, R’ and R®,
R® and R”, and R7 and R® form the divalent groups repre-
sented by formula (3) is preferably represented by any of the
following formulae (14) to (19), more preferably by any of
the following formulae (14) to (16):
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(15)

(16)

an

(18)

(19)
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wherein X and R® are as defined above, R*' to R*®, R®! to
R>% R% to R%, R”! to R”%, R®! to R®®, and R®! to R%® are
defined as in R“ to R, and each of 1 to 4 groups, preferably
1 or 2 groups, and more preferably 2 groups selected from
twelve R* groups in each of formulae (14) to (19) represents
a single bond bonded to the group A.

[0052] The structure B represented by formulae (11) to
(19) 1s preferably represented by any of the following
formulae (20) to (54), more preferably by any of formulae
(22) to (23), (25), (31), (33) to (36), (40) to (42), (45), (46),
(48), and (51).
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-continued -continued

3D (36)
R R¥

(37
(38)
39
R* R?
X
R? #
RZ R3l
R! %
(34) o2
R33

(40)

(35) (41)
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-continued -continued
(42) (48)

R* R’

43)

49)
(44)

(50)
(45)
(46)

(&)Y

47 (52)
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-continued

(43)

(54

[0053] In formulae (20) to (54), X, R* to R¥, R to R**,
R21 to R24, R31 10 R34, R41 to R48, RSI to ng, R51 to R68, R71
to R7%, R®! to R®® and R®* to R?® are as defined above, and
the character * represents a single bond bonded to the group
A.

[0054] A isa group represented by formula (4). When n is
two or more, two or more groups A may be the same or
different.

)
Ll_Arl

—L—N
[2—Ar?

[0055] In formula (4), each of Ar' and Ar® independently
represents a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms or a substituted or unsubstituted
heterocyclic group having 5 to 30 ring atoms.

[0056] Each of L, L' and L independently represents a
single bond, an arylene group having 6 to 30 ring carbon
atoms, a heteroarylene group having 5 to 30 ring atoms, or
a divalent linking group formed by bonding 2 to 4 groups
selected from the arylene groups and the heteroarylene
groups, preferably a single bond or the arylene group having
6 to 30 ring carbon atoms, and particularly preferably a
single bond. When both of Ar! and Ar* represent the sub-
stituted or unsubstituted aryl groups having 6 to 30 ring
carbon atoms, [ represents a single bond.

[0057] Examples of the aryl group having 6 to 30, pref-
erably 6 to 24, more preferably 6 to 18 ring carbon atoms
include a phenyl group, a naphthylphenyl group, a biphe-
nylyl group, a terphenylyl group, a naphthyl group, an
acenaphthylenyl group, an anthryl group, a benzanthryl
group, an aceanthryl group, a phenanthryl group, a benzo
[c]phenanthryl group, a phenalenyl group, a fluorenyl group,
a 9,9-dimethylfluorenyl group, a picenyl group, a pentaphe-
nyl group, a pyrenyl group, a chrysenyl group, a benzo[g]
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chrysenyl group, a s-indacenyl group, an as-indacenyl
group, a fluoranthenyl group, a benzo[k]fluoranthenyl
group, a triphenylenyl group, a benzo[b]triphenylenyl
group, and a perylenyl group, with a phenyl group, a
biphenylyl group, a terphenylyl group, a naphthyl group, a
phenanthryl group, and a fluorenyl group being preferred.

[0058] The optional substituent of the aryl group is
selected from a fluorine atom, a cyano group, a substituted
or unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 20
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted alkylsilyl group having 3 to 50
carbon atoms, a substituted or unsubstituted arylsilyl group
having 6 to 50 ring carbon atoms, and a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
and preferably selected from an alkyl group having 1 to 20,
preferably 1 to 10, more preferably 1 to 5 carbon atoms, a
cycloalkyl group having 3 to 20, preferably 3 to 6, more
preferably 5 or 6 ring carbon atoms, a mono-, di- or
trialkylsilyl group having an alkyl group having 1 to 20,
preferably 1 to 10, more preferably 1 to 5 carbon atoms, a
fluorine atom, and a cyano group. An alkyl group having 1
to 20 is particularly preferred.

[0059] Examples of a preferred substituted aryl group
include a phenyl group, a biphenylyl group, a terphenylyl
group, a naphthyl group, a phenanthryl group, and a fluo-
renyl group, each substituted by the substituent mentioned
above.

[0060] The heterocyclic group having 5 to 30, preferably
610 24, more preferably 6 to 18 ring atoms comprises at least
one, preferably 1 to 5 hetero atoms, such as a nitrogen atom,
a sulfur atom and an oxygen atom. Examples of the hetero-
cyclic group include a pyrrolyl group, a furyl group, a
thienyl group, a pyridyl group, a pyridazinyl 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 oxadiazolyl group, a thiadiazolyl group, a triazolyl group,
a tetrazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, an isobenzofuranyl group, a benzoth-
iophenyl 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 benzisoxazolyl group, a benzisothiazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a carba-
zolyl group, a phenanthridinyl group, an acridinyl group, a
phenanthroliny] group, a phenazinyl group, a phenothiazinyl
group, a phenoxazinyl group, and a xanthenyl group, with a
furyl group, a thienyl group, a pyridyl group, a pyridazinyl
group, a pyrimidinyl group, a pyrazinyl group, a triazinyl
group, a benzofuranyl group, a benzothiophenyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group being
preferred, and a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group being more preferred.



US 2017/0324043 Al

[0061] The optional substituent of the heterocyclic group
is selected from a fluorine atom, a cyano group, a substituted
or unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 20
ring carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted alkylsilyl group having 3 to 50
carbon atoms, a substituted or unsubstituted arylsilyl group
having 6 to 50 ring carbon atoms, and a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
and preferably selected from an alkyl group having 1 to 20,
preferably 1 to 10, more preferably 1 to 5 carbon atoms, a
cycloalkyl group having 3 to 20, preferably 3 to 6, more
preferably 5 or 6 ring carbon atoms, and an aryl group
having 6 to 30, preferably 6 to 24, more preferably 6 to 18
ring carbon atoms.

[0062] Examples of a preferred substituted heterocyclic
group include a furyl group, a thienyl group, a pyridyl group,
a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group,
a triazinyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group, each substituted by the substituent mentioned above.

[0063] The arylene group having 6 to 30 ring carbon
atoms and the heteroarylene group having 5 to 30 ring atoms
for L, L' and L? are divalent groups obtained by removing
one hydrogen atom from the aryl group and the heterocyclic
group, respecm ely, which are mentioned above with respect
to Ar' and Ar”. L preferably represents a single bond. Each
of L' and L? preferably represents a single bond or the
arylene group having 6 to 30 ring carbon atoms, more
preferably a single bond, 1,2-phenylene group, 1,3-phe-
nylene group, or 1,4-phenylene group. Still more preferably,
both of L' and L? are single bonds.

[0064] The amino group represented by formula (4) is
represented preferably by formula (5) or (6), and more
preferably by formula (6).

&)

RIZZ R123
RlZl R124
RIZS
—N
R126
R130 R127
R129 RIZS
(6)
Al‘l
/
—L—N
\
[>—HAr

[0065] In fornwla (5), each of R**! to R**® independently
represents a hydrogen atom, a fluorine atom, a cyano group,
a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
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group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 20 carbon atoms, a
substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 50 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring carbon atoms, or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms, with a hydrogen atom, a fluorine atom, a
cyano group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 20 ring carbon atoms, and a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms being preferred. Examples and preferred
examples of these groups are as described above with
respect to the structure B and the o 2ptlonal groups of the aryl
groups represented by Ar' and Ar’.

[0066] In formula (6), each of L, L* and Ar" are as defined
above. Ar" represents preferably a substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms and more
preferably a substituted or unsubstituted phenyl group, a
substituted or unsubstituted biphenylyl group, a substituted
or unsubstituted terphenylyl group, a substituted or unsub-
stituted naphthyl group, a substituted or unsubstituted
phenanthryl group, or a substituted or unsubstituted fluore-
nyl group.

[0067] The optional substituent of the aryl group is
selected from an alkyl group having 1 to 20, preferably 1 to
10, more preferably 1 to 5 carbon atoms, a cycloalkyl group
having 3 to 20, preferably 3 to 6, and more preferably 5 or
6 ring carbon atoms, a mono-, di- or trialkylsilyl group
having an alkyl group having 1 to 20, preferably 1 to 10,
more preferably 1 to 5 carbon atoms, a fluorine atom, and a
cyano group, with the alkyl group having 1 to 20 carbon
atoms being preferred.

[0068] Examples of preferred substituted aryl groups
include a phenyl group, a biphenylyl group, a terphenylyl
group, a naphthyl group, a phenanthryl group, and a fluo-
renyl group, each being substituted with the above substitu-
ent.

[0069] In formula (6), HAr represents a structure repre-
sented by formula (7):

™

[0070] In formula (7), X* represents an oxygen atom or a
sulfur atom, preferably an oxygen atom.

[0071] One of R'*! to R'?®, preferably one of R'**, R

R**> and R**’, and more preferably one of R™** and R135
represents a s1ngle bond bonded to L.

[0072] The others of R'*! to R**® each independently
represent a hydrogen atom, a fluorine atom, a cyano group,
a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 20
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carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted alkylthio group having 1 to 20 carbon atoms, a
substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 50 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring carbon atoms, or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms. Examples and preferred examples of these
groups are as described above with respect to the structure
B and the optional group of the heterocyclic group repre-
sented by Ar' and Ar®.

