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1
AROMATIC HETEROCYCLIC DERIVATIVE,
MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENT, AND
ORGANIC ELECTROLUMINESCENT
ELEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of prior U.S.
application Ser. No. 14/918,935, filed Oct. 21, 2015, the
disclosure of which is incorporated herein by reference in its
entirety, U.S. application Ser. No. 14/918,935 is a continu-
ation application of prior U.S. application Ser. No. 13/989,
698, filed May 24, 2013, the disclosure of which is incor-
porated herein by reference in its entirety. U.S. application
Ser. No. 13/989,698 is the National Stage of PCT/IP12/
080156, filed Nov. 21, 2012, the disclosure of which is
incorporated herein by reference in its entirety. U.S. appli-
cation Ser. No. 13/989.698 claims priority to Japanese
Application No, 2011-255472, filed. Nov. 22, 2011, and to
Japanese Application No. 2012-193349, filed Sep. 3, 2012,
the disclosures of which are incorporated herein by refer-
ence in their entireties.

FIELD

Embodiment(s) described herein relates to an organic
electroluminescence device, an aromatic heterocyclic
derivative applicable to the organic electroluminescence
device, and an organic-electroluminescence-device material
including the aromatic heterocyclic derivative.

BACKGROUND

An organic electroluminescence device (hereinafter,
occasionally referred to as an organic EL device) can be
classified by the emission principle into two types: a fluo-
rescent organic EL device and a phosphorescent organic EL
device. When a voltage is applied to the organic EL device,
holes are injected from an anode and electrons are injected
from a cathode. The holes and the electrons are recombined
in an emitting layer to form excitons. According to the
electron spin statistics theory, singlet excitons and triplet
excitons are generated at a ratio of 25%: 75%. In a fluores-
cent organic EL. device which uses emission caused by
singlet excitons, the limited value of an internal quantum
efficiency 1s believed to be 25%. A technology for extending
a lifetime of a fluorescent organic EL device using a fluo-
rescent material has recently been improved and applied to
a full-color display of a mobile phone, TV and the like.
However, as compared with a phosphorescent organic EL
device, a fluorescent organic EL device is required to be
improved in efficiency.

In contrast, in relation to a technology of manufacturing
a highly efficient fluorescent-organic-EL device, there has
been disclosed a technology of extracting emissions derived
from triplet excitons by a phenomenon (i.e., TTF (Triplet-
Triplet Fusion) phenomenon) in which two triplet excitons
collide and fuse with each other to generate singlet excitons.
A blocking layer that effectively induces the TTF phenom-
enon requires to be made of a highly electron-resistant
compound serving as a layer for transporting electrons as
well as having a wide gap for increasing triplet energy. In
view of this point, a compound formed of a hydrocarbon
ring has been considered suitable.
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Patent Literature 1 discloses an organic EL device having
a pyrene skeleton or an anthracene skeleton and further a
substituent selected from a carbazolyl group, dibenzofuranyl
group or dibenzothiophenyl group in an electron transport-
ing layer adjacent to a fluorescent emitting layer.

Patent Literature 2 discloses an organic EL device using
a fluoranthene derivative for a blocking layer in order to
effectively induce The TTF phenomenon.

CITATION LIST

Patent Literatures

Patent Literature 1. International Publication No.
W02010/001817
Patent Literature 2: International Publication No.

W02010/134350
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

An object of the invention is to provide an organic EL
device that emits at a high efficiency and is driven at a lower
drive voltage, an aromatic heterocyclic derivative applicable
to the organic EL device, and an organic-EL-device material
including the aromatic heterocyclic derivative.

Means for Solving the Problems

[1] An organic electroluminescence device according to
an aspect of the invention includes: an anode; an emitting
layer; an electron transporting zone; and a cathode in this
sequence, in which the electron transporting zone comprises
an aromatic heterocyclic derivative represented by a formula
(1) below.

[Formula 1]

oy
Ary

X7 ),

)l\ /I\
A X7 Aty

In the formula (1), X, to X, are a nitrogen atom or CR,,
with a proviso that at least one of X to X, is a nitrogen atom;

R, independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms.

In the formula (1), A is represented by a formula (2)
below.
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[Formula 2]

(HAr),-L,- @

In the formula (2), HAr is represented by a formula (3)
below.

In the formula (2), a is an integer of 1 to 5.

When a is 1, L, is a single bond or a divalent linking
group.

When a is in a range of 2 to 5, L, is a trivalent to
hexavalent linking group and HAr is the same or different.

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a residue having 2 to 6 valences induced from any one of
a group formed by bonding two or three of the substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms
and the substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms.

The mutually bonded groups are the same or different.

[Formula 3]
3)
xR Kitsx;
X / \ X
L s
X3 Xn

In the formula (3), X,, to X, each are independently a
nitrogen atom, CR; or a carbon atom bonded to [; by a
single bond.

In the formula (3), Y, is a nitrogen atom, a sulfur atom,
SiR| R, or a silicon atom bonded to each of R, and L, by
a single bond.

L, is bonded by one of a carbon atom at X, to X, and
R,, to R, and a silicon atom at Y.

R,, and R, represent the same as R, in the formula (1).
R,, and R, are the same or different.

R, ; independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms. A plurality of R, ; are mutually the same
or different. Adjacent Ry may bond to each other to form a
ring.

In the above formula (1), Ar, and Ar, each are indepen-
dently represented by the formula (2), or represent a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

[2] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (3), X,
or X, is a carbon atom bonded to L, by a single bond.

[3] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (3), X,
or X, is a carbon atom bonded to L, by a single bond.
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[4] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (2), a is
an integer of 1 to 3.

[5] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (2), a is
lor2.

[6] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (2), a is
1, L, is a linking group, and the linking group is a divalent
residue of a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a divalent residue of a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms.

[7] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (2), a is
2 and L, is a linking group, and the linking group is a
trivalent residue of a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, or a trivalent residue of a
substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms.

[8] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (3), Y,
is an oxygen atom or a sulfur atom.

[9] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (3), Y,
is an oxygen atom or a sulfur atom, and one of X, to X ¢
is a carbon atom bonded to L, by a single bond and the rest
of X, to X4 are CR,;.

[10] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (1), two
or three of X, to X, are a nitrogen atom.

[11] In the organic electroluminescence device according
to the above aspect of the invention, in the formula (2), L,
is a divalent or trivalent residue induced from any one of
benzene, biphenyl, terphenyl, naphthalene and phenan-
threne.

[12] In the organic electroluminescence device according
to the above aspect of the invention, the electron transport-
ing zone includes a blocking layer, the blocking layer
including the aromatic heterocyclic derivative represented
by the formula (1).

[13] The organic electroluminescence device according to
the above aspect of the invention further includes at least one
of an electron injecting layer and an electron transporting
layer between the blocking layer and the cathode, in which
the at least one of the electron injecting layer and the
electron transporting layer includes at least one of an elec-
tron-donating dopant material and an organic metal com-
plex.

[14] In the organic electroluminescence device according
to the above aspect of the invention, the electron-donating
dopant material is at least one material selected from the
group consisting of an alkali metal, an alkaline-earth metal,
a rare earth metal, an alkali metal oxide, an alkali metal
halogenide, an alkaline-earth metal oxide, an alkaline-carth
metal halogenide, a rare earth metal oxide and a rare earth
metal halogenide, and the organic metal complex is at least
one complex selected from the group consisting of an
organic metal complex comprising an alkali metal, an
organic metal complex comprising an alkaline-earth metal,
and an organic metal complex comprising a rare-earth metal.

[15] In the organic electroluminescence device according
to the above aspect of the invention, the emitting layer is in
contact with the electron transporting zone comprising the
aromatic heterocyclic derivative.
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[16] In the organic electroluminescence device according
to the above aspect of the invention, the emitting layer
includes an anthracene derivative represented by a formula
(20D) below.

[Formula 4]
(20D)
RIOS RlOl
RI7 O RI02
RIOG O R103
RIOS R104

In the formula (20D), Ar'' and Ar** each independently
represent a substituted or unsubstituted monocyclic group
having 5 to 30 ring atoms, a substituted or unsubstituted
fused cyclic group having 10 to 30 ring atoms or a group
formed by combining the monocyclic group and the fused
cyclic group.

In the formula (20D), R'°* to R'°® each independently
represent a hydrogen atom, a halogen atom, a cyano group,
a substituted or unsubstituted monocyclic group having 5 to
30 ring atoms, a substituted or unsubstituted fused cyclic
group having 10 to 30 ring atoms, a group formed by
combining the monocyclic group and the fused cyclic group,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 30 ring carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 8 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 7 to 30 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted silyl
group.

[17] In the organic electroluminescence device according
to the above aspect of the invention, the emitting layer
includes a fluorescent dopant material having a main peak
wavelength of 500 nm or less.

An aromatic heterocyclic derivative according to another
aspect of the invention is represented by a formula (4)
below.

[Formula 5]

@

In the formula (4), X, to X, are a nitrogen atom or CR,
with a proviso that at least one of X to X is a nitrogen atom.
R, independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
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group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms.

In the formula (4), A is represented by a formula (5)
below.

[Formula 6]

(HAr),-Ly- &)

In the formula (5), HAr is represented by a formula (6)
below.

In the formula (5), a is an integer of 1 to 5.

When a is 1, L, is a divalent linking group.

When a is in a range of 2 to 5, [, is a trivalent to
hexavalent linking group and HAr is the same or different.

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a residue having 2 to 6 valences induced from any one of
a group formed by bonding two or three of the substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms
and the substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms.

The mutually bonded groups are the same or different.

[Formula 7]
X ©)
X3 =X 3
! X
1z\ / \ Vs 12
X X
18 ¥ 1

In the formula (6), Y, is an oxygen atom or a sulfur atom.

In the formula (6), X,, and X, are a nitrogen atom or
CR,;.

In the formula (6), one of X,, to X, is a carbon atom
bonded to L, by a single bond and the rest of X, to X, are
a nitrogen atom or CR, ;.

R,; independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms.

A plurality of R;; are mutually the same or different.
Adjacent R, ; may bond to each other to form a ring.
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In the above formula (4), Ar, and Ar, each are indepen-
dently represented by the formula (5), or represent a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

[19] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (6), X, ; or
X, 1s a carbon atom bonded to L, by a single bond.

[20] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (5), a is an
integer of 1 to 3.

[21] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (5), a is 1
or 2.

[22] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (5), a is 1
and L, is a linking group, and the linking group is a divalent
residue of a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a divalent residue of a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms.

[23] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (5), a is 2
and L, 15 a linking group, and the linking group is a trivalent
residue of a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms, or a trivalent residue of a substi-
tuted or unsubstituted heterocyclic group having 5 to 30 ring
atoms.

[24] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (6), Y, is
an oxygen atom.

[25] In the aromatic heterocyclic derivative according to
the above aspect of the invention, in the formula (6), Y, is
an oxygen atom, X, and X, are CR 5, and one of X, to
X, is a carbon atom bonded to L, by a single bond and the
rest of X, to X, are CR, ;.

[26] In the aromatic heterocyclic derivative according to
the above aspect of the invention, In the formula (4), two or
three of X, to X, are a nitrogen atom.

[27] In the aromatic heterocyclic derivative according to
the above aspect of the invention, In the formula (5), L, is
a divalent or trivalent residue induced from any one of
benzene, biphenyl, terphenyl, naphthalene and phenan-
threne.

[28] An organic-electroluminescence-device material
according to further aspect of the invention includes the
aromatic heterocyclic derivative according to the above
aspect of the invention.

According to the embodiment(s), an organic EL device
that emits at a high efficiency and is driven at a lower drive
voltage, an aromatic heterocyclic derivative applicable to
the organic EL device, and an organic-EL-device material
including the aromatic heterocyclic derivative can be pro-
vided.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 is a view showing one example of an organic EL
device according to a first exemplary embodiment of the
invention.

FIG. 2 is a view showing a relationship of energy gaps
between layers of the invention.

FIG. 3 is a view showing an action based on the relation-
ship of the energy gaps between the layers of the invention.

FIG. 4 is an energy band diagram showing a case where
an affinity of a host material (Ah)>an affinity of a dopant
material (Ad) is satisfied.
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FIG. 5 is an energy band diagram showing a case where
Ah<Ad is satisfied and a difference between Ah and Ad is
less than 0.2 eV.

FIG. 6 is an energy band diagram showing a case where
Ah<Ad is satisfied and a difference between Ah and Ad is
more than 0.2 eV.

FIG. 7 is an energy band diagram showing a case where
a dopant material satisfying Ah<Ad and a dopant material
satisfying Ah>Ad coexist.

FIG. 8 is a view showing one example of an organic EL.
device according to a second exemplary embodiment of the
invention.

FIG. 9 is a view showing one example of an organic EL.
device according to a third exemplary embodiment of the
invention.

FIG. 10 is a view showing one example of an organic EL,
device according to a third exemplary embodiment of the
invention.

FIG. 11 is a view showing one example of an organic EL.
device according to a fifth exemplary embodiment of the
invention.

FIG. 12 is a view showing one example of an organic EL,
device according to a sixth exemplary embodiment of the
invention.

FIG. 13 is a view showing a measurement system of
transitional EL waves.

FIG. 14A is a view showing a measurement method of a
ratio of luminous intensity derived from TTF and is a graph
showing a change over time of luminous intensity of the EL
device.

FIG. 14B is a view showing a measurement method of a
ratio of the luminous intensity derived from TTF and is a
graph showing a change over time of a reciprocal square root
of the luminous intensity.

DESCRIPTION OF EMBODIMENTS

Aromatic Heterocyclic Derivative

An aromatic heterocyclic derivative according to an
exemplary embodiment is represented by a formula (4)
below.

[Formula 8]

&

In the formula (4), X, to X, are a nitrogen atom or CR,.

However, at least one of X to X; is a nitrogen atom.

R, independently represents a hydrogen atom, halogen
atom, cyano group, substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, substituted or unsubsti-
tuted heterocyclic group having 5 to 30 ring atoms, substi-
tuted or unsubstituted alkyl group having 1 to 30 carbon
atoms, substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, substituted or unsub-
stituted alkylsilyl group having 3 to 30 carbon atoms,
substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, substituted or unsubstituted
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aralkyl group having 6 to 30 ring carbon atoms, or substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms.

In the formula (4), A is represented by a formula (5)
below.

[Formula 9]

(HAD,L,- ®)

In the formula (5), HAr is represented by a formula (6)
below.

In the formula (5), a is an integer of 1 to 5.

When a is 1, L, is a divalent linking group.

When a is in a range of 2 to 5, [, is a trivalent to
hexavalent linking group and HAr is the same or different.

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a divalent to hexavalent residue induced from any one of
a group formed by bonding two or three of the above groups.

The mutually bonded groups are the same or different.

[Formula 10]
(6)
X M=X)3
N
g P
X5 . Xn

In the formula (6), Y, is an oxygen atom or a sulfur atom.

In the formula (6), X,;, and X, are a nitrogen atom or
CR,;.

In the formula (6), one of X,, to X, is a carbon atom
bonded to L, by a single bond and the rest of X, to X, ; are
a nitrogen atom or CR, ;.

R,; independently represents a hydrogen atom, halogen
atom, cyano group, substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms, substituted or unsubsti-
tuted heterocyclic group having 5 to 30 ring atoms, substi-
tuted or unsubstituted alkyl group having 1 to 30 carbon
atoms, substituted or unsubstituted alkenyl group having 2
to 30 carbon atoms, substituted or unsubstituted alkynyl
group having 2 to 30 carbon atoms, substituted or unsub-
stituted alkylsilyl group having 3 to 30 carbon atoms,
substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, substituted or unsubstituted
aralkyl group having 6 to 30 ring carbon atoms, or substi-
tuted or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms. A plurality of R,; are mutually the same or
different. Adjacent R, ; may bond to each other to form a
ring.

In the above formula (4), Ar, and Ar, each are indepen-
dently represented by the formula (5), or represent a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

In the formula (6), X, 5 or X 4 is preferably a carbon atom
bonded to L, by a single bond.

In the formula (5), a is an integer in a range of 1 to 5, more
preferably of 1 to 3, particularly preferably 1 or 2.

Whenais 1, L, is a divalent linking group and the formula
(5) is represented by a formula (5-1).

When a is in a range of 2 to 5, L, is a trivalent to
hexavalent linking group. When a is 2, [; is a trivalent
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linking group and the formula (5) is represented by a
formula (5-2). At this time, HAr is the same or different.

[Formula 11]
5-1)
(HAry—L—
5-2)
(HAry—L—

|
(HAr)

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a divalent or trivalent residue induced from any one of a
group formed by bonding two or three of the above groups.

In L, of the formulae (5), (5-1) and (5-2), the group
formed by bonding two or three of the above groups means
a group formed by bonding, with a single bond, two or three
of the divalent or trivalent residue induced from the aryl
group having 6 to 30 ring carbon atoms and the heterocyclic
group having 5 to 30 ring atoms. In the linking group, the
mutually bonded groups are the same or different.

In the formulae (5), (5-1) and (5-2), L, is preferably a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

Moreover, in the formulae (5), (5-1) and (5-2), L, is more
preferably a divalent or trivalent residue induced from any
one of benzene, biphenyl, terphenyl, naphthalene and
phenanthrene.

In the formula (5), it is more preferable thatais 1 and L,
is a divalent residue of a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, or a divalent residue
of a substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms.

In the formula (5), it is more preferable thatais 2 and L,
is a linking group, specifically, a trivalent residue of a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a trivalent residue of a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.

In the formula (6), X ; or X, ; is preferably a carbon atom
bonded to L, by a single bond.

In the formula (6), Y, is preferably an oxygen atom.

Moreover, in the formula (6), it is more preferable that Y,
is an oxygen atom, X, and X, are CR 5, one of X, to X,
is a carbon atom bonded to L, by a single bond and the rest
of X, to X, are CR ;.

In the formula (4), two or three of X to X are preferably
a nitrogen atom.

Ary, Ary, L, Ry, Ry to R}; in the formulae (4) to (6) and
(5-1) to (5-2) will be described below.

Examples of the aryl group having 6 to 30 ring carbon
atoms in the formulae (4) to (6) and (5-1) to (5-2) are a
phenyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl
group, 2-anthryl group, 9-anthryl group, beazanthryl group,
1-phenanthryl group, 2-phenanthryl group. 3-phenanthryl
group, 4-phenanthryl group, 9-phenanthryl group, naph-
thacenyl group, pyrenyl group, 1-chrysenyl group, 2-chry-
senyl group, 3-chrysenyl group, 4-chrysenyl group, 5-chry-
senyl group, 6-chrysenyl group, benzo[¢]|phenanthryl group,
benzo[g]chrysenyl group, 1-triphenylenyl group, 2-triph-
enylenyl group, 3-triphenylenyl group, 4-triphenylenyl
group, 1-fluorenyl group, 2-fluorenyl group, 3-fluorenyl
group, 4-fluorenyl group, 9-fluorenyl group, benzofluorenyl
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group, dibenzofluorenyl group, 2-biphenylyl group, 3-bi-
phenylyl group, 4-biphenylyl group, o-terphenyl group,
m-terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphe-
nyl-2-yl group, p-terphenyl-4-yl group, p-terphenyl-3-yl
group, p-terphenyl-2-yl group, m-quarter-phenyl group,
3-fluoranthenyl group, 4-fluoranthenyl group, 8-fluoranthe-
nyl group, 9-fluoranthenyl group, benzofluoranthenyl group,
o-tolyl group, m-tolyl group, p-tolyl group, 2,3-xylyl group,
3,4-xylyl group, 2,5-xylyl group, mesityl group, o-cumenyl
group, m-cumeny! group, p-cumenyl group, p-t-butylphenyl
group, p-(2-phenylpropyl)phenyl group, 4'-methylbipheny-
lyl group, 4"-t-butyl-p-terphenyl-4-yl group, 9,9-dimethyl-
1-fluorenyl group, 9.9-dimethyl-2-fluorenyl group, 9,9-dim-
ethyl-3-fluorenyl group, 9,9-dimethyl-4-fluorenyl group,
9,9-diphenyl-1-fluorenyl group, 9,9-diphenyl-2-fluorenyl
group, 9,9-diphenyl-3-fluorenyl group, and 9,9-diphenyl-4-
fluorenyl group.

The aryl group in the formulae (4) to (6) and (5-1) to (5-2)
preferably has 6 to 20 ring carbon atoms, more preferably 6
to 12 ring carbon atoms. Among the aryl group, a phenyl
group, biphenyl group, naphthyl group, phenanthryl group,
terphenyl group, fluorenyl group and triphenylenyl group
are particularly preferable. In 1-fluorenyl group, 2-fluorenyl
group, 3-fluorenyl group and 4-fluorenyl group, a carbon
atom at the ninth position is preferably substituted by the
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms in the formula (4).

Examples of the heterocyclic group having 5 to 30 ring
atoms in the formulae (4) to (6) and (5-1) to (5-2) are a
pyroryl group, pyrazinyl group, pyridinyl group, indolyl
group, isoindolyl group, imidazolyl group, furyl group,
benzofuranyl group, isobenzofuranyl group, dibenzofuranyl
group, dibenzothiophenyl group, quinolyl group, isoqui-
nolyl group, quinoxaliny] group, carbazolyl group, phenant-
ridinyl group, acridinyl group, phenanthrolinyl group,
phenazinyl group, phenothiazinyl group, phenoxazinyl
group, oxazolyl group, oxadiazolyl group, furazanyl group,
thienyl group, benzothiophenyl group and a group formed
from a pyridine ring, pyrazine ring, pyrimidine ring,
pyridazine ring, triazine ring, indole ring, quinoline ring,
acridine ring, pyrrolidine ring, dioxane ring, piperidine ring,
morpholine ring, piperadine ring, carbazole ring, furan ring,
thiophene ring, oxazole ring, oxadiazole ring, benzooxazole
ring, thiazole ring, thiadiazole ring, benzothiazole ring,
triazole ring, imidazole ring, benzoimidazole ring, pyrane
ring and dibenzofuran ring.

