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(54) MATERIAL FOR ORGANIC ELECTROLUMINESCENT ELEMENTS, AND ORGANIC 
ELECTROLUMINESCENT ELEMENT USING SAME

(57) A material for organic electroluminescence de-
vice having a specific structure, in which an aromatic ring
of a dibenzofuran skeleton, a carbazole skeleton, or a
dibenzothiophene skeleton has a nitrogen atom as a het-
eroatom, and an organic electroluminescence device in-
cluding an organic thin film layer which includes one or
more layers between a cathode and an anode. The or-
ganic thin film layer includes a light emitting layer which

includes a phosphorescent emitting material. At least one
layer of the organic thin film layer includes the material
for organic electroluminescence device. The organic EL
device employing the material for organic EL device has
a high external quantum efficiency even when driving the
device at low voltage and also has a long lifetime.
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Description

TECHNICAL FIELD

[0001] The present invention relates to materials for organic electroluminescence devices and organic electrolumi-
nescence devices employing the materials.

BACKGROUND ART

[0002] Organic electroluminescence devices (also referred to as "organic EL devices") is a spontaneous light emitting
devices which utilize the phenomenon that a fluorescent or phosphorescent substance emits light by energy of recom-
bination of holes injected from an anode and electrons injected from a cathode when an electric field is applied. Since
an organic EL device of laminate type which can be driven under low electric voltage was reported, many studies have
been made on organic EL devices which are made of organic materials. In the reported laminate devices, tris(8-quino-
linolato)aluminum was used in the light emitting layer and a triphenyldiamine derivative was used in the hole transporting
layer. Advantages of the laminate structure are that the efficiency of hole injection into the light emitting layer can be
increased, that the efficiency of forming excitons by recombination can be increased, because the electrons injected
from the cathode are blocked, and that the excitons formed in the light emitting layer can be confined. As the structure
of the organic EL device, a two-layered structure having a hole transporting (injecting) layer and an electron transporting,
light emitting layer as employed in the reported device and a three-layered structure having a hole transporting (injecting)
layer, a light emitting layer and an electron transporting (injecting) layer are well known. To increase the efficiency of
recombination of injected holes and electrons in the devices of the laminate type, the structure of the device and the
process for forming the device have been studied.
[0003]   As the emitting material of organic EL devices, for examples, chelate complexes, such as tris(8-quinolinolato)
aluminum, coumarin derivatives, tetraphenylbutadiene derivatives, distylylarylene derivatives, and oxadiazole derivatives
have been known. It has been reported that these emitting materials emit blue to red visible lights and color devices are
expected to be developed.
The fluorescent emitting material which causes the emission from singlet excitons has been hitherto used as the emitting
material of organic EL devices. Recently, in addition to the fluorescent emitting material, it has been proposed to use
the phosphorescent emitting material which causes emission from triplet excitons. The singlet excitons and the triplet
excitons may generate in a ratio of 1:3 in organic EL device by the recombination of electros and hole in accordance
with their difference in the spin multiplicity. Therefore, an organic EL device employing the phosphorescent emitting
material achieves an emission efficiency three to four times higher than that of an organic EL device employing only the
fluorescent emitting material.
[0004] However, a high efficient and long lifetime blue-phosphorescent emission is difficult to achieve. Therefore, the
host material, the hole transporting material, and the electron transporting material which are to be exist around the
phosphorescent dopant are required to have a high triplet excited energy for achieving a high internal quantum efficiency
of emission, to have a wide gap for energetically confining the excitons of the emitting dopant, to have a high carrier
injecting ability and transporting ability for achieving a high efficiency of power conversion, to allow a driving at low
voltage, and to have a high chemical and heat stability for a long lifetime. The device performance may be optimized by
optimizing the chemical structure of material. If the performance (mainly carrier balance) is simply changed according
to the structural modification of the material, the study on the material can be significantly facilitated.
[0005]

Patent Documents 1 and 2 disclose a compound having a carbazole ring. However, a compound having an unsatu-
rated nitrogen atom in the ring is not disclosed.
Patent Documents 3 to 5 disclose a dibenzofuran ring and a dibenzothiophene ring each having an unsaturated
nitrogen atom in the ring and  a combined structure of carbazole rings wherein the nitrogen atom at 9-positon of
one ring is bonded to the carbon atom at 3-position of another ring. It is reported that a compound having such
structure reduces the oxidation-reduction potential and improves the electrochemical stability. However, these patent
documents are silent about the properties of a compound which has a dibenzofuran ring or dibenzothiophene ring
each having an unsaturated nitrogen atom in the ring and the performance of a device employing such a compound.
Patent Documents 6 discloses a compound which has a dibenzofuran ring or a dibenzothiophene ring each having
an unsaturated nitrogen atom in the ring, wherein these rings are bonded to each other by carbon atoms through
a linking group.
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PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0006]

Patent Document 1: JP 2008-135498A
Patent Document 2: JP 2008-294161A
Patent Document 3: WO 2009/086028
Patent Document 4: US 2009/153034
Patent Document 5: US 2009/134784
Patent Document 6: JP 2008-074939A

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] The present invention has been made to solve the above problems. An object of the present invention is to
provide an organic EL device with a long lifetime which has high external quantum efficiency even when driving the
device at low voltage and also provide a material for organic EL device realizing such a device.

MEANS FOR SOLVING THE PROBLEMS

[0008] As a result of extensive research for achieving the above objects, the inventor has found that an organic EL
device employing a compound represented  by the following formula (1) emits phosphorescent light with high efficiency
even when driving the device at low voltage and prolongs the lifetime of the device. The present invention has been
made on the basis of this finding.
[0009] The present invention provides a material for organic electroluminescence device represented by formula (1): 

[0010] wherein:

at least one of G11 to G18 represents a nitrogen atom, another of G11 to G18 represents a carbon atom bonded to
L1, and the other or others of G11 to G18 represent C(R1);
one of G21 to G28 represents a carbon atom bonded to L2 and the others represent C(R2) or a nitrogen atom;
one of G31 to G38 represents a carbon atom bonded to L2 and the others represent C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group including 1
to 20 carbon atoms, a substituted or unsubstituted cycloalkyl group including 3 to 20 ring carbon atoms, a substituted
or unsubstituted cycloalkoxy group including 3 to 20 ring carbon atoms, a substituted or unsubstituted alkoxy group
including 1 to 20 carbon atoms, a substituted or unsubstituted aryl group including 6 to 18 ring carbon atoms, a
substituted or unsubstituted heteroaryl group including 5 to 18 ring atoms, a substituted or unsubstituted aryloxy
group including 6 to 18 ring carbon atoms, a substituted or unsubstituted amino group including 0 to 20 carbon
atoms, a substituted or unsubstituted silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group,
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provided that R1 groups, R2 groups, and R3 groups may be the same or different;
a substituent of R1 to R3 independently represents an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group
including 3 to 20 ring carbon atoms, an alkoxy group including 1 to 20 carbon atoms, a cycloalkoxy group including
3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, a heteroaryl group including 5 to 18
ring atoms, an aryloxy group including 6 to 18 ring carbon atoms, an amino group including 0 to 20 carbon atoms,
a silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X1 represents an oxygen atom, a sulfur atom or -N(R4)-;
R4 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3 to 20
ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to 18 ring atoms;
L1 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including 3
to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group including
5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including 3
to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, a heteroarylene group including 5
to 18 ring atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking group, a silicon-
containing divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-containing divalent
linking group;
Y represents an oxygen atom, a sulfur atom or -N(-L3-R5)-;
L3 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including 3
to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group including
5 to 18 ring atoms;
R5 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3 to 20
ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to 18 ring
atoms, with an alkyl group including 1 to 6 carbon atoms, a cycloalkyl group  including 5 to 6 ring carbon atoms, a
phenyl group, and a heteroaryl group including 6 to 14 ring atoms being preferred;
provided that when X1 represents an oxygen atom or a sulfur atom, only one of G11 to G18 represents a nitrogen
atom, and when X1 represents -N(R4)-, Y represents -N(-L3-R5)- and simultaneously each of R2 and R3 represents
a hydrogen atom.

[0011] The present invention further provides an organic electroluminescence device comprising an organic thin film
layer comprising one or more layers between a cathode and an anode, wherein the organic thin film layer comprises a
light emitting layer comprising a phosphorescent emitting material and at least one layer of the organic thin film layer
comprises the material for organic electroluminescence device.

EFFECT OF THE INVENTION

[0012] The present invention provides an organic EL device having high external quantum efficiency even when driving
the device at low voltage and a long lifetime, and further provides a material for organic EL device realizing such an
organic EL device.