[0073] R to R'*® other than a single bond bonded to L?
are preferably selected from a hydrogen atom, an alkyl
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group having 1 to 20, preferably 1 to 10, more preferably 1
to 5 carbon atoms, a cycloalkyl group having 3 to 20,
preferably 3 to 6, more preferably 5 or 6 ring carbon atoms,
and an aryl group having 6 to 30, preferably 6 to 24, more
preferably 6 to 18 ring carbon atoms. More preferably, one
of R*** and R'** represents a single bond bonded to L* and
the other of R'** and R'?3, and R'*! to R**%, R'*% and R'*®
are selected from a hydrogen atom, the alkyl group having
1 to 20 carbon atoms, the cycloalkyl group having 3 to 20
ring carbon atoms, and the aryl group having 6 to 30 ring
carbon atoms.

[0074] Examples of the amine compound represented by
formula (1) are described below. although not limited to the
following compounds.

8|
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[0075]

The amine compound is useful as a material for
organic EL device, particularly as a dopant material for use
in a fluorescent emitting layer.

Organic EL Device

[0076] The organic EL device of another embodiment of
the invention will be described below.

[0077] The organic EL device comprises organic thin film
layers between the cathode the anode. The organic thin film
layers comprise a light emitting layer and at least one layer
of the organic thin film layers comprises the amine com-
pound mentioned above.

[0078] The organic thin film layer comprising the amine
compound may include a hole transporting layer, a light
emitting layer, a space layer, and a blocking layer, although
not limited thereto. The amine compound is preferably used

in a light emitting layer, particularly preferably in a fluo-
rescent emitting layer as a dopant because it can be expected
to make the organic EL device highly eflicient.

[0079] The organic EL device may be any of a single color
emitting device of fluorescent or phosphorescent type, a
white-emitting device of fluorescent-phosphorescent hybrid
type, an emitting device of a simple type having a single
emission unit, and an emitting device of a tandem type
having two or more emission units. The “emission unit”
referred to herein is the smallest unit for emitting light by the
recombination of injected holes and injected electrons,
which comprises one or more organic layers wherein at least
one layer is a light emitting layer.

[0080] Representative device structures of the simple-type
organic EL, device are shown below.
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(1) Anode/Emission Unit/Cathode

[0081] The emission unit may be a laminate comprising
two or more layers selected from a phosphorescent light
emitting layer and a fluorescent light emitting layer. A space
layer may be disposed between the light emitting layers to
prevent the diffusion of excitons generated in the phospho-
rescent light emitting layer into the fluorescent light emitting
layer. Representative layered structures of the emission unit
are shown below.

(a) hole transporting layer/light emitting layer (/electron
transporting layer);

(b) hole transporting layer/first fluorescent emitting layer/
second fluorescent emitting layer (/electron transporting
layer),

(¢) hole transporting layer/phosphorescent emitting layer/
space layer/fluorescent emitting layer (/electron transporting
layer);

(d) hole transporting layer/first phosphorescent emitting
layer/second phosphorescent emitting layer/space layer/
fluorescent emitting layer (/electron transporting layer);
(e) hole transporting layer/first phosphorescent emitting
layer/space layer/second phosphorescent emitting layer/
space layer/fluorescent emitting layer (/electron transporting
layer); and

() hole transporting layer/phosphorescent emitting layer/
space layer/first fluorescent emitting layer/second fluores-
cent emitting layer (/electron transporting layer).

[0082] The emission color of the phosphorescent light
emitting layer and that of the fluorescent light emitting layer
may be different. For example, the layered structure of the
laminated light emitting layer (d) may be hole transporting
layer/first phosphorescent light emitting layer (red emis-
sion)/second phosphorescent light emitting layer (green
emission)/space layer/fluorescent light emitting layer (blue
emission)/electron transporting layer. An electron blocking
layer may be disposed between the light emitting layer and
the hole transporting layer or between the light emitting
layer and the space layer, if necessary. Also, a hole blocking
layer may be disposed between the light emitting layer and
the electron transporting layer, if necessary. With such a
electron blocking layer or a hole blocking layer, electrons
and holes are confined in the light emitting layer to increase
the degree of charge recombination in the light emitting
layer, thereby improving the emission efficiency.

[0083] Representative device structure of the tandem-type
organic EL device is shown below.

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

[0084] The layered structure of the first emission unit and
the second emission unit may be selected from those
described above with respect to the emission unit.

[0085] Generally, the intermediate layer is also called an
intermediate electrode, an intermediate conductive layer, a
charge generation layer, an electron withdrawing layer, a
connecting layer, or an intermediate insulating layer. The
intermediate layer may be formed by known materials so as
to supply electrons to the first emission unit and holes to the
second emission unit.

[0086] A schematic structure of an example of the organic
EL device is shown in FIG. 1 wherein the organic EL device
1is constructed by a substrate 2, an anode 3, a cathode 4, and
an emission unit 10 (organic thin film layers) disposed
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between the anode 3 and the cathode 4. The emission unit 10
includes a light emitting layer 5§ which comprises at least one
fluorescent emitting layer containing a fluorescent host
material and a fluorescent dopant. A hole injecting layer, a
hole transporting layer, etc. 6 may be disposed between the
light emitting layer 5 and the anode 3. An electron injecting
layer, an electron transporting layer, etc. 7 may be disposed
between the light emitting layer 5 and the cathode 4. An
electron blocking layer may be disposed on the anode 3 side
of the light emitting layer 5, and a hole blocking layer may
be disposed on the cathode 4 side of the light emitting layer
5. With these blocking layers, electrons and holes are
confined in the light emitting layer 5 to increase the degree
of exciton generation in the light emitting layer 5.

[0087] In the present specification, the host is referred to
as a fluorescent host when combinedly used with a fluores-
cent dopant and as a phosphorescent host when combinedly
used with a phosphorescent dopant. Therefore, the fluores-
cent host and the phosphorescent host are not distinguished
from each other merely by the difference in their molecular
structures. Namely, the fluorescent host means a material for
constituting a fluorescent emitting layer containing a fluo-
rescent dopant and does not mean that the material is not
usable as a material for constituting a phosphorescent emit-
ting layer. The same also applies to the phosphorescent host.

Substrate

[0088] The organic EL device is formed on a light-trans-
missive substrate. The light-transmissive substrate serves as
a support for the organic EL device and preferably a flat
substrate having a transmittance of 50% or more to 400 to
700 nm visible light. Examples of the substrate include a
glass plate and a polymer plate. The glass plate may include
a plate made of soda-lime glass, barium-strontium-contain-
ing glass, lead glass, aluminosilicate glass, borosilicate
glass, barium borosilicate glass, or quartz. The polymer plate
may include a plate made of polycarbonate, acryl, polyeth-
vylene terephthalate, polyether sulfide, or polysulfone.

Anode

[0089] The anode of the organic EL device injects holes to
the hole transporting layer or the light emitting layer, and an
anode having a work function of 4.5 eV or more is effective.
Examples of material for anode include indium tin oxide
alloy (ITO), tin oxide (NESA), indium zinc oxide alloy,
gold, silver, platinum, and copper. The anode is formed by
making the electrode material into a thin film by a method,
such as a vapor deposition method or a sputtering method.
When getting the light emitted from the light emitting layer
through the anode, the transmittance of anode to visible light
is preferably 10% or more. The sheet resistance of anode is
preferably several hundreds €/(J or less. The film thickness
of anode depends upon the kind of material and generally 10
nm to 1 m, preferably 10 to 200 nm.

Cathode

[0090] The cathode injects electrons to the electron inject-
ing layer, the electron transporting layer or the light emitting
layer, and preferably formed from a material having a small
work function. Examples of the material for cathode include,
but not limited to, indium, aluminum, magnesium, magne-
sium-indium alloy, magnesium-aluminum alloy, aluminum-
lithium alloy, aluminum-scandium-lithium alloy, and mag-
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nesium-silver alloy. Like the anode, the cathode is formed by
making the material into a thin film by a method, such as the
vapor deposition method and the sputtering method. The
emitted light may be taken from the cathode, if appropriate.

Light Emitting Layer

[0091] The light emitting layer is an organic layer having
a light emitting function and comprises a host material and
a dopant material when a doping system is employed. The
major function of the host material is to promote the
recombination of electrons and holes and confine excitons in
the light emitting layer. The dopant material causes the
excitons generated by recombination to emit light efficiently.
[0092] In case of a phosphorescent device, the major
function of the host material is to confine the excitons
generated on the dopant in the light emitting layer.

[0093] To control the carrier balance in the light emitting
layer, a double host (host and co-host) system may be used
for the light emitting layer, for example, by combinedly
using an electron transporting host and a hole transporting
host.

[0094] The light emitting layer may be made into a double
dopant layer, in which two or more kinds of dopant materials
having high quantum yield are combinedly used and each
dopant material emits light with its own color. For example,
to obtain a yellow emission, a light emitting layer formed by
co-depositing a host, a red-emitting dopant and a green-
emitting dopant is used.

[0095] Electrons and holes can be accumulated in the
interface between the light emitting layers by laminating two
or more light emitting layers, thereby localizing the recom-
bination region in the interface between the light emitting
layer to improve the quantum efficiency.

[0096] The light emitting layer may be different in the hole
injection ability and the electron injection ability, and also in
the hole transporting ability and the electron transporting
ability each being expressed by mobility.

[0097] The light emitting layer is formed, for example, by
a known method, such as a vapor deposition method, a spin
coating method, and LB method. Alternatively, the light
emitting layer may be formed by making a solution of a
binder, such as resin, and the material for the light emitting
layer in a solvent into a thin film by a method such as spin
coating.

[0098] The light emitting layer is preferably a molecular
deposit film. The molecular deposit film is a thin film formed
by depositing a vaporized material or a film formed by
solidifying a material in the state of solution or liquid. The
molecular deposit film can be distinguished from a thin film
formed by LB method (molecular build-up film) by the
differences in the assembly structures and higher order
structures and the functional difference due to the structural
differences.