Specific examples of the heterocyclic group having 5 to
30 ring atoms in the formulae (4) to (6) and (5-1) to (5-2) are
a 1-pyroryl group, 2-pyroryl group, 3-pyroryl group, pyrazi-
nyl group, 2-pyridinyl group, 2-pyrimidinyl group, 4-pyrim-
idinyl group, 5-pyrimidinyl group, 6-pyrimidinyl group,
1,2,3-triazine-4-yl group, 1,2,4-triazine-3-yl group, 1,3,5-
triazine-2-y1 group, 1-imidazolyl group, 2-imidazolyl group,
1-pyrazolyl group, 1-indolidinyl group, 2-indolidinyl group,
3-indolidinyl group, 5-indolidinyl group, 6-indolidinyl
group, 7-indolidinyl group, 8-indolidinyl group, 2-imida-
zopyridinyl group, 3-imidazopyridinyl group, 5-imida-
zopyridinyl group, 6-imidazopyridinyl group, 7-imida-
zopyridinyl group, 8-imidazopyridinyl group, 3-pyridinyl
group, 4-pyridinyl group, 1-indolyl group, 2-indolyl group,
3-indolyl group, 4-indolyl group, 5-indolyl group, 6-indolyl
group, 7-indolyl group, 1l-isoindolyl group, 2-isoindolyl
group, 3-isoindolyl group, 4-isoindolyl group, 5-isoindolyl
group, 6-isoindolyl group, 7-isoindolyl group, 2-furyl group,
3-furyl group, 2-benzofuranyl group, 3-benzofuranyl group,
4-benzofuranyl group, 5-benzofuranyl group, 6-benzofura-
nyl group, 7-benzofuranyl group, 1-isobenzofuranyl group,
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3-isobenzofuranyl  group, 4-isobenzofuranyl  group,
S-isobenzofuranyl  group, 6-isobenzofuranyl  group,
7-isobenzofuranyl group, 2-quinolyl group, 3-quinolyl
group, 4-quinolyl group, S-quinolyl group, 6-quinolyl
group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl
group, 3-isoquinolyl group, 4-isoquinolyl group, S-isoqui-
nolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 8-iso-
quinolyl group, 2-quinoxalinyl group, S-quinoxalinyl group,
6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl
group, 3-carbazolyl group, 4-carbazolyl group, 9-carbazolyl
group, azacarbazolyl-yl group, azacarbazolyl-2 yl group,
azacarbazolyl-3 yl group, azacarbazolyl-4-yl group, azacar-
bazolyl-5-yl group, azacarbazolyl-6-yl group, azacarba-
zolyl-7-y1 group, azacarbazolyl-8-yl group, azacarbazolyl-
9-yl group, l-phenanthrydinyl group, 2-phenantluydinyl
group, 3-phenanthrydinyl group, 4-phenanthrydinyl group,
6-phenanthrydinyl  group, 7-phenanthrydinyl  group,
8-phenanthrydinyl  group, 9-phenanthrydinyl  group,
10-phenanthrydinyl group, 1-acridinyl group, 2-acridinyl
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl
group, 1,7-phenanthroline-2-yl group, 1,7-phenanthroline-
3-yl group, 1,7-phenanthroline-4-yl group, 1,7-phenanthro-
line-5-yl group, 1.7-phenanthroline-6-yl group, 1,7-phenan-
throline-8-yl group, 1,7-phenanthroline-9-yl group, 1,7-
phenanthroline-10-yl group, 1,8-phenanthroline-2-y1 group,
1,8-phenanthroline-3-yl  group, 1,8-phenanthroline-4-yl
group, 1,8-phenanthroline-5-yl group, 1,8-phenanthroline-
6-yl group, 1,8-phenanthroline-7 yl group, 1,8-phenanthro-
line-9-yl group, 1,8-phenanthroline-10-yl group, 1,9-
phenanthroline-2-yl group, 1,9-phenanthroline-3-yl group,
1,9-phenanthroline-4-yl ~ group, 1,9-phenanthroline-5-yl
group, 1,9-phenanthroline-6-yl group, 1,9-phenanthroline-
7-y1 group, 1,9-phenanthroline-8-yl group, 1,9-phenanthro-
line-10-y1 group, 1,10-phenanthroline-2-yl group, 1,10-
phenanthroline-3-yl1 group, 1,10-phenanthroline-4-yl group,
1,10-phenanthroline-5-yl group, 2,9-phenanthroline-1-yl
group, 2,9-phenanthroline-3-yl group, 2,9-phenantroline-4-
yl group, 2,9-phenanthroline-5-yl group, 2,9-phenanthro-
line-6-yl group, 2.9-phenanthroline-7-yl group, 2,9-phenan-
throline-8-yl group, 2,9-phenanthroline-10-yl group, 2,8-
phenanthroline-1-yl group, 2,8-phenanthroline-3-yl group,
2,8-phenanthroline-4-yl  group, 2,8-phenanthroline-5-yl
group, 2,8-phenanthroline-6-yl group, 2.8-phenanthroline-
7-y1 group, 2,8-phenanthroline-9-yl group, 2,8-phenanthro-
line-10-yl group, 2,7-phenanthroline-1-yl group, 2,7-
phenanthroline-3-yl group, 2,7-phenanthroline-4-yl group,
2,7-phenanthroline-5-yl  group, 2,7-phenanthroline-6-yl
group, 2,7-phenanthroline-8-yl group, 2,7-phenanthroline-
9-yl group, 2,7-phenanthroline-10-yl group, 1-phenazinyl
group, 2-phenazinyl group, 1-phenothiazinyl group, 2-phe-
nothiazinyl group, 3-phenothiazinyl group, 4-phenothiazi-
nyl group, 10-phenothiazinyl group, 1-phenoxazinyl group,
2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazi-
nyl group, 10-phenoxaziny! group, 2-oxazolyl group, 4-0x-
azolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-0x-
adiazolyl group, 3-furazanyl group, 2-thienyl group,
3-thienyl group, 2-methylpyrrole-1-yl group, 2-methylpyr-
role-3-yl group, 2-methylpyrrole-4-yl group, 2-methylpyr-
role-5-yl group, 3-methylpyrrole-1-yl group, 3-methylpyr-
role-2-yl group, 3-methylpyrrole-4-yl group,
3-methylpyrrole-5-yl group, 2-t-butylpyrrole-4-yl group,
3-(2-phenylpropyl)pyrrole-1-yl group, 2-methyl-1-indolyl
group, 4-methyl-1-indolyl group, 2-methyl-3-indolyl group,
4-methyl-3-indolyl group, 2-t-butyl-1-indolyl group, 4-t-
butyl-1-indolyl group, 2-t-butyl-3-indolyl group. 4-t-butyl-
3-indolyl group, 1-dibenzofuranyl group, 2-dibenzofuranyl
group, 3-dibenzofuranyl group, 4-dibenzofuranyl group,
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1-dibenzothiophenyl group, 2-dibenzothiophenyl group,
3-dibenzothiophenyl group, 4-dibenzothiophenyl group,
1-silafluorenyl group, 2-silafluorenyl group, 3-silafluorenyl
group, 4-silafluorenyl group, 1-germafluorenyl group, 2-get-
mafluorenyl group, 3-germafluorenyl group and 4-germa-
fluorenyl group.

The heterocyclic group in the formulae (4) to (6) and (5-1)
to (5-2) preferably has 5 to 20 ring atoms, more preferably
5 to 14 ring atoms. Among the heterocyclic group, 1-diben-
zofuranyl group, 2-dibenzofuranyl group, 3-dibenzofuranyl
group, 4-dibenzofuranyl group, 1-dibenzothiophenyl group,
2-dibenzothiophenyl group, 3-dibenzothiophenyl group,
4-dibenzothiophenyl group, 2-pyridinyl group, 2-imida-
zopyridinyl group, 3-imidazopyridinyl group, 5-imida-
zopyridinyl group, 6-imidazopyridinyl group, 7-imida-
zopyridinyl group, 8-imidazopyridinyl group, 3-pyridinyl
group, 4-pyridinyl group, 1-imidazolyl group, 2-imidazolyl
group, 2-quinolyl group, 3-quinolyl group, 4-quinolyl
group, S-quinolyl group, 6-quinolyl group, 7-quinolyl
group, 8-quinolyl group, phenanthrolinyl group, and a group
formed from a triazine ring or a benzoimidazole ring are
preferable.

The alkyl group having 1 to 30 carbon atoms in the
formulae (4) and (6) may be linear, branched or cyclic.
Examples of the linear or branched alkyl group are a methyl
group, ethyl group, propyl group, isopropyl group, n-butyl
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl
group, n-hexyl group, n-heptyl group, n-octyl group,
n-nonyl group, n-decyl group, n-undecyl group, n-dodecyl
group, n-tridecyl group, n-tetradecyl group, n-pentadecyl
group, n-hexadecyl group, n-heptadecyl group, n-octadecyl
group, neopentyl group, 1-methylpentyl group, 2-methyl-
pentyl group, 1-pentylhexyl group, 1-butylpentyl group,
1-heptyloctyl group, 3-methylpentyl group, hydroxymethyl
group, 1-hydroxyethyl group, 2-hydroxyethyl group, 2-hy-
droxyisobutyl group, 1,2-dihydroxyethyl group. 1,3-dihy-
droxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-
trihydroxypropyl group, chloromethyl group, 1-chloroethyl
group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2-
dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-di-
chloro-t-butyl group, 1,2,3-trichloropropyl group, bromom-
ethyl group, 1-bromoethyl group, 2-bromoethyl group,
2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibro-
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro-
mopropyl group, iodomethyl group, 1-iodoethyl group, 2-io-
doethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group,
1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-
triiodopropyl group, aminomethyl group, 1-aminoethyl
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2-
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di-
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom-
ethyl group, l-cyanoethyl group, 2-cyanoethyl group,
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicya-
noisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricya-
nopropyl group, nitromethyl group, 1-nitroethyl group, 2-ni-
troethyl group, 1,2-dinitroethyl group, 2,3-dinitro-t-butyl
group, and 1,2,3-trinitropropyl group.

Examples of the cyclic alkyl group (cycloalkyl group) are
a cyclopropyl group, cyclobutyl group, cyclopentyl group,
cyclohexyl group. 4-methylcyclobexyl group, 1-adamantyl
group, 2-adamantyl group, 1-norbornyl group, and 2-nor-
bornyl group.

The linear or branched alkyl group in the formulae (4) and
(6) preferably has 1 to 10 carbon atoms, more preferably 1
to 6 carbon atoms. Among the linear or branched alkyl
group, a methyl group, ethyl group, propyl group, isopropyl
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group, n-butyl group, s-butyl group, isobutyl group, t-butyl
group, n-pentyl group and n-hexyl group are preferable.

The cycloalkyl group in the formulae (4) and (6) prefer-
ably has 3 to 10 ring carbon atoms, more preferably 5 to 8
ring carbon atoms. Among the cycloalkyl group, a cyclo-
pentyl group and a cyclohexyl group are preferable.

A halogenated alkyl group provided by substituting the
alkyl group with a halogen atom is exemplified by a halo-
genated alkyl group provided by substituting the alkyl group
having 1 to 30 carbon atoms with one or more halogen
groups. Specific examples of the halogenated alkyl group
are a fluoromethyl group, difluoromethyl group, trifluorom-
ethyl group, fluoroethyl group and trifluoromethylmethyl
group.

The alkenyl group having 2 to 30 carbon atoms in the
formulae (4) and (6) may be linear, branched or cyclic.
Examples of the alkenyl group are vinyl, propenyl, butenyl,
oleyl, eicosapentaenyl, docosahexaenyl, stvryl, 2,2-diphe-
nylvinyl, 1,2,2-triphenylvinyl, and 2-phenyl-2-propenyl.
Among the alkenyl group, a vinyl group is preferable.

The alkynyl group having 2 to 30 carbon atoms in the
formulae (4) and (6) may be linear, branched or cyclic.
Examples of the alkynyl group are ethynyl, propynyl, and
2-phenylethynyl. Among the alkynyl group, an ethynyl
group is preferable.

The alkylsilyl group having 3 to 30 carbon atoms in the
formulae (4) and (6) is exemplified by a trialkylsilyl group
having the examples of the alkyl group having 1 to 30
carbon atoms. Specific examples of the alkylsilyl group are
a trimethylsilyl group, triethylsilyl group, tri-n-butylsilyl
group, tri-n-octylsilyl group, triisobutylsilyl group, dimethy-
lethylsilyl group, dimethylisopropylsilyl group, dimethyl-n-
propylsilyl group, dimethyl-n-butylsilyl group, dimethyl-t-
butylsilyl group, diethylisopropylsilyl group,
vinyldimethylsilyl group, propyldimethylsilyl group and tri-
isopropylsilyl group. Three alkyl groups may be the same or
different.

The arylsilyl group having 6 to 30 ring carbon atoms in
the formulae (4) and (6) may be a dialkylarylsilyl group,
alkyldiarylsilyl group and triarylsilyl group.

The dialkylarylsilyl group is exemplified by a dialkylar-
ylsilyl group having two of the examples of the alkyl group
having 1 to 30 carbon atoms and one of the aryl group
having 6 to 30 ring carbon atoms. The dialkylarylsilyl group
preferably has 8 to 30 carbon atoms. Two alkyl groups may
be the same or different.

The alkyldiarylsilyl group is exemplified by an alkyldiar-
ylsilyl group having one of the examples of the alkyl group
having 1 to 30 carbon atoms and two of the aryl group
having 6 to 30 ring carbon atoms. The dialkylarylsilyl group
preferably has 13 to 30 carbon atoms. Two aryl groups may
be the same or different.

The triarylsilyl group is exemplified by a triarylsilyl group
having three of the aryl group having 6 to 30 ring carbon
atoms. The dialkylarylsilyl group preferably has 18 to 30
carbon atoms. Three aryl groups may be the same or
different.

The alkoxy group having 1 to 30 carbon atoms in the
formulae (4) and (6) is represented by -OY. Y is exemplified
by the alkyl group having 1 to 30 carbon atoms. Examples
of the alkoxy group are a methoxy group, ethoxy group,
propoxy group, butoxy group, pentyloxy group and hexy-
loxy group.

A halogenated alkoxy group provided by substituting the
alkoxy group with a halogen atom is exemplified by a
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halogenated alkoxy group provided by substituting the
alkoxy group having 1 to 30 carbon atoms with one or more
halogen groups.

The aralkyl group having 6 to 30 ring carbon atoms in the
formulae (4) and (6) is represented by -Y -Z. Y is exempli-
fied by an alkylene group corresponding to the alkyl group
having 1 to 30 carbon atoms. Z is exemplified by the
examples of the aryl group having 6 to 30 ring carbon atoms.
This aralkyl group is preferably an aralkyl group having 7 to
30 carbon atoms, in which an aryl moiety has 6 to 30 carbon
atoms, preferably 6 to 20 carbon atoms, more preferably 6
to 12 carbon atoms, and an alkyl moiety has 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, more preferably 1
to 10 carbon atoms, further preferably 1 to 6 carbon atoms.
Examples of the aralkyl group are a benzyl group, 2-phe-
nylpropane-2-yl group, 1-phenylethyl group, 2-phenylethyl
group, 1-phenylisopropyl group, 2-phenylisopropyl group,
phenyl-t-butyl group, &-naphthylmethyl group, 1-a-naphthy-
lethyl group, 2-a-naphthylethyl group, 1-a-naphthylisopro-
pyl group, 2-a-naphthylisopropyl group, a-naphthylmethyl
group, 1-a-naphthylethyl group, 2-a-naphthylethyl group,
1-a-naphthylisopropyl group, 2-a-naphthylisopropyl group,
1-pyrorylmethyl group, 2-(1-pyroryl)ethyl group, p-methyl-
benzyl group, m-methylbenzyl group, o-methylbenzyl
group, group, group,
o-chlorobenzyl group, p-bromobenzyl group, m-bromoben-
zyl group, o-bromobenzyl group, p-iodobenzyl group, m-io-

p-chlorobenzyl m-chlorobenzyl

dobenzyl group, o-iodobenzyl group, p-hydroxybenzyl
group, m-hydroxybenzyl group, o-hydroxybenzyl group,
p-aminobenzyl group, m-aminobenzyl group, o-aminoben-
zyl group, p-nitrobenzyl group, m-nitrobenzyl group, o-ni-
trobenzyl group, p-cyanobenzyl group, m-cyanobenzyl
group, o-cyanobenzyl group, 1-hydroxy-2-phenylisopropyl
group and 1-chloro-2-phenylisopropyl group.

The aryloxy group having 6 to 30 ring carbon atoms in the
formulae (4) and (6) is represented by -OZ. 7 is exemplified
by the aryl group having 6 to 30 ring carbon atoms or the

[Formula 12]
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following monocyclic group and fused cyclic group. The
aryloxy group is exemplified by a phenoxy group.

Examples of the halogen atom in the formulae (4) and (6)
are fluorine, chlorine, bromine and iodine, among which
fluorine is preferable.

In the invention, “carbon atoms forming a ring (ring
carbon atoms)” mean carbon atoms forming a saturated ring,
unsaturated ring, or aromatic ring. “Atoms forming a ring
(ring atoms)” mean carbon atoms and hetero atoms forming
a hetero ring including a saturated ring, unsaturated ring, or
aromatic ring.

Examples of the substituent meant by “substituted or
unsubstituted” are the above-described aryl group, hetero-
cyclic group, alkyl group (linear or branched alkyl group,
cycloalkyl group and halogenated alkyl group), alkenyl
group, alkynyl group, alkylsilyl group, arylsilyl group,
alkoxy group, halogenated alkoxy group, aralkyl group,
aryloxy group, halogen atom, cyano group, hydroxyl group,
nitro group and carboxy group. In the above-described
substituents, the aryl group, heterocyclic group, alkyl group,
halogen atom, alkylsilyl group, arylsilyl group and cyano
group are preferable. The preferable ones of the specific
examples of each substituent are further preferable. More-
ovet, these substituents may be further substituted by the
above-described substituents.

“Unsubstituted” in “substituted or unsubstituted” means
that a hydrogen atom is substituted.

In a later-described compound or a partial structure
thereof, the same applies to the description of “substituted or
unsubstituted.”

In the invention, a “hydrogen atom” means isotopes
having different neutron numbers and specifically encom-
passes protium, deuterium and tritium.

Examples of specific structures of the aromatic heterocy-
clic derivative according to this exemplary embodiment
represented by the formula (4) are as follows. However, the
invention is not limited to the aromatic derivative having
these structures.