MODE FOR CARRYING OUT THE INVENTION

[0013] The material for organic electroluminescence device of the invention is represented by formula (1): 
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[0014] wherein:

at least one of G1 to G18 represents a nitrogen atom, another of G11 to G18 represents a carbon atom bonded to
L1, and the other or others of G11 to G18 represent C(R1);
one of G21 to G28 represents a carbon atom bonded to L2 and the others represent C(R2) or a nitrogen atom;
one of G31 to G38 represents a carbon atom bonded to L2 and the others represent C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group having 1 to
20 carbon atoms, a substituted or unsubstituted cycloalkyl group having 3 to 20 ring carbon atoms, a substituted or
unsubstituted cycloalkoxy group having 3 to 20 ring carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 18 ring carbon atoms, a substituted
or unsubstituted heteroaryl group having 5 to 18 ring atoms, a substituted or unsubstituted aryloxy group having 6
to 18 ring carbon atoms, a substituted or unsubstituted amino group having 0 to 20 carbon atoms, a substituted or
unsubstituted silyl group having 0 to 30 carbon atoms, a fluorine atom, or a cyano group, provided that R1 groups,
R2 groups, and R3 groups may be the same or different, respectively;
a substituent of R1 to R3 independently represents an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group
having 3 to 20 ring carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to
20 ring carbon atoms, an aryl group having 6 to 18 ring carbon atoms, a heteroaryl group having 5 to 18 ring atoms,
an aryloxy group having 6 to 18 ring carbon atoms, an amino group having 0 to 20 carbon atoms, a silyl group having
0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X1 represents an oxygen atom, a sulfur atom or -N(R4)-;
R4 represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, or a heteroaryl group having 5 to 18 ring atoms;
L1 represents a single bond, an alkylene group having 1 to 20 carbon atoms, a cycloalkylene group having 3 to 20
ring carbon atoms, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene group having 5 to 18 ring
atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an alkylene group having 1 to 20 carbon atoms, a cycloalkylene group having 3 to 20
ring carbon atoms, an arylene group having 6 to 18 ring carbon atoms, a heteroarylene group having 5 to 18 ring
atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking group, a silicon-containing
divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-containing divalent linking group;
Y represents an oxygen atom, a sulfur atom or -N(-L3-R5)-;
L3 represents a single bond, an alkylene group having 1 to 20 carbon atoms, a cycloalkylene group having 3 to 20
ring carbon atoms, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene group having 5 to 18 ring
atoms;
R5 represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, or a heteroaryl group having 5 to 18 ring atoms;
provided that when X1 represents an oxygen atom or a sulfur atom, only one of G11 to G18 represents a nitrogen
atom, and when X1 represents -N(R4)-, Y represents -N(-L3-R5)- and simultaneously each of R2 and R3 represents
a hydrogen atom.

[0015] As shown in formula (1), an aza-substituted carbazolyl group, an aza-substituted dibenzofuranyl group, or an
aza-substituted dibenzothiophenyl group is bonded to an (aza-substituted) carbazolyl group at its N-position (9-position)
directly or via a linking group. By this structure, the LUMO level of the aza-substituted carbazole skeleton, the aza-
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substituted dibenzofuran skeleton or the aza-substituted dibenzothiophene skeleton is made deep, this making the
electron injection into the light emitting layer, etc. of an organic EL device employing the material for organic electrolu-
minescence device of the invention. Therefore, the control of the carrier balance is easy, thereby making the present
invention more effective.
[0016] In a preferred formula (1), Y represents -N(-L3-R5)- and R5 represents a heteroaryl group having 6 to 14 ring
atoms. In a particularly preferred formula (1), Y represents -N(-L3-R5)- and R5 represents a heteroaryl group represented
by formula (A): 

[0017] wherein:

one of G41 to G48 represents a carbon atom bonded to L3 and the others represent a nitrogen atom or C(R6);
R6 represents a hydrogen atom, a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted
or unsubstituted cycloalkyl group having 3 to 20 ring carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 20 carbon atoms, a substituted or unsubstituted cycloalkoxy group having 3 to 20 ring carbon atoms, a
substituted or unsubstituted aryl group having 6 to 18 ring carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 18 ring atoms, a substituted or unsubstituted aryloxy group having 6 to 18 ring carbon atoms, a
substituted or unsubstituted amino group having 0 to 20 carbon atoms, a substituted or unsubstituted silyl group
having 0 to 30 carbon atoms, a fluorine atom, or a cyano group, provided that R6 groups may be the same or different;
a substituent of R6 independently represents an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having
3 to 20 ring carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, a heteroaryl group having 5 to 18 ring atoms, an
aryloxy group having 6 to 18 ring carbon atoms, an amino group having 0 to 20 carbon atoms, a silyl group having
0 to 30 carbon atoms, a fluorine atom, or a cyano group;
preferably 0 to 4, particularly preferably 0 to 2 of R6 groups represent the substituted or unsubstituted group described
above other than the hydrogen atom, provided that when any one or more of R6 groups represent the substituted
group described above, 1 to 2 of R6 groups preferably represent the substituted group;
a substituent of R6 independently represents an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having
3 to 20 ring carbon atoms, an alkoxy  group having 1 to 20 carbon atoms, a cycloalkoxy group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, a heteroaryl group having 5 to 18 ring atoms, an
aryloxy group having 6 to 18 ring carbon atoms, an amino group having 0 to 30 carbon atoms, a silyl group having
0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X2 represents an oxygen atom, a sulfur atom or -N(R7)-; and
R7 represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, or a heteroaryl group having 5 to 18 ring atoms.

[0018] When Y of formula (1) represents an oxygen atom or a sulfur atom, the molecular weight can be reduced without
adversely affecting the effect of the invention, as compared with a compound wherein Y represents -N(R4)-. Therefore,
the vapor deposition temperature for the production of devices can be reduced, thereby reducing the thermal decom-
position of materials.
[0019] X1 of formula (1) preferably represents -N(R4)-, because the ionization potential is shallow as compared with
a compound wherein X1 represents an oxygen atom or a sulfur atom, thereby enhancing the hole injecting ability and
the hole transporting ability without adversely affecting the effect of the invention.
[0020] Preferably one to four of G11 to G18 represent nitrogen atoms and particularly preferably one or two of G11 to
G18 represent nitrogen atoms. Further, G14 preferably represents a nitrogen atom, and each of G11 to G13 more preferably
represents C(R1).
Preferably zero to two of G21 to G28 represent nitrogen atoms and particularly preferably zero or one of G21 to G28
represents a nitrogen atom.
Preferably zero to two of G31 to G38 represent nitrogen atoms and particularly preferably zero or one of G31 to G38
represents a nitrogen atom.
At lease one of G41 to G48 preferably represents a nitrogen atom, zero to four of G41 to G48 more preferably represent
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nitrogen atoms, and zero to two of G41 to G48 particularly preferably represent nitrogen atoms.
[0021] Examples of the alkyl group for R1 to R7 include 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-methylpentyl
group, 1-pentylhexyl group, 1-butylpentyl group, 1-heptyloctyl group, and 3-methylpentyl group. Of the above, the alkyl
groups having 1 to 6 carbon atoms are preferred.
[0022] Examples of the cycloalkyl group for R1 to R7 include cyclopropyl group, cyclobutyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, norbornyl group, and adamantyl group. Of the above, the cycloalkyl groups having
5 or 6 ring carbon atoms are preferred.
Examples of the alkoxy group for R1 to R7 include methoxy group, ethoxy group, propoxy group, butoxy group, pentyloxy
group, and hexyloxy group. The alkoxy groups having 3 or more carbon atoms may be linear, cyclic, or branched. Of
the above, the alkoxy groups having 1 to 6 carbon atoms are preferred.
[0023] Examples of the cycloalkoxy group for R1 to R7 include cyclopentoxy group and cyclohexyloxy group. Of the
above, the cycloalkoxy groups having 5 or 6 ring carbon atoms are preferred.
Examples of the aryl group for R1 to R7 include phenyl group, tolyl group, xylyl group, mesityl group, o-biphenyl group,
m-biphenyl group, p-biphenyl group, o-terphenyl group, m-terphenyl group, p-terphenyl group, naphthyl group, phenan-
thryl group, and triphenylenyl group, with phenyl group being preferred.
Examples of the aryloxy group for R1 to R7 include phenoxy group and biphenyloxy group, with phenoxy group being
preferred.
[0024] Examples of the heteroaryl group for R1 to R7 include carbazolyl group, carbolinyl group, dibenzofuranyl group,
dibenzothiophenyl group, pyrrolyl group, furyl group, thienyl group, silolyl group, pyridyl group, quinolyl group, isoquinolyl
group, indolyl group, benzofuryl group, benzothiophenyl group, imidazolyl group, benzimidazolyl group, pyrimidyl group,
selenophenyl group, oxadiazolyl group, triazolyl group, azaphenanthryl group, and phenanthrolinyl group. Of the above,
the heteroaryl groups having 6 to 14 ring atoms are  preferred.
The amino group and silyl group for R1 to R7 may be substituted as mentioned above. A trimethylsilyl group is preferred
for the substituted silyl group.
[0025] Examples of the alkylene group, the cycloalkylene group having 3 to 20 ring carbon atoms, the arylene group
having 6 to 18 ring carbon atoms, and the heteroarylene group having 5 to 18 ring atoms for L1 to L3 include residues
obtained by removing one hydrogen atom from the corresponding groups mentioned above with respect to R1 to R7.
The arylene group referred to herein includes a 9,9-fluorenylidene group.
In addition to those described below, the arylene group is preferably p-phenylene group, m-phenylene group, and
biphenylene group. In addition to those described below, the amino group is preferably biphenylamino group
[0026] Examples of the nitrogen-containing divalent linking group, the oxygen-containing divalent linking group, the
silicon-containing divalent linking group, the phosphorus-containing divalent linking group, and the sulfur-containing
divalent linking group for L2 include the following groups: 