[0099] The thickness of the light emitting layer is prefer-
ably 5 to 50 nm, more preferably 7 to 50 nm, and still more
preferably 10 to 50 nm. If being 5 nm or more, the light
emitting layer is easily formed. If being 50 nm or less, the
increase in driving voltage is avoided.

Dopant

[0100] The fluorescent dopant (fluorescent emitting mate-
rial) is a compound which emits light by releasing the energy
of excited singlet state and not particularly limited as long as
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emitting light by releasing the energy of excited singlet state.
Examples thereof include a fluoranthene derivative, a styry-
larylene derivative, a pyrene derivative, an arylacetylene
derivative, a fluorene derivative, a boron complex, a
perylene derivative, an oxadiazole derivative, an anthracene
derivative, a styrylamine derivative, and an arylamine
derivative, with an anthracene derivative, a fluoranthene
derivative, a styrylamine derivative, an arylamine deriva-
tive, a styrylarylene derivative, a pyrene derivative, and a
boron complex being preferred, and an anthracene deriva-
tive, a fluoranthene derivative, a styrylamine derivative, an
arylamine derivative, and a boron complex compound being
more preferred.

[0101] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited and selected
according to the use of the device. The content is preferably
0.1 to 70% by mass, more preferably 1 to 30% by mass, still
more preferably 1 to 20% by mass, and particularly prefer-
ably 1 to 10% by mass. If being 0.1% by mass or more, the
amount of light emission is sufficient. If being 70% by mass
or less, the concentration quenching can be avoided.
[0102] Host

[0103] An anthracene derivative or a compound having a
polycyclic aromatic skeleton, preferably an anthracene
derivative is preferably used as the host for the light emitting
layer.

[0104] For example, the following anthracene derivative
represented by formula (5a) is used as the host for a
blue-light emitting layer:

(5a)
RI08 Rlo!
RI07 O Rlo2
A2 Q Al
R106 O RIG

RIOS R104

wherein each of Ar'' and Ar'? independently represents a
substituted or unsubstituted monocyclic group having 5 to
50 ring atoms or a substituted or unsubstituted fused ring
group having 8 to 50 ring atoms. Each of R™! to R'®
independently represents a group selected from a hydrogen
atom, a substituted or unsubstituted monocyclic group hav-
ing 5 to 50 ring atoms, a substituted or unsubstituted fused
ring group having 8 to 50 ring atoms, a group constituted of
a combination of the monocyclic group and the fused ring
group, a substituted or unsubstituted alkyl group having 1 to
50 carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 50 ring carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 50 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 50
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a substituted or unsub-
stituted silyl group, a halogen atom, and a cyano group.
Preferred is the anthracene derivative wherein R'°* to R'%®
are all hydrogen atoms, or one of R*® and R'“®, one of R'*
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and R'%%, both of R*® and R'®®, or both of R'® and R'** are
selected from a monocyclic group having 5 to 50 ring atoms,
preferably a phenyl group, a biphenylyl group, or a terphe-
nylyl group; a substituted or unsubstituted alkyl group
having 1 to 50 carbon atoms, preferably a methy! group, an
ethyl group, a n-propyl group, an isopropyl group, a n-butyl
group, an isobutyl group, a s-butyl group, and a t-butyl
group; or a substituted silyl group, preferably a trimethyl-
silyl group. More preferred is the anthracene derivative
wherein R'' to R"® are all hydrogen atoms.

[0105] In formula (5a), the monocyclic group is a group
composed of only a ring structure having no fuse ring
structure.

[0106] Examples of the monocyclic group having 5 to 50,
preferably 5 to 30, and more preferably 5 to 20 ring atoms
include an aromatic group, such as a phenyl group, a
biphenylyl group, a terphenylyl group, and a quaterphenylyl
group; and a heterocyclic group, such as a pyridyl group, a
pyrazyl group, a pyrimidyl group, a triazinyl group, a furyl
group, and a thienyl group, with a phenyl group, a biphe-
nylyl group, and a terphenylyl group being preferable.
[0107] In formula (5a), the fused ring group is a group
composed of two or more ring structures which are fused to
each other.

[0108] Examples of the fused ring group having 8 to 50,
preferably 8 to 30, and more preferably 8 to 20 ring atoms
include a fused aromatic ring group, such as a naphthyl
group, a phenanthryl group, an anthryl group, a chrysenyl
group, a benzoanthryl group, a benzophenanthryl group, a
triphenylenyl group, a benzochrysenyl group, an indenyl
group, a fluorenyl group, a 9, 9-dimethylfluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a fluo-
ranthenyl group, and a benzofluoranthenyl group; and a
fused heterocyclic group, such as a benzofuranyl group, a
benzothiophenyl group, an indolyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a carbazolyl group, a
quinolyl group, and a phenanthrolinyl group, with a naph-
thyl group, a phenanthryl group, an anthryl group, a 9,
9-dimethylfluorenyl group, a fluoranthenyl group, a benzo-
anthryl group, a dibenzothiopheny! group, a dibenzofuranyl
group, and a carbazolyl group being preferable.

[0109] The substituent of Ar'' and Ar'® is preferably
selected from the monocyclic groups and the fused ring
groups mentioned above.

[0110] In formula (5a), examples of the alkyl group, the
cycloalkyl group, the alkoxy group, the alkyl portion and the
aryl portion of the aralkyl group, the aryloxy group, the
substituted silyl group (alkylsilyl group and arylsilyl group),
and the halogen atom are as defined above with respect to R*
to R® and R* to R? of formula (2).

[0111] In formula (5a), R** to R'®® are preferably all
hydrogen atoms, or one of R'®* and R'%%, one of R'* and
R1% both of R and R!%, or both of R'°® and R!°* are
preferably selected from a monocyclic group having 5 to 50
ring atoms, for example, a phenyl group, a biphenylyl group,
or a terphenylyl group; a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, for example, a methyl
group, an ethyl group, a n-propyl group, an isopropyl group,
a n-butyl group, an isobutyl group, a s-butyl group, and a
t-butyl group; or a substituted silyl group, for example, a
trimethylsilyl group, with R'®* to R'°® wherein all are
hydrogen atoms being more preferred.

[0112] The anthracene derivative represented by formula
(5a) is preferably any of the following anthracene deriva-
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tives (A), (B) and (C), and it is selected depending upon the
constitution of the organic EL device to be applied or the
required properties.

Anthracene Derivative (A)

[0113] The anthracene derivative (A) is represented by
formula (5a) wherein each of Ar'' and Ar'? independently
represents a substituted or unsubstituted fused ring group
having § to 50 ring atoms. Ar'’ and Ar'? may be the same
or different.

[0114] The anthracene derivative represented by formula
(5a) wherein Ar'' and Ar'? are different substituted or
unsubstituted fused ring groups (inclusive of the difference
in the positions connecting to the anthracene ring) is par-
ticularly preferable. Examples of the fused ring are as
described above, with a naphthyl group, a phenanthryl
group, a benzanthryl group, a 9, 9-dimethylfluorenyl group,
and a dibenzofuranyl group being preferable.

Anthracene Derivative (B)

[0115] The anthracene derivative (B) is represented by the
formula (5a) whetein one of Ar'! and Ar'? is a substituted or
unsubstituted monocyclic group having 5 to 50 ring atoms
and the other is a substituted or unsubstituted fused ring
group having 8 to 50 ring atoms.

[0116] In a preferred anthracene derivative (B), Ar'? is a
naphthyl group, a phenanthryl group, a benzoanthryl group,
a 9, 9-dimethylfluorenyl group, or a dibenzofuranyl group;
and Ar'! is an unsubstituted phenyl group or a phenyl group
substituted with a monocyclic group or a fused ring group,
for example, a phenyl group, a biphenyl group, a naphthyl
group, a phenanthryl group, a 9, 9-dimethylfluorenyl group,
or a dibenzofuranyl group.

[0117] Examples of the monocyclic groups and the fused
ring groups are as described above.

[0118] Inanother preferred anthracene derivative (B), Ar'?
is a substituted or unsubstituted fused ring group having 8 to
50 ring atoms and Ar'! is an unsubstituted phenyl group. The
fused ring group is particularly preferably a phenanthryl
group, a 9, 9-dimethylfluorenyl group, a dibenzofuranyl
group, or a benzoanthryl group.

Anthracene Derivative (C)

[0119] The anthracene derivative (C) is represented by the
formula (5a) wherein each of Ar'' and Ar'? independently
represents a substituted or unsubstituted monocyclic group
having 5 to 50 ring atoms.

[0120] In a preferred anthracene derivative (C), both of
Ar*! and Ar'? are substituted or unsubstituted phenyl groups.
[0121] Inamore preferred anthracene derivative (C), Ar'
1s an unsubstituted phenyl group and Ar'? is a phenyl group
substituted by a monocyclic group or a fused ring group; or
each of Ar'' and Ar'? independently represents a phenyl
group substituted by a monocyclic group or a fused ring
group.

[0122] Examples of the monocyclic group and the fused
ring group which are preferable as the substituent are as
described above. The monocyclic ring as the substituent is
more preferably a phenyl group and a biphenyl group, and
the fused ring group as the substituent is more preferably a
naphthyl group, a phenanthryl group, a 9, 9-dimethylfluo-
renyl group, a dibenzofuranyl group, and a benzoanthryl
group.