US 10,418,563 B2
17 18

-continued




US 10,418,563 B2

20

-continued




US 10,418,563 B2

-continued




23

US 10,418,563 B2

-continued

24



US 10,418,563 B2
25 26

-continued




US 10,418,563 B2
27 28

-continued

[Formula 13]




29

US 10,418,563 B2

-continued

30




31

US 10,418,563 B2

-continued

32



33

US 10,418,563 B2

-continued

34



US 10,418,563 B2
35 36

-continued

[Formula 14]




US 10,418,563 B2

-continued
Il
1
]
T T C
B
) )
OO OO
il
T C
O 7
x
N

38



[Formula 15]

39

US 10,418,563 B2

-continued

40



41

US 10,418,563 B2

-continued

42



43

US 10,418,563 B2

-continued

44



45

US 10,418,563 B2

-continued

46



47

US 10,418,563 B2

-continued

48




49

US 10,418,563 B2

-continued

50




51

US 10,418,563 B2

-continued

52



US 10,418,563 B2
53 54

-continued

[Formula 16]




55

US 10,418,563 B2

-continued

56



US 10,418,563 B2
57 58

-continued

N/
J U

&
e




US 10,418,563 B2
59 60

-continued

QOO%
000 C



US 10,418,563 B2
61

-continued

00,

7

NZ N

OO0

62



US 10,418,563 B2
63 64

-continued

N7 W
OMe
x>
Q O N ::
O ‘
v

N N

o

YL
%
Foooo*ag



US 10,418,563 B2
65 66

-continued

:m

N Xy

QOO

0]



US 10,418,563 B2
67 68

-continued

[Formula 17]



US 10,418,563 B2
69 70

-continued

N
AU
Qo



US 10,418,563 B2
71 72

-continued

NN %
' @




73

US 10,418,563 B2

-continued

74



75

US 10,418,563 B2

-continued

76



0]

77

US 10,418,563 B2

-continued

78



US 10,418,563 B2
79 80

-continued




US 10,418,563 B2
81 82

-continued

[Formula 18]




83

US 10,418,563 B2

-continued

84




US 10,418,563 B2
85 86

-continued




US 10,418,563 B2
87 88

-continued




89

US 10,418,563 B2

-continued

90



US 10,418,563 B2
91 92

-continued




US 10,418,563 B2
93 94

-continued




[Formula 19]

95

US 10,418,563 B2

-continued

96



US 10,418,563 B2
97 98

-continued




US 10,418,563 B2
99 100

-continued




US 10,418,563 B2
101 102

-continued




US 10,418,563 B2
103 104

-continued




US 10,418,563 B2
105 106

-continued




US 10,418,563 B2
107 108

-continued

[Formula 20]




US 10,418,563 B2
109 110

-continued

PN e 90



US 10,418,563 B2
111 112

-continued

0 OO




US 10,418,563 B2
113 114

-continued

Gy 0T



US 10,418,563 B2
115 116

-continued

SPPSe
|/
O ST T
€1

=

N

PENsaaehd



US 10,418,563 B2
117 118

-continued




US 10,418,563 B2
119 120

-continued

[Formula 21]




US 10,418,563 B2
121 122

-continued




US 10,418,563 B2
123 124

-continued




US 10,418,563 B2

126

-continued

[Formula 22]




US 10,418,563 B2
127 128

[Formula 23]




US 10,418,563 B2
129 130

-continued

[Formula 24]

)

)~

)~

§



US 10,418,563 B2
131 132

-continued




US 10,418,563 B2
133 134

-continued




US 10,418,563 B2
135 136

-continued

[Formula 28]




US 10,418,563 B2
137 138

-continued




US 10,418,563 B2
139 140

-continued

[Formula 30]




US 10,418,563 B2

-continued

[Formula 31]

142



US 10,418,563 B2
143 144

-continued




US 10,418,563 B2
145 146

-continued

[Formula 33]

CN




US 10,418,563 B2

148

147

-continued

[Formula 34]




US 10,418,563 B2
149 150

-continued

[Formula 35]




US 10,418,563 B2
151 152

-continued

[Formula 36]




US 10,418,563 B2
153 154

-continued




US 10,418,563 B2
155 156

-continued

[Formula 39]




US 10,418,563 B2
157 158

-continued

[Formula 40]

O O
o o
: Yo oM Ve

at )

Formula 41




US 10,418,563 B2
159 160

-continued

[Formula 43]




US 10,418,563 B2
161 162

-continued




US 10,418,563 B2
163 164

-continued




US 10,418,563 B2
165 166

-continued

[Formula 46]




US 10,418,563 B2
167 168

-continued

[Formula 47]




418,563 B2

US 10

170

169

-continued

[Formula 48]




US 10,418,563 B2

172

171

-continued

[Formula 49]




US 10,418,563 B2
173 174

-continued

[Formula 50]




US 10,418,563 B2

176

-continued




US 10,418,563 B2
177 178

-continued

[Formula 52]




US 10,418,563 B2

180

-continued

[Formula 53]




[Formula 54]

181

US 10,418,563 B2

-continued

182

CN

CN



US 10,418,563 B2
183 184

-continued




US 10,418,563 B2
185 186

-continued




US 10,418,563 B2
187 188

-continued

[Formula 57]




US 10,418,563 B2
189 190

-continued

[Formula 59]

[Formula 60]




US 10,418,563 B2
191 192

-continued




US 10,418,563 B2
193 194

-continued

()
O
O o O
s

[Formula 62]




US 10,418,563 B2
195 196

-continued

[Formula 63]

[Formula 64]




US 10,418,563 B2
197 198

-continued




US 10,418,563 B2
199 200

-continued

[Formula 66]




US 10,418,563 B2

201

Organic-EL-Device Material

The aromatic heterocyclic derivative of the invention is
usable as an organic-EL-device material. The organic-EL-
device material may only contain the aromatic heterocyclic
derivative of the invention, or alternatively, may further
contain another compound. The organic-EL-device material
containing the aromatic heterocyclic derivative according to
the exemplary embodiment is usable, for instance, as a
material for an electron transporting zone, e.g., a material for
a blocking layer. It should be noted that, in the invention, the
electron transporting zone means any one of an electron
transporting layer, an electron injecting layer and a blocking
layer, or combination of two or more thereof.
Organic EL Device
First Exemplary Embodiment

This exemplary embodiment utilizes TTF phenomenon.
The TTF phenomenon will be initially described below.

Holes and electrons respectively injected from an anode
and a cathode are recombined in an emitting layer to
generate excitons. As for the spin state, as is conventionally
known, singlet excitons account for 25% and triplet excitons
account for 75%. In a conventionally known fluorescent
device, light is emitted when singlet excitons of 25% are
relaxed to the ground state. The remaining triplet excitons of
75% are returned to the ground state without emitting light
through a thermal deactivation process. Accordingly, the
theoretical limit value of the internal quantum efficiency of
a conventional fluorescent device is believed to be 25%.

The behavior of triplet excitons generated within an
organic substance has been theoretically examined. Accord-
ing to S. M. Bachilo et al. (J. Phys. Chem. A, 104, 7711
(2000)), assuming that high-order excitons such as quintet
excitons are quickly returned to triplet excitons, triplet
excitons (hereinafter abbreviated as *A*) collide with one
another with an increase in the density thereof whereby a
reaction shown by the following formula occurs. In the
formula, ' A represents the ground state and ‘A* represents
the lowest singlet excitons.

3443 45— (4/9) A+ (1/9) 4 +(13/9)°4 *

In other words, 5*°A*—4'A+'A* and it is expected that,
among triplet excitons initially generated, which account for
75%, one fifth thereof (i.e., 20%) is changed to singlet
excitons. Accordingly, the amount of singlet excitons which
contribute to emission is 40/%, which is a value obtained by
adding 15% (75%x(¥5)=15%) to 25%, which is the amount
ratio of initially generated singlet excitons. At this time, a
ratio of luminous intensity derived from TTF (TTF ratio)
relative to the total luminous intensity is 15/40, i.e., 37.5%.
Assuming that singlet excitons are generated by collision of
initially-generated triplet excitons which account for 75%
(i.e., one singlet exciton is generated from two triplet
excitons), a significantly high internal quantum efficiency of
62.5% 1is obtained which is a value obtained by adding
37.5% (15%x(¥2)=37.5%) to 25%, which is the amount ratio
of initially generated singlet excitons. At this time, the TTF
ratio is 60% (37.5/62.5).

FIG. 1 is schematic view showing one example of an
organic EL device according to a first exemplary embodi-
ment of the invention. FIG. 2 is a view showing a relation-
ship between a triplet energy of the emitting layer and a
triplet energy of an electron transporting zone in the organic
EL device according to the first exemplary embodiment. In
the exemplary embodiment, the triplet energy is referred to
as a difference between energy in the lowest triplet state and
energy in the ground state. The singlet energy (occasionally
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referred to as energy gap) is referred to as a difference
between energy in the lowest singlet state and energy in the
ground state.

An organic EL, device 1 shown in FIG. 1 includes an
anode 10, a hole transporting zone 60, an emitting layer 20,
an electron transporting zone 70, and a cathode 50 in
sequential order. These components are adjacent to one
another in the organic EL device 1 in the exemplary embodi-
ment. The electron transporting zone 70 in the exemplary
embodiment includes a blocking layer 30 and an electron
injecting layer 40. It is preferred that the hole transporting
zone 60 is interposed between the anode 10 and the emitting
layer 20. The hole transporting zone includes at least one of
a hole injecting layer and a hole transporting layer.

In the invention, a simply-called blocking layer means a
layer functioning as a barrier against triplet energy. Accord-
ingly, the blocking layer functions differently from a hole
blocking layer and a charge blocking layer.

The emitting layer includes a host material and a dopant
material. The dopant material is preferably a dopant material
exhibiting fluorescence (hereinafter, also referred to as a
fluorescent dopant material). A fluorescent dopant material
having a main peak wavelength of 550 nm or less is
preferable. A fluorescent dopant material having a main peak
wavelength of 500 nm or less is more preferable. A main
peak wavelength means a peak wavelength of luminescence
spectrum exhibiting a maximum luminous intensity among
luminous spectra measured in a toluene solution with a
concentration from 10~> mol/liter to 10~° mol/liter. The main
peak wavelength of 550 nm is substantially equivalent to a
green emission. In this wavelength zone, improvement in
luminous efficiency of a fluorescent device utilizing the TTF
phenomenon is desired. In a blue-emitting fluorescent
device of 480 nm or less, further improvement in luminous
efficiency is expectable. In a red-emitting fluorescent device
of 550 nm or more, a phosphorescent device exhibiting a
high internal quantum efliciency has already been at a
practical level. Accordingly, improvement in luminous effi-
ciency as a fluorescent device is not desired.

In FIG. 2, the holes injected from the anode are injected
to the emitting layer via the hole transporting zone. The
electrons injected from the cathode are injected to the
emitting layer via the electron injecting layer and the block-
ing layer. Subsequently, the holes and the electrons are
recombined in the emitting layer to generate singlet excitons
and triplet excitons. There are two manners as for the
occurrence of recombination: recombination may occur
either on host material molecules or on dopant material
molecules.

In this exemplary embodiment, as shown in FIG. 2, when
the triplet energy of the host material and that of the dopant
material are respectively taken as E”, and E” , a relationship
of the following formula (2A) is satisfied.

ET<E, 24)

When this relationship of the formula (2A) is satisfied,
triplet excitons generated by recombination on the host
material do not transfer to the dopant material which has a
higher triplet energy, as shown in FIG. 3. Triplet excitons
generated by recombination on dopant material molecules
quickly energy-transfer to host material molecules. In other
words, triplet excitons on the host material do not transfer to
the dopant material but collide with one another efficiently
on the host material to generate singlet excitons by the TTF
phenomenon. Moreover, since the singlet energy E°, of the
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dopant material is smaller than the singlet energy E*, of the
host material, a relationship of the following formula (2B) is
satisfied.

ES,<E5, (2B)

Since the relationship of the formula (2B) is satisfied, the
singlet excitons generated by the TTF phenomenon energy-
transfer from the host material to the dopant material,
thereby contributing to fluorescence of the dopant material.
In the dopant material which is usually used in a fluorescent
device, transition from the triplet state to the ground state
should be inhibited. In such a transition, triplet excitons are
not optically energy-deactivated, but are thermally energy-
deactivated. By causing the triplet energy of a host material
and the triplet energy of a dopant material to satisfy the
above-mentioned relationship, singlet excitons are gener-
ated efficiently due to the collision of triplet excitons before
they are thermally deactivated, whereby luminous efliciency
is improved. As a consequence, luminous efliciency is
improved.

In the exemplary embodiment, the blocking layer is
adjacent to the emitting layer. The blocking layer has a
function of preventing triplet excitons generated in the
emitting layer to be diffused to the electron transporting zone
and confining the triplet excitons within the emitting layer to
increase a density of the triplet excitons therein, thereby
causing the TTF phenomenon efficiently.

The blocking layer also serves for efliciently injecting the
electrons to the emitting layer. When the electron injecting
properties to the emitting layer are deteriorated, the density
of the triplet excitons is decreased since the electron-hole
recombination in the emitting layer is decreased. When the
density of the triplet excitons is decreased, the frequency of
collision of the triplet excitons is reduced, whereby the TTF
phenomenon does not occur efficiently.

The blocking layer of the organic EL device according to
the exemplary embodiment contains an aromatic heterocy-
clic derivative represented by a formula (1) below.

[Formula 67]

M)
At

)l\ )\
A X3 Aty

In the formula (1), X, to X, are a nitrogen atom or CR,.

However, at least one of X, to X is a nitrogen atom.

R, independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, and
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms.
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In the formula (1), A is represented by a formula (2)
below.
[Formula 68]

(HAT),-L;- @

In the formula (2), HAr is represented by a formula (3)
below.

In the formula (2), a is an integer of 1 to 5.

When a is 1, L, is a single bond or a divalent linking
group.

When a is in a range of 2 to 5, [, is a trivalent to
hexavalent linking group and HAr is the same or different.

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a residue having 2 to 6 valences induced from any one of
a group formed by bonding two or three of the above groups.

The mutually bonded groups are the same or different.

[Formula 69]
3
XX Kitax,s
X / \ X
L P
X3 X

Yy

In the formula (3), X,, to X, each are independently a
nitrogen atom, CR; or a carbon atom bonded to L, by a
single bond.

In the formula (3), Y, is a nitrogen atom, a sulfur atom,
SiR, R, or a silicon atom bonded to each of R, and L; by
a single bond.

However, L, is bonded by one of a carbon atom at X, to
X,sand R;; to R,, and a silicon atom at Y.

R,, and R, represent the same as R, in the formula (1).
R,, and R, are the same or different.

R, ; independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 30 carbon atoms, a substituted or
unsubstituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted aryloxy group having 6 to 30
ring carbon atoms. A plurality of R, ; are mutually the same
or different. Adjacent R, ; may bond to each other to form a
ring.

In the above formula (1), Ar, and Ar, each are indepen-
dently represented by the formula (2), or represent a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

In the formula (3), X, ; or X, ¢ is preferably a carbon atom
bonded to L by a single bond. Alternatively, in the formula
(3), X,, or X, 4 is preferably a carbon atom bonded to L, by
a single bond.

In the fornwla (2), a is an integer in a range of 1 to 5, more
preferably of 1 to 3, particularly preferably 1 or 2.
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Whenais 1,1, is a single bond or a divalent linking group
and the formula (2) is represented by a formula (2-1) below.

When a is in a range of 2 to 5, L, is a trivalent to
hexavalent linking group. When a is 2, the formula (2) is
represented by a formula (2-2) below. At this time, HAr is
the same or different.

[Formula 70]

(HAry—Li—

(HAr—L—

(HAr)

The linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
or a divalent or trivalent residue induced from any one of a
group formed by bonding two or three of the above groups.

The group formed by bonding two or three of the above
groups means a group formed by bonding, with a single
bond, two or three of the divalent or trivalent residue
induced from the aryl group having 6 to 30 ring carbon
atoms and the heterocyclic group having 5 to 30 ring atoms.
In the linking group, the mutually bonded groups are the
same or different.

In the formulae (2), (2-1) and (2-2), L, is preferably a
linking group. The linking group is a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms,
substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms, or a divalent or trivalent residue induced from
any one of a group formed by bonding two or three of the
above groups. Further, the linking group is preferably a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms.

[Formula 71]
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In the formula (2), it is preferable that when a is 1 (see the
formula (2-1)) and L, is a linking group, the linking group
is a divalent residue of a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, or a divalent residue
of a substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms. More specifically, L, is preferably a
divalent residue induced from any one of benzene, biphenyl,
terphenyl, naphthalene and phenanthrene.

In the formula (2), it is preferable that when a is 2 (see the
formula (2-2)) and L, is a linking group, the linking group
is a trivalent residue of a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, or a trivalent residue
of a substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms. More specifically, L, is preferably a
divalent residue induced from any one of benzene, biphenyl,
terphenyl, naphthalene and phenanthrene.

In the formula (3), Y, is preferably an oxygen atom or a
sulfur atom. Moreover, in the formula (3), it is preferable
that Y, is an oxygen atom or a sulfur atom, one of X, to X5
is a carbon atom bonded to L, by a single bond and the rest
of X, to X, 5 are CR;.

In the formula (1), two or three of X, to X; are more
preferably a nitrogen atom.

In the formula (2), L, is preferably a divalent or trivalent
residue induced from any one of benzene, biphenyl, terphe-
nyl, naphthalene and phenanthrene.

Specific examples of each group for Ar', Ar*, L, R, R,
to R, 5, X, to X gand Y, in the formulae (1) to (3) and (2-1)
to (2-2) are the groups described in relation to the aromatic
heterocyclic derivative represented by the formula (4).

Examples of specific structures of the aromatic heterocy-
clic derivative represented by the formula (1) and contained
in the blocking layer of the organic EL device according to
this exemplary embodiment are as follows. However, the
exemplary embodiment is not limited to the aromatic deriva-
tive having these structures.
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The organic EL device 1 in the exemplary embodiment
includes the electron injecting layer 40 between the blocking
layer 30 and the cathode 50 as described above. The electron
injecting layer 40 preferably contains the aromatic hetero-
cyclic derivative represented by the formula (1). Herein, the
aromatic heterocyclic derivative contained in the blocking
layer 30 and the aromatic heterocyclic derivative contained
in the electron injecting layer 40 may be the same or
different.

The electron injecting layer facilitates electron injection
from the cathode. Specifically, for instance, the electron
injecting layer may be provided by a laminate of a typical
electron transporting material and at least one of an electron-
donating dopant material and an organic metal complex.
Alternatively, the electron injecting layer may be provided
by adding at least one of the electron-donating dopant
material and the organic metal complex to a material for
forming the blocking layer, specifically, in a vicinity of an
interface of the electron injecting layer to the cathode.

The electron-donating dopant material may be at least one
selected from an alkali metal, an alkali metal compound, an
alkaline-earth metal, an alkaline-earth metal compound, a
rare-earth metal, a rare-earth metal compound and the like.

The organic metal complex may be at least one selected
from an organic metal complex including an alkali metal, an
organic metal complex including an alkaline-earth metal, an
organic metal complex including a rare-earth metal, and the
like.

Examples of the alkali metal are lithium (Li) (work
function: 2.93 eV), sodium (Na) (work function: 2.36 eV),
potassium (K) (work function: 2.28 eV), rubidium (Rb)
(work function: 2.16 eV) and cesium (Cs) (work function:
1.95 eV), which particularly preferably has a work function
of 2.9 eV or less. Among the above, the alkali metal is
preferably K, Rb or Cs, more preferably Rb or Cs, the most
preferably Cs.

Examples of the alkaline-earth metal are calcium (Ca)
(work function: 2.9 eV), strontium (Sr) (work function: 2.0
to 2.5 V), and barium (Ba) (work function: 2.52 V),
among which a substance having a work function of 2.9 eV
or less is particularly preferable.

Examples of the rare-earth metal are scandium (Sc),
yttrium (Y), cerium (Ce), terbium (Th), and ytterbium (Yb),
among which a substance having a work function of 2.9 eV
or less is particularly preferable.
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Since the above preferred metals have particularly high
reducibility, addition of a relatively small amount of the
metals to an electron injecting zone can enhance luminance
intensity and lifetime of the organic EL device.

Examples of the alkali metal compound are an alkali
oxide such as lithium oxide (Li,0), cesium oxide (Cs,0)
and potassium oxide (K,0), and an alkali halogenide such as
sodium fluoride (NaF), cesium fluoride (CsF) and potassium
fluoride (KF), among which lithium fluoride (LiF), lithium
oxide (LiO) and sodium fluoride (NaF) are preferable.

Examples of the alkaline-earth metal compound are
barium oxide (BaO), strontium oxide (Sr0), calcium oxide
(Ca0) and a mixture thereof, i.e., barium strontium oxide
(Ba,Sr; ,0) (0<x<1), barium calcium oxide (Ba,Ca, O)
(0<x<1), among which BaO, SrO and CaO are preferable.

Examples of the rare earth metal compound are ytterbium
fluoride (YbF,), scandium fluoride (ScF;), scandium oxide
(8¢0,), yttrium oxide (Y,0;), cerium oxide (Ce,0,), gado-
linium fluoride (GdF,) and terbium fluoride (ThF;), among
which YbF;, ScF,, and TbF; are preferable.

The organic metal complex is not specifically limited as
long as containing at least one metal ion of an alkali metal
ion, an alkaline-earth metal ion and a rare earth metal ion. A
ligand for each of the complexes is preferably quinolinol,
benzoquinolinol, acridinol, phenanthridinol, hydroxyphenyl
oxazole, hydroxyphenyl thiazole, hydroxydiaryl oxadiazole,
hydroxydiaryl  thiadiazole, hydroxyphenyl pyridine,
hydroxyphenyl benzoimidazole, hydroxybenzo triazole,
hydroxy fluborane, bipyridyl, phenanthroline, phthalocya-
nine, porphyrin, cyclopentadiene, f-diketones, azomethines,
or a derivative thereof, but the ligand is not limited thereto.

The electron-donating dopant material and the organic
metal complex are added to preferably form a layer or an
island pattern in an interfacial region. A layer or an island
pattern of the electron-donating dopant and the organic
metal complex is preferably formed by evaporating at least
one of the electron-donating dopant material and the organic
metal complex by resistance heating evaporation while an
emitting material for forming the interfacial region or an
organic substance as an electron-injecting material are
simultaneously evaporated, so that at least one of the elec-
tron-donating dopant material and an organic metal complex
reduction-causing dopant is dispersed in the organic sub-
stance. Dispersion concentration at which the electron-
donating dopant is dispersed in the organic substance is a
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mole ratio (the organic substance to the electron-donating
dopant or the organic metal complex) of 100:1 to 1:100,
preferably 5:1 to 1:5.

When at least one of the electron-donating dopant mate-
rial and the organic metal complex forms a layer, the
emitting material or the electron injecting material for
forming the organic layer of the interfacial region is initially
layered, and then, at least one of the electron-donating
dopant material and the organic metal complex is singularly
evaporated thereon by resistance heating evaporation to
preferably form a layer having a thickness of 0.1 nm to 15
nm.

When at least one of the electron-donating dopant mate-
rial and the organic metal complex forms an island pattern,
the emitting material or the electron injecting material for
forming the organic layer of the interfacial region is initially
layered, and then, at least one of the electron-donating
dopant material is singularly evaporated thereon by resis-
tance heating evaporation to preferably form an island
pattern having a thickness of 0.05 nm to 1 nm.

A ratio of the main component to at least one of the
electron-donating dopant material and the organic metal
complex in the organic EL device according to the exem-
plary embodiment is preferably a mole ratio (the main
component to the electron-donating dopant or the organic
metal complex) of 5:1 to 1:5, more preferably 2:1 to 1:2.

A compound other than the electron-donating dopant
material and the organic metal complex, which is used in the
electron injecting layer, is exemplified by a compound
represented by the following formula (EIL-1).

[Formula 130]
(EIL-1)
(Ar'y= L=t HArY,

In the formula (EIL-1), HAr' is a substituted or unsub-
stituted nitrogen-containing heterocyclic group, preferably
having the following structures.

[Formula 131]
Vo o
N N/ N Z
N\I\ N ,N\“/ N\
) O
N F QN/\/
N N N N
ESORSS
| QT
\N =N \NJ\N/
/N\l\ N ,N | \
\ RS
o\
Ske
&/I\ F \ N\N Z
/N\ \ /NwN
o G

10

15

20

25

30

40

45

50

55

60

65

478

-continued

Examples of a substituent for HAr" in the formula (EL-1)
are a fluorine atom, a cyano group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group having 3 to 20
carbon atoms, a substituted or unsubstituted alkylsilyl group
having 3 to 20 carbon atoms, a substituted or unsubstituted
arylsilyl group having 8 to 30 carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
carbon atoms, 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.