-O-

-S-
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wherein each of Rx, Ry and Rz independently represents a hydrogen atom or a group selected from those mentioned
above with respect to R groups, and Rx’ represents an oxygen atom. Of the above, preferred are -S-, phosphoxide group,
and ether group.
[0027] Each of L1 and L3 independently preferably represents a single bond, an arylene group having 6 to 18 ring
carbon atoms, or a heteroarylene group having 5 to 18 ring atoms, and more preferably a single bond, phenylene group,
or a heteroarylene group having 6 to 14 ring atoms. When L1 represents an arylene group having 6 to 18 ring carbon
atoms or a heteroarylene group having 5 to 18  ring atoms other than a divalent residue of dibenzofuran and a divalent
residue of dibenzothiophene, the number of conformational isomers is increased to enhance the amorphous nature.
Therefore, the crystallization which may cause device defect or shorten the lifetime of device is easily controlled without
adversely affecting the effect of the invention.
L2 preferably represents a single bond, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking
group, a silicon-containing divalent linking group, a phosphorus-containing divalent linking group, a sulfur-containing
divalent linking group, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene group having 5 to 18 ring
atoms, and more preferably a single bond, a nitrogen-containing divalent linking group, an oxygen-containing divalent
linking group, a silicon-containing divalent linking group, a phosphorus-containing divalent linking group, a sulfur-con-
taining divalent linking group, a phenylene group, or a heteroarylene group having 6 to 14 ring atoms. When L2 represents
an alkylene group having 1 to 20 carbon atoms, a cycloalkylene group having 3 to 20 ring carbon atoms, an oxygen-
containing divalent linking group, a silicon-containing divalent linking group, a phosphorus-containing divalent linking
group, or a sulfur-containing divalent linking group, since these linking groups are non-conjugative, the triplet energy
has a wide gap to more effectively confine the triplet excitons of an emitting dopant, this being advantageous for achieving
high efficiency. This wide-gap triplet energy is also preferred because it allows the use of an emitting dopant with an
emission wavelength of higher energy (shorter wavelength).
[0028] The material for organic EL device of the invention is used preferably as a host material for use together with
an phosphorescent emitting material, a hole transporting material, or an electron transporting material, and more pref-
erably as the host material, the hole transporting material in a layer directly adjacent to the light emitting layer, or the
electron transporting material in a layer directly adjacent to the light emitting layer. The triplet energy level of the material
is preferably 2.5 eV or more and more preferably 2.8 eV or more.
[0029] The material for organic EL device of the invention is preferably represented by formula (2): 

wherein:

one of G11 to G14 represents a nitrogen atom and the others represent C(R1);
each of G21 to G24 represents C(R2) or a nitrogen atom;
each of G35 to G38 represents C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, a cycloalkyl
group having 3 to 20 ring carbon atoms, an aryl group having 6 to 18 ring carbon atoms, or a heteroaryl group having
5 to 18 ring atoms;



EP 2 660 890 A1

9

5

10

15

20

25

30

35

40

45

50

55

L1 represents a single bond, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene group having
5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an arylene group having 6 to 18 ring carbon atoms, a heteroarylene group having 5 to
18 ring atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking group, a silicon-
containing divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-containing divalent
linking group;
Y represents an oxygen atom, a sulfur atom, or -N(-L3-R5)-;
L3 represents a single bond, an arylene group having 6 to 18 ring carbon atoms or a heteroarylene group having 5
to 18 ring atoms; and
R5 represents a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, a cycloalkyl group having 3 to 20 ring
carbon atoms, an aryl group having 6 to 18 ring carbon atoms, or a heteroaryl group having 5 to 18 ring atoms.

[0030] In preferred embodiments of the material for organic EL device of the invention,

(1) G16 represents a carbon atom bonded to L1;
(2) L1 represents a single bond, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene group having
5 to 18 ring atoms, provided that a divalent residue of dibenzofuran and a divalent residue of dibenzothiophene are
excluded, particularly L1 represents a phenylene group;
(3) L2 represents a single bond, an oxygen atom, an arylene group having 6 to 18 ring carbon atoms, or a heteroarylene
group having 5 to 18 ring atoms;
(4) X1 represents a sulfur atom or a oxygen atom, particularly represents an oxygen atom;
(5) each of G26 and G33 represents a carbon atom bonded to L2;
(6) at lease one of G31 to G38 and G41 to G48 represents a nitrogen atom;
(7) L2 represents an alkylene group having 1 to 20 carbon atoms, a cycloalkylene group having 3 to 20 ring carbon
atoms, an oxygen-containing divalent linking group, a silicon-containing divalent linking group, a phosphorus-con-
taining divalent linking group, or a sulfur-containing divalent linking group.

[0031] Specific examples of the material for organic EL device represented by formula (1) are shown below, although
not limited to thereto. The substituents in the following specific examples are incorporated into the preferred substituents
of the material.
[0032]
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[0033]
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[0034]
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[0035]
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[0036]
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[0046]

[0047] The organic EL device of the invention will be described below.
The organic EL device of the invention comprises an organic thin film layer comprising at least one layer between a
cathode and anode. The organic thin film layer comprises a light emitting layer comprising a phosphorescent emitting
material. At least one layer of the organic thin film layer comprises the material for organic electroluminescence device
of the invention.
The multi-layered structure of the organic EL device include a multi-layered laminate, for example, anode/hole transporting
zone (hole injecting layer and/or hole transporting layer)/light emitting layer/cathode; anode/light emitting layer/electron
transporting zone (blocking layer, electron transporting layer and/or electron injecting layer)/cathode; and anode/hole
transporting zone/light  emitting layer/electron transporting zone/cathode.
The organic EL device may be a tandem device having at least two organic layer units which comprise a light emitting
layer. Examples of the structure of the organic layer unit include hole transporting zone/light emitting layer, light emitting
layer/electron transporting zone, and hole transporting zone/light emitting layer/electron transporting zone.
An intermediate layer (also referred to as intermediate conductive layer, charge generation layer, or CGL) may be
interposed between two light emitting layers and an electron transporting zone may be disposed in each unit. At lease
one of the light emitting layers of a tandem device is a phosphorescent emitting layer. Examples of the laminate structure
of the tandem device include anode/phosphorescent emitting layer/intermediate layer/phosphorescent emitting layer/
electron transporting zone (preferably including a blocking layer)/cathode, anode/phosphorescent emitting layer/electron
transporting zone (preferably including a blocking layer)/intermediate layer/phosphorescent emitting layer/cathode, an-
ode/fluorescent emitting layer/intermediate layer/phosphorescent emitting layer/electron transporting zone (preferably
including a blocking layer)/cathode, anode/phosphorescent emitting layer/electron transporting zone (preferably including
a blocking layer)/intermediate layer/fluorescent emitting layer/cathode, and anode/phosphorescent emitting layer/elec-
tron transporting zone (preferably including a blocking layer)/intermediate layer/phosphorescent emitting layer/electron
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transporting zone (preferably including a blocking layer)/cathode.
The "hole injecting/transporting layer" referred to herein is an embodiment of the hole transporting layer. The light emitting
layer may be a laminate of light emitting layers.
[0048] In an embodiment of the organic EL device of the invention, a hole transporting zone may be disposed between
an anode and a light emitting layer and the light emitting layer or the hole transporting zone may contain the material
for organic electroluminescence device of the invention, or an electron transporting zone may be disposed between a
light emitting layer and a cathode and the electron transporting zone may contain the material for organic electrolumi-
nescence device of the invention.
The organic EL device of the invention contains the material for organic  EL device represented by formula (1) preferably
in at least one of the light emitting layer, the hole transporting zone (hole transporting layer, hole injecting layer), and
the electron transporting zone (electron transporting layer, electron injecting layer, blocking layer), particularly preferably
in the light emitting layer or the electron transporting zone.
The content of the material for organic electroluminescence device of the invention in each organic thin film layer
containing it is preferably 50 volume % (v/v) or more, more preferably 70 volume % (v/v) or more, and still more preferably
90 volume % (v/v) or more.
[0049] The electron transporting zone preferably includes a blocking layer in the portion adjacent to the light emitting
layer. As describes below, the blocking layer prevents the diffusion of the triplet excitons generated in the light emitting
layer to the electron transporting zone to confine the triplet excitons in the light emitting layer, thereby preventing the
energy of the triplet excitons from being deactivated on the molecules other than the emitting dopant, i.e., on the molecules
in the electron transporting zone.
This effect can be simply explained as follows to facilitate the understanding of the invention. By using the compound
of the invention in the blocking layer of the electron transporting zone, the energy deactivation of triplet excitons in the
electron transporting zone may be prevented while efficiently injecting electrons into the light emitting layer. Namely, by
using the compound of the invention in the blocking layer, the electron-hole recombination zone may be easily controlled.
In addition, since the compound of the invention has a high electrochemical stability to both hole injection and hole
transport, the blocking layer containing the compound of the invention may be prevented from the electrochemical
deterioration, thereby providing an organic electroluminescence device excellent in the durability.
If a device having a blocking layer satisfies the following energy relationship: 