[0123] Examples of the anthracene derivative represented
by formula (5a) are described below
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Electron-Donating Dopant

[0124] The organic EL device preferably comprises an
electron-donating dopant in the interfacial region between
the cathode and the light emitting unit. With such a con-
struction, the organic EL device has an improved luminance
and an elongated lifetime. The electron-donating dopant is a
metal having a work function of 3.8 eV or less or a
compound containing such metal. Examples thereof include
at least one compound selected from alkali metal, alkali
metal complex, alkali metal compound, alkaline earth metal,
alkaline earth metal complex, alkaline earth metal com-
pound, rare earth metal, rare earth metal complex, and rare
earth metal compound.

[0125] Examples of the alkali metal include Na (work
function: 2.36 eV), K (work function: 2.28 ¢V), Rb (work
function: 2.16 eV), and Cs (work function: 1.95 V), with
those having a work function of 2.9 eV or less being
particularly preferred. Examples of the alkaline earth metal
include Ca (work function: 2.9 eV), Sr (work function: 2.0
to 2.5 eV), and Ba (work function: 2.52 V), with those
having a work function of 2.9 eV or less being particularly
preferred. Examples of the rare earth metal include Sc, Y,
Ce, Tb, and Yb, with those having a work function of 2.9 eV
or less being particularly preferred.

[0126] Examples of the alkali metal compound include
alkali oxide, such as Li,0, Cs,0, K,O, and alkali halide,
such as LiF, NaF, CsF, and KF, with LiF, 1,0, and NaF
being preferred. Examples of the alkaline earth metal com-
pound include BaO, SrO, CaQ, and mixture thereof, such as
Ba Sr, ,O (0<x<l) and Ba,Ca, O (0<x<1), with BaO, SrO,
and CaO being preferred. Examples of the rare earth metal
compound include YbF;, ScF;, ScO,, Y,0;, Ce,0,, GdF;,
and TbF;, with YbF;, ScFs, and TbF; being preferred.
[0127] Examples of the alkali metal complex, alkaline
earth metal complex, and rare earth metal complex are not
particularly limited as long as containing at least one metal
ion selected from alkali metal ions, alkaline earth metal ions,
rare earth metal ions, respectively. Examples of the ligand
include quinolinol, benzoquinolinol, acridinol, phenanthri-

hydroxyphenylthiazole,
hydroxydiarylthiadiazole,
hydroxyphenylpyridine, hydroxyphenylbenzimidazole,
hydroxybenzotriazole,  hydroxyfulborane,  bipyridyl,
phenanthroline, phthalocyanine, porphyrin, cyclopentadi-
ene, fj-diketones, azomethines, and derivative thereof.
[0128] The electron-donating dopant is added to the inter-
facial region preferably into a form of layer or island. The
electron-donating dopant is added preferably by co-depos-
iting the electron-donating dopant with the organic com-
pound (light emitting material, electron injecting material,
etc.) for forming the interfacial region by a resistance
heating deposition method, thereby dispersing the electron-
donating dopant into the organic material. The disperse
concentration expressed by the molar ratio of the organic
material and the electron-donating dopant is 100:1 to 1:100.
[0129] When the electron-donating dopant is formed into
a form of layer, a light emitting material or an electron
injecting material is made into a layer which serves as an
organic layer in the interface, and then, the electron-donat-
ing dopant alone is deposited by a resistance heating depo-
sition method into a layer having a thickness preferably 0.1
to 15 nm. When the electron-donating dopant is formed into
a form of island, a light emitting material or an electron
injecting material is made into a form of island which serves
as an organic layer in the interface, and then, the electron-
donating dopant alone is deposited by a resistance heating
deposition method into a form of island having a thickness
preferably 0.05 to 1 nm.
[0130] The molar ratio of the main component and the
electron-donating dopant in the organic electroluminescence
device is preferably 5:1 to 1:5.

dinol, hydroxyphenyloxazole,
hydroxydiaryloxadiazole,

Electron Transporting Layer

[0131] The electron transporting layer is an organic layer
disposed between the light emitting layer and the cathode
and transports electrons from the cathode to the light emit-
ting layer. If two or more electron transporting layers are
provided, the organic layer closer to the cathode may be
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called an electron injecting layer in some cases. The electron
injecting layer injects electrons from the cathode to the
organic layer unit efficiently.

[0132] An aromatic heterocyclic compound having one or
more heteroatoms in its molecule is preferably used as the
electron transporting material for the electron transporting
layer, with a nitrogen-containing ring derivative being par-
ticularly preferred. The nitrogen-containing ring derivative
is preferably an aromatic ring compound having a nitrogen-
containing 6- or 5-membered ring or a condensed aromatic
ring compound having a nitrogen-containing 6- or 5-mem-
bered ring.

[0133] The nitrogen-containing ring derivative is prefer-
ably, for example, a chelate metal complex having a nitro-
gen-containing ring represented by formula (A).

&Y

SM—0—L

[0134] R to R7 of formula (A) each independently repre-
sent a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, an amino group, a hydrocarbon group
having 1 to 40 carbon atoms, an alkoxy group having 1 to
40 carbon atoms, an aryloxy group having 6 to 50 carbon
atoms, an alkoxycarbonyl group, or a heterocyclic group
having 5 to 50 carbon atoms, each being optionally substi-
tuted.

[0135] M is aluminum (Al), gallium (Ga), or indium (In),
with In being preferred.

e

Qo0
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[0136] L is a group represented by formula (A') or (A™):
(A

RS R’

RIO

RIZ Rll

< (A"
Rl)
Rl4 R]G

R26 R4

RZS

[0137] R®to R in formula (A") each independently rep-
resent a hydrogen atom, a deuterium atom, or a substituted
or unsubstituted hydrocarbon group having 1 to 40 carbon
atoms. The adjacent two groups may form a ring structure.
R" to R*” in formula (A") each independently represent a
hydrogen atom, a deuterium atom, or a substituted or
unsubstituted hydrocarbon group having 1 to 40 carbon
atoms. The adjacent two groups may form a ring structure.
[0138] The electron transporting compound for the elec-
tron transporting layer is preferably a metal complex includ-
ing 8-hydroxyquinoline or its derivative, an oxadiazole
derivative, and a nitrogen-containing heterocyclic deriva-
tive.

[0139] Electron transporting compounds which have a
good thin film-forming property are preferably used.
Examples of the electron transporting compound are shown
below.

OO0
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[0140] Examples of the nitrogen-containing heterocyclic
derivative for use as the electron transporting compound
include a nitrogen-containing heterocyclic derivative having
the following formulae but exclusive of metal complex.

PN

@)

[0141] The electron transporting layer of the organic EL
particularly preferably comprises at least one of the nitro-
gen-containing heterocyclic derivatives represented by for-
mulae (60) to (62).

(60)

Al‘l
\Ll

2
Z XN
S
wy” 72 N

@“f\iv\mz—mz

RS N

(61)

RZ

/ N
[
NS
N N
<R‘/>n \
L3
S~ AI3 - A12

[0142] In formulae (60) to (62), Z', Z?, and Z° each
independently represent a nitrogen atom or a carbon atom.
[0143] R! and R? each independently represent a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted heterocyclic group
having 5 to 50 ring atoms, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted haloalkyl group having 1 to 20 carbon atoms,
or a substituted or unsubstituted alkoxyl group having 1 to
20 carbon atoms.

[0144] Subscript n is an integer of 0 to 5. If n is an integer
of 2 or more, R' groups may be the same or different from
each other. The adjacent two R groups may bond to each
other to form a substituted or unsubstituted hydrocarbon
ring.

[0145] Ar' represents a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 5 to 50 ring atoms.

[0146] Ar” represents a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted alkoxyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 50 ring carbon atoms, or a substituted
or unsubstituted heterocyclic group having 5 to 50 ring
atoms.

[0147] However, one of Ar' and Ar® is a substituted or
unsubstituted fused aromatic hydrocarbon group having 10
to 50 ring carbon atoms or a substituted or unsubstituted
fused aromatic heterocyclic group having 9 to 50 ring atoms.
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[0148] Ar’ represents a substituted or unsubstituted
arylene group having 6 to 50 ring carbon atoms or a
substituted or unsubstituted heteroarylene group having 5 to
50 ring atoms.

[0149] L', L? and L* each independently represent a
single bond, a substituted or unsubstituted arylene group
having 6 to 50 ring carbon atoms or a substituted or
unsubstituted divalent fused aromatic heterocyclic group
having 9 to 50 ring atoms.

[0150] Examples of the nitrogen-containing heterocyclic
derivatives represented by formulae (60) to (62) are shown
below.

e lle ~
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[0151] The thickness of the electron transporting layer is
preferably 1 to 100 nm, although not particularly limited
thereto.

[0152] The electron injecting layer which may be formed
adjacent to the electron transporting layer preferably
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includes an inorganic compound, such as an insulating
material and a semiconductor in addition to the nitrogen-
containing ring derivative. The insulating material or semi-
conductor incorporated into the electron injecting layer
effectively prevents the leak of electric current to enhance
the electron injecting properties.

[0153] The insulating material is preferably at least one
metal compound selected from the group consisting of alkali
metal chalcogenides, alkaline earth metal chalcogenides,
alkali metal halides and alkaline earth metal halides. The
alkali metal chalcogenide, etc. incorporated into the electron
injecting layer further enhances the electron injecting prop-
erties. Preferred examples of the alkali metal chalcogenides
include Li,0, K,0, Na,S, Na,Se and Na,O, and preferred
examples of the alkaline earth metal chalcogenides include
Ca0, Ba0, SrO, BeO, BaS and CaSe. Preferred examples of
the alkali metal halides include LiF, NaF, KF, LiCl, KC1 and
NaCl. Examples of the alkaline earth metal halides include
fluorides such as CaF,, BaF,, SrF,, MgF, and BeF, and
halides other than fluorides.