In the formula (EIL-1), Ar' is a substituted or unsubsti-
tuted fused cyclic group having 10 to 30 ring carbon atoms,
preferably having the following fused cyclic structures.

[Formula 132
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NN NN
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Examples of a substituent for Ar in the formula (EIL-1)
are a fluorine atom, a cyano group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group having 3 to 20
carbon atoms, a substituted or unsubstituted alkylsilyl group
having 3 to 20 carbon atoms, a substituted or unsubstituted
arylsilyl group having 8 to 30 carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 30
carbon atoms, 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.

L' in the formula (EIL-1) represents a single bond, a
substituted or unsubstituted a+b valent aromatic hydrocar-
bon ring group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted a+b valent heterocyclic group having
5 to 30 ring atoms, a substituted or unsubstituted hydrocar-
bon ring group having 6 to 30 ring carbon atoms, or an a+b
valent group formed by bonding a plurality of substituted or
unsubstituted heterocyclic groups having 5 to 30 ring atoms.

Examples of a substituent for L' in the formula (EL-1) are
a fluorine atom, a cyano group, a substituted or unsubstituted
alkylsilyl group having 3 to 20 carbon atoms, a substituted
or unsubstituted arylsilyl group having 8 to 30 carbon atoms,
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.

In the fornula (EIL-1), a is an integer of 1 to 3, preferably
a=1.

In the formula (EIL-1), b is an integer of 1 to 3, preferably
b=1.

A compound used for the electron injecting layer is
exemplified by a compound represented by the following
formula (FIL-2).
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[Formula 133]
(EIL-2)

LZ

Ryos

In the formula (EIL-2), one of R,,, to R,y is bonded to
L2 by a single bond. The rest of R, 5, to R, o5 are a hydrogen
atom or a substituent.

Examples of the substituent for R, to R, in the
formula (EL-2) are the same as those listed in the formula
(EIL-1). A preferred example is an alkyl group having 1 to
20 carbon atoms or an aryl group having 6 to 30 ring carbon
atoms.

In the formula (EIL-2), L? represents a single bond or a
linking group, in which the linking group is a c-valent
aromatic hydrocarbon group or c-valent group having a
structure represented by the following formula (EIL-2-1).

[Formula 134]

(EIL-2-1)
(RIOQ)d (Rl l(l)g

/'_\ @

In the formula (EIL-2-1), R, to R, are a hydrogen
atom or a substituent.

In the formula (EIL-2-1), d and e are independently an
integer of 1 to 5.

In the fornwla (EIL-2-1), X is selected from the following
structures.

[Formula 135]

CH, TH; TF;
CHz CFs
o s, ﬁ :
_S_
I
0

In the formula (EIL-2), ¢ is an integer of 2 to 4, preferably
cis 2.

Among the compounds represented by the formula (EIL-
2), a compound bonded to L? in R, and represented by the
following formula (EIL-2-2) is preferable.
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[Formula 136]
(EIL-2-2)

Riyos

In the formula (EIL-2-2), Ry, to R,y are a hydrogen
atom or a substituent, preferably a hydrogen atom.

In the formula (EIL-2-2), ¢ and L. are the same as those
in the formula (EIL-2).

In the formula (EIL-2-2), ¢ is preferably 2.

In the formula (EL-2-2), L* is preferably a substituted or
unsubstituted phenylene group or a substituted or unsubsti-
tuted naphthylene group.

In the formula (EIL-2-2), Ar'®® represents a hydrogen
atom, alkyl group having 1 to 20 carbon atoms, or substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, more preferably a methyl group, t-butyl group,
substituted or unsubstituted phenyl group, or substituted or
unsubstituted naphthyl group.

In order to efficiently cause The TTF phenomenon, it is
preferable to adjust a relationship between an affinity of the
host material and an affinity of the dopant material as
described below. Hereinafter, the affinity of the host material
is described as A,, the affinity of the dopant material as A ,
ionization potential of the host material as I, and ionization
potential of the dopant material as I ,.

Now, the following cases will be described.

[1] Case of A,>A,

[2] Case of A, <A,

[3] Case where a dopant material satisfying A,<A ;and a
dopant material satisfying A,>A , coexist
[1] Case of A,>A,

A case where a relationship of A, >A , is satisfied will be
described. The dopant material used in this exemplary
embodiment is a dopant material emitting fluorescence of a
main peak wavelength of 550 nm or less and exhibiting a
relatively large energy gap. Accordingly, when the relation-
ship of A,>A, is satisfied, a relationship of [,>1, is simul-
taneously satisfied. Consequently, the dopant material easily
functions as a hole trap.

For instance, FIG. 4 shows an Ip (ionization potential)-Af
(affinity) relationship of the host material and the dopant
material in the emitting layer in the above case. In FIG. 4,
a shaded area in the emitting layer shows an exciton-density
distribution. The same applies to FIGS. 5 to 7. FIG. 4 shows
the relationship in the case of A,>A,>A..

When a gap in ionization potential between the host
material and the dopant material becomes large, the dopant
material is likely to have a hole-trapping property, whereby
triplet excitons are generated not only on the host material
molecule but directly on the dopant material molecule.
Consequently, the triplet excitons generated directly on the
dopant material are increased. When a relationship of
EZ,<EZ, is satisfied, triplet exciton energy on the dopant
material molecule is transferred onto the host molecule by
Dexter energy transfer, resulting in that all the triplet exci-
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tons gather on the host material. As a result, The TTF
phenomenon occurs efficiently.

In the exemplary embodiment, it is preferred that the hole
transporting layer is adjacent to the emitting layer in the hole
transporting zone and a triplet energy BY,  of the hole
transporting layer is larger than a triplet energy E”, of the
host material.

When the dopant material has a hole-trapping property,
the holes injected from the hole transporting zone to the
emitting layer are trapped by the dopant material. Accord-
ingly, recombination often occurs in the emitting layer near
the anode. A typically-known hole transporting material
used for the hole transporting zone often exhibits a larger
triplet energy than the host material. Accordingly, diffusion
of the triplet excitons on holes-side has not been a problem.

However, even though recombination often occurs near
the anode, the triplet exciton density in the interface of the
electron transporting zone cannot be ignored. Even under
such conditions, highly efficient recombination can be
achieved by increasing the triplet energy of the blocking
layer.

Other factors to determine recombination areas are a
carrier mobility, ionization potential, affinity and thickness
of each of the hole transporting zone and the electron
transporting zone. For instance, when the thickness of the
hole transporting zone is thicker than that of the electron
transporting zone, an amount of the electrons injected to the
emitting layer is relatively decreased. As a result, the recom-
bination areas are shifted near the electron transporting zone.
In such a case, when the blocking layer having a large triplet
energy as in the invention is used, the TTF phenomenon can
be efficiently induced.

The host material and the dopant material that satisfy the
above relationship in the affinity are selected from, for
instance, the following compounds (see JP-A-2010-50227
(Japanese Patent Application No. 2008-212102) and the
like).

The host material is an anthracene derivative and a
polycyclic aromatic skeleton-containing compound, prefer-
ably the anthracene derivative.

The dopant material is at least one compound selected
from the group consisting of a pyrene derivative, aminoan-
thracene derivative, aminochrysene derivative and aminopy-
rene derivative.

Examples of preferable combinations of the host material
and the dopant material are the anthracene derivative as the
host material and at least one compound selected from the
group consisting of a pyrene derivative, aminoanthracene
derivative, aminochrysene derivative and aminopyrene
derivative as the dopant material.

The aminoanthracene derivative is specifically exempli-
fied by a compound represented by the following formula
(20A).

[Formula 137]

(204)

Az
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In the formula (20A), A, and A, independently represent
a substituted or unsubstituted aliphatic hydrocarbon group
having 1 to 6 carbon atoms, substituted or unsubstituted
aromatic hydrocarbon group having 6 to 20 ring carbon
atoms, or substituted or unsubstituted heterocyclic aromatic
hydrocarbon group having 5 to 19 ring atoms and containing
nitrogen, sulfur or oxygen atom.

A, independently represents a substituted or unsubstituted
aliphatic hydrocarbon group having 1 to 6 carbon atoms,
substituted or unsubstituted aromatic hydrocarbon group
having 6 to 20 ring carbon atoms, substituted or unsubsti-
tuted heterocyclic aromatic hydrocarbon group having 5 to
19 ring atoms, or a hydrogen atom. The heterocyclic aro-
matic hydrocarbon group includes nitrogen, sulfur or oxy-
gen atom.

The aminochrysene derivative is specifically exemplified
by a compound represented by the following formula (20B).

[Formula 138]

(20B)

In the formula (20B), X, to X, , each represent a hydrogen
atom or a substituent. Y, and Y, each represent a substituent.

X, to X, are preferably a hydrogen atom. Y, and Y, are
preferably a substituted or unsubstituted aromatic ring hav-
ing 6 to 30 ring carbon atoms. The substituent of the
aromatic ring is preferably an alkyl group having 1 to 6
carbon atoms. The aromatic ring is preferably an aromatic
ring having 6 to 10 ring carbon atoms or a phenyl group.

The aminopyrene derivative is exemplified by a com-
pound represented by the following formula (20C).

[Formula 139]
(20C)
Xo Xio
) C i
X5 X3
Xs Xy

In the formula (20C), X, to X, , each represent a hydrogen
atom or a substituent. X5 and X, or X, and X, each represent
-NY,Y, (Y, and Y,: substituents). When X; and X each
represent -NY, Y, it is preferred that X, , 5 7., represent a
hydrogen atom, X, and X, represent a hydrogen atom, alkyl
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group or cycloalkyl group. When X, and X, each represent
-NY,Y,, it is preferred that X, ; 4, ,, are a hydrogen atom.
Y, and Y, are preferably a substituted or unsubstituted
aromatic ring, e.g., a phenyl group and a naphthyl group.
The substituent of the aromatic ring is exemplified by an
alkyl group having 1 to 6 carbon atoms.

The anthracene derivative is preferably a compound rep-
resented by the formula (20D).

In the formula (20D), Ar'* and Ar'? each independently
represent a substituted or unsubstituted monocyclic group
having 5 to 30 ring atoms, a substituted or unsubstituted
fused cyclic group having 10 to 30 ring atoms or a combi-
nation of the monocyclic group and the fused cyclic group.

The monocyclic group in the formula (20D) is a group
formed only by ring structure(s) having no fused structure.

The monocyclic group has 5 to 30 ring atoms, preferably
5 to 20 ring atoms. Examples of the monocyclic group
include: an aromatic group such as a phenyl group, biphenyl
group, terphenyl group and quarter-phenyl group; and a
heterocyclic group such as a pyridyl group, pyrazyl group,
pyrimidyl group, triazinyl group, furyl group and thienyl
group. Among the monocyclic group, a phenyl group, biphe-
nyl group and terphenyl group are preferable.

The fused cyclic group in the formula (20D) is a group
formed by fusing two or more ring structures.

The fused cyclic group has 10 to 30 ring atoms, preferably
10 to 20 ring atoms. Examples of the fused cyclic group
include: a fused aromatic cyclic group such as a naphthyl
group, phenanthryl group, anthryl group, chrysenyl group,
benzoanthryl group, benzophenanthryl group, triphenylenyl
group, benzochrysenyl group, indenyl group, fluorenyl
group, 9,9-dimethylfluorenyl group, benzofluorenyl group,
dibenzofluorenyl group, fluoranthenyl group and benzofluo-
ranthenyl group; and a fused heterocyclic group such as a
benzofuranyl group, benzothiophenyl group, indolyl group,
dibenzofuranyl group, dibenzothiophenyl group, carbazolyl
group, quinolyl group and phenanthrolinyl group. Among
the fused cyclic group, a naphthyl group, phenanthryl group,
anthryl group, 9,9-dimethylfluorenyl group, fluoranthenyl
group, benzoanthryl group, dibenzothiophenyl group, diben-
zofuranyl group and carbazolyl group are preferable.

The group formed in a combination of the monocyclic
group and the fused cyclic group in the formula (20D) is
exemplified by a group combined by sequentially bonding a
phenyl group, a naphthyl group and a phenyl group to an
anthracene ring.

Specific examples of the alkyl group, silyl group, alkoxy
group, aryloxy group, aralkyl group and the halogen atom
for R to R'® in the formula (20D) are the same as those
described in relation to R, in the formula (1). Examples of
the cycloalkyl group are the same as the above examples of
the cycloalkyl group. The same applies to the description of
“substituted or unsubstituted” in these substituents.

Preferable examples of the “substituted or unsubstituted”
substituent for Ar'* and Ar'? and R*®' to R**® in the formula
(20D) are a monocyclic group, fused cyclic group, alkyl
group, cycloalkyl group, silyl group, alkoxy group, cyano
group and halogen atom (particularly, fluorine). The mono-
cyclic group and the fused cyclic group are particularly
preferable. Preferable specific examples of the substituents
are the same as the above examples of the groups in the
formula (20D) and the above examples of the groups in the
formula (1).

[2] Case of A, <A,

Using the combination of the host material and the dopant
material which allows A, <A, the advantageous effects of
the blocking layer provided within the electron transporting
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zone is exhibited outstandingly, whereby improvement in
efficiency due to the TTF phenomenon can be attained.
Description will be given in the following cases of [2-1] and
[2-2]. In general, an organic material has a broadening of a
LUMO level in a range larger than the measured affinity
level by approximately 0.2 eV.

[2-1] Difference Between A ; and A, is Smaller than 0.2 eV

FIG. 5 shows one example of an energy band diagram in
this case. Dotted lines in the emitting layer show an energy
level of the dopant material. As shown in FIG. 5, when a
difference between A, and A, is smaller than 0.2 eV, the
LUMO level of the dopant material is included in the range
of the broadening of the LUMO level of the host material,
so that the electrons carried within the emitting layer is less
likely to be trapped by the dopant material. In other words,
the dopant material is less likely to exhibit an electron-
trapping property. Moreover, the dopant material in the
exemplary embodiment is a wide-gap fluorescent dopant
material having a main peak wavelength of 550 nm or less.
When the relationship of A,<A, is satisfied, since the
difference between A, and A, is approximately 0.2 eV, a
difference between the ionization potential of the host mate-
rial and the ionization potential of the dopant material is
reduced. As a result, the dopant material does not tend to
exhibit an outstanding hole-trapping property. FIG. 5 shows
the relationship in the case of A,>A,>A .

In other words, the dopant material in this case does not
tend to exhibit an outstanding trapping property for both
electrons and holes. In this case, as shown by the shaded area
of the emitting layer in FIG. 5, the electron-hole recombi-
nation occur mainly on the host material molecule in the
broad whole area in the emitting layer, thereby generating
25% of singlet excitons and 75% of triplet excitons mainly
on the host material molecule. Energy of the singlet excitons
generated on the host material 1s transferred to the dopant
material by Forster energy transfer to contribute to a fluo-
rescent emission of the dopant material molecule. On the
other hand, the transfer direction of the energy of triplet
excitons depends on the triplet energy relationship of the
host material and the dopant material. When the relationship
is E,>E”, the triplet excitons generated on the host mate-
rial are transferred to a dopant material which exists in the
vicinity by the Dexter energy transfer. A concentration of the
dopant material in the emitting layer of a fluorescent device
is typically as low as at a few mass % to approximately 20
mass %. Accordingly, triplet excitons which have transferred
to the dopant material collide with one another less fre-
quently, resulting in a less possibility of occurrence of the
TTF phenomenon. However, when the relationship of
E7,<ET, is satisfied as in this exemplary embodiment, since
the triplet excitons are present on the host material molecule,
the frequency of collision is increased, so that the TTF
phenomenon easily and efficiently occur.

In the exemplary embodiment, the blocking layer is
adjacent to the emitting layer. Since the triplet energy EZ, of
the blocking layer is set to be larger than the triplet energy
E7, of the host material, the triplet excitons is prevented
from dispersing in the electron transporting zone, so that the
TTF phenomenon can occur efficiently in the emitting layer.
[2-2] Difference Between A, and A, is Larger than 0.2 eV

FIG. 6 shows one example of an energy band diagram in
this case. The difference in affinity between the dopant
material and the host material is increased, so that a LUMO
level of the dopant material is present at a position further
higher than the LUMO level broadening of the host material.
Accordingly, the dopant material is more likely to exhibit a
significant electron-trapping property. Electrons trapped by
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the dopant material are recombined with holes after the
holes are transferred from the host material to the dopant
material. In other words, unlike the condition shown in FIG.
5, the electrons and the holes are recombined in a pair not
only on the host material molecule but also on the dopant
material molecule. As a result, triplet excitons are generated
not only on the host material molecule but also directly on
the dopant material molecule. Under such conditions, when
the relationship of EZ,<E” , is satisfied as in this exemplary
embodiment, the triplet excitons generated directly on the
dopant material also gather on the host material by Dexter
energy transfer, so that the TTF phenomenon occurs effi-
ciently.

When the affinities satisfy the above-mentioned relation-
ship, the possibility of trapping of electrons by the dopant
material is increased toward the interface between the emit-
ting layer and the blocking layer. As a result, recombination
occurs frequently in the vicinity of the interface between the
emitting layer and the blocking layer. In this case, the
efficiency of confining triplet excitons by the blocking layer
is increased as compared with the case mentioned in [2-1],
resulting in an increase in density of triplet excitons at the
interface between the emitting layer and the blocking layer.
FIG. 6 shows the relationship in the case of A;,>A,>A .

The host material and the dopant material that satisfy the
above relationship in the A, <A, can be selected from, for
instance, the following compounds (see JP-A-2010-50227
(Japanese Patent Application No. 2008-212102) and the
like).

Examples of the host material are an anthracene deriva-
tive and a polycyclic aromatic skeleton-containing com-
pound, preferably an anthracene derivative.

Examples of the dopant material are a fluoranthene
derivative, pyrene derivative, arylacetylene derivative, fluo-
rene derivative, boron complex, perylene derivative, oxadi-
azole derivative and anthracene derivatives, preferably fluo-
ranthene derivative, pyrene derivative, and boron complex,
more preferably fluoranthene derivative and boron complex.
As for the combination of the host material and the dopant
material, it is preferred that the host material is an anthra-
cene derivative and the dopant material is a fluoranthene
derivative or a boron complex.

The fluoranthene derivative is exemplified by the follow-
ing compound.

[Formula 140]

(30A)

In the formula (30A), X to X, each represent a hydrogen
atom or a substituent. Preferably, in the compound, X, to X,,
X, 10X and X, to X | are a hydrogen atom, and X5, X, and
X, , are a substituted or unsubstituted aryl group having 5 to
50 ring atoms. Preferably, in the compound, X, to X,, X, to
X and X to X, are a hydrogen atom, X5, X, and X, are
a substituted or unsubstituted aryl group having 5 to 50 ring
atoms. X; is —Ar,—Ar,, in which Ar, is a substituted or
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unsubstituted arylene group having 5 to 50 ring atoms, and
Ar, is a substituted or unsubstituted aryl group having 5 to
50 ring atoms.

More preferably, in the compound, X, to X,, X, to X, and
X; to X, are a hydrogen atom and X, and X, are a
substituted or unsubstituted aryl group having 5 to 50 ring
atoms. X; is —Ar,—Ar,—Ar;. in which Ar, and Ar; are
each a substituted or unsubstituted arylene group having 5 to
50 ring atoms, and Ar, is a substituted or unsubstituted aryl
group having 5 to 50 ring atoms.

The boron complex is exemplified by the following
compound.

[Formula 141]
(30B)

In the formula (30B), A and A' represent an independent
azine ring system corresponding to a six-membered aro-
matic ring containing one or more nitrogen. X* and X?
represent independently-selected substituents, which are
bonded together to form a fused ring for the ring A or the
ring A'. The fused ring contains an aryl or heteroaryl
substituent. m and n independently represent 0 to 4. Z and
7 each represent an independently-selected halide, 1, 2, 3,
4,1', 2", 3" and 4' each represent an independently-selected
carbon atom or nitrogen atom.

Desirably, the azine ring is preferably a quinolinyl ring or
isoquinolinyl ring in which all of 1, 2, 3, 4, 1, 2', 3' and 4'
are carbon atoms, m and n each are 2 or more, and X and
X? are a substituent having 2 or more carbon atoms that
combine with each other to form an aromatic ring, Z* and Z°
are desirably fluorine atoms.

The anthracene derivatives as the host material in the case
of [2] are the same as those described in the above “[1] Case
of A,>A,”

[3] Case where a Dopant Material Satisfying A, <A, and a
Dopant Material Satisfying A,>A , Coexist

FIG. 7 shows one example of an energy band diagram
when a dopant material satisfving A,<A, and a dopant
material satisfying A,>A ; are both contained in the emitting
layer. In such a case, both electrons and holes are trapped
properly, whereby recombination occurs in the entire region
of the emitting layer. Accordingly, recombination occurs
frequently also on the cathode side. By providing a blocking
layer that has a large triplet energy, the TTF phenomenon
occurs efficiently. FIG. 7 shows the relationship in the case
of A,>A,>A,.

In the exemplary embodiment, the density of excitons is
large in the interface between the emitting layer and the
blocking layer. In this case, holes which do not contribute to
recombination in the emitting layer are injected in the
blocking layer with a high probability. Accordingly, among
the above-mentioned aromatic heterocyclic derivatives, one
having an excellent oxidation resistance is preferable as the
material to be used in the blocking layer.

The blocking layer material desirably exhibits a reversible
oxidation process in a cyclic voltammetry measurement.