wherein ET
d is the triplet energy of the phosphorescent dopant in the light emitting layer and ET

TB is the triplet energy
of the compound which forms the blocking layer,
the triplet excitons of phosphorescent dopant are confined due to the energy  relationship (not diffuse to other molecules).
Therefore, the energy deactivation process other than the emission on the phosphorescent dopant may be prevented
to cause the emission with high efficiency. However, even in case of satisfying the relationship of ET

d < ET
TB, the triplet

excitons may move into other molecules if the energy difference (ΔET = ET
TB - ET

d) is small, because the energy difference
ΔET may be overcome by the absorption of ambient heat energy when driving a device at around room temperature as
generally employed in the practical use of device. As compared with the fluorescent emission, the phosphorescent
emission is relatively likely to be affected by the diffusion of excitons due to the heat absorption, because the lifetime of
triplet excitons is longer. Therefore, the use of the compound of the invention in the blocking layer may be effective for
increasing the efficiency of a phosphorescent device. As for the energy difference ΔET, the larger as compared with the
heat energy of room temperature, the better. Therefore, the energy difference ΔET is more preferably 0.1 eV or more
and particularly preferably 0.2 eV or more.
[0050] The triplet energy referred to herein was determined as follows. A sample was dissolved in EPA solvent (diethyl
ether: isopentane: ethanol = 5:5:2 (by volume)) in a concentration of 10 mmol/L to prepare a specimen for phosphores-
cence measurement. The specimen for phosphorescence measurement was placed in a quartz cell and irradiated with
excitation ray at 77 K, and the emitted phosphorescence was measured. Using the measured result, the triplet energy
was determined as the value calculated from the following conversion formula: 

On the phosphorescence spectrum with a vertical axis of phosphorescent intensity and a horizontal axis of wavelength,
a line tangent to the rising portion at the short-wavelength side of the phosphorescent spectrum was drawn, and the
wavelength (nm) at the intersection of the tangent line and the horizontal axis was expressed by "λedge."
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A material satisfying the following relationship: 

wherein Ab is the affinity level of the blocking layer material and Ah is the affinity level of the host material in the light
emitting layer,
is preferably used as the host material in the light emitting layer.
The electron affinity is defined as the amount of energy released or absorbed when one electron is added to a molecule.
The affinity level is expressed by a positive sign when the energy is released and a negative sign when the energy is
absorbed.
Using the ionization potential Ip and the optical energy gap Eg(S), the affinity level Af is expressed by: 

The ionization potential Ip is the amount of energy required to remove an electron from a compound to form an ion. In
the present invention, Ip is a positive value measured by a photoelectronic spectrophotometer (AC-3, manufactured by
Riken Keiki Co., Ltd.) in the atmosphere. The optical energy gap Eg(S) is the difference between the conduction level
and the valence level. In the present invention, Eg(S) is a positive value which is determined by measuring an ultraviolet/
visible absorption spectrum of a diluted dichloromethane solution of a material, drawing a line tangent to the spectrum
at the long-wavelength side, and converting the wavelength of the intersection between the tangent line and the base
line (zero absorption) to the unit of energy.
The electron mobility of the blocking layer material is preferably 10-6 cm2/Vs or more when measured at an electric field
strength of 0.04 to 0.5 MV/cm. There are several methods for measuring the electron mobility of organic materials, for
example, Time of Flight method. In the present invention, the electron mobility is determined by an impedance spec-
troscopy.
The electron mobility of the electron injecting layer is preferably 10-6 cm2/Vs or more when measured at an electric field
strength of 0.04 to 0.5 MV/cm. Within the above range, the electron injection from the cathode to the electron injecting
layer is promoted, and thus, the electron injection into the adjacent blocking layer and light emitting layer is also promoted,
thereby allowing the driving at lower voltage.
[0051] In view of good heat stability, the glass transition point of the material for organic electroluminescence device
of the invention is preferably 140 °C or higher and more preferably 150 °C or higher. The upper limit of the glass transition
point is generally about 260 °C. The glass transition point was determined by heating and cooling about 3 mg of sample
according to the following 2-cycle heating/cooling process (1) to (6) using DSC 8500 manufactured by Perkin Elmer  Inc.
and reading the temperature of the inflection point where the base line of DSC curve in the temperature-rising step (6)
changed stepwise, thereby determining the glass transition point:

(1) keeping the sample at 30 °C for one minute;
(2) heating the sample from 30 °C to a given temperature lower than the thermal decomposition temperature of the
sample at a temperature rising speed of 10 °C/min;
(3) keeping the sample at the given temperature for 3 min;
(4) cooling the sample from the given temperature to 0 °C at a cooling speed of 200 °C/min;
(5) keeping the sample at 0 °C for 10 min; and
(6) heating the sample from 0 °C to 200 °C at a temperature rising speed of 10 °C/min.

[0052] The light emitting layer preferably comprises the host material and the dopant (phosphorescent emitting material)
and the material for organic electroluminescence device of the invention is preferably used in the light emitting layer as
the host material.
[0053] In view of obtaining a high phosphorescent quantum yield and further improving the external quantum efficiency
of electroluminescence device, the phosphorescent emitting material is preferably a compound comprising a metal
selected from iridium (Ir), osmium (Os) and platinum (Pt), more preferably a metal complex, such as an iridium complex,
an osmium complex, and a platinum complex, and still more preferably an iridium complex and a platinum complex. The
metal complex is preferably an ortho metallated complex wherein the central metal and the carbon atom of the ligand
are ortho metal bonded to each other and more preferably an ortho metallated iridium complex. The iridium complexes
are shown below as more preferred embodiment of the ortho metallated complex.
[0054]
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[0057]