[0154] Examples of the semiconductor may include oxide,
nitride or oxynitride each containing at least one element
selected from the group consisting of Ba, Ca, Sr, Yb, Al, Ga,
In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. The semiconductor
may be used singly or in combination of two or more. The
inorganic compound forming the electron injecting layer
preferably forms a microcrystalline or amorphous insulating
thin film. When the electron injecting layer is formed from
such an insulating thin film, the thin film is made more
uniform to decrease the pixel defects such as dark spots.
Examples of such inorganic compound include alkali metal
chalcogenides, alkaline earth metal chalcogenides, alkali
metal halides and alkaline earth metal halide, each being
described above.

[0155] The thickness of the layer including the insulating
material or the semiconductor is preferably about 0.1 to 15
nm. The electron injecting layer may include the electron-
donating dopant described above.

Hole Transporting Layer

[0156] The hole transporting layer is an organic layer
formed between the light emitting layer and the anode and
has a function of transporting holes from the anode to the
light emitting layer. When the hole transporting layer is
formed by two or more layers, the layer closer to the anode
may be defined as the hole injecting layer in some cases. The
hole injecting layer has a function of efficiently injecting
holes from the anode to the organic layer unit.

[0157] An aromatic amine compound, for example, the
aromatic amine derivative represented by formula (I), is also
preferably used as the material for forming the hole trans-
porting layer.

O

Ar! A
/
/N —L—N\
A Art

[0158] In the formula (I), each of Ar' to Ar* represents a
substituted or unsubstituted aromatic hydrocarbon group or
fused aromatic hydrocarbon group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted aromatic het-
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erocyclic group or fused aromatic heterocyclic group having _continued

5 to 50 ring atoms, or a group wherein the aromatic

hydrocarbon group or fused aromatic hydrocarbon group is

bonded to the aromatic heterocyclic group or fused aromatic Q
heterocyclic group. Ar' and Ar?, or Ar® and Ar* may form a

ring.

[0159] L represents a substituted or unsubstituted aromatic

hydrocarbon group or fused aromatic hydrocarbon group

each having 6 to 50 ring carbon atoms or a substituted or
unsubstituted aromatic heterocyclic group or fused aromatic N
heterocyclic group each having 5 to 50 ring atoms.

[0160] Examples of the compound represented by formula
(I) are shown below.
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[0161] The aromatic amine represented by formula (II) is

also preferably used as the material for forming the hole

transporting layer. O O

an
Al‘l
/
AP—N ‘ O O O

\ N

[0162] In formula (II), each of Ar' to Ar® is defined as in OO
the definition of Ar' to Ar* of formula (I). Examples of the
compounds represented by formula (II) are shown below,

although not limited thereto.
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[0163] The hole transporting layer of the organic EL
device may be made into two-layered structure of a first hole
transporting layer (anode side) and a second hole transport-
ing layer (cathode side).

[0164] The thickness of the hole transporting layer is
preferably 10 to 200 nm, although not particularly limited
thereto.

[0165] The organic EL device may have a layer compris-
ing an acceptor material which is attached to the anode side
of each of the hole transporting layer and the first hole
transporting layer. With such a layer, it is expected that the
driving voltage is lowered and the production cost is
reduced.

[0166] The acceptor material is preferably a compound
represented by the following formula:

@
ald

CN
NC XN N
N N CN
I
F
N N CN.
N
NC 7
CN
[0167] The thickness of the layer comprising the acceptor

material is preferably 5 to 20 nm, although not particularly
limited thereto.

n/p Doping

[0168] The carrier injecting properties of the hole trans-
porting layer and the electron transporting layer can be
controlled by, as described in JP 3695714B, the doping (n)
with a donor material or the doping (p) with an acceptor
material.

[0169] A typical example of the n-doping is an electron
transporting material doped with a metal, such as Li and Cs,
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and a typical example of the p-doping is a hole transporting
material doped with an acceptor material such as, F,TCNQ.

Space Layer

[0170] For example, in an organic ELL device wherein a
fluorescent light emitting layer and a phosphorescent light
emitting layer are laminated, a space layer is disposed
between the fluorescent light emitting layer and the phos-
phorescent light emitting layer to prevent the diffusion of
excitons generated in the phosphorescent light emitting layer
to the fluorescent light emitting layer or to control the carrier
balance. The space layer may be disposed between two or
more phosphorescent light emitting layers.

[0171] Since the space layer is disposed between the light
emitting layers, a material combining the electron transport-
ing ability and the hole transporting ability is preferably
used for forming the space layer. To prevent the diffusion of
triplet energy in the adjacent phosphorescent light emitting
layer, the triplet energy of the material for the space layer is
preferably 2.6 eV or more. The materials described with
respect to the hole transporting layer are usable as the
material for the space layer.

Blocking Layer

[0172] The organic EL device preferably has a blocking
layer, such as an electron blocking layer, a hole blocking
layer, and a triplet blocking layer, which is disposed adjacent
to the light emitting layer. The electron blocking layer is a
layer which prevents the diffusion of electrons from the light
emitting layer to the hole transporting layer. The hole
blocking layer is a layer which prevents the diffusion of
holes from the light emitting layer to the electron transport-
ing layer.

[0173] The triplet blocking layer prevents the diffusion of
triplet excitons generated in the light emitting layer to
adjacent layers and has a function of confining the triplet
excitons in the light emitting layer, thereby preventing the
deactivation of energy on molecules other than the emitting
dopant of triplet excitons, for example, on molecules in the
electron transporting layer.

[0174] The electron mobility of the electron injecting layer
is preferably 107° ¢cm*Vs or more at an electric field
strength in a range of 0.04 to 0.5 MV/cm. Within the above
range, the injection of electrons from the cathode to the
electron transporting layer is promoted and the injection of
electrons to the adjacent blocking layer and light emitting
layer is also promoted, thereby enabling to drive a device at
lower voltage.

EXAMPLES

[0175] The present invention will be described in more
detail with reference to the examples. However, it should be
noted that the scope of the invention is not limited to the
following examples.

Synthesis Example 1 (Synthesis of Compound 1)
[0176]

Br \O .
s
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Intermediate 1

[0177] Ina 500-mL four-necked flask, 9-bromonaphthol2,
1-b]benzofuran (2.0 g, 6.7 mmol) was dissolved in chloro-
form (140 mL). After gradually adding a solution of bromine
(0.4 mL, 7.8 mmol, 1.2 eq.) in chloroform (5.0 mL), the
resultant mixture was stirred at room temperature for 5 h and
at 50° C. for 2.5 h. The reaction solution was added with
methanol, and the precipitated solid was collected by filtra-
tion to obtain the intermediate 1 (1.8 g, yield: 72%). The
identification of the intermediate 1 was made by FDMS
(field desorption mass spectrometry) analysis.

NHPh,
szdbag

o}
Br P(tBu);
Q B NaoBu

Intermediate 1

9

Compound 1

[0178] In a 500-mL four-necked flask, the intermediate 1
(1.8 g, 4.8 mmol), diphenylamine (2.0 g, 12 mmol, 2.5 eq.),
tris(dibenzylideneacetone )palladium (0.26 g, 0.28 mmol,
6.0 mol %), and sodium t-butoxide (1.4 g, 15 mmol, 3.0 eq.)
were charged. After replacing the inner atmosphere with
nitrogen, dry toluene (50 mL) and a 3 M toluene solution of
tri-t-butylphosphine (78 pL, 0.23 mmol, 4.8 mol %) were
added, and the resultant mixture was refluxed for 11 h under
heating.

[0179] After cooling to room temperature, the reaction
solution was added with water and extracted with toluene.
The extract was dried over sodium sulfate and concentrated
under reduced pressure. The obtained crude product was
purified by column chromatography to obtain the target
compound 1 (1.5 g, 2.7 mmol, yield: 56%). The identifica-
tion of the compound 1 was made by FDMS (field desorp-
tion mass spectrometry) analysis.

Synthesis Example 2 (Synthesis of Compound 2)
[0180]

o NH(tol)s
szdbag

Br P(tBu);
Br N0t
_

Intermediate 1

o
B

Compound 2

[0181] In a 500-mL four-necked flask, the intermediate 1
(2.4 g, 6.4 mmol), ditolylamine (2.5 g, 13 mmol, 2.0 eq.),
tris(dibenzylideneacetone)palladium (0.35 g, 0.38 mmol,
6.0 mol %), and sodium t-butoxide (1.4 g, 15 mmol, 2.3 eq.)
were charged. After replacing the inner atmosphere with
nitrogen, dry toluene (60 mL) and a 3 M toluene solution of
tri-t-butylphosphine (100 uL, 0.30 mmol, 4.7 mol %) were
added, and the resultant mixture was refluxed for 16 h under
heating.

[0182] After cooling to room temperature, the reaction
solution was added with water and extracted with toluene.
The extract was dried over sodium sulfate and concentrated
under reduced pressure. The obtained crude product was
purified by column chromatography to obtain the target
compound 2 (1.6 g, 2.6 mmol, yield: 41%). The identifica-
tion of the compound 2 was made by FDMS (field desorp-
tion mass spectrometry) analysis.

Synthesis Example 3 (Synthesis of Compound 3)
[0183]

95¢
0

0 Pd,(dba);
P(tBu)s

G

NaOtBu
Intermediate 1
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o oD 20

Compound 3

[0184] Ina 300-mL three-necked flask, the intermediate 1
(3.0 g, 8.0 mmol), N-phenyl-2-dibenzofuranamine (4.2 g, 16
mmol, 2.0 eq.), tris(dibenzylidencacetone)palladium (0.44
g, 0.48 mmol, 6 mol %), a 823 M toluene solution of
tri-t-butylphosphine (47 pL, 0.39 mmol, 4.8 mol %), and
sodium t-butoxide (1.7 g, 18 mmol, 2.2 eq.) were charged.
After adding dry toluene (32 mL), the resultant mixture was
refluxed for 5 h under heating. The reaction solution was
washed with a saturated saline solution and extracted with
toluene. The organic layer was dried over sodium sulfate and
then concentrated. The obtained crude product was purified
by column chromatography to obtain the target compound 3
(4.4 g, 5.9 mmol, yield: 74%). The identification of the
compound 3 was made by FDMS (field desorption mass
spectrometry) analysis.