The emitting layer may contain two or more fluorescent
dopant materials of which the main peak wavelength is 550
nm or less. When the emitting layer contains two or more
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fluorescent dopant materials, the affinity A, of at least one
dopant material is equal to or larger than the affinity A, ofthe
host material, and the triplet energy E”, of this dopant
material is larger than the triplet energy EZ, of the host
material. For instance, the affinity A, of at least one dopant
material of the rest of the dopant materials may be smaller
than the affinity A, of the host material. Containing such two
kinds of dopant materials means containing both of a dopant
material satisfying A, <A, and a dopant material satisfying
A,>A; as described above. Efficiency can be significantly
improved by providing the blocking layer having a large
triplet energy.

Examples of the dopant material having the aflinity A,
that is smaller than the affinity A, of the host material
include a pyrene derivative, aminoanthracene derivative,
aminochrysene derivative, and aminopyrene derivative.

In addition to the above-mentioned host materials, diben-
zofuran compounds disclosed in WO05/113531 and JP2005-
314239, fluorene compounds disclosed in W002/14244, and
benzanthracene compounds disclosed in WO08/145,239 can
be used.

In addition to the above-mentioned dopant materials,
pyrene compounds disclosed in JP2004-204238, WQO05/
108348, WO04/83162, WO09/84512, KR10-2008-79956,
KR10-2007-115588 and KR10-2010-24894, chrysene com-
pounds disclosed in WO04/44088, and anthracene com-
pounds disclosed in WO07/21117 can be used.

Preferably, the host material and the dopant material are
each a compound formed by bonding ring structures or
single atoms (including bonding of a ring structure and a
single atom), in which the bonding is a single bond. A
compound having a carbon-carbon double bond in the part
other than the ring structure thereof is not preferable The
reason thereof is that the triplet energies generated on the
host material and the dopant material are used for the
structural change of the double bond, not for a TTF phe-
nomenon.

Formation Method of Each Layer of Organic EL Device

Each layer of the organic EL device in the exemplary
embodiment may be formed by any one of dry film-forming
such as vacuum deposition, sputtering, plasma deposition
and ion plating, and wet film-forming such as spin coating,
dipping, flow coating and ink jet.

In the wet film-forming, materials for forming each layer
are dissolved or dispersed in an appropriate solvent such as
ethanol, chloroform, tetrahydrofuran and dioxane to form a
thin-film. Any one of the solvents is usable.

As a solution suitable for the wet film-forming, an
organic-EL -material-containing solution, which contains an
aromatic amine derivative of the invention as an organic-
EL-device material and a solvent, is usable.

In any one of the organic thin-film layer, a resin or an
additive suitable for improving film-forming performance
and preventing pin holes on a film may be used.
Thickness of Each Layer of Organic EL Device

Although a thickness is not limited, an appropriate thick-
ness needs to be set. When the thickness is excessively thick,
a large voltage is required to be applied in order to obtain a
predetermined emission, so that an efficiency is deteriorated.
When the thickness is excessively thin, pin holes or the like
generate. Accordingly, even when the electrical field is
applied to the film, a sufficient luminescence intensity is not
obtained. A thickness of the blocking layer is preferably 20
nm or less. A thickness of each of other layers is typically
preferably in a range of 5 nm to 10 pm, more preferably in
a range of 10 nm to 0.2 pm.

Second Exemplary Embodiment
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FIG. 8 shows one example of an organic EL device 2
according to a second exemplary embodiment.

The organic EL device according to the second exemplary
embodiment may not include an electron injecting layer. As
shown in FIG. 8, the organic EL device 2 according to the
second exemplary embodiment includes the anode 10, the
hole transporting zone 60, the emitting layer 20, the electron
transporting zone (the blocking layer 30 in the exemplary
embodiment), and the cathode 50 in this sequence. These
layers are adjacent to one another in the organic EL device
in the exemplary embodiment.

The blocking layer 30 of the organic EL device 2 contains
the aromatic heterocyclic derivative represented by the
formula (1) in the same manner as in the first exemplary
embodiment. Other layers forming the organic EL device 2
are also the same as those in the first exemplary embodi-
ment.

Third Exemplary Embodiment

FIG. 9 shows one example of an organic EL device 3
according to a third exemplary embodiment.

The organic EL device according to the third exemplary
embodiment may include an electron injecting layer on a
side of the electron transporting layer near the cathode. As
shown in FIG. 9, the organic EL device 3 according to the
third exemplary embodiment includes the anode 10, the hole
transporting zone 60, the emitting layer 20, the electron
transporting zone (the blocking layer 30, the electron trans-
porting layer 41 and the electron injecting layer 40 in the
exemplary embodiment), and the cathode 50 in this
sequence. These layers are adjacent to one another in the
exemplary embodiment.

In the organic EL device 3, at least one of the electron
injecting layer 40 and the electron transporting layer 41
preferably contains the aromatic heterocyclic derivative
according to the above exemplary embodiment. A material
to be contained in the electron transporting layer can be the
material described in relation to the above electron injecting
layer and known electron transporting materials. Moreover,
the electron injecting layer 40 and the electron transporting
layer 41 may further include other material(s) in addition to
the aromatic heterocyclic derivative according to the above
exemplary embodiment.

The blocking layer 30 of the organic EL device 3 contains
the aromatic heterocyclic derivative represented by the
formula (1) in the same manner as in the first exemplary
embodiment. Other layers forming the organic EL device 3
are also the same as those in the first exemplary embodi-
ment.

Fourth Exemplary Embodiment

An organic EL device in the fourth exemplary embodi-
ment may have a tandem device configuration in which at
least two organic layer units including emitting layers are
provided. An intermediate layer (intermediate conductive
layer, charge generation layer or CGL) is interposed between
the two emitting layers. An electron transporting zone can be
provided in each unit. At least one emitting layer is a
fluorescent emitting layer and the unit including the emitting
layer satisfies the above-mentioned requirements.

FIG. 10 shows one example of the organic EL device
according to the fourth exemplary embodiment. An organic
EL device 4 includes the anode 10, emitting layers 22 and 24
and the cathode 50 in this sequence. An intermediate layer
80 is interposed between the emitting layers 22 and 24. A
blocking layer 32 is adjacent to the emitting layer 24. The
electron injecting layer 40 is interposed between the block-
ing layer 32 and the cathode 50. The blocking layer 32, the
electron injecting layer 40 and the emitting layer 24 are
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respectively a blocking layer, an electron injecting layer and
a fluorescent emitting layer which satisfy the requirements
of the invention. The other emitting layer may be either a
fluorescent emitting layer or a phosphorescent emitting
layer. Another blocking layer and another electron injecting
layer are provided adjacent to the emitting layer 22 in
sequential order. These blocking layer and electron injecting
layer and the emitting layer 22 may be respectively used as
the blocking layer, the electron injecting layer, and the
fluorescent emitting layer which satisfy the requirements of
the invention.

Note that, in the exemplary embodiment, the blocking
layer 32 and the electron injecting layer 40 correspond to the
electron transporting zone.

At least one of an electron transporting zone and hole
transporting zone may be interposed between the two emit-
ting layers 22 and 24. Three or more emitting layers may be
provided, and two or more intermediate layers may be
provided. When three or more emitting layers are present, an
intermediate layer may or may not be present between all of
the emitting layers.

The intermediate layer is a layer including at least one of
the intermediate conductive layer and the charge generation
layer, or at least one of the intermediate conductive layer and
the charge generation layer. The intermediate layer serves as
a source for supplying electrons or holes to be injected in an
emitting unit. In addition to charges injected from a pair of
electrodes, charges supplied from the intermediate layer are
injected into the emitting unit. Accordingly, by providing the
intermediate layer, luminous efficiency (current efficiency)
relative to injected current is improved.

Examples of the intermediate layer include a metal, metal
oxide, mixture of metal oxides, composite oxide, and elec-
tron-accepting organic compound. Examples of the metal
are preferably Mg, Al, and a film formed by co-evaporating
Mg and Al. Examples of the metal oxide include ZnO, WO,
MoO; and MoO,. Examples of the mixture of the metal
oxides include ITO, IZO (registered trade mark), and ZnO:
Al. Examples of the electron-accepting organic compound
include an organic compound having a CN group as a
substituent. The organic compound having a CN group is
preferably a triphenylene derivative, tetracyanoquinodime-
thane derivative and indenofluorene derivative. The triph-
enylene derivative is preferably hexacyanohexaazatriph-
enylene. The tetracyanoquinodimethane derivative 1is
preferably tetrafluoroquinodimethane and dicyanoquinodi-
methane. The indenofluorene derivative is preferably a com-
pound disclosed in W02009/011327, WO2009/069717, or
WQ002010/064655. The electron accepting substance may
be a single substance, or a mixture with other organic
compounds.

In order to easily accept the electrons from the charge
generation layer, at least one of the electron-donating dopant
represented by an alkali metal and the organic metal com-
plex is added in the vicinity of the interface of the charge
generation layer in the electron transporting layer. Examples
of the electron-donating dopant and the organic metal com-
plex are those described above in the first exemplary
embodiment.

Specific examples of the compounds usable for the elec-
tron-donating dopant and the organic metal complex are
compounds disclosed in International Patent Application
No. PCT/JP2010/003434 (International Publication No.
W02010/134352).

Fifth Exemplary Embodiment

In the fifth exemplary embodiment, an anode, a plurality

of emitting layers, an electron transporting zone that
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includes a blocking layer adjacent to one of the emitting
layers and an electron injecting layer adjacent to the block-
ing layer, and a cathode are provided in sequential order. A
charge blocking layer is provided between two emitting
layers of the plurality of the emitting layers. The emitting
layers in contact with the charge blocking layer are fluores-
cent emitting layers. The fluorescent emitting layer, and the
blocking layer and the electron injecting layer in the electron
transporting zone satisfy the above requirements.

As a configuration of a suitable organic EL device accord-
ing to the fifth exemplary embodiment, there can be given a
configuration as disclosed in Japanese Patent No. 4134280,
US patent publication US2007/0273270A1 and Interna-
tional Publication WO2008/023623A1. Specifically, the
configuration in which an anode, a first emitting layer, a
charge blocking layer, a second emitting layer and a cathode
are sequentially stacked, and an electron-transporting zone
having a blocking layer and an electron injecting layer for
preventing diffusion of triplet excitons is further provided
between the second emitting layer and the cathode. Here, the
charge blocking layer means a layer to control the carrier
injection to an emitting layer and the carrier balance
between electrons and holes injected in the emitting layer by
providing an energy barrier of a HOMO level or a LUMO
level between adjacent emitting layers

Specific examples of such a configuration are given
below.

anode/first emitting layer/charge blocking layer/second
emitting layer/electron transporting zone/cathode

anode/first emitting layer/charge blocking layer/second
emitting layer/third emitting layer/electron transporting
zone/cathode

It is preferred that a hole transporting zone is provided
between the anode and the first emitting layer in the same
manner as in other embodiments

FIG. 11 shows one example of an organic EL device
according to the fifth exemplary embodiment. An upper
view in FIG. 11 shows a device configuration, and the
HOMO and LUMO energy levels of each layer. A lower
view in FIG. 11 shows a relationship between energy gaps
of the third emitting layer and the blocking layer. The upper
view in FIG. 11 shows the relationship in the case of
A>A>A,.

The organic EL device includes the anode, first emitting
layer, second emitting layer, third emitting layer, electron
transporting zone, and cathode in sequential order. A charge
blocking layer is interposed between the first and second
emitting layers. The electron transporting zone is formed of
the blocking layer. This blocking layer and third emitting
layer are the blocking layer and the fluorescent emitting
layer that satisfy the requirements of the invention. The first
and second emitting layers may be either a fluorescent
emitting layer or a phosphorescent emitting layer.

The device of this embodiment is suitable as a white
emitting device. The device can be a white emitting device
by adjusting the emission colors of the first emitting layer,
second emitting layer and third emitting layer. Moreover, the
device can be a white emitting device by arranging only the
first emitting layer and the second emitting layer and adjust-
ing the emission colors of these two emitting layers. In this
case, the second emitting layer is a fluorescent emitting layer
satisfying the requirements of the invention.

In particular, by using a hole transporting material as the
host in the first emitting layer, by adding a fluorescent
dopant material of which the main peak wavelength is larger
than 550 nm, by using an electron transporting material as
the host material in the second emitting layer (and the third
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emitting layer), and by adding a fluorescent dopant material
of which the main peak wavelength is equal to or smaller
than 550 nm, it is possible to achieve a white emitting device
that exhibits a higher luminous efficiency as compared with
conventional white emitting devices, even though all of
them are entirely formed of fluorescent materials.

Reference is made particularly to a hole transporting layer
which is adjacent to the emitting layer. In order to allow the
TTF phenomenon to occur effectively, it is preferred that the
triplet energy of the hole transporting material is larger than
the triplet energy of the host material, when the triplet
energy of the hole transporting material and that of the host
material are compared.

Sixth Exemplary Embodiment

In a sixth exemplary embodiment, a blue pixel, a green
pixel and a red pixel are arranged in parallel on a substrate.
Of these three color pixels, at least one of the blue pixel and
the green pixel has the configuration of the first exemplary
embodiment or second exemplary embodiment.

FIG. 12 shows one example of an organic EL device
according to the fifth exemplary embodiment.

In a top-emission type organic EL device 5 shown in FIG.
12, a blue pixel B, a green pixel G and a red pixel R are
arranged in parallel on a common substrate 100.

The blue pixel B includes the anode 10, the hole trans-
porting zone 60, a blue emitting layer 20B, the blocking
layer 32, the electron injecting layer 40, the cathode 50, and
a protection layer 90 on the substrate 100 in sequential order.

The green pixel G includes the anode 10, the hole
transporting zone 60, a green emitting layer 20G, the block-
ing layer 32, the electron injecting layer 40, the cathode 50,
and the protection layer 90 on the substrate 100 in sequential
order.

The red pixel R includes the anode 10, the hole trans-
porting zone 60, a red emitting layer 20R, the blocking layer
32, the electron injecting layer 40, the cathode 50, and the
protection layer 90 on the substrate 100 in sequential order.

An insulating film 200 is formed between the anodes of
adjacent pixels so as to keep the insulation between the
pixels. The electron transporting zone is formed of the
blocking layer 32 and the electron injecting layer 40.

In the organic EL device 5, the blocking layer is provided
as a common blocking layer for the blue pixel B, the red
pixel R and the green pixel G.

The advantageous effects brought by the blocking layer
are outstanding comparing to the luminous efficiency con-
ventionally attained in a blue fluorescent device. In a green
fluorescent device and a red fluorescent device, similar
advantageous effects, such as confining triplet energies in
the emitting layer, can be attained, and improvement in
luminous efficiency can also be expected.

On the other hand, in a phosphorescent emitting layer, it
is possible to attain the advantageous effects of confining
triplet energies in the emitting layer, and as a result, diffusion
of triplet energies is prevented, thereby contributing to
improvement in luminous efficiency of a phosphorescent
dopant material.

The hole transporting zone is formed of, for instance, a
hole transporting layer, or a combination of a hole trans-
porting layer and a hole injecting layer. A common hole
transporting zone may be provided or different hole trans-
porting zones may be provided for the blue pixel B, the red
pixel R and the green pixel G. Typically, the hole transport-
ing zones respectively have a configuration suited to the
color of emitted light.
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The configuration of the organic layer formed of the
emitting layers 20B, G and R and the blocking layer is not
limited to that shown in the figure and is changeable
appropriately.

The host material and the dopant material usable in the
exemplary embodiment are the same as described above. In
particular, emitting layers for each color will be described
below.

A green emitting layer is preferably formed of the fol-
lowing host material and dopant material.

The host material is preferably a fused aromatic ring
derivative. As the fused aromatic ring derivative, an anthra-
cene derivative, pyrene derivative and the like are more
preferable in view of luminous efficiency and luminous
lifetime.

The host material is exemplified by a heterocycle-con-
taining compound. Examples of the heterocycle-containing
compound are a carbazole derivative, dibenzofuran deriva-
tive, ladder-type furan compound and pyrimidine derivative.

The dopant material is not particularly limited so long as
it functions as a dopant, but an aromatic amine derivative is
preferable in view of luminous efliciency and the like. As the
aromatic amine derivative, a fused aromatic ring derivative
having a substituted or unsubstituted arylamino group is
preferable. Examples of such a compound are pyrene,
anthracene and chrysene having an arylamino group.

A styrylamine compound is also preferable as the dopant
material. Examples of the styrylamine compound are
styrylamine, styryldiamine, styryltriamine and styryltet-
raamine. Here, the styrylamine means a compound in which
a substituted or unsubstituted arylamine is substituted with
at least one arylvinyl group. The arylvinyl group may be
substituted with a substituent such as an aryl group, silyl
group, alkyl group, cycloalkyl group, or arylamino group,
which may have a further substituent.

Furthermore, as the dopant material, a boron complex and
a fluoranthene compound are preferable. A metal complex is
also preferable as the dopant material. The metal complex is
exemplified by an iridium complex or platinum complex.

A red emitting layer is preferably formed of the following
host material and dopant material. The host material is
preferably a fused aromatic ring derivative. As the fused
aromatic ring derivative, a naphthacene derivative, penta-
cene derivative and the like are more preferable in view of
luminous efficiency and luminous lifetime.

The host material is exemplified by a fused polycyclic
aromatic compound. Examples of the fused polycyclic aro-
matic compound are a naphthalene compound, phenanthrene
compound and fluoranthene compound.

The dopant material is preferably an aromatic amine
derivative. As the aromatic amine derivative, a fused aro-
matic ring derivative having a substituted or unsubstituted
arylamino group is preferable. Such a compound is exem-
plified by periflanthene having an arylamino group.

A metal complex is also preferable as the dopant material.
The metal complex is exemplified by an iridium complex or
platinum complex.

The organic EL device of the sixth exemplary embodi-
ment is prepared in the following manner.

On a substrate, an APC (Ag—Pd—Cu) layer as a silver
alloy layer (reflective layer) and a transparent conductive
layer such as a zinc oxide (IZO) film and a tin oxide film are
sequentially formed. Next, by a typical lithographic tech-
nology, this conductive material layer is patterned by etching
using a mask with a resist pattern, thereby forming an anode.
Then, by the spin coating method, an insulating film formed
of a photosensitive resin such as a polyimide is formed by
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coating on the anode. Thereafter, the resulting film is
exposed, developed and cured to allow the anode to be
exposed, whereby the anodes for a blue emitting region, a
green emitting region and a red emitting region are pat-
terned.

There are three types of electrodes, i.e. an electrode for
the red pixel, an electrode for the green pixel and an
electrode for a blue pixel. They respectively correspond to
the blue emitting region, the green emitting region and the
red emitting region, and respectively correspond to the
anode. After conducting cleaning for 5 minutes in isopropyl
alcohol, a UV ozone cleaning is conducted for 30 minutes.
When the hole injecting layer and the hole transporting layer
are formed thereafter, the hole injecting layer is stacked over
the entire surface of the substrate, and the hole transporting
layer is stacked thereon. Emitting layers are formed to be
correspondingly arranged to the positions of the anode for
the red pixel, the anode for the green pixel and the anode for
the blue pixel When vacuum evaporation method is used, the
blue emitting layer, the green emitting layer and the red
emitting layer are finely patterned using a shadow mask.

Next, a blocking layer is stacked over the entire surface.
Subsequently, an electron injecting layer is stacked over the
entire surface. Thereafter, Mg and Ag are formed into a film
by evaporation, thereby forming a semi-transparent cathode
formed of an Mg—Ag alloy.

As for the other members used in the exemplary embodi-
ment, such as the substrate, the anode, the cathode, the hole
injecting layer and the hole transporting layer, known mem-
bers disclosed in PCT/JP2009/053247, PCT/IP2008/
073180, U.S. patent application Ser. Nos. 12/376,236,
11/766,281, 12/280,364 or the like can be appropriately
selected and used.

It is preferred that the hole transporting layer include an
aromatic amine derivative represented by any one of the
following formulae (a-1) to (a-5).

[Formula 142]
(a-1)
TI]
N
AI‘Z/ \Ar3
(a-2)
Ar4 Al‘ﬁ
/
N—L—N
\
Arg Ar;
(a-3)
TIS
N
~
Aty /Lz/ Ly Ay
Aryg Arpa
(a-4)
Arpz Arjg
\
N—Ls—N
/
T4 Te
Ar N \N Ar
14— —Arpy
\
Arps Arjg
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-continued
(3-5)

AI19\N/AI20

|
Ly
|

N.
Ls/ L Ary

Any) 9
\N/ \N/

Ary Ary

In the formulae (a-1) to (a-5), A, to Ar,, are independently
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.

L, to L, are independently 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.

Examples of a substituent which Ar, to Ar,, and L, to L,
may have include a linear or branched alkyl group having 1
to 15 carbon atoms, a cycloalkyl group having 3 to 15 ring
carbon atoms, a tralkylsilyl group having a linear or
branched alkyl group having 1 to 15 carbon atoms, a
triarylsilyl group having an aryl group having 6 to 14 ring
carbon atoms, an alkylarylsilyl group having a linear or
branched alkyl group having 1 to 15 carbon atoms and an
aryl group having 6 to 14 ring carbon atoms, an aryl group
having 6 to 50 ring carbon atoms, a heteroaryl group having
5 to 50 ring atoms, a halogen atom, and a cyano group.
Adjacent substituents may bond to each other to form a
saturated or unsaturated divalent group forming a ring.

At least one of the above Ar, to Ar,, is preferably a
substituent represented by the following formula (a-6) or

(a-7).

[Formula 143]
{a-6)
(B2
RY,~L ( ‘/\\\/Llo—
X
{a-7)
<R3>c\// N\
/
N—Ly
—
\
®H\ Y

In the formula (a-6), X is an oxygen atom, sulfur atom or
N—Ra. Ra is a linear or branched alkyl group having 1 to
15 carbon atoms, a cycloalkyl group having 3 to 15 ring
carbon atoms, an aryl group having 6 to 50 ring carbon
atoms or a heteroaryl group having 5 to 50 ring atoms.