[0058] The light emitting layer of the organic EL device preferably comprises the host material comprising the material
for organic EL device of the invention and  the phosphorescent emitting material. The phosphorescent emitting material
is preferably a blue-emitting metal complex having a maximum emitting wavelength of 550 nm, preferably 500 nm or less.
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[0059] In a preferred embodiment of the invention, the organic EL device may comprise a hole transporting layer (hole
injecting layer) and the hole transporting layer (hole injecting layer) comprises the material for organic EL device of the
invention.
[0060] The organic EL device of the invention may contain an electron-donating dopant preferably in the interfacial
region between the cathode and the organic thin film layer, more preferably in the interfacial region between the cathode
and the electron transporting zone. The electron-donating dopant is a metal having a work function of 3.8 eV or less or
a compound containing such metal. Examples thereof include at least one selected from alkali metal, alkali metal complex,
alkali metal compound, alkaline earth metal, alkaline earth metal complex, alkaline earth metal compound, rare earth
metal, rare earth metal complex, and rare earth metal compound.
[0061] Examples of the alkali metal include Li (work function: 2.9 eV), Na (work function: 2.36 eV), K (work function:
2.28 eV), Rb (work function: 2.16 eV), and Cs (work function: 1.95 eV), with those having a work function of 2.9 eV or
less being particularly preferred. Of the above, preferred are K, Rb, and Cs, more preferred are Rb and Cs, and most
preferred is Cs.
Examples of the alkaline earth metal include Ca (work function: 2.9 eV), Sr (work function: 2.0 to 2.5 eV), and Ba (work
function: 2.52 eV), with those having a work function of 2.9 eV or less being particularly preferred.
Examples of the rare earth metal include Sc, Y, Ce, Tb, and Yb, with those having a work function of 2.9 eV or less
being particularly preferred.
The preferred metals mentioned above have a high reducing ability and can improve the emission luminance and the
lifetime of the organic EL device by the addition into the electron injecting zone in a relatively small amount.
[0062] Examples of the alkali metal compound include alkali oxide, such as Li2O, Cs2O, K2O, and alkali halide, such
as LiF, NaF, CsF, and KF, with LiF, Li2O, and  NaF being preferred.
Examples of the alkaline earth metal compound include BaO, SrO, CaO, and mixture thereof, such as BaxSr1-xO (0 <
x < 1) and BaxCA1-xO (0 < x < 1), with BaO, SrO, and CaO being preferred.
Examples of the rare earth metal compound include YbF3, ScF3, ScO3, Y2O3, Ce2O3, GdF3, and TbF3, with YbF3, ScF3,
and TbF3 being preferred.
[0063] Examples of the alkali metal complex, alkaline earth metal complex, and rare earth metal are not particularly
limited as long as each containing at least one metal ion selected from alkali metal ions, alkaline earth metal ions, and
rare earth metal ions, respectively. The ligand is preferably, but not limited to, quinolinol, benzoquinolinol, acridinol,
phenanthridinol, hydroxyphenyloxazole, hydroxyphenylthiazole, hydroxydiaryloxadiazole, hydroxydiarylthiadiazole, hy-
droxyphenylpyridine, hydroxyphenylbenzimidazole, hydroxybenzotriazole, hydroxyfulborane, bipyridyl, phenanthroline,
phthalocyanine, porphyrin, cyclopentadiene, β-diketones, azomethines, and derivative thereof.
[0064] The electron-donating dopant is added to the interfacial region preferably into a form of layer or island. The
electron-donating dopant is added preferably by co-depositing the electron-donating dopant with the organic compound
(light emitting material, electron injecting material, etc.) for forming the interfacial region by a resistance heating deposition
method, thereby dispersing the electron-donating dopant into the organic material. The disperse concentration expressed
by the molar ratio of the organic material and the electron-donating dopant is 100:1 to 1:100 and preferably 5:1 to 1:5.
When the electron-donating dopant is formed into a form of layer, a light emitting material or an electron injecting material
is made into a layer which serves as an organic layer in the interface, and then, the electron-donating dopant alone is
deposited by a resistance heating deposition method into a layer having a thickness preferably 0.1 to 15 nm. When the
electron-donating dopant is formed into a form of island, a light emitting material or an electron injecting material is made
into a form of island which serves as an organic layer in the interface, and then, the electron-donating dopant alone is
deposited by a resistance heating deposition method into a form of island having a thickness preferably 0.05 to 1 nm.
[0065]   In a preferred embodiment of the invention, the organic EL device may comprise an electron injecting layer
between the light emitting layer and the cathode and the electron injecting layer comprises a nitrogen-containing hete-
rocyclic derivative preferably in an amount of 50% by mass or more. The electron transporting material for use in the
electron injecting layer is preferably an aromatic heterocyclic compound having at least one heteroatom in its molecule
and particularly preferably a nitrogen-containing heterocyclic derivative.
[0066] The nitrogen-containing heterocyclic derivative is preferably a chelate metal complex having a nitrogen-con-
taining heteroring, which is represented by formula (A).
[0067] The nitrogen-containing heterocyclic derivative is preferably a chelate metal complex having a nitrogen-con-
taining heteroring, which is represented by formula (A): 
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[0068] wherein R102 to R107 each independently represent a hydrogen atom, a halogen atom, an amino group, a
hydrocarbon group having 1 to 40 carbon atoms, an alkoxy group, an aryloxy group, an alkoxycarbonyl group, or a
heterocyclic group, each being optionally substituted.
Examples of the halogen atom include those mentioned above. Examples of the amino group which may be substituted
include the alkylamino group, the arylamino group, and the aralkylamino group mentioned above.
Examples of the hydrocarbon group having 1 to 40 carbon atoms include a substituted or unsubstituted alkyl group,
alkenyl group, a cycloalkyl group, an aryl group, and an aralkyl group. Examples of the alkyl group, alkenyl group,
cycloalkyl group, alkoxy group, aryl group, heterocyclic group, aralkyl group, and  aryloxy group include those mentioned
above. The alkoxycarbonyl group is represented by -COOY’, wherein Y’ is an alkyl group as described above.
[0069] M is aluminum (Al), gallium (Ga), or indium (In), with In being preferred.
L in formula (A) is a group represented by formula (A’) or (A"): 

[0070] wherein R108 to R112 each independently represent a hydrogen atom or a substituted or unsubstituted hydro-
carbon group having 1 to 40 carbon atoms and adjacent two groups may form a ring structure, and R113 to R127 each
independently represent a hydrogen atom or a substituted or unsubstituted hydrocarbon group having 1 to 40 carbon
atoms and adjacent two groups may form a ring structure.
[0071] Examples of the hydrocarbon group having 1 to 40 carbon atoms for R108 to R112 and R113 to R127 in formulae
(A’) and (A") are the same as those described above with respect to R2 to R7.
Examples of the divalent group formed by the adjacent two groups of R8 to R12 and R13 to R27 which completes the ring
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structure include tetramethylene group, pentamethylene group, hexamethylene group, diphenylmethane-2,2’-diyl  group,
diphenylethane-3,3’-diyl group, and diphenylpropane-4,4’-diyl group.
[0072] The specific examples of the chelate metal complex having a nitrogen-containing heteroring represented by
formula (A) are shown below, although not limited thereto.
[0073]

[0074] Examples of the nitrogen-containing heterocyclic derivative further include a nitrogen-containing compound
other than the metal complex, for example, a nitrogen-containing heterocyclic derivative having the following formulae,
such as a compound having a 5- or 6-membered ring which has the skeleton represented by formula (a) or a compound
represented by formula (b). 

[0075] In formula (b), X is a carbon atom or a nitrogen atom. Z1 and Z2 each independently represent a group of atoms
for completing the nitrogen-containing heteroring.
[0076] The nitrogen-containing heterocyclic derivative is more preferably an organic compound comprising a 5-mem-
bered or 6-membered nitrogen-containing aromatic polycyclic ring. If two or more nitrogen atoms are included, the
nitrogen-containing aromatic polycyclic compound preferably has a skeleton of a combination of (a) and (b).
[0077]   The nitrogen-containing group of the nitrogen-containing organic compound is selected, for example, from
the nitrogen-containing heterocyclic groups shown below. 
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[0078] In each of the above formulae, R28 is an aryl group having 6 to 40 carbon atoms, a heteroaryl group having 3
to 40 carbon atoms, an alkyl group having 1 to 20 carbon atoms, or an alkoxy group having 1 to 20 carbon atoms; and
n is an integer of 0 to 5. If n is an integer of 2 or more, R28 groups may be the same or different.
[0079] More preferred is a nitrogen-containing heterocyclic derivative represented by the following formula:

HAra-L6-Arb-Arc

[0080]   wherein HAra is a nitrogen-containing heterocyclic group having 3 to 40 carbon atoms which may be substituted;
Lb is a single bond, an arylene group having 6 to 40 carbon atoms which may be substituted, or a heteroarylene group
having 3 to 40 carbon atoms which may be substituted; Arb is a divalent aromatic hydrocarbon group having 6 to 40
carbon atoms which may be substituted; and Arc is an aryl group having 6 to 40 carbon atoms which may be substituted
or a heteroaryl group having 3 to 40 carbon atoms which may be substituted.
[0081] HAra is selected, for example, from the following groups: 
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[0082] L6 is selected, for example, from the following groups: 

[0083] Arc is selected, for example, from the following groups: 

[0084] Arb is selected, for example, from the following arylanthranyl groups: 

[0085] In the above formulae, R29 to R42 are each independently a hydrogen atom, a halogen atom, an alkyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an aryloxy group having 6 to 40 carbon
atoms, an aryl group having 6 to 40 carbon atoms which may be substituted, or a heteroaryl group having 3 to 40 carbon
atoms which may be substituted; and Ard is an aryl group having 6 to 40 carbon atoms which may be substituted or a
heteroaryl group having 3 to 40 carbon atoms which may be substituted.
The Arb group represented by the above formulae is preferably a nitrogen-containing heterocyclic derivative wherein
R29 to R36 are all hydrogen atoms.
[0086] The electron transporting layer preferably contains at least one of the nitrogen-containing heterocyclic deriva-
tives represented by formulae (201) to (203): 