Synthesis Example 4 (Synthesis of Compound 4)

[0185]

9
A

n-BuLi
(CH,Br),

—

0O
O Br
Intermediate 2

[0186] In a 500-mL three-necked flask, 4-phenyldibenzo-
furan (20 g, 82 mmol) was dissolved in dry THF (164 mL).
The obtained solution was cooled to -68° C. in a dry
ice-methanol bath and added with a 1.6 M hexane solution
of n-butyllithium (56 mL, 90 mmol, 1.1 eq.). The tempera-
ture was gradually raised and the solution was stirred for 3
h at room temperature. The reaction solution was again
cooled to -68° C. in a dry ice-methanol bath and added with
1, 2-dibromoethane (14 mL, 162 mmol, 2.0 eq.). The tem-
perature was gradually raised and the solution was stirred for
3 h at room temperature. The obtained reaction solution was
added with water and extracted with ethyl acetate. The
organic layer was washed with a saturated saline solution,
dried over sodium sulfate, and concentrated. The obtained
crude product was purified by column chromatography to
obtain the intermediate 2 (21 g, HPLC purity: 67% (inclu-

sive of starting compound), yield: 67%). The identification
of the intermediate 2 was made by FDMS (field desorption
mass spectrometry) analysis.

aniline
Pd,(dba);

BINAP

NaOtBu
—_—

¢
O

Intermediate 3

]
Q Br

Intermediate 2

[0187] Ina 1-L three-necked flask, the intermediate 2 (26
g, ca. 55 mmol), aniline (6.0 ml, 66 mmol, 1.2 eq.),
tris(dibenzylideneacetone)palladium (0.75 g, 0.82 mmol,
1.5 mol %), 2, 2'-bis(diphenylphosphino)-1, 1'-binaphthyl
(1.0 g, 1.6 mmol, 3 mol %), and sodium t-butoxide (5.8 g,
60 mmol, 1.1 eq.) were charged. After adding dry toluene
(220 mL), the resultant mixture was refluxed for 6 h under
heating. After washing with a saturated saline solution, the
obtained solution was extracted with ethyl acetate. The
extract was dried over sodium sulfate and concentrated. The
obtained crude product was purified by column chromatog-
raphy to obtain the intermediate 3 (16 g, 46 mmol, yield:
82%). The identification of the intermediate 3 was made by
FDMS (field desorption mass spectrometry) analysis.

Pdy(dba);
P(tBu);

0
O Br NaOtBu
9

Intermediate 1

Cre)
Odﬂ bo

Compound 4
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[0188] Ina 300-mL three-necked flask, the intermediate 1
(3.0 g, 8.0 mmol), the intermediate 3 (5.4 g, 16 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.44 g, 0.48
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
phosphine (47 pL, 0.39 mmol, 4.8 mol %), and sodium
t-butoxide (1.7 g, 18 mmol, 2.2 eq.) were charge. After
adding dry toluene (48 mL), the resultant mixture was
refluxed for 6 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution and
extracted with toluene. The organic layer was dried over
sodium sulfate and concentrated. The obtained crude prod-
uct was purified by column chromatography to obtain the
target compound 4 (5.1 g, 5.8 mmol, yield: 73%). The
identification of the compound 4 was made by FDMS (field
desorption mass spectrometry) analysis.

Synthesis Example 5 (Synthesis of Compound 5)

[0189]

Ssens

Pd,(dba);
(o) P(tBu);
NaOtBu

Intermediate 1

O O

o 3
SARtRe

Compound 5

[0190] Ina 300-mL three-necked flask, the intermediate 1
(3.0 g, 8.0 mmol), N-(dibenzofuran-2-yl)-N-phenylamine
(4.2 g, 16 mmol, 2.0 eq.), tris(dibenzylideneacetone)palla-
dium (0.44 g, 0.48 mol, 6 mol %), a 8.23 M toluene solution
of tri-t-butylphosphine (47 uL, 0.39 mmol, 4.8 mol %), and
sodium t-butoxide (1.7 g, 18 mmol, 2.2 eq.) were charged.
After adding dry toluene (48 mL), the resultant mixture was
refluxed for 6 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution and
extracted with toluene. The organic layer was dried over
sodium sulfate and concentrated. The obtained crude prod-
uct was purified by column chromatography to obtain the
target compound 5 (0.98 g, 1.3 mmol, yield: 16%). The
identification of the compound 5 was made by FDMS (field
desorption mass spectrometry) analysis.
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Synthesis Example 6 (Synthesis of Compound 6)

sz(dbﬁ.)g
BINAP
NaOtBu

[0191]

v

Intermediate 4

[0192] 1In a 1-L three-necked flask, 4-bromodibenzofuran
(25.0 g, 101 mmol), 4-isopropylaniline (16.4 g, 121 mmol,
1.2 eq.), tris(dibenzylideneacetone)palladium (2.78 g, 3.04
mmol, 3 mol %), 2,2"-bis(diphenylphosphino)-1,1'-binaph-
thyl (1.51 g, 24.2 mmol, 2.4 mol %), and sodium t-butoxide
(10.7 g, 111 mmol, 1.1 eq.) were charged. After adding dry
toluene (405 mL), the resultant mixture was refluxed for 7
h under heating. The obtained reaction solution was added
with a saturated saline solution and extracted with toluene.
The organic layer was dried over sodium sulfate and con-
centrated. The obtained crude product was purified by
column chromatography to obtain the intermediate 4 (8.2 g,
27.2 mmol, yield: 27%). The identification of the interme-
diate 4 was made by FDMS (field desorption mass spec-
trometry) analysis.

95e

HN

Pdy(dba);
P(tBu)s
Br O Br NaOtBu)

Intermediate 1
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Compound 6

[0193] Ina 300-mL three-necked flask, the intermediate 1
(3.0 g, 8.0 mmol), the intermediate 4 (4.8 g, 16 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.44 g, 0.48
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
phosphine (47 pL, 0.39 mmol, 4.8 mol %), and sodium
t-butoxide (1.7 g, 18 mmol, 2.2 eq.) were charged. After
adding dry toluene (48 mL), the resultant mixture was
refluxed for 6 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution and
extracted with toluene. The organic layer was dried over
sodium sulfate and concentrated. The obtained crude prod-
uct was purified by column chromatography to obtain the
target compound 6 (5.0 g, 6.1 mmol, yield: 76%). The
identification of the compound 6 was made by FDMS (field
desorption mass spectrometry) analysis.

Synthesis Example 7 (Synthesis of Compound 7)

[0194]
o) n-BulLi 0
(CH,Br), Br
Intermediate 5
[0195] In a 500-mL three-necked flask, 4-(t-butyl)diben-

zofuran (17.4 g, 78 mmol) was dissolved in dry THF (155
mL). The obtained solution was cooled to —68° C. in a dry
ice-methanol bath and added with a 1.6 M hexane solution
of n-butyllithium (53 mL, 85 mmol, 1.1 eq.) The tempera-
ture was gradually raised and the solution was stirred for 3
h at room temperature. The reaction solution was again
cooled to -68° C. in a dry ice-methanol bath and added with
1,2-dibromoethane (13 mL, 150 mmol, 2.0 eq.). The tem-
perature was gradually raised and the solution was stirred for
3 h at room temperature. The obtained reaction solution was
added with water and extracted with ethyl acetate. The
organic layer was washed with a saturated saline solution,
dried over sodium sulfate, and concentrated. The obtained
crude product was purified by column chromatography to
obtain the intermediate 5 (21 g, HPLC purity: 80% (inclu-
sive of starting compound), 55 mmol, yield: 71%). The
identification of the intermediate 5 was made by FDMS
(field desorption mass spectrometry) analysis.

Nov. 9,2017

319

aniline
sz(dbﬂ.)g

BINAP
NaOtBu)

—_

0

Intermediate 5

1)

HN.

Intermediate 6

[0196] Ina 1-L three-necked flask, the intermediate 5 (20
g, ca. 55 mmol), aniline (6.0 ml, 65 mmol, 1.2 eq.),
tris(dibenzylideneacetone)palladium (0.75 g, 0.82 mmol,
1.5 mol %), 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
(1.0 g, 1.6 mmol, 3.0 mol %), and sodium t-butoxide (5.8 g,
60 mmol, 1.1 eq.) were charged. After adding dry toluene
(220 mL), the resultant mixture was refluxed for 6 h under
heating. The obtained reaction solution was added with a
saturated saline solution and extracted with toluene. The
organic layer was dried over sodium sulfate and concen-
trated. The obtained crude product was purified by column
chromatography to obtain the intermediate 6 (16 g, 49
mmol, yield: 89%). The identification of the intermediate 6
was made by FDMS (field desorption mass spectrometry)
analysis.

0
e

Pdy(dba);
P(tBu);

Br O O Br NaOtBu
‘

Intermediate 1

) )

@N ® N@
9,

Compound 7
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[0197] Ina300-mL three-necked flask, the intermediate 1
(3.0 g, 8.0 mmol), the intermediate 6 (5.0 g, 24 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.44 g, 0.48
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
phosphine (47 pl, 0.39 mmol, 4.8 mol %), and sodium
t-butoxide (1.7 g, 18 mmol, 2.2 eq.) were charged. After
adding dry toluene (48 mL), the resultant mixture was
refluxed for 6 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution and
extracted with toluene. The organic layer was dried over
sodium sulfate and concentrated. The obtained crude prod-
uct was purified by column chromatography to obtain the
target compound 7 (5.17 g, 6.1 mmol, yield: 76%). The
identification of the compound 7 was made by FDMS (field
desorption mass spectrometry) analysis.