L, 1s a single bond, 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.

In the formula (a-7), L,, is 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.
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In the formulae (a-6) and (a-7), R* to R* are independently
a linear or branched alkyl group having 1 to 15 carbon
atoms, a cycloalkyl group having 3 to 15 ring carbon atoms,
a trialkylsilyl group having a linear or branched alkyl group
having 1 to 15 carbon atoms, a triarylsilyl group having an
aryl group having 6 to 14 ring carbon atoms, an alkylaryl-
silyl group having a linear or branched alkyl group having
1 to 15 carbon atoms and an aryl group having 6 to 14 ring
carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a heteroaryl group having 5 to 50 ring atoms, a
halogen atom, or a cyano group. Adjacent groups of R's to
R* may bond to each other to form a ring.

a, ¢ and d are each an integer of 0 to 4.

b is an integer of 0 to 3.

The compound represented by the formula (a-1) is pref-
erably a compound represented by the following formula

(a-8).

[Formula 144]

(a-8)
AI25

Cz—L —N/
12
\

AI25

In the formula (a-8), Cz is a substituted or unsubstituted
carbazolyl group.

L, is 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.

Ar,s and Ar,, are independently a substituted or unsub-
stituted aryl group having 6 to 50 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 5 to 50
ring atoms.

The compound represented by the formula (a-8) is pref-
erably a compound represented by the following formula

(a-9).

[Formula 145]
(@9)
@~L N
U
= Ars
N—L,—N
= Ary
\
Ry

In the formula (a-9), R and R® are independently a linear
or branched alkyl group having 1 to 15 carbon atoms, a
cycloalkyl group having 3 to 15 ring carbon atoms, a
trialkylsilyl group having a linear or branched alkyl group
having 1 to 15 carbon atoms, a triarylsilyl group having an
aryl group having 6 to 14 ring carbon atoms, an alkylaryl-
silyl group having a linear or branched alkyl group having
1 to 15 carbon atoms and an aryl group having 6 to 14 ring
carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a heteroaryl group having 5 to 50 ring atoms, a
halogen atom, or a cyano group. Adjacent groups of R® s to
R® s may bond to each other to form a ring.

e and f are each an integer of 0 to 4.
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L, Ar,s and Ar, are the same as L ,, Ar,5 and Ar, in
the formula (a-8).
The compound represented by the formula (a-9) is pref-

erably a compound represented by the following formula
(a-10).

[Formula 46]

(=-10)

®7), ®®y,

-0

In the formula (a-10), R7 and R® are independently a linear
or branched alkyl group having 1 to 15 carbon atoms, a
cycloalkyl group having 3 to 15 ring carbon atoms, a
trialkylsilyl group having a linear or branched alkyl group
having 1 to 15 carbon atoms, a triarylsilyl group having an
aryl group having 6 to 14 ring carbon atoms, an alkylaryl-
silyl group having a linear or branched alkyl group having
1 to 15 carbon atoms and an aryl group having 6 to 14 ring
carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a heteroaryl group having 5 to 50 ring atoms, a
halogen atom, or a cyano group. Adjacent groups of R’s to
RS may bond to each other to form a ring.

g and h are each an integer of 0 to 4.

(Rs)e\ll N
/

S
\
(Rs)f/\ /

[Fermula 147]

Br.

(0]
Compound 1

Br.

(0]
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R®,R% e, f, Ar, and Ar, . are the same as R°, R%, e, f, Ar,s
and Ar, in the formula (a-9).
Seventh Exemplary Embodiment

An organic EL device according to the seventh exemplary
embodiment may include the electron transporting layer in
place of the blocking layer 30 as the electron transporting
zone in the organic EL device 2 according to the second
exemplary embodiment in FIG. 8. Specifically, the organic
EL device according to the seventh exemplary embodiment
(not shown) include the anode 10, the hole transporting zone
60, the emitting layer 20, the electron transporting layer and
the cathode 50 in this sequence. The electron transporting
layer includes the aromatic heterocyclic derivative of the
invention and may further include other material(s). In the
seventh exemplary embodiment, the emitting layer 20 pref-
erably contains a dopant material exhibiting phosphores-
cence as the dopant material.

Note that other layers forming the organic EL device in
the seventh exemplary embodiment are the same as those in
the first and second exemplary embodiments.

EXAMPLES
Examples of the invention will be described below. How-
ever, the invention is not limited by these Examples.
Synthesis of Compound(s)
Synthesis Example 1
Synthesis of Compound 7

A synthesis scheme of a compound 7 is shown below.

Compound 2

X

NaOMe
EtOH

NH

NH,—HCI

Compound 4

NaOH, EtOH
reflux

Compound 3



US 10,418,563 B2

499
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9

b

500

B(OH),

1

Compound 6

ooy

Compound 5

Pd(PPh3)y, 2M NayCO; aq.
toluene-DME reflux

Compound 7

(1-1) Synthesis of Compound 3

4'-bromoacetophenone (a compound 1) (22 g, 120 mmol),
4-phenylbenzaldehyde (a compound 2) (25 g, 126 mmol),
sodium methoxide (8.4 g, 156 mmol) and ethanol (200 mL.)
were mixed and stirred for 12 hours at the room temperature.
A precipitated solid was separated by filtration and sus-
pended in and washed with ethanol. Subsequently, the
obtained solid was dried under reduced pressure, so that a
compound 3 (42 g, a yield of 96%) in a form of a white solid
was obtained.
(1-2) Synthesis of Compound 5

Ethanol (450 mL) was added with the compound 3 (40 g,
111 mmol), benzamidine hydrochloride (a compound 4) (26
g, 166 mmol) and sodium hydroxide (12 g, 299 mmol), and
was heated to reflux for nine hours. After the reaction, a
precipitated solid was separated by filtration and refined by
silica-gel column chromatography (eluent: toluene). The
reactant was recrystallized using toluene, so that a com-
pound 5 in a form of a white solid (24 g, a yield of 47%) was
obtained.

(1-3) Synthesis of Compound 7

The compound 5 (6.0 g, 13 mmol) and a compound 6 (3.3
g, 16 mmol) were dissolved in toluene (200 mL) and
1,2-dimethoxyethane (200 mL), to which tetrakis(triphenyl-
phosphine)palladium (0) (0.75 g, 0.65 mmol) and an aque-
ous solution of 2M sodium carbonate (26 mL) were added.
The obtained solution was heated to reflux for 15 hours.
After the reaction, the reactant solution was cooled to the
room temperature and extracted with toluene. The obtained
organic layer was washed with water and saturated saline in
sequential order and dried with sodium sulfate. The solvent
was distilled away under reduced pressure. The residue was
added with toluene and heated to reflux to be dissolved. The
reactant solution was cooled and precipitated in a crystal
form. The crystal was separated by filtration and washed
with toluene. Subsequently, the obtained solid was dried
under reduced pressure, so that a compound 7 (5.5 g, a yield
of 77%) in a form of a white solid was obtained. As a result
of FD-MS (Field Desorption Mass Spectrometry) analysis,
the reactant was identified as the compound 7.
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Synthesis Example 2

Synthesis of Compound 9

A synthesis scheme of a compound 9 is shown below.

[Formula 148

(0]

502

B(OH),

U

Compound 8

]
NE/ 1\
x

Compound 5

Br

Pd(PPh3)y, 2M Na,CO; ag.
toluene-DME reflux

Compound 9

(2-1) Synthesis of Compound 9

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using a compound
8 (2.7 g, 13 mmol) in place of the compound 6, so that a sq
compound 9 (5.5 g, ayield of 92%) in a form of a white solid
was obtained. As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was identified as the
compound 9.

[Formula 149]
Br.
o]
Compound 10

Synthesis Example 3

Synthesis of Compound 13

A synthesis scheme of a compound 13 is shown below.

_— -
NaOMe

EtOH
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Br.

504

NI
O)‘\ NI, —HCl

Compound 4
NaOH, EtOH reflux

()

NN

o >
Cl CN
(0]
Compound 11
Cl CN, toluene 50° C.
o]

B(OH),

(/

Compound 6

| e

Pd(PPhs)s, 2M Na,CO; aq.

toluene-DME reflux

Compound 12

N \EN

Compound 13

(3-1) Synthesis of Compound 12
4'-(p-bromophenyl)acetophenone (a compound 10) (30 g,
110 mmol) and benzaldehyde (12 g, 110 mmol) were
dissolved in ethanol (300 mL), into which sodium methox-
ide (about-5M methanol solution) (80 mL) was dropped.
The obtained solution was stirred for three hours at the room
temperature to synthesize a compound 11. Next, benzami-
dine hydrochloride (the compound 4) (17 g, 110 mmol) and
sodium hydroxide (5.3 g, 132 mmol) were added to the
above solution and was heated to reflux for 18 hours. After
the reaction, the reactant solution was cooled to the room
temperature and a precipitated solid was separated by fil-
tration. Then, the obtained solid was washed with methanol.
A crude product, 2,3-dichloro-5,6-dicyano-p-benzoquinone
(19 g. 84 mmol) and toluene (400 mL) were mixed and

stirred for one hour at 50 degrees C. After the reaction,
methanol was added to the mixture and a precipitated solid
was separated by filtration and refined by silica-gel column
chromatography (eluent: toluene), so that a compound 12
(26 g, a yield of 51%) in a form of a white solid was
obtained.

(3-2) Synthesis of Compound 13

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
12 (6.0 g, 13 mmol) in place of the compound 5, so that a
compound 13 (4.9 g, a yield of 69%) in a form of a white
solid was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as
the compound 13.
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Synthesis Example 4

Synthesis of Compound 14

A synthesis scheme of a compound 14 is shown below.

[Formula 150]

B(OH),
0

L OO

Compound 8
Va Pd(PPhy)y, 2M Na,CO; aq.
toluene-DME reflux

—Z,

Br

Compound 12

Xy

O '

Compound 14

(4-1) Synthesis of Compound 14 so that a compound 14 (5.5 g, a yield of 93%) in a form of
Synthesis was made by the same method as in (1-3) a white solid was obtained. As a result of FD-MS (Field

synthesis of the compound 7, except for using the compound 65
12 (5.0 g, 11 mmol) in place of the compound 5 and the
compound 8 (2.7 g, 13 mmol) in place of the compound 6, identified as the compound 14.

Desorption Mass Spectrometry) analysis, the reactant was
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Synthesis Example 5
Synthesis of Compound 16

A synthesis scheme of a compound 16 is shown below.

508

[Formula 151]
B(OH),
SN
| Compound 15
F Pd(PPh3)4, 2M Na,COj3 aq.
toluene-DME reflux
Br
Compound 12

9

S
Compound 16

(5-1) Synthesis of Compound 16

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
12 (5.0 g, 11 mmol) in place of the compound 5 and the
compound 15 (3.0 g, 13 mmol) in place of the compound 6,
so that a compound 16 (4.5 g, a yield of 74%) in a form of
a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 16.

[Formula 152]

(HO),B

Compound 17

Pd(PPhs)y, 2M Na,CO; aq.
Br toluene-DME reflux

Compound 1

L

F

Synthesis Example 6

Synthesis of Compound 22

A synthesis scheme of a compound 22 is shown below.

CHO

Br
Compound 19

NaOMe
EiOH

Compound 18
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(0]
AN
Br
Compound 20
NN

Compound 21

NH
NH,—HCI
Compound 4
NaOH, EtOH
reflux
B(OH),

s

(0]
Compound 6

Pd(PPh3)4, 2M Na,COs ag.
toluene-DME reflux

(6-1) Synthesis of Compound 18

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound 55
1 (20 g, 100 mmol) in place of the compound 5 and a
compound 17 (22 g, 100 mmol) in place of the compound 6,
so that a compound 18 (25 g, a yield of 85%) in a form of
a white solid was obtained.

(6-2) Synthesis of Compound 20

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using 4-bromoben-
zaldehyde (a compound 19) (17 g, 89 mmol) in place of the
compound 2 and the compound 18 (25 g, 85 mmol) in place 65
of the compound 1, so that a compound 20 (38 g, a yield of
97%) in a form of a white solid was obtained.

60

Compound 22

(6-3) Synthesis of Compound 21

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound
20 (38 g, 82 mmol) in place of the compound 3, so that a
compound 21 (16 g, a yield of 34%) in a form of a white
solid was obtained.

(6-4) Synthesis of Compound 22

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
21 (5.0 g, 8.9 mmol) in place of the compound 5, so that a
compound 22 (3.9 g, a yield of 68%) in a form of a white
solid was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as
the compound 22.
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Synthesis Example 7

Synthesis of Compound 24

A synthesis scheme of a compound 22 is shown below.

[Formula 153]

NZ

—7,

512

Compound 23

Br

Compound 21

5o

Compound 24

(7-1) Synthesis of Compound 24

45
Synthesis was made by the same method as in (1-3)

synthesis of the compound 7, except for using the compound
21 (5.0 g, 8.9 mmol) in place of the compound 5 and a
compound 23 (2.8 g, 9.8 mmol) in place of the compound 6,

so that a compound 24 (25 g, a yield of 78%) in a form of g,

a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 24.

[Formula 154]

s

Compound 25

Pd(PPhz)4, 2M Na,yCO; ag.
toluene-DME reflux

AN

Synthesis Example 8

Synthesis of Compound 28

A synthesis scheme of a compound 28 is shown below.

Br
Compound 19

NaOMe
EtOH
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NH
0]
NI, —HCl
h '
Q Compound 4
Br
NaOH, EtOH
reflux
Compound 26
B(OH),
NZ N :o:
| Compound 6
X Pd(PPhs)y, IM NayCO3 8.
toluene-DME reflux
Compound 27
Compound 28
40
(8-1) Synthesis of Compound 26 (8-3) Synthesis of Compound 28
Synthesis was made by the same method as in (1-1) Synthesis was made by the same method as in (1-3)

synthesis of the compound 7, except for using the compound ~ synthesis of the compound 7, except for using the compound
19 (20 g, 109 mmol) in place of the compound 2 and a 27 (3.4 g, 6.8 mmol) in place of the compound 5, so that a
compound 25 (25 g, 106 mmol) in place of the compound 1, 45 compound 28 (3.3 g, a yield of 82%) in a form of a white

. . solid was obtained. As a result of FD-MS (Field Desorption
s0 tﬁit 4 c?glpoundbiﬁ (2(71 g a yield of 64%) in a form of Mass Spectrometry) analysis, the reactant was identified as
a white solid was obtained.

th d 28.
(8-2) Synthesis of Compound 27 © compotn

Synthesis was made by the same method as in (1-2) ., Synthesis Example 9
synthesis of the compound 7, except for using the compound
26 (27 g, 68 mmol) in place of the compound 3, so that a Synthesis of Compound 31
compound 27 (6.7 g, a yield of 20%) in a form of a white
solid was obtained. A synthesis scheme of a compound 31 is shown below.
[Formula 155]
NH
0O CHO (0]
NH,—HCl
AN
Br
Compound 19 Compound 4
Br Br Br >
Compound 1 Néit%hée Compound 29 NaOrg{uE)l(tOH
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N Z |N
O b
Br Br
Compound 30

516

B(OH),

Cis

0]
Compound 6
Pd(PPh3)y, 2M Na,CO; aq.
toluene-DME reflux

(9-1) Synthesis of Compound 29

Synthesis was made by the same method as in (1-1) *°
synthesis of the compound 7, except for using the compound
19 (23 g, 125 mmol) in place of the compound 2, so that a
compound 29 (41 g, a yield of 95%) in a form of a white

solid was obtained. 45

(9-2) Synthesis of Compound 30

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound
29 (20 g, 55 mmol) in place of the compound 3, so that a s
compound 30 (15 g, a yield of 61%) in a form of a white
solid was obtained.

[Formula 156]

CHO

Br
Compound 19

Compound 31

(9-3) Synthesis of Compound 31

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using a compound
30 (6.9 g, 15 mmol) in place of the compound 5 and using
2.1 mol equivalent weight of the compound 6 relative to the
compound 30, so that a compound 31 (5.3 g, a yield of 56%)
in a form of a white solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 31.

Synthesis Example 10
Synthesis of Compound 34

A synthesis scheme of a compound 34 is shown below.

NH

NH,—HCl

Compound 4

NaOH, EtOH
reflux
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Compound 33
Pd(PPh3)4, 2M NayCO; aq.
toluene-DME reflux

Compound 32

Compound 34

(10-1) Synthesis of Compound 32
Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound

19 (20 g, 108 mmol) in place of the compound 3 and using 35
2 mol equivalent weight of the compound 4 relative to the
compound 19, so that a compound 32 (11 g, a yield of 26%)

in a form of a white solid was obtained.

(10-2) Synthesis of Compound 34

Synthesis was made by the same method as in (1-3) 40
synthesis of the compound 7, except for using the compound
32 (5.5 g, 14 mmol) in place of the compound 5 and using

a compound 33

(4.9 g, 17 mmol) in place of the compound

6, so that a compound 34 (6.1 g, a yield of 78%) in a form

of a white solid

was obtained. As a result of FD-MS (Field 45

Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 34.

Synthesis Example 11

Compound 36

NN

518

-continued
NH

NH;-HCI

N
Compound 4
B

NaOH, EtOH
reflux

(HO),B

@)
Compound 6

B Br. VL

" -

Compound 35 O O Pd(PPhz)y, 2M Na,CO;3 ag.
Br toluene-DME reflux

50
Synthesis of Compound 38

A synthesis scheme of a compound 38 is shown below.

55
[Formula 157]
Br CHO
0 60
NaOMe
Br EtOH 65 Br

Compound 1

Compound 37



US 10,418,563 B2

519

-continued

Compound 38

(11-1) Synthesis of Compound 36
Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using a compound

[Formula 158]

10

15

20

520

35 (28 g, 105 mmol) in place of the compound 2, so that a
compound 36 (44 g, a yield of 98%) in a form of a white
solid was obtained.
(11-2) Synthesis of Compound 37

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound
36 (44 g, 98 mmol) in place of the compound 3, so that a
compound 37 (17 g, a yield of 23%) in a form of a white
solid was obtained.
(11-3) Synthesis of Compound 38

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
37 (5.0 g, 9.2 mmol) in place of the compound 5 and using
3.1 mol equivalent weight of the compound 6 relative to the
compound 37, so that a compound 38 (4.7 g, a yield of 64%)
in a form of a white solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 38.

Synthesis Example 12
Synthesis of Compound 42

A synthesis scheme of a compound 42 is shown below.

O
o O)k/ AN
Br
7~

Compound 39
AcONHy, AcOH reflux

Compound 11

OMe

Compound 41

Pd(PPh3)y, 2M Na,CO;3 aq.
toluene-DME reflux

Compound 40
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Compound 42

(12-1) Synthesis of Compound 40
The compound 11 (11 g, 31 mmol), 1-phenacylpyridinium

bromide (a compound 39) (8.7 g, 31 mmol) and ammonium
acetate (19 g, 250 mmol) were suspended in acetic acid (27
mL) and heated to reflux for 12 hours. After the reaction, the
reactant solution was cooled to the room temperature, added
with water and extracted with toluene. The obtained organic
layer was washed with a 10-mass % aqueous sodium
hydroxide and saturated saline in sequential order and dried
with sodium sulfate. The solvent was distilled away under
reduced pressure. The residue was added with ethanol and
heated to reflux to be dissolved. The reactant solution was
cooled and precipitated in a crystal form. The crystal was
separated by filtration and washed with ethanol. Subse-

quently, the obtained solid was dried under reduced pres-

[Formula 159]
CHO
0O
Br
Compound 19
x
| NaOMe
EtOH
N
/ Br
Compound 43

25

30

35

40

sure, so that a compound 40 (13 g, a yield of 88%) in a form
of a light-yellow solid was obtained.
(12-2) Synthesis of Compound 42

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
40 (5.0 g, 11 mmol) in place of the compound 5 and a
compound 41 (3.8 g, 12 mmol) in place of the compound 6,
so that a compound 42 (4.4 g, a yield of 62%) in a form of
a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

identified as the compound 42.
Synthesis Example 13
Synthesis of Compound 46

A synthesis scheme of a compound 46 is shown below.

NH
NI, —HCl
(0]
N Compound 4
/
NaOF, B:OH
N reflux
X

Compound 44
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Compound 23
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-continued
N |N
X F
L]
Br N
Compound 45

Pd(PPhz)y, 2M Na,CO; ag.
toluene-DME reflux

(13-1) Synthesis of Compound 44

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using a compound
43 (9.8 g, 81 mmol) in place of the compound 1 and the
compound 19 (16 g, 85 mmol) in place of the compound 2,
so that a compound 44 (9.5 g, a yield of 41%) in a form of
a light-yellow solid was obtained.

(13-2) Synthesis of Compound 45

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound
44 (9.5 g, 33 mmol) in place of the compound 3, so that a
compound 45 (3.5 g, a yield of 27%) in a form of a white
solid was obtained.

[Formula 160]

compound 47

Compound 46

(13-3) Synthesis of Compound 46
Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound

0 45 (3.5 g, 9.0 mmol) in place of the compound 5 and the

45

compound 23 (2.9 g, 9.9 mmol) in place of the compound 6,
so that a compound 46 (2.9 g, a yield of 58%) in a form of
a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 46.

Synthesis Example 14
Synthesis of Compound 50

A synthesis scheme of a compound 50 is shown below.

CHO

Br
Compound 35

NaOMe
FtOH
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NH
0 NH,—HCI
Br : :
AN

Compound 4

NaOH, EtOH
reflux
Br
Compound 48
B(OH),
N7 ¥y
| Compound 6
Br / Pd(PPh3)4
2M Na;COj5 ag.
toluene-DME reflux
Br
Cempound 49

Compound 50

(14-1) Synthesis of Compound 48

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using a compound
47 (37 g, 191 mmol) in place of the compound 1 and using
the compound 35 (50 g, 191 mmol) in place of the com-
pound 2, so that a compound 48 (82 g, a yield of 98%) in a
form of a yellow solid was obtained.
(14-2) Synthesis of Compound 49

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound

48 (82 g, 186 mmol) in place of the compound 3, so that a 65

compound 49 (40 g, a yield of 40%) in a form of a white
solid was obtained.