EP 2 660 890 A1

36

5

10

15

20

25

30

35

40

45

50

55

[0087] wherein R56 is a hydrogen atom, a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a
substituted or unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, or a substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms;
n is an integer of 0 to 4; R57 is a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a substituted or
unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, or an alkoxy group having 1 to 20 carbon atoms; R58 and R59 are each independently a
hydrogen atom, a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a substituted or unsubstituted
pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, or a substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms; L7 is a single bond, a
substituted or unsubstituted arylene group having 6 to 60 carbon atoms, a substituted or unsubstituted pyridinylene
group, a substituted or unsubstituted quinolinylene group, or a substituted or unsubstituted fluorenylene group; Are is a
substituted or unsubstituted arylene group having 6 to 60 carbon atoms, a substituted or unsubstituted pyridinylene
group, or a substituted or unsubstituted quinolinylene group; and Arf is a substituted or unsubstituted aryl group having
6 to 60 carbon atoms, a substituted or unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a
substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having
1 to 20 carbon atoms.
Arg is a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a substituted or unsubstituted pyridyl group,
a substituted or unsubstituted quinolyl group, a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms, or a group represented by -Are-Arf wherein Are
and Arf are as defined above.
[0088] In formulae (201) to (203), R56 is a hydrogen atom, a substituted or unsubstituted aryl group having 6 to 60
carbon atoms, a substituted or unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted
or unsubstituted alkyl group having 1 to 20 carbon atoms, or a substituted or unsubstituted alkoxy group having 1 to 20
carbon atoms.
[0089] Examples of the aryl group having 6 to 60 carbon atoms, preferably 6 to 40 carbon atoms, and more preferably
6 to 20 carbon atoms include phenyl group, naphthyl group, anthryl group, phenanthryl group, naphthacenyl group,
chrysenyl group, pyrenyl group, biphenyl group, terphenyl group, tolyl group, t-butylphenyl group, (2-phenylpropyl)phenyl
group, fluoranthenyl group, fluorenyl group, a monovalent residue of spirobifluorene, perfluorophenyl group, perfluoro-
naphthyl group, perfluoroanthryl group, perfluorobiphenyl group, a monovalent residue of 9-phenylanthracene, a mono-
valent residue of 9-(1’-naphthyl)anthracene, a monovalent residue of 9-(2’-naphthyl)anthracene, a monovalent residue
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of 6-phenylchrysene, and a monovalent residue of 9-[4-(diphenylamino)phenyl]anthracene, with phenyl group, naphthyl
group, biphenyl group, terphenyl group, 9-(10-phenyl)anthryl group, 9-[10-(1’-naphthyl)]anthryl group, and 9-[10-(2’-
naphthyl)]anthryl group being preferred.
[0090] Examples of the alkyl group having 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms include methyl group,
ethyl group, propyl group, butyl group, pentyl group, hexyl group, and a haloalkyl group, such as trifluoromethyl group.
The alkyl group having 3 or more carbon atoms may be linear, cyclic or branched.
Examples of the alkoxy group having 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms include methoxy group,
ethoxy group, propoxy group, butoxy group, pentyloxy group, and hexyloxy group. The alkoxy group having 3 or more
carbon atoms may be linear, cyclic or branched.
[0091] Examples of the substituent of the group represented by R56 include a halogen atom, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group having 6 to 40 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, and a substituted or unsubstituted heteroaryl group having 3 to 40 carbon atoms.
Examples of the halogen atom include fluorine, chlorine, bromine, and iodine.
Examples of the alkyl group having 1 to 20 carbon atoms, the alkoxy group having 1 to 20 carbon atoms, and the aryl
group having 6 to 40 carbon atoms are the same as those described above.
[0092] Examples of the aryloxy group having 6 to 40 carbon atoms include phenoxy group and biphenyloxy group.
Examples of the heteroaryl group having 3 to 40 carbon atoms include pyrrolyl group, furyl group, thienyl group, silolyl
group, pyridyl group, quinolyl group, isoquinolyl group, benzofuryl group, imidazolyl group, pyrimidyl group, carbazolyl
group, selenophenyl group, oxadiazolyl group, and triazolyl group.
n is an integer of 0 to 4, preferably 0 to 2.
[0093] In formula (201), R57 is a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a substituted or
unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, or an alkoxy group having 1 to 20 carbon atoms.
Examples, preferred examples, and preferred carbon numbers of the above groups are the same as those described
with respect to R.
[0094] In formulae (202) and (203), R58 and R59 are each independently a hydrogen atom, a substituted or unsubstituted
aryl group having 6 to 60 carbon  atoms, a substituted or unsubstituted pyridyl group, a substituted or unsubstituted
quinolyl group, a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, or a substituted or unsubstituted
alkoxy group having 1 to 20 carbon atoms.
Examples of each group, preferred carbon numbers, and examples of substituent of the groups are the same as those
described with respect to R56.
[0095] In formulae (201) to (203), L7 is a single bond, a substituted or unsubstituted arylene group having 6 to 60
carbon atoms, a substituted or unsubstituted pyridinylene group, a substituted or unsubstituted quinolinylene group, or
a substituted or unsubstituted fluorenylene group.
Preferably the arylene group has 6 to 40 carbon atoms and more preferably 6 to 20 carbon atoms. Examples thereof
include divalent groups formed by removing one hydrogen atom from the aryl groups described with respect to R.
Examples of the substituent of each group represented by L7 are the same as those described with respect to R56.
[0096] L7 is preferably selected from the following group: 

[0097] In formula (201), Are is a substituted or unsubstituted arylene group having 6 to 60 carbon atoms, a substituted
or unsubstituted pyridinylene group, or a substituted or unsubstituted quinolinylene group. Examples of the substituent
of each group represented by Are and Arg are the same as those described with respect to R.
Are is preferably any one of condensed groups represented by the following formulae (101) to (110): 
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[0098] In formulae (101) to (110), each condensed ring may be substituted by a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group having 6 to 40 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, or a substituted or unsubstituted heteroaryl group having 3 to 40 carbon atoms. If
substituted by two or more substituents, the substituents may be the same or different. Examples of the substituent are
the same as those described above.
In formula (110), L’ is a single bond or a group selected from the following group:
[0099]

[0100] Are represented by formula (103) is preferably a condensed ring group represented by any of the following
formulae (111) to (125): 
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[0101] In formulae (111) to (125), each condensed ring may be substituted by a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group having 6 to 40 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, or a substituted or unsubstituted heteroaryl group having 3 to 40 carbon atoms. If
substituted by two or more substituents, the substituents may be the same or different. Examples of the substituent are
the same as those described above.
[0102] In formula (201), Arf is a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a substituted or
unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, or a substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms.
Examples of each group, preferred carbon numbers, and examples of substituent are the same as those described with
respect to R56.
[0103] In formulae (202) and (203), Arg is a substituted or unsubstituted aryl group having 6 to 60 carbon atoms, a
substituted or unsubstituted pyridyl group, a substituted or unsubstituted quinolyl group, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon atoms, or
a group represented by -Are-Arf wherein Are and Arf are as defined above.
Examples of each group, preferred carbon numbers, and examples of substituent are the same as those described with
respect to R56.
Arg is preferably a condensed ring group represented by any of the following formulae (126) to (135):
[0104]
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[0105] In formulae (126) to (135), each condensed ring may be substituted by a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group having 6 to 40 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, or a substituted or unsubstituted heteroaryl group having 3 to 40 carbon atoms. If
substituted by two or more substituents, the substituents may be the same or different. Examples of the substituent are
the same as those described above.
In formula (135), L’ is as defined above.
In formulae (126) to (135), R’ is a hydrogen atom, a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 40 carbon atoms, or a substituted or unsubstituted heteroaryl group
having 3 to 40 carbon atoms. Examples thereof are the same as those described above.
Arg represented by formula (128) is preferably a condensed ring group represented by the following formulae (136) to
(158):
[0106]
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[0107] In formulae (136) to (158), each condensed ring may be substituted by a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryloxy group having 6 to 40 carbon atoms, a substituted or unsubstituted aryl
group having 6 to 40 carbon atoms, or a substituted or unsubstituted heteroaryl group having 3 to 40 carbon atoms. If
substituted by two or more substituents, the substituents may be the same or  different. Examples of the substituent are
the same as those described above. R’ is as defined above.
Each of Arf and Arg is preferably selected from the following groups:
[0108]
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[0109] Examples of the nitrogen-containing heterocyclic derivative represented by formulae (201) to (203) are shown
below, although not limited to the following exemplary compounds.
In the following table, HAr is the following structure in formulae (201) to (203). 