Synthesis Example 8 (Synthesis of Compound 8)

[0198]

SOANNGY

Intermediate 7

[0199] Ina300-mL round flask, 1,1'-bi-2-naphthol (5.4 g,
19 mmol) and Zeolith CBV780 (manufactured by Zeolyst
Inc.) (2.5 g) were suspended in o-dichlorobenzene (30 mL).
The suspension was refluxed for 18 h under heating, and
then, filtered under heating and washed with hot toluene.
The filtrate was concentrated to such degree that o-dichlo-
robenzene still remained and then added with methanol to
precipitate solid. The solid was collected by filtration to
obtain the intermediate 7 as white powder (4.6 g, 18 mmol,
90%). The identification of the intermediate 7 was made by
FDMS (field desorption mass spectrometry) analysis.

0o

Intermediate 7

Intermediate 8

[0200] Ina300-mL three-necked flask, the intermediate 7
(1.0 g, 3.7 mmol) was dissolved in chloroform (40 mL).
After adding a chloroform solution (2 mL) of bromine (0.4
mlL, 7.8 mmol, 2.1 eq.) slowly, the solution was stirred at
room temperature for 2 h. The resultant solution was added
with methanol to precipitate solid. The solid was collected
by filtration to obtain the intermediate 8 (1.5 g, 3.5 mmol,
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94%). The identification of the intermediate 8 was made by
FDMS (field desorption mass spectrometry) analysis.

Br
NHPh,
szdb a3
P(tBu);
NaOtBu

Qo —»

oY

Br

Intermediate 8

RN
SPoatte

Compound 8

[0201] In a 500-mL four-necked flask, the intermediate 8
(1.5 g, 3.5 mmol), diphenylamine (1.5 g, 8.9 mmol, 2.5 eq.),
tris(dibenzylideneacetone)palladium (0.20 g, 0.21 mmol,
6.0 mol %), and sodium t-butoxide (0.85 g, 8.8 mmol, 2.5
eq.) were charged. After replacing the inner atmosphere with
nitrogen, dry toluene (40 mL) and a 3 M toluene solution of
tri-t-butylphosphine (56 pl, 0.17 mmol, 4.9 mol %) were
added, and the resultant mixture was refluxed for 12 h under
heating. After cooling to room temperature, the reaction
solution was added with water and extracted with toluene.
The extract was dried over sodium sulfate and concentrated
under reduced pressure. The obtained crude product was
purified by column chromatography to obtain the target
compound 8 (1.2 g, 2.0 mmol, yield: 57%). The identifica-
tion of the compound 8 was made by FDMS (field desorp-
tion mass spectrometry) analysis.

Synthesis Example 9 (Synthesis of Compound 9)
[0202]

HN\O
O Pd,(dba);

Br. Br P(tBu)3
NaOtBu

Intermediate 8
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-continued

Compound 9

[0203] Ina300-mL three-necked flask, the intermediate 8
(5.0 g, 12 mmol), N-phenyl-2-dibenzofuranamine (6.1 g, 24
mmol, 2.0 eq.), tris(dibenzylideneacetone)palladium (0.65
g, 0.71 mmol, 6 mol %), a 8.23 M toluene solution of
tri-t-butylphosphine (69 pl, 0.57, 4.8 mol %), and sodium
t-butoxide (2.5 g, 26 mmol, 2.2 eq.) were charged. After
adding dry toluene (48 mL), the resultant mixture was
refluxed for 6 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution and
extracted with toluene. The organic layer was dried over
sodium sulfate and concentrated. The obtained crude prod-
uct was purified by column chromatography to obtain the
target compound 9 (6.4 g, 8.2 mmol, yield: 68%). The
identification of the compound 9 was made by FDMS (field
desorption mass spectrometry) analysis.

Synthesis Example 10 (Synthesis of Compound 10)
[0204]

Pdy(dba);

0 P(iBu)s

50

Intermediate 8

[0205] Ina 300-mL three-necked flask, the intermediate 8
(5.0 g, 12 mmol), the intermediate 3 (7.9 g, 24 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.64 g, 0.70
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
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phosphine (68 T, 0.56 mmol, 4.8 mol %), and sodium
t-butoxide (2.5 g, 26 mmol, 2.2 eq.) ware charged. After
adding dry toluene (47 mL), the resultant mixture was
refluxed for 3 h under heating. The obtained reaction solu-
tion was added with a saturated saline solution and extracted
with toluene. The extract was dried over sodium sulfate and
concentrated. The obtained crude product was purified by
column chromatography to obtain the target compound 10
(2.5 g, 2.7 mmol, vield: 23%). The identification of the
compound 10 was made by FDMS (field desorption mass
spectrometry) analysis.

Synthesis Example 11 (Synthesis of Compound 11)

"sens

Pd,(dba);
P(tBu);
NaOtBu

[0206]

Intermediate 8

0 % N

0%

[0207] Ina 300-mL three-necked flask, the intermediate 8
(5.0 g, 12 mmol), N-(dibenzofuran-2-yl)-N-phenylamine
(6.3 g, 24 mmol, 2.0 eq.), tris(dibenzylideneacetone)palla-
dium (0.64 g, 0.70 mmol, 6 mol %), a 8.23 M toluene
solution of tri-t-butylphosphine (68 ul, 0.56 mmol, 4.8 mol
%), and sodium t-butoxide (2.5 g, 26 mmol, 2.2 eq.) were
charged. After adding dry toluene (50 mL), the resultant
mixture was refluxed for 7 h under heating. The obtained
reaction solution was washed with a saturated saline solu-
tion. The organic layer was dried over sodium sulfate and
concentrated. The obtained crude product was purified by
column chromatography to obtain the target compound 11
(3.14 g, 4.0 mmol, yield: 33%). The identification of the
compound 11 was made by FDMS (field desorption mass
spectrometry) analysis.

Compound 11
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Synthesis Example 12 (Synthesis of Compound 12)
[0208]

Pd2 ( dbﬂ.) 3
P(tBu);
NaOtBu

0]
Intermediate 8

s

0]

0
538

Compound 12

(0]

[0209] Ina300-mL three-necked flask, the intermediate 8
(5.0 g, 12 mmol), the intermediate 4 (7.1 g, 24 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.64 g, 0.70
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
phosphine (68 pl, 0.56 mmol, 4.8 mol %), and sodium
t-butoxide (2.5 g, 26 mmol, 2.2 eq.) were charged. After
adding dry toluene (46 mL), the resultant mixture was
refluxed for 7 h under heating. The obtained reaction solu-
tion was washed with a saturated saline solution. The
organic layer was dried over sodium sulfate and concen-
trated. The obtained crude product was purified by column
chromatography to obtain the target compound 12 (2.3 g, 2.7
mmol, yield: 23%). The identification of the compound 12
was made by FDMS (field desorption mass spectrometry)
analysis.

Synthesis Example 13 (Synthesis of Compound 13)
[0210]

e
Pds(dba);
o P(tBu)s

Br Br NaOtBu
50

Intermediate 8
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-continued

Compound 13

[0211] In a 300-mL three-necked flask, the intermediate 8
(5.0 g, 12 mmol), the intermediate 6 (7.4 g, 24 mmol, 2.0
eq.), tris(dibenzylideneacetone)palladium (0.64 g, 0.70
mmol, 6 mol %), a 8.23 M toluene solution of tri-t-butyl-
phosphine (68 L, 0.56 mmol, 4.8 mol %), and sodium
t-butoxide (2.5 g, 26 mmol, 2.2 eq.) were charged. After
adding toluene (50 mL), the resultant mixture was refluxed
for 7 h under heating. The obtained reaction solution was
washed with a saturated saline solution. The organic layer
was dried over sodium sulfate and concentrated. The
obtained crude product was purified by column chromatog-
raphy to obtain the target compound 13 (6.4 g, 7.2 mmol,
vield: 60%). The identification of the compound 13 was
made by FDMS (field desorption mass spectrometry) analy-
sis.

Example 1

[0212] A glass substrate of 25 mmx75 mmx1.1 mm thick-
ness having an ITO transparent electrode (product of Geo-
matec Co., Ltd.) was cleaned by ultrasonic cleaning in
isopropyl alcohol for 5 min and then UV ozone cleaning for
30 min. The thickness of the ITO transparent electrode was
130 nm.

[0213] The cleaned glass substrate having the ITO trans-
parent electrode line was mounted to a substrate holder of a
vacuum vapor deposition apparatus. The following com-
pound (HI-1) was vapor-deposited so as to cover the ITO
transparent electrode line to form an HI-1 film with a
thickness of 5 nm, thereby forming a hole injecting layer.

[0214] Then, on the HI-1 film, the following compound
HT-1 was vapor-deposited into an HT-1 film with a thickness
of 80 nm to form a first hole transporting layer.

[0215] Then, on the HT-1 film, the following compound
HT-2 was vapor-deposited into an HT-2 film with a thickness
of 15 nm to form a second hole transporting layer.

[0216] Further, on the HT-2 film, the compound BH-1 was
vapor-deposited into a light emitting layer with a thickness
of 25 nm. Simultaneously, the compound 2 as the fluorescent
emitting material was vapor co-deposited. The concentration
of the compound 2 was 5.0% by mass of the total of the
compound BH-1 and the compound 2. The vapor co-depos-
ited film functions as a light emitting layer.

[0217] On the light emitting layer, the following com-
pound ET-1 was vapor-deposited into an ET-1 film with a
thickness of 20 nm to form a first electron transporting layer.
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[0218] Then, on the ET-1 film, the following compound _continued

ET-2 was vapor-deposited into an ET-2 film with a thickness BH-1
of 5 nm to form a second electron transporting layer.