55 (14-3) Synthesis of Compound 50

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
49 (6.0 g, 11 mmol) in place of the compound 5 and using
2.2 mol equivalent weight of the compound 6 relative to the
compound 49, so that a compound 50 (4.2 g, a yield of 53%)
in a form of a white solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 50.
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Synthesis of Compound 51

A synthesis scheme of a compound 51 is shown below.

[Formula 161]
B(OH),
0.
N | Compound B
Pd(PPhs),, 2M Na,COj; ag.
toluene-DME reflux
Br
Compound 21
A N
Compound 51
(15-1) Synthesis of Compound 51 6, so that a compound 51 (2.7 g, a yield of 39%) in a form

Synthesis was made by the same me.thod as in (1-3) of a white solid was obtained. As a result of FD-MS (Field
synthesis of the compound 7, except for using the compound 65
21 (6.0 g, 11 mmol) in place of the compound 5 and using
the compound 8 (2.7 g, 13 mmol) in place of the compound identified as the compound 51.

Desorption Mass Spectrometry) analysis, the reactant was
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Synthesis of Compound 52

A synthesis scheme of a compound 52 is shown below.

[Formula 162]
B(OH),
O
N a . Compound §
| Pd(PPh3)4, 2M Na,COj3 aq.
l \ ] toluene-DME reflux

Compound 27

Compound 52

(16-1) Synthesis of Compound 52 40 Synthesis Example 17
Synthesis was made by the same method as in (1-3)

synthesis of the compound 7, except for using the compound

27 (6.0 g, 12 mmol) in place of the compound 5 and the

compound 8 (3.0 g, 14 mmol) in place of the compound 6,

so that a compound 52 (5.6 g, a yield of 79%) in a form of 45

a white solid was obtained. As a result of FD-MS (Field

Desorption Mass Spectrometry) analysis, the reactant was

Synthesis of Compound 53

identified as the compound 52. A synthesis scheme of a compound 53 is shown below.
[Formula 163]
B(OH),
O
X
I\| N Compound 8
Br / Pd(PPhy),, 2M Na,CO; ag.

toluene-DME reflux

Br

Compound 49
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Compound 53

(17-1) Synthesis of Compound 53 Synthesis Example 18

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
49 (6.0 g, 11 mmol) in place of the compound 5 and using .
the compound 8 (5.2 g, 24 mmol) in place of the compound Synthesis of Compound 59
6, so that a compound 53 (4.9 g, a yield of 61%) in a form
of a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

25

identified as the compound 53. A synthesis scheme of a compound 59 is shown below.
[Formula 164]
0]
o CHO
Br B(OH), Br
Compound 55 Compound 19
Pd(PPhs)s, 2M Na;CO5 aq. NaOMe
toluene-DME reflux EtOH
Compound 54
Compound 56

NH,—HCI

Y4

Compound 4

NaOH, FtOH
reflux

Br

Compound 57
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B(OH),
N N o
Compound 6

Br

Compound 58

9

0]

(18-1) Synthesis of Compound 56

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
54 (54 g, 176 mmol) in place of the compound 5 and using
the compound 55 (32 g, 194 mmol) in place of the com-
pound 6, so that a compound 56 (58 g, a yield of 95%) in a
form of a white solid was obtained.
(18-2) Synthesis of Compound 57

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using the compound
56 (42 g, 122 mmol) in place of the compound 1 and using
4-bromobenzaldehyde (the compound 19) (24 g, 128 mmol)
in place of the compound 2, so that a partially refined
product (78 g) of a compound 57 in a form of a yellow solid
was obtained. Without further refining the product, the
subsequent reaction was performed.

Pd(PPh3)4, 2M NayCO; ag.
toluene-DME reflux

L
/
Compound 59

(18-3) Synthesis of Compound 58

Synthesis was made by the same method as in (1-2)
55 synthesis of the compound 7, except for using the partially
refined product (78 g) of the compound 57 in place of the
compound 3, so that a compound 58 (27 g, a yield of 36%)
in a form of a white solid was obtained.
(18-4) Synthesis of Compound 59

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
58 (6.0 g, 9.8 mmol) in place of the compound 3, so that a
compound 59 (3.2 g, a yield of 47%) in a form of a white
solid was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as
the compound 59.

60

65
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Synthesis of Compound 64

A synthesis scheme of a compound 64 is shown below.

[Formula 165]
(HO),B
o]
Compound 60
Pd(PPh;)4, 2M Na,CO; aq.
toluene-DME reflux
Br
Compound 1
0]
Br
Compound 19
NaOMe
’ EtOH

Compound 61

536

NH,—HCI

0
Br NaOH, EtOH

Compound 62

B(OH),

NZ |N
X PA(PPhz)s, 2M NayCOy; 2q.
toluene-DME reflux
Br ’
Compound 63
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(19-1) Synthesis of Compound 61

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
1 (50 g, 251 mmol) in place of the compound 5 and using
the compound 60 (66 g, 276 mmol) in place of the com-
pound 6, so that a compound 61 (72 g, a yield of 92%) in a
form of a white solid was obtained.
(19-2) Synthesis of Compound 62

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using the compound
61 (72 g, 230 mmol) in place of the compound 1 and using
4-bromobenzaldehyde (the compound 19) (43 g, 230 mmol)
in place of the compound 2, so that a compound 62 (107 g,
a yield of 97%) in a form of a white solid was obtained.
(19-3) Synthesis of Compound 63

Synthesis was made by the same method as in (1-2)

synthesis of the compound 7, except for using the compound

[Formula 166]

Compound 63

Compound 64

20

25

30

35
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62 (107 g, 223 mmol) in place of the compound 3, so that
a compound 63 (47 g, a yield of 36%) in a form of a white
solid was obtained.
(19-4) Synthesis of Compound 64

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
63 (7.0 g, 12 mmol) in place of the compound 5, so that a
compound 64 (4.9 g, a yield of 61%) in a form of a white
solid was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as

the compound 64.

Synthesis Example 20

Synthesis of Compound 65

A synthesis scheme of a compound 65 is shown below.

B(OH),
o)

-0

Compound 8

Pd(PPh3)y, 2M Na,CO5 aq.
toluene-DME reflux
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(20-1) Synthesis of Compound 65

Compound 65

20

Synthesis Example 21

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound

63 (7.0 g, 12 mmol) in place of the compound 5 and the
compound 8 (2.8 g, 13 mmol) in place of the compound 6, 2

so that a compound 65 (4.3 g, a yield of 53%) in a form of
a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

identified as the compound 65.

A synthesis scheme of a compound 69 is shown below.

Synthesis of Compound 69

[Formula 167]
NH
NH,—HCI
Br
Compound 67
NaOH, EtOH
OHC reflux
Compound 66
B(OH),
0]
Compound 6
SN
Pd(PPh3)y, 2M NayCOs ag.
toluene-DME reflux
P
N
Br Br

Compound 68
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Z
O ST U
(6]
Compound 69

(21-1) Synthesis of Compound 68

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using a compound
66 (7.7 g, 72 mmol) in place of the compound 3 and using
the compound 67 (34 g, 145 mmol) in place of the com-
pound 4, so that a compound 68 (9.4 g, a yield of 32%) in
a form of a white solid was obtained.
(21-2) Synthesis of Compound 69

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
68 (4.5 g, 9.6 mmol) in place of the compound 5 and using

542

()

o]

2.2 mol equivalent weight of the compound 6 relative to the

20 compound 68, so that a compound 69 (4.4 g, a yield of 71%)
in a form of a white solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 69.

25 Synthesis Example 21
Synthesis of Compound 70

A synthesis scheme of a compound 70 is shown below.

[Formula 168]
B(OH),
0.
N Compound 8
N Pd(PPhy)y, 2M Na,CO; agq.
toluene-DME reflux
Z
N
Br Br
Compound 68
Xy

\

Compound 70
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544
Synthesis Example 23

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
68 (4.9 g, 10 mmol) in place of the compound 5 and using
the compound 8§ (4.9 g, 23 mmol) in place of the compound 5
6, so that a compound 70 (3.1 g, a yield of 46%) in a form
of a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 70.

Synthesis of Compound 71

A synthesis scheme of a compound 71 is shown below.

[Formula 169]
B(OH),
S
N N Compeund 15
Pd(PPhs)s,
P 2M Na,COj3 aq.
N toluene-DME reflux
Br Br
Compound 68
NN
l P ‘
O N O
S O O S
Compound 71

(23-1) Synthesis of Compound 71

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound 65
68 (4.5 g, 9.6 mmol) in place of the compound 5 and using
the compound 15 (4.8 g, 21 mmol) in place of the compound

6, so that a compound 71 (3.4 g, a yield of 53%) in a form
of a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

identified as the compound 71.
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Synthesis Example 24

Synthesis of Compound 72

A synthesis scheme of a compound 72 is shown below.

[Formula 170]
B(OH),
)
N| ~ N Compound 15
B Pd(PPhs)s, 2M NayCO; ag.
' / toluene-DME reflux
Br
Compound 49
Compound 72
(24-1) Synthesis of Compound 72 6, so that a compound 72 (9.7 g, a yield of 70%) in a form

Synthesis was made by the same method as in (1-3) of a white solid was obtained. As a result of FD-MS (Field

synthesis of the compound 7, except for using the compound 65
49 (10 g, 18 mmol) in place of the compound 5 and using
the compound 15 (9.3 g, 41 mmol) in place of the compound identified as the compound 72.

Desorption Mass Spectrometry) analysis, the reactant was
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Synthesis of Compound 74

A synthesis scheme of a compound 74 is shown below.

[Formula 171]
B(OH),
g
-
N| N Compound 73
Br. / Pd(PPh3)4, M Na.zCO3 aq.
toluene-DME reflux
Br
Compound 49

Compound 74

(25-1) Synthesis of Compound 74

Synthesis was made by the same method as in (1-3) 60
synthesis of the compound 7, except for using the compound
49 (10 g, 18 mmol) in place of the compound 5 and using
the compound 73 (9.3 g, 41 mmol) in place of the compound
6, so that a compound 74 (9.5 g, a yield of 68%) in a form
of a white solid was obtained. As a result of FD-MS (Field 65
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 74.

548
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Synthesis of Compound 78

A synthesis scheme of a compound 78 is shown below.

Br.

10

15

20

25

30

40

[Formula 172]
Br CHO
0]
Bi
Br '
Compound 35
NaOMe
EtOH
Compound 75
NH
NH,-HCI
o]
Br. Br
N Compound 4
NaOH, EtOH
reflux
Br
Compound 76
(HO),B,
i\ [0)
I\|I N Compound 6
Br A Br Pd{PPhs),
O O 2M Na,CO; aq.
toluene-DME reflux
Br
Compound 77
[Formula 173]

—Z,
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Compound 78

(26-1) Synthesis of Compound 76

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using the compound
75 (38 g, 193 mmol) in place of the compound 1 and the
compound 35 (50 g, 189 mmol) in place of the compound 2,
so that a compound 76 (75 g, a yield of 89%) in a form of
a white solid was obtained.
(26-2) Synthesis of Compound 77

Synthesis was made by the same method as in (1-2)
synthesis of the compound 7, except for using the compound
76 (71 g, 158 mmol) in place of the compound 3, so that a
compound 77 (31 g, a yield of 33%) in a form of a white
solid was obtained.
(26-3) Synthesis of Compound 78

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
77 (15 g, 28 mmol) in place of the compound 5 and using
3.5 equivalent weight of the compound 6 relative to the
compound 77, so that a compound 78 (5.0 g, a yield of 23%)
in a form of a white solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 78.

Synthesis Example 27
Synthesis of Compound 79

A synthesis scheme of a compound 79 is shown below.

B(OH),
(0]
X N Compound 8
B Pd(PPhs)y, 2M Na,CO; aq.
P g toluene-DME reflux

Compound 77
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Compound 79

(27-1) Synthesis of Compound 79 Synthesis Example 28
Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
77 (15 g, 28 mmol) in place of the compound 5 and using
the compound 8 (20 g, 96 mmol) in place of the compound
6, so that a compound 79 (12 g, a yield of 52%) in a form
of a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

Synthesis of Compound 82

identified as the compound 79. A synthesis scheme of a compound 82 is shown below.
[Fermula 174]
Br CHO
(0]
Br
Compound 35
NaOMe
EtOH
Compound 25
NH
NH,—HCI
(0]
Br

\ Compound 4
NaOH, EtOH
reflux

Compound 80

Br
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(HO),B

554

¢)
Br N Compound 6
Pd(PPh3)
2M Na.zCO3 aq.
Q toluene-DME reflux
Br
Compound 81

Compound 82

(28-1) Synthesis of Compound 80

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using the compound
25 (34 g, 144 mmol) in place of the compound 1 and using 60
the compound 35 (42 g, 158 mmol) in place of the com-
pound 2, so that a compound 80 (69 g, a yield of 100%) in
a form of a light-brown solid was obtained.
(28-2) Synthesis of Compound 81

Synthesis was made by the same method as in (1-2) 65
synthesis of the compound 7, except for using the compound
80 (69 g, 144 mmol) in place of the compound 3, so that a

compound 81 (18 g, a yield of 22%) in a form of a
light-yellow solid was obtained.
(28-3) Synthesis of Compound 82

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
81 (9.1 g, 16 mmol) in place of the compound 5 and using
2.2 mol equivalent weight of the compound 6 relative to the
compound 81, so that a compound 82 (9.4 g, a yield of 79%)
in a form of a light-yellow solid was obtained. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was identified as the compound 82.
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Synthesis Example 29

Synthesis of Compound 83

A synthesis scheme of a compound 83 is shown below.

[Formula 175]
B(OH),
O,
N “ N Compound 8
| Pd(PPhs)s, 2M NapCO; ag.
Br AN O l toluene-DME reflux
Br
Compound 81
Compound 83
(29-1) Synthesis of Compound 83 6, so that a compound 83 (8.1 g, a yield of 69%) in a form

Synthesis was made by the same method as in (1-3)  of a light-yellow solid was obtained. As a result of FD-MS

synthesis of the compound 7, except for using the compound 45
81 (9.0 g, 15 mmol) in place of the compound 5 and using

(Field Desorption Mass Spectrometry) analysis, the reactant

the compound 8 (7.2 g, 34 mmol) in place of the compound was 1dentified as the compound 83.
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Synthesis Example 30

Synthesis of Compound 88

A synthesis scheme of a compound 88 is shown below.

[Formula 176]

Br

Compound 19

B(OH),
Compound 84 H
Pd(PPhs),,
2M Na,COj ag.
toluene-DME reflux
o]
Compound 86

Compound 87

Compound 85
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Compound 10

NaOMe
EtOH

NH

NH,—HCI

Compound 4

NaOH, EtOH
reflux

S

Compound 15

B(OH),

Pd(PPh3)4,
M NayCO;3 ag.
toluene-DME reflux
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-continued

(30-1) Synthesis of Compound 85

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
19 (50 g, 270 mmol) in place of the compound 5 and using
the compound 84 (56 g, 325 mmol) in place of the com-
pound 6, so that a compound 85 (53 g, a yield of 85%) in a
form of a white solid was obtained.
(30-2) Synthesis of Compound 86

Synthesis was made by the same method as in (1-1)
synthesis of the compound 7, except for using the compound
10 (65 g, 235 mmol) in place of the compound 1 and using
the compound 85 (53 g, 229 mmol) in place of the com-
pound 2, so that a compound 86 (109 g) in a form of a
light-yellow solid was obtained.
(30-3) Synthesis of Compound 87

Synthesis was made by the same method as in (1-2)

synthesis of the compound 7, except for using the compound

[Formula 177]

Compound 87

25

30

35

40

Compound 88

86 (108 g, 221 mmol) in place of the compound 3, so that
a compound 87 (44 g, a yield of 34%) in a form of a white
solid was obtained.
(30-4) Synthesis of Compound 88

Synthesis was made by the same method as in (1-3)
synthesis of the compound 7, except for using the compound
87 (6.0 g, 10 mmol) in place of the compound 5 and using
the compound 15 (2.8 g, 12 mmol) in place of the compound
6, so that a compound 88 (5.9 g, a yield of 84%) in a form
of a white solid was obtained. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was

identified as the compound 88.
Synthesis Example 31
Synthesis of Compound 89

A synthesis scheme of a compound 89 is shown below.

B(OH),

Compound 73

Pd(PPh3)4, 2M Na,CO; ag.
toluene-DME reflux
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-continued

Compound 89

20

(31-1) Synthesis of Compound 89 —continued
Synthesis was made by the same method as in (1-3) (HT-2)
synthesis of the compound 7, except for using the compound
87 (6.0 g, 10 mmol) in place of the compound 5 and using O
the compound 73 (2.8 g, 12 mmol) in place of the compound
6, so that a compound 89 (6.4 g, a yield of 91%) in a form
of a white solid was obtained. As a result of FD-MS (Field

Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 89. 0
Manufacturing of Organic EL Device
For manufacturing the organic EL device, the following N O O N,
compounds were used in addition to the compounds syn-

thesized in the above Synthesis Examples. O
35

[Formula 178]

" T
NC CN

40
7\

N N
45
NC / \ \ CN
— =
CN
HT-1)
50

(BH-1)
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-continued

Example 1

A glass substrate (size: 25 mmx75 mmx0.7 mm thick,
manufactured by Geomatec Co., [td.) having an ITO trans-
parent electrode (anode) was ultrasonic-cleaned in isopropyl
alcohol for five minutes, and then UV/ozone-cleaned for 30
minutes. After the glass substrate having the transparent
electrode line was cleaned, the glass substrate was mounted
on a substrate holder of a vacuum evaporation apparatus.

20

Initially, a compound HI-1 was evaporated on a surface of 25

the glass substrate where the transparent electrode line was
provided in a manner to cover the transparent electrode,
thereby forming a 5-nm thick HI-1 film. The HI-1 film
serves as a hole injecting layer.

After the formation of the HT-1 film, a compound HT-1
was evaporated on the HT-1 film to form an 80-nm thick
HT-1 film. The HT-1 film serves as a first hole transporting
layer.

After the film formation of the HT-1 film, a compound
HT-2 was evaporated on the HT-1 film to form a 15-nm thick
HT-2 film on the HT-1 film. The HT-2 film serves as a
second hole transporting layer.

A compound BH-1 (host material) and a compound BD-1
(dopant material) (mass ratio of BH-1 to BD-1 was 20:1)
were co-evaporated on the HT-2 film to form a 25-nm thick
emitting layer.

The compound 7 was evaporated on this emitting layer to
form a 20-nm thick blocking layer.

A compound ET-1 (electron transporting material) was
evaporated on the blocking layer to form a 5-nm thick
electron injecting layer.

LiF was evaporated on the electron injecting layer to form
a 1-nm thick LiF film.

A metal Al was evaporated on the LiF film to form an
80-nm thick metal cathode.

Thus, the organic EL device of Example 1 was manufac-
tured.

Examples 2 to 19 and Comparative 1

Organic EL devices of Examples 2 to 19 and Comparative
1 were manufactured in the same manner as the organic EL
device in the Example 1, except for using materials shown
in Table 1 as a material for the blocking layer. BCP shown
below was used as the material for the blocking layer of the
organic EL device in Comparative 1.
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BCP

Evaluation of Device

The manufactured organic EL devices were evaluated as
below. The results are shown in Table 1.

Initial Performance

Voltage was applied to the organic EL device so that a
current density becomes 10 mA/cm?, and a voltage value
(V) at that time was measured. EL spectra were measured
with a spectral radiance meter (CS-1000, manufactured by
KONICA MINOLTA). Chromaticity CIE,, CIE, current
efficiency [/J(cd/A) and external quantum efficiency EQE
(%) were calculated from the obtained spectral-radiance
spectra.

Measurement of TTF Ratio

When the triplet energy of the host material, the dopant
material and the blocking layer material satisfies a prede-
termined relation, the ratio of luminous intensity derived
from TTF relative to the entire emission can be high, so that
a fluorescent device can be highly efficient to the level
unachievable by a typically known fluorescent device.

The ratio of luminous intensity derived from TTF is
measurable by a transitional EL method. The transitional EL
method is a method for measuring reduction behavior (tran-
sitional property) of EL emission after DC voltage applied
on the device is removed. EL luminous intensity are clas-
sified into a luminescence component from singlet excitons
generated in first recombination and a luminescence com-
ponent from singlet excitons generated through TIT phe-
nomenon. Since lifetime of the singlet excitons is very short
at nano-second order, EL emission is rapidly reduced after
removal of DC voltage.

On the other hand, since the TTF phenomenon provides
emission from singlet excitons generated through long-life
triplet excitons, EL emission is gradually reduced. Thus,
since there is a large difference in time between emission
from the singlet excitons and emission from the triplet
excitons, luminous intensity derived from TTF is obtainable.
Specifically, the luminous intensity can be determined by the
following method.

Transitional EL waveform is measured as follows (see
FIG. 13). Pulse voltage waveform output from a voltage
pulse generator (PG) is applied on an EL device. The applied
voltage waveform is loaded in an oscilloscope (OSC). When
a pulse voltage is applied on the EL device, the EL device
generates pulse emission. This emission is loaded in the
oscilloscope (OSC) through a photomultiplier (PMT). The
voltage waveform and the pulse emission are synchronized
and loaded in a personal computer (PC).

The ratio of luminous intensity derived from TTF is
determined as follows based on analysis of the transitional
EL waveform.