[0110]

HAr-L7-Are-Arf

HAr L7 Are Arf

1

2

3
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[0111] Another preferred example of the nitrogen-containing heterocyclic derivative includes a nitrogen-containing,
five-membered ring derivative. The nitrogen-containing, five-membered ring may include, for example, imidazole ring,
triazole ring, tetrazole ring, oxadiazole ring, thiadiazole ring, oxatriazole ring, and thiatriazole ring. The nitrogen-contain-
ing, five-membered ring derivative may be, for example, benzimidazole ring, benzotriazole ring, pyridinoimidazole ring,
pyrimidinoimidazole ring, and pyridazinoimidazole ring, and is particularly preferably represented by formula (B): 

[0112] In the formula B, LB is a two- or more-valent linker such as carbon atom, silicon atom, nitrogen atom, boron
atom, oxygen atom, sulfur atom, metal atom (for example, barium atom and beryllium atom), aromatic hydrocarbon ring,
and heteroaromatic ring, with carbon atom, nitrogen atom, silicon atom, boron atom, oxygen atom, sulfur atom, aromatic
hydrocarbon ring and heteroaromatic group being preferred, and carbon atom, silicon atom, aromatic hydrocarbon ring
and heteroaromatic group being more preferred.
The aromatic hydrocarbon ring and heteroaromatic group for LB may be substituted. The substituent group is preferably
alkyl group, alkenyl group, alkynylgroup, aryl group, amino group, alkoxy group, aryloxy group, acyl group, alkoxycarbonyl
group, aryloxycarbonyl group, acyloxy group, acylamino group, alkoxycarbonylamino group, aryloxycarbonylamino
group, sulfonylamino group, sulfamoyl group, carbamoyl group, alkylthio group, arylthio group, sulfonyl group, halogen
atom, cyano group, or heteroaromatic group; more preferably alkyl group, aryl group, alkoxy group, aryloxy group,

(continued)

HAr-L7-Are-Arf

HAr L7 Are Arf
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halogen atom, cyano group, or heteroaromatic group; still more preferably alkyl group, aryl group, alkoxy group, aryloxy
group, or heteroaromatic group; and particularly preferably alkyl group, aryl group, alkoxy group, or heteroaromatic group.
[0113] Specific examples of LB are shown below. 

[0114] XB2 in formula (B) is -O-, -S- or -N(RB2)-. RB2 is a hydrogen atom, an aliphatic hydrocarbon group, an aryl group
or a heterocyclic group.
The aliphatic hydrocarbon group for RB2 may be a linear or branched alkyl group preferably having 1 to 20 carbon atoms,
more preferably 1 to 12 carbon atoms and particularly preferably 1 to 8 carbon atoms, such as methyl group, ethyl group,
isopropyl group, t-butyl group, n-octyl group, n-decyl group, and n-hexadecyl group; a cycloalkyl group preferably having
3 to 10 ring carbon atoms, such as cyclopropyl group, cyclopentyl group, and cyclohexyl group; an alkenyl group preferably
having 2 to 20 carbon atoms, more preferably 2 to 12 carbon atoms and particularly preferably 2 to 8 carbon atoms,
such as vinyl  group, allyl group, 2-butenyl group, and 3-pentenyl group; and an alkynyl group preferably having 2 to 20
carbon atoms, more preferably 2 to 12 carbon atoms and particularly preferably 2 to 8 carbon atoms, such as propargyl
group and 3-pentynyl group, with alkyl group being preferred.
[0115] The aryl group for RB2 is a monocyclic or condensed aryl group and has preferably 6 to 30 ring carbon atoms,
more preferably 6 to 20 ring carbon atoms and still more preferably 6 to 12 ring carbon atoms. Examples thereof include
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phenyl group, 2-methylphenyl group, 3-methylphenyl group, 4-methylphenyl group, 2-methoxyphenyl group, 3-trifluor-
omethylphenyl group, pentafluorophenyl group, 1-naphthyl group, and 2-naphthyl group.
[0116] The heterocyclic group for RB2 is a monocyclic or condensed heterocyclic group, preferably a heteroaromatic
group having at least one heteroatom selected from nitrogen atom, oxygen atom, sulfur atom and selenium atom, and
has preferably 1 to 20 ring carbon atoms, more preferably 1 to 12 ring carbon atoms and still more preferably 2 to 10
ring carbon atoms. Examples of the heterocyclic group include the residues of pyrrolidine, piperidine, piperazine, mor-
pholine, thiophene, selenophene, furan, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyridazine, pyrimidine, triazole,
triazine, indole, indazole, purine, thiazoline, thiazole, thiadiazole, oxazoline, oxazole, oxadiazole, quinoline, isoquinoline,
phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline, pteridine, acridine, phenanthroline, phenazine, tetrazole,
benzimidazole, benzoxazole, benzothiazole, benzotriazole, tetraazaindene, carbazole, and azepine, with the residues
of furan, thiophene, pyridine, pyrazine, pyrimidine, pyridazine, triazine, quinoline, phthalazine, naphthyridine, quinoxaline,
and quinazoline being preferred, the residues of furan, thiophene, pyridine, and quinoline being more preferred, and a
quinolinyl group being still more preferred.
[0117] The aliphatic hydrocarbon group, aryl group and heterocyclic group for RB2 may be substituted. The substituent
is preferably an alkyl group, an alkenyl group, an alkynylgroup, an aryl group, an amino group, an alkoxy group, an
aryloxy group, an acyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, an acyloxy group, an acylamino group,
an alkoxycarbonylamino group, an aryloxycarbonylamino group, a sulfonylamino group, a sulfamoyl group, a  carbamoyl
group, an alkylthio group, an arylthio group, a sulfonyl group, a halogen atom, a cyano group, or a heteroaromatic group;
more preferably an alkyl group, an aryl group, an alkoxy group, an aryloxy group, a halogen atom, a cyano group, or a
heteroaromatic group; still more preferably an alkyl group, an aryl group, an alkoxy group, an aryloxy group, or a heter-
oaromatic group; and particularly preferably an alkyl group, an aryl group, an alkoxy group, or a heteroaromatic group.
RB2 is preferably an aliphatic hydrocarbon group, an aryl group or a heterocyclic group, more preferably an aliphatic
hydrocarbon group (having preferably 6 to 30 carbon atoms, more preferably 6 to 20 carbon atoms, and still more
preferably 6 to 12 carbon atoms) or an aryl group, and still more preferably an aliphatic hydrocarbon group (having
preferably 1 to 20 carbon atoms, more preferably 1 to 12 carbon atoms, and still more preferably 2 to 10 carbon atoms).
XB2 is preferably -O- or -N(RB2)-, more preferably -N(RB2)-.
[0118] ZB2 is a group of atoms to complete an aromatic ring. The aromatic ring formed by ZB2 is either of an aromatic
hydrocarbon ring or a heteroaromatic ring. Examples there of include benzene ring, pyridine ring, pyrazine ring, pyrimidine
ring, pyridazine ring, triazine ring, pyrrole ring, furan ring, thiophene ring, selenophene ring, tellurophene ring, imidazole
ring, thiazole ring, selenazole ring, tellurazole ring, thiadiazole ring, oxadiazole ring, and pyrazole ring, with benzene
ring, pyridine ring, pyrazine ring, pyrimidine ring, and pyridazine ring being preferred, benzene ring, pyridine ring, and
pyrazine ring being more preferred, benzene ring and pyridine ring being still more preferred, and pyridine ring being
particularly preferred.
[0119] The aromatic ring formed by ZB2 may be fused with another ring to form a condensed ring and may be substituted.
Examples of the substituent group are the same as the substituent groups for LB and preferably alkyl group, alkenyl
group, alkynyl group, aryl group, amino group, alkoxy group, aryloxy group, acyl group, alkoxycarbonyl group, aryloxy-
carbonyl group, acyloxy group, acylamino group, alkoxycarbonylamino group, aryloxycarbonylamino group, sulfonylami-
no group, sulfamoyl group, carbamoyl group, alkylthio group, arylthio group, sulfonyl group, halogen atom, cyano group,
and heterocyclic group; more preferably alkyl group, aryl group, alkoxy group, aryloxy group, halogen atom, cyano group,
and heterocyclic group; still more preferably alkyl group, aryl group, alkoxy group, aryloxy group, and heteroaromatic
group; and particularly preferably alkyl group, aryl group, alkoxy group, and heteroaromatic group.
nB2 is an integer of 1 to 4, preferably 2 or 3.
[0120] The nitrogen-containing, five-membered ring derivative of formula (B) is preferably represented by the following
formula (B’): 
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[0121] In formula (B’), RB71, RB72, RB73 and their preferred examples are each respectively the same as defined in
RB2 of formula (B).
ZB71, ZB72, ZB73 and their preferred examples are each respectively the same as defined in ZB2 of formula (B).
LB71, LB72 and LB73 are each independently a linking group which is selected from the divalent groups for LB of formula
(B), preferably a single bond, a divalent aromatic hydrocarbon group, a divalent heteroaromatic group or a linking group
composed of a combination thereof, with a single bond being preferred. LB71, LB72 and LB73 may be substituted. The
substituent and preferred substituent are the same as those for LB of formula (B).
YB is a nitrogen atom, 1,3,5-benzenetriyl group or 2,4,6-triazinetriyl group. The 1,3,5-benzenetriyl group may be substi-
tuted at 2-,4-, or 6-position, for example, by an alkyl group, an aromatic hydrocarbon group or a halogen atom.
[0122] Specific examples of the nitrogen-containing, five-membered ring derivative of the formulae (B) and (B’) are
shown below, although not limited thereto. 