[0219] Then, on the ET-2 film, LiF was vapor-deposited O

into a LiF film with a thickness of 1 nm at a film-forming

speed of 0.1 A/min to form an electron injecting electrode

(cathode).

[0220] Finally, on the LiF film, metallic Al was vapor- Q

deposited into a metallic Al film with a thickness of 80 nm

to form a metallic Al cathode. thereby obtaining an organic

EL device.
HI-1
NC CN
>/ \<
N N
NC / \ CN
— N=—
NC CN

HT-1

HT-2 Compound 2

Examples 2 to 3
[0221] Each organic EL device was produced in the same
manner as in Example 1 except for using the compound 9
(Example 2) and the compound 10 (Example 3) in place of
the compound 2.
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Evaluation of Organic EL Device

[0222] The obtained organic EL devices were measured
for the driving voltage, the external quantum efficiency
EQE, and the main peak wavelength A, by applying voltage
to give a current density of 10 mA/cm>. The results are
shown in Table 1.

TABLE 1
Driving  External quantum
voltage efficiency Emitting
Compound V) (%) color
Example 1 compound 2 3.6 9.6 blue
Example 2 compound 9 3.6 9.6 blue
Example 3 compound 10 3.6 9.3 blue

[0223] As seen from Table 1, the amine compound of the
invention realizes an organic EL device having high emis-
sion efficiency even at a low driving voltage.

INDUSTRIAL APPLICABILITY

[0224] By using the combination of the materials of the
invention, an organic EL device with a long lifetime and a
high efficiency at a low driving voltage is obtained.

REFERENCE NUMERALS

[0225] 1: Organic electroluminescence device
[0226] 2: Substrate
[0227] 3: Anode
[0228] 4: Cathode
[0229] 5: Light emitting layer
[0230] 6: Hole injecting/transporting layer
[0231] 7: Electron injecting/transporting layer
[0232] 10: Emission unit
1: An amine compound represented by formula (1):

B-LA), M
wherein:
nis 1;
B represents a structure represented by formula (2) shown
below;
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compound 9

Compound 10

Q

A represents a group represented by formula (4) shown
below:

wherein two adjacent groups in at least one pair of R* and
R? R?and R?, R* and R*, R® and RS, R and R’, and
R” and R® are bonded to each other to form a divalent
group represented by formula (3):

3
R® R¢

/2 N

n group of R* to R® and R” to R¥ represents a single bond
which is bonded to the group A represented by formula
*)

each of R* to R® which does not form the divalent group
and does not represent the single bond bonded to the
group A represented by formula (4), and each of R to
R? which does not represent the single bond bonded to
the group A represented by formula (4) are indepen-
dently selected from a hydrogen atom, a fluorine atom,
a cyano group, a substituted or unsubstituted alkyl
group having 1 to 20 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 20 ring
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, a substituted or
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unsubstituted alkoxy group having 1 to 20 carbon _continued

atoms, a substituted or unsubstituted aryloxy group (13)
having 6 to 30 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 20 carbon
atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 50 carbon
atoms, a substituted or unsubstituted arylsilyl group
having 6 to 50 ring carbon atoms, and a substituted or
unsubstituted heterocyclic group having 5 to 30 ring
atoms; and

X represents an oxygen atom; and

wherein X and R! to R® are as defined above, and R'* to
LI Arl R:‘, R?! to R?*, and R*! to R** are defined as in R to
R«
—L=N 4: The amine compound according to claim 1, wherein
L2—Ar? two pairs selected from R' and R*, R? and R?, R* and R*, R®
and RS, R® and R”, and R” and R® form the divalent groups
wherein: represented by formula (3).

each of Ar! and Ar® independently represents a substituted 5: The amine compound according to claim 1, wherein the
or unsubstituted aryl group having 6 to 30 ring carbon structure B is represented by any of formulae (14) to (19):
atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms;

L represents an arylene group having 6 to 30 ring carbon )
atoms, a heteroarylene group having 5 to 30 ring atoms,
or a divalent linking group formed by bonding 2 to 4
groups selected from the arylene groups and the het-
eroarylene groups, provided that Ar' and Ar* both do
not represent substituted or unsubstituted aryl groups
each having 6 to 30 ring carbon atoms; and

each of L' and L? independently represents a single bond,

an arylene group having 6 to 30 ring carbon atoms, a
heteroarylene group having 5 to 30 ring atoms, or a
divalent linking group formed by bonding 2 to 4 groups
selected from the arylene groups and the heteroarylene
groups.

2: The amine compound according to claim 1, wherein
one pair selected from R' and R, R and R?, R? and R*, R®
and R®, R® and R”, and R” and R® forms the divalent group
represented by formula (3).

3: The amine compound according to claim 1, wherein the
structure B is represented by any of formulae (11) to (13):

(15)

(16)

(1)

an
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-continued

(18)

19

wherein X and R to R® are as defined above, and R*' to
R*, R*" to R*®, R% to R%, R™ to R"%, R* to R®®, and

R to R®® are defined as in R* to R
6: The amine compound according to claim 1, wherein the
structure B is represented by any of formulae (14) to (16):

(14

(15)

(16)

wherein X, R* to R®, R*! 1o R*%, R>! to R®%, and R®! to R®®
are as defined above.
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7-8. (canceled)

9: The amine compound according to claim 1, wherein the
group A represented by formula (4) is represented by for-
mula (6):

©
Al‘l

—L—N
L2—HAr

wherein L, L?, and Ar' are as defined above, and HAr
represents a structure represented by formula (7):

™

R134 R135

R133

Ri3l R138

wherein X? represents an oxygen atom or a sulfur atom,
one of R'*! to R"*® represents a single bond bonded to
1.2, and the others of R*** to R'*® each independently
represent a hydrogen atom, a fluorine atom, a cyano
group, a substituted or unsubstituted alkyl group having
1 to 20 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 20 ring carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted alkylthio
group having 1 to 20 carbon atoms, a substituted or
unsubstituted arylthio group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkylsilyl group
having 3 to 50 carbon atoms, a substituted or unsub-
stituted arylsilyl group having 6 to 50 ring carbon
atoms, or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

10: The amine compound according to claim 9, wherein
one of R*%, R'**, R'*° and R'*” represents a single bond
bonded to I.%.

11. (canceled)

12: An organic electroluminescence device which com-
prises a cathode, an anode, and one or more organic thin film
layers which are disposed between the cathode and the
anode, wherein the organic thin film layers comprise a light
emitting layer, and at least one layer of the organic thin film
layers comprises at least one amine compound according to
claim 1.

13: The organic electroluminescence device according to
claim 12, wherein the light emitting layer comprises the
amine compound.

14: The organic electroluminescence device according to
claim 12, wherein the at least one layer comprises the amine
compound and an anthracene derivative represented by
formula (5a):



US 2017/0324043 Al

Nov. 9,2017

327

(5a)
Rl08 Rl

R107 RIOZ

R106 R103

3
a

RI05 Rio4

wherein each of Ar'' and Ar'? independently represents a
substituted or unsubstituted monocyclic group having 5
to 50 ring atoms or a substituted or unsubstituted fused
ring group having 8 to 50 ring atoms, and each of R**
to R'*® independently represents a group selected from
a hydrogen atom, a substituted or unsubstituted mono-
cyclic group having 5 to 50 ring atoms, a substituted or
unsubstituted fused ring group having 8 to 50 ring
atoms, a group constituted of a combination of the
monocyclic group and the fused ring group, a substi-
tuted or unsubstituted alkyl group having 1 to 50
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 50 ring carbon atoms, a substituted
or unsubstituted alkoxy group having 1 to 50 carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, a substituted or unsub-
stituted aryloxy group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted silyl group, a
halogen atom, and a cyano group.

15: The organic electroluminescence device according to
claim 14, wherein each of Ar'! and Ar'? of formula (5a)
independently represents the substituted or unsubstituted
fused ring group having 8 to 50 ring atoms.

16: The organic electroluminescence device according to
claim 14, wherein one of Ar'' and Ar'? of formula (5a)
represents the substituted or unsubstituted monocyclic group
having 5 to 50 ring carbon atoms, and the other represents
the substituted or unsubstituted fused ring group having 8 to
50 ring atoms.

17: The organic electroluminescence device according to
claim 16, wherein in formula (5a), Ar' represents a naph-
thyl group, a phenanthryl group, a benzanthryl group, a
9,9-dimethylfluorenyl group, or a dibenzofuranyl group, and
Ar'! represents an unsubstituted phenyl group or a phenyl
group substituted with the monocyclic group or the fused
ring group.

18: The organic electroluminescence device according to
claim 16, wherein in formula (5a), Ar'> represents the
substituted or unsubstituted fused ring group having 8 to 50
ring atoms, and Ar'' represents an unsubstituted phenyl
group.

19: The organic electroluminescence device according to
claim 14, wherein each of Ar' and Ar'® of formula (5a)
independently represents the substituted or unsubstituted
monocyelic group having 5 to 50 ring atoms.

20: The organic electroluminescence device according to
claim 19, wherein each of Ar'' and Ar™> of formula (5a)
independently represents a substituted or unsubstituted phe-
nyl group.

21: The organic electroluminescence device according to
claim 19, wherein in formula (5a), Ar'' represents an unsub-
stituted phenyl group, and Ar'? represents a phenyl group
substituted with the monocyclic group or the fused ring
group.

22: The organic electroluminescence device according to
claim 19, wherein each of Ar'! and Ar'? of formula (5a)
independently represents a phenyl group substituted with the
monocyelic group or the fused ring group.

ok % k&
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