A rate equation for reduction behavior of triplet excitons
1s resolved and the reduction behavior of luminous intensity
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based on TTF phenomenon is brought into modeling. Time-
varying reduction of a density n, of triplet excitons within
the emitting layer is represented by the following rate
equation using a reduction speed o due to lifetime of the

566

mately linear line. A value at an intersection A of the ordinate
axis and the linear line extended to the starting point is 2.41.
Accordingly, the ratio of luminous intensity derived from
TTF obtained from the transitional EL waveform is

tr@plet exci.tons and a reduction speed y due to collisionofthe 5 1/2.412=0.17, which means 17% of the entire luminous
triplet excitons. intensity is derived from TTF.
The luminous intensity is preferably fitted in a linear line
by the method of least squares. In this case, the luminous
[Formula 1] . . _5 .
i 1o intensity before the elapse of 107 seconds is preferably
= —an =y fitted.
Voltage pulse waveform (pulse width: 500 micro second,
. . 4 2
When this differential formula is approximately resolved, frequency: 20 Hz, voltage: equivalent to 0.1 to 100 mA/em’)
the following formula is obtained. Herein, I, represents output from a pulse generator (8114A: manufactured by
luminous intensity derived from TTF. A is a constant. Thus, Agllent Techno}ogles) was applied. EL emission was input
when the transitional EL emission is based on TTF, a M a photomultlpller (R928: manufactured by Hamamatsu
reciprocal number of the square root of intensity of the Photonics KK.). The pulse voltage waveform and the EL
transitional EL emission is shown approximately in a linear ~ emission were synchronized and loaded in an oscilloscope
line. The measured transitional EL. waveform data is fit in " (2440: Tektronix) to obtain a transitional EL waveform. The
the following approximate expression to obtain the constant transitional EL waveform was analyzed to determine a TTF
A. At this time, luminous intensity 1/A? at the time =0 when ratio.
DC Vgltage is removed 1s defined as the ratio of luminous Voltage was applied on the organic EL device of Example
intensity derived from TTF.
1 at the room temperature. The pulse voltage was removed
25 at the time of about 3x10~* seconds.
[Formula 2] Based on the graph, where the voltage removal time was
| a starting point and the reciprocal numbers of the square root
wA+yr of luminous intensity before the elapse of 1.5x107> seconds
VI 30 after voltage removal were plotted, the TTF ratio was
obtained. The same measurement was performed in other
A graph of FIG. 14(A) shows a measurement example Examples and Comparatives. The results are shown in Table
where a predetermined DC voltage is applied on the EL 1.
TABLE 1
Blocking layer ~ Voltage _Chromaticity CIE ~ L/T  EQE TTF Ratio
material W) X y (cd/A) (%) (%)
Example 1  Compound 7 3.38 0.144  0.131 1032 9.21 28
Example 2 Compound 9 3.51 0.142  0.137 1039 9.06 32
Example 3~ Compound 13 3.65 0.142  0.151 10.63  8.64 33
Example 4  Compound 14 3.52 0.145  0.131 9.84  R.76 29
Example 5  Compound 16 3.55 0.145  0.127 9.76 881 32
Example 6  Compound 22 3.61 0.143  0.137 11.09 9.65 32
Example 7  Compound 31 3.75 0.143  0.134  10.05 887 35
Example 8  Compound 50 4.08 0.144  0.128 9.76  8.87 29
Example 9  Compound 51 3.59 0.143  0.137 11.10 9.64 31
Example 10 Compound 52 3.81  0.143 0132 1117 996 33
Example 11 Compound 53 415  0.143 0134 1103 972 33
Example 12 Compound 24 371  0.143 031 1053 942 30
Example 13 Compound 72 3.81  0.141  0.138 10.03 874 32
Example 14 Compound 74  3.64  0.143  0.135 1134 996 30
Example 15 Compound 78  3.75  0.142  0.130 1104 996 31
Example 16 Compound 79 4.02  0.142  0.132  10.50 940 34
Example 17 Compound 83  3.78  0.143  0.134 1121 987 36
Example 18 Compound 88  3.58  0.142  0.136 1105  9.69 31
Example 19 Compound 89 3.56  0.143  0.135 1078 943 28
Comp. 1 BCP 430 0144 0128 843 765 25
device and then the DC voltage is removed and shows Since the aromatic heterocyclic compound of the inven-
time-varying luminous intensity of the EL device. The DC tion was used for the blocking layer of the organic EL
voltage was removed at the time of about SXIQ‘S se.conds.in g0 devices of Examples 1 to 19, the organic EL devices of
the graph of FI.G. 14(A). II} the graph, the lummous.mtensny FExamples 1 to 19 exhibited a higher TTF ratio, a higher
when voltage is removed is defined as 1. After rapid reduc- : : :
. - ) current efficiency and a higher external quantum efficiency
tion before the elapse of about 2x107, a gradual reduction . . .
than the organic EL device of Comparative 1. Moreover, a
component appears. In the graph of FIG. 14(B), the voltage i ’ 3
removal time is a starting point and the reciprocal numbers g5 drive voltage of the organic EL devices of Examples 1 to 19

of the square root of luminous intensity before the elapse of
107 seconds after voltage removal are plotted in an approxi-

was also lower than that of the organic EL device of
Comparative 1.
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INDUSTRIAL APPLICABILITY

An organic EL device of the invention is applicable to a
display and an illuminator.

EXPLANATION OF CODES

1,2,3,4,5 organic EL device
10 anode

20, 22, 24 emitting laver

30, 32 blocking layer

40 electron injecting layer

41 electron transporting layer
50 cathode

60 hole transporting zone

70 electron transporting zone

The invention claimed is:

1. An aromatic heterocyclic derivative represented by a
formula (1) below,

[Formula 1]

(Y]
Ar)

A

X \X2

PPN

A X3 Ary

wherein: X, to X, are a nitrogen atom or CR,, with a
proviso that at least two of X, to X; are nitrogen atoms;

R, independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms, a substituted or unsubstituted alkyl group hav-
ing 1 to 30 carbon atoms, a substituted or unsubstituted
alkenyl group having 2 to 30 carbon atoms, a substi-
tuted or unsubstituted alkenyl group having 2 to 30
carbon atoms, a substituted or unsubstituted alkylisilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms,
or a substituted or unsubstituted aryloxy group having
6 to 30 ring carbon atoms;

A is represented by a formula (2) below,
[Formula 2]

(HAD),-L,- @

wherein: HAr is represented by a formula (3) below;
a is an integer of 1 to 5;
when a is 1, L, is a divalent linking group;

when a is in a range of 2 to 5, L, is a trivalent to
hexavalent linking group and HAr is the same or
different;

the linking group (L) is a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms exclud-
ing a heterocyclic group

[
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[Formula 3]
)
XN Risx;
e [\ X
iy A
X8 X

Y,

wherein: one of X, and X ¢ is a carbon atom bonded to
L, by a single bond and the other of X, and X5 is a
nitrogen atom or CR5;

X,, to X, are each independently a nitrogen atom or
CR;5;

Y, is an oxygen atom, a sulfur atom, or SiR, R, ,;

R,, and R, , represent the same as R, in the formula (1);
R,, and R, are the same or different;

R,; independently represents a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms, a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms, a substituted or unsubstituted alkyl group hav-
ing 1 to 30 carbon atoms, a substituted or unsubstituted
alkenyl group having 2 to 30 carbon atoms, a substi-
tuted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkoxy group
having 1 to 30 carbon atoms, a substituted or unsub-
stituted aralkyl group having 6 to 30 ring carbon atoms,
or a substituted or unsubstituted aryloxy group having
6 to 30 ring carbon atoms; a plurality of R, are
mutually the same or different; adjacent R, , optionally
bond to each other to form a ring; and

in the above formula (1),

one of Ar, and Ar, is an unsubstituted phenyl group, and

the other of Ar, and Ar, is:

(i) selected from the group consisting of a substituted aryl
group having 6 to 30 ring carbon atoms, the substituent
of the aryl group being selected from the group con-
sisting of a phenyl group, 1-naphthyl group, 2-naphthyl
group, l-anthryl group, 2-anthryl group, 9-anthryl
group, benzanthryl group, 1-phenanthryl group,
2-phenanthryl group, 3-phenanthryl group, 4-phenan-
thryl group, 9-phenanthryl group, naphthacenyl group,
pyrenyl group, 1-chrysenyl group, 2-chrysenyl group,
3-chrysenyl group, 4-chrysenyl group, S-chrysenyl
group, 6-chrysenyl group, benzo[C|phenanthryl group,
benzo[g|chrysenyl group, 1-triphenylenyl group, 2-tri-
phenylenyl group, 3-triphenylenyl group, 4-triphenyle-
nyl group, 1-fluorenyl group, 2-fluorenyl group, 3-fluo-
renyl group, 4-fluorenyl group, 9-fluorenyl group,
benzofluorenyl group, dibenzofluorenyl group, 2-bi-
phenylyl group, 3-biphenylyl group, 4-biphenylyl
group, o-terphenyl group, m-terphenyl-4-yl group,
m-terphenyl-3-yl group, m-terphenyl -2-yl group,
p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-ter-
phenyl-2-yl group, m-quarter-phenyl group, 3-fluo-
ranthenyl group, 4-fluoranthenyl group, 8-fluoranthe-
nyl group, 9-fluoranthenyl group, benzofluoranthenyl
group, o-tolyl group, m-tolyl group, p-tolyl group,
2,3-xylyl group, 3,4-xylyl group, 2,5-xylyl group,
mesityl group, o-cumenyl group, m-cumenyl group,
p-cumenyl group, p-t-butylphenyl group, p-(2-phenyl-
propyl)phenyl group, 4'-methylbiphenylyl group, 4"-t-
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butyl-p-terphenyl-4-y1 group, 9,9-dimethyl-1-fluorenyl
group, 9,9-dimethyl-2-fluorenyl group, 9,9-dimethyl-3-
fluorenyl group, 9,9-dimethyl-4-fluorenyl group, 9,9-
diphenyl-1-fluorenyl group, 9,9-diphenyl-2-fluorenyl
group, 9,9-diphenyl-3-fluorenyl group, and 9,9-diphe-
nyl-4-fluorenyl group;

(ii) represented by the formula (2); or

(111) selected from the group consisting of 9,9-dimethyl-
1-fluoreny! group, 9.9-dimethyl-2-fluorenyl group, 9,9-
dimethyl-3-fluorenyl group, 9,9-dimethyl-4-fluorenyl
group, 9,9-diphenyl-1-fluorenyl group, 9,9-diphenyl-2-
fluorenyl group, 9,9-diphenyl-3-fluorenyl group, and
9,9-diphenyl-4-fluorenyl group;

with the proviso that A, and Ar, and Ar, are each a
different group.

2. The aromatic heterocyclic derivative according to

claim 1, wherein:

R, R;;, R;; and R,; each independently represent a
hydrogen atom, a halogen atom, a cyano group, a
substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or
unsubstituted alkenyl group having 2 to 30 carbon
atoms, a substituted or unsubstituted alkenyl group
having 2 to 30 carbon atoms, a substituted or unsub-
stituted alkylsilyl group having 3 to 30 carbon atoms,
a substituted or unsubstituted arylsilyl group having 6
to 30 ring carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 30 carbon atoms, a substituted
or unsubstituted aralkyl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted aryloxy
group having 6 to 30 ring carbon atoms;

the linking group is a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a divalent to
hexavalent residue induced from any one of groups
formed by mutually bonding two or three of the sub-
stituted or unsubstituted aryl group having 6 to 30ring
carbon atoms;

one of Ar; and Ar, is an unsubstituted phenyl group, and
the other of Ar, and Ar, is a group represented by the
formula (2) or represent a substituted aryl group having
6 to 30 ring carbon atoms; and

the substituent meant by “substituted or unsubstituted” is
selected from the group consisting of an aryl group, a
linear alkyl group, a branched alkyl group, a cycloalkyl
group, a halogenated alkyl group, an alkenyl group, an
alkynyl group, an alkylsilyl group, an arylsilyl group,
an alkoxy group, a halogenated alkoxy group, an
aralkyl group, an aryloxy group, a halogen atom, a
cyano group, a hydroxyl group, a nitro group and a
carboxy group.

3. The aromatic heterocyclic derivative according to

claim 1, wherein:

the other of Ar, and Ar, is a substituted aryl group having
6 to 30 ring carbon atoms, the substituent of the aryl
group being selected from the group consisting of
1-naphthyl group, 2-naphthyl group, 1-anthryl group,
2-anthryl group, 9-anthryl group, benzanthryl group,
1-phenanthryl group, 2-phenanthryl group, 3-phenan-
thryl group, 4-phenanthryl group, 9-phenanthryl group,
naphthacenyl group, pyrenyl group, 1-chrysenyl group,
2-chrysenyl group, 3-chrysenyl group, 4-chrysenyl
group, S-chrysenyl group, 6-chrysenyl group, benzo[C]
phenanthryl group, benzo[g]chrysenyl group, 1-triph-
enylenyl group, 2-triphenylenyl group, 3-triphenylenyl
group, 4-triphenylenyl group, 1-fluorenyl group,
2-fluorenyl group, 3-fluorenyl group, 4-fluorenyl
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group, 9-fluoreny! group, benzofluorenyl group, diben-
zofluorenyl group, 2-biphenylyl group, 3-biphenylyl
group, 4-biphenylyl group, o-terphenyl group, m-ter-
phenyl-4-yl group, m-terphenyl-3-yl group, m-terphe-
nyl-2-y1 group, p-terphenyl-4-y1 group, p-terphenyl-3-
yl group, p-terphenyl-2-yl group, m-quarter-phenyl
group, 3-fluoranthenyl group, 4-fluoranthenyl group,
8-fluoranthenyl group, 9-fluoranthenyl group, benzo-
fluorantheny! group, o-tolyl group, m-tolyl group,
p-tolyl group, 2,3-xylyl group, 3,4-xylyl group, 2,5-
xylyl group, mesityl group, o-cumenyl group, m-cu-
meny! group, p-cumenyl group, p-t-butylphenyl group,
p-(2-phenylpropyl)phenyl group, 4'-methylbiphenylyl
group, 4"-t-butyl-p-terphenyl-4-yl group, 9,9-dim-
ethyl-1-fluorenyl  group, 9,9-dimethyl-2-fluorenyl
group, 9,9-dimethyl-3-fluorenyl group, 9,9-dimethyl-4-
fluorenyl group, 9,9-diphenyl-1-fluorenyl group, 9,9-
diphenyl-2-fluorenyl group, 9,9-diphenyl-3-fluorenyl
group, and 9,9-diphenyl-4-fluorenyl group.

4. The aromatic heterocyclic derivative according to
claim 1, wherein:

the other of Ar; and Ar, is represented by the formula (2).

5. The aromatic heterocyclic derivative according to
claim 1, wherein:

the other of Ar, and Ar, is 9,9-dimethyl-3-fluorenyl group

9,9-dimethyl-4-fluorenyl group, 9,9-diphenyl-3-fluore-
nyl group or 9,9-diphenyl-4-fluorenyl group.

6. The aromatic heterocyclic derivative according to
claim 1, wherein:

ais 1 or2; and

the substituent of L, is a divalent or trivalent residue

induced from substituted or unsubstituted arvl group
having 6 to 30 ring carbon atoms excluding a hetero-
cyclic group.

7. The aromatic heterocyclic derivative according to
claim 1, wherein:

ais 1 or 2; and

L, is a divalent or trivalent residue induced from a

substituted or unsubstituted phenyl group, substituted
or unsubstituted 1-naphthyl group, substituted or
unsubstituted 2-naphthyl group, substituted or unsub-
stituted 2-biphenylyl group, substituted or unsubsti-
tuted 3-biphenylyl group, substituted or unsubstituted
4-biphenylyl group, substituted or unsubstituted o-ter-
phenyl group, substituted or unsubstituted m-terphe-
nyl-4-y1 group, substituted or unsubstituted m-terphe-
nyl-3-yl  group, substituted or unsubstituted
m-terphenyl-2-yl group, substituted or unsubstituted
p-terphenyl-4-yl group, substituted or unsubstituted
p-terphenyl-3-y1 group, or substituted or unsubstituted
p-terphenyl-2-yl1 group.

8. The aromatic heterocyclic derivative according to
claim 1, wherein:

ais 1 or2; and

L, is a divalent or trivalent residue induced from substi-

tuted or unsubstituted phenyl group.

9. The aromatic heterocyclic derivative according to
claim 1, wherein: one of X, and X, is a carbon atom
bonded to L, by a single bond and the other of X, and X4
is CR,5; and

X, to X, are each CR ;.

10. The aromatic heterocyclic derivative according to
claim 9, wherein:

R,; is a hydrogen atom.

11. The aromatic heterocyclic derivative according to
claim 1, wherein:

any two of X, to X; are nitrogen atoms.
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12. The aromatic heterocyclic derivative according to
claim 1, wherein:
all of X, to X are nitrogen atoms.
13. The aromatic heterocyclic derivative according to
claim 1, wherein:
X, and X, are nitrogen atoms;
X518 CR;; and
R, is a hydrogen atom.
14. The aromatic heterocyclic derivative according to
claim 3, wherein:
any two or three of X, to X, are nitrogen atoms;
ais 1or2;
the linking group of L, is a divalent or trivalent residue
induced from substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms excluding a hetero-
cyclic group;
X,,1t0 X, are each CR;; and
one of X, and X ¢ is a carbon atom bonded to L, by a
single bond and the other of X, and X is CR 5.
15. The aromatic heterocyclic derivative according to
claim 3, wherein:
any two of X, to X, are nitrogen atoms;
ais 1or?2;
the substituent of L, is a divalent or trivalent residue
induced from substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms excluding a hetero-
cyclic group;
X, to X, are each CR5;
one of X, and X, is a carbon atom bonded to L, by a
single bond and the other of X, and X, is CR,;; and
R,; is a hydrogen atom.
16. The aromatic heterocyclic derivative according to
claim 3, wherein:
X, and X, are nitrogen atoms;
X, is CRy;
R, is a hydrogen atom;
ais 1or2;
the substituent of L; is a divalent or trivalent residue
induced from unsubstituted phenyl group having 6 to
30 ring carbon atoms;
X, to X, are each CR;;
one of X, and X4 is a carbon atom bonded to L, by a
single bond and the other of X, and X, is CR,;; and
R,; is a hydrogen atom.
17. The aromatic heterocyclic derivative according to
claim 4, wherein:
X, and X, are nitrogen atoms;
X515 CRy;
R, is a hydrogen atom;
ais 1or2;
the substituent of L, is a divalent or trivalent residue
induced from unsubstituted phenyl group having 6 to
30 ring carbon atoms excluding a heterocyclic group;
X, to X, are each CR 3;
one of X, and X, is a carbon atom bonded to L, by a
single bond and the other of X, and X4 is CR 5, and
R,; is a hydrogen atom.
18. An organic electroluminescence device comprising:
an anode;
an emitting layer;
an electron transporting zone; and
a cathode 1n this sequence, wherein
the electron transporting zone comprises the aromatic
heterocyclic derivative according to claim 1.
19. The organic electroluminescence device according to
claim 18, wherein
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the electron transporting zone comprises a blocking layer,
the blocking layer comprising the aromatic heterocy-
clic derivative.
20. The organic electroluminescence device according to
claim 19, further comprising:
at least one of an electron injecting layer and an electron
transporting layer between the blocking layer and the
cathode, wherein
the at least one of the electron injecting layer and the
electron transporting layer comprises at least one of an
electron-donating dopant material and an organic metal
complex.
21. The organic electroluminescence device according to
claim 20, wherein
the electron-donating dopant material is at least one
material selected from the group consisting of an alkali
metal, an alkaline-earth metal, a rare earth metal, an
alkali metal oxide, an alkali metal halogenide, an
alkaline-earth metal oxide, an alkaline-earth metal
halogenide, a rare earth metal oxide and a rare earth
metal halogenide, and
the organic metal complex is at least one complex selected
from the group consisting of an organic metal complex
comprising an alkali metal, an organic metal complex
comprising an alkaline-earth metal, and an organic
metal complex comprising a rare-earth metal.
22. The organic electroluminescence device according to
claim 18, wherein
the emitting layer is in contact with the electron trans-
porting zone comprising the aromatic heterocyclic
derivative.
23. The organic electroluminescence device according to
claim 18, wherein
the emitting layer comprises an anthracene derivative
represented by a formula (20D) below,

(20D)
Rl 08 RlOl
R107 O RIOZ
AIIZ O Arl 1
R106 O R103
Rl 05 R104

wherein: Ar;, and Ar,, each independently represent a
substituted or unsubstituted monocyclic group having 5
to 30 ring atoms, a substituted or unsubstituted fused
cyclic group having 10 to 30 ring atoms or a group
formed by combining the monocyclic group and the
fused cyclic group;

R,q; to R, og each independently represent a hydrogen
atom, a halogen atom, a cyano group, a substituted or
unsubstituted monocyclic group having 5 to 30 ring
atoms, a substituted or unsubstituted fused cyclic group
having 10 to 30 ring atoms, a group formed by com-
bining the monocyclic group and the fused cyclic
group, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 30 ring carbon atoms, a
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substituted or unsubstituted alkylsilyl group having 3 to
30 carbon atoms, a substituted or unsubstituted arylsilyl
group having 8 to 30 ring carbon atoms, a substituted
or unsubstituted alkoxy group having 1 to 30 carbon
atoms, a substituted or unsubstituted aralkyl group
having 7 to 30 carbon atoms, a substituted or unsub-
stituted aryloxy group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted silyl group.
24. The organic electroluminescence device according to
claim 18, wherein
the emitting layer comprises a fluorescent dopant material
having a main peak wavelength of 500 nm or less.
25. A display or an illuminator comprising the organic
electroluminescence device according to claim 18.
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