[0123] The compound for forming the electron injecting layer and electron transporting layer may further include a
compound which has a structure wherein an electron-deficient, nitrogen-containing 5-membered ring or an electron-
deficient, nitrogen-containing 6-membered ring is combined with a substituted or unsubstituted indole skeleton, a sub-
stituted or unsubstituted carbazole skeleton, or a substituted or unsubstituted azacarbazole skeleton. Preferred examples
of the electron-deficient, nitrogen-containing 5- membered ring skeleton and the electron-deficient, nitrogen-containing
6-membered ring skeleton includes a pyridine, pyrimidine, pyrazine, triazine, triazole, oxadiazole, pyrazole, imidazole,
quinoxaline, or pyrrole skeleton, and a condensed skeleton thereof, such as benzimidazole and imidazopyridine. The
combination between the pyridine, pyrimidine, pyrazine or triazine skeleton with the carbazole, indole, azacarbazole or
quinoxaline skeleton is preferred. Each skeleton may be either substituted or not substituted.
[0124]
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Examples of the electron transporting compound are shown below, although not limited thereto. 

[0125] The electron injecting layer and electron transporting layer may be a single-layered structure made of one or
more kinds of the materials mentioned above or a multi-layered structure of layers having the same composition or
different compositions. The material for use in those layers preferably has a π-electron deficient, nitrogen-containing
heterocyclic group.
[0126] The hole injecting layer or the hole transporting layer (inclusive of a hole injecting/transporting layer) is preferably
formed from an aromatic amine compound, for example, an aromatic amine derivative represented by the following
formula (I): 

[0127] In formula (I), each of Ar1 to Ar4 is a substituted or unsubstituted aryl group having 6 to 50 ring carbon atoms
or a substituted or unsubstituted heterocyclic group having 5 to 50 ring atoms.
[0128] Examples of the substituted or unsubstituted aryl group having 6 to 50 ring carbon atoms include phenyl group,
1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl group, 1-phenanthryl group, 2-phenanthryl
group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1-naphthacenyl group, 2-naphthacenyl group,
9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-biphenylyl group, 4-
biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl  group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m-
terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, p-(2-
phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl group, 4’-meth-
ylbiphenylyl group, 4"-t-butyl-p-terphenyl-4-yl group, fluoranthenyl group, and fluorenyl group.
[0129] Examples of the substituted or unsubstituted heterocyclic group having 5 to 50 ring atoms include 1-pyrrolyl
group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl 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, 1-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-benzofuranyl group, 7-benzofuranyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl group, 4-isobenzofuranyl
group, 5-isobenzofuranyl group, 6-isobenzofuranyl group, 7-isobenzofuranyl group, quinolyl group, 3-quinolyl group, 4-
quinolyl group, 5-quinolyl group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl
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group, 4-isoquinolyl group, 5-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxal-
inyl group, 5-quinoxalinyl group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl group, 4-
carbazolyl group, 9-carbazolyl group, 1-phenanthridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl group, 4-
phenanthridinyl group, 6-phenanthridinyl group, 7-phenanthridinyl group, 8-phenanthridinyl group, 9-phenanthridinyl
group, 10-phenanthridinyl 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-phenanthroline-
5-yl group, 1,7-phenanthroline-6-yl group, 1,7-phenanthroline-8-yl group, 1,7-phenanthroline-9-yl group, 1,7-phenan-
throline-10-yl group, 1,8-phenanthroline-2-yl 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-phenanthroline-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-yl group, 1,9-phenanthroline-
8-yl  group, 1,9-phenanthroline-10-yl group, 1,10-phenanthroline-2-yl group, 1,10-phenanthroline-3-yl group, 1,10-phen-
anthroline-4-yl group, 1,10-phenanthroline-5-yl group, 2,9-phenanthroline-1-yl group, 2,9-phenanthroline-3-yl group, 2,9-
phenanthroline-4-yl group, 2,9-phenanthroline-5-yl group, 2,9-phenanthroline-6-yl group, 2,9-phenanthroline-7-yl group,
2,9-phenanthroline-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-yl group, 2,8-phenanthroline-9-yl group, 2,8-phenanthroline-10-yl group, 2,7-phenanthroline-1-yl group, 2,7-phenan-
throline-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-phen-
azinyl group, 1-phenothiazinyl group, 2-phenothiazinyl group, 3-phenothiazinyl group, 4-phenothiazinyl group, 10-phe-
nothiazinyl group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazinyl group, 10-phe-
noxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl group, 3-
furazanyl group, 2-thienyl group, 3-thienyl group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl group, 2-methylpyr-
role-4-yl group, 2-methylpyrrole-5-yl group, 3-methylpyrrole-1-yl group, 3-methylpyrrole-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, and 4-t-butyl-3-indolyl group, with phenyl group, naphthyl group, biphenyl group,
anthranyl group, phenanthryl group, pyrenyl group, chrysenyl group, fluoranthenyl group, and fluorenyl group being
preferred.
[0130] L is a linking group, for example, a substituted or unsubstituted arylene group having 6 to 50 ring carbon atoms,
a substituted or unsubstituted heteroarylene group having 5 to 50 ring atoms, or a divalent group derived from two or
more arylene groups or heteroarylene groups by bonding these groups vis a single bond, an ether bond, a thioether
bond, an alkylene group having 1 to 20 carbon atoms, an alkenylene group having 2 to 20 carbon atoms, or amino group.
Examples of the arylene group having 6 to 50 ring carbon atoms include 1,4-phenylene group, 1,2-phenylene group,
1,3-phenylene group, 1,4-naphthylene  group, 2,6-naphthylene group, 1,5-naphthylene group, 9,10-anthracenylene
group, 9,10-phenanthrenylene group, 3,6-phenanthrenylene group, 1,6-pyrenylene group, 2,7-pyrenylene group, 6,12-
chrysenylene group, 4,4’-biphenylene group, 3,3’-biphenylene group, 2,2’-biphenylene group, and 2,7-fluorenylene
group. Examples of the heteroarylene group having 5 to 50 ring atoms include 2,5-thiophenylene group, 2,5-silolylene
group, and 2,5-oxadiazolylene group. Of the above groups, preferred are 1,4-phenylene group, 1,2-phenylene group,
1,3-phenylene group, 1,4-naphthylene group, 9,10-anthracenylene group, 6,12-chrysenylene group, 4,4’-biphenylene
group, 3,3’-biphenylene group, 2,2’-biphenylene group, and 2,7-fluorenylene group.
[0131] If L is a linking group having two or more arylene groups or heteroarylene groups, adjacent arylene groups or
adjacent heteroarylene group may bond to each other via a divalent group to form a ring. Examples of the divalent group
for completing such ring include tetramethylene group, pentamethylene group, hexamethylene group, diphenylmethane-
2,2’-diyl group, diphenylethane-3,3’-diyl group, and diphenylpropane-4,4’-diyl group.
[0132] Examples of the substituent of Ar1 to Ar4 and L include a substituted or unsubstituted aryl group having 6 to
50 ring carbon atoms, a substituted or unsubstituted heterocyclic group having 5 to 50 ring atoms, a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms, a substituted or unsubstituted cycloalkyl group having 3 to 50
carbon atoms, a substituted or unsubstituted alkoxy group having 1 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 7 to 50 carbon atoms, a substituted or unsubstituted aryloxy group having 6 to 50 ring carbon atoms,
a substituted or unsubstituted heteroaryloxy group having 5 to 50 ring atoms, a substituted or unsubstituted arylthio
group having 6 to 50 ring carbon atoms, a substituted or unsubstituted heteroarylthio group having 5 to 50 ring atoms,
a substituted or unsubstituted alkoxycarbonyl group having 2 to 50 carbon atoms, an amino group substituted by a
substituted or unsubstituted aryl group having 6 to 50 ring carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 50 ring atoms, a halogen atom, a cyano group, a nitro group, and a hydroxyl group.
[0133]   Examples of the substituted or unsubstituted aryl group having 6 to 50 ring carbon atoms include phenyl group,
1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl group, 1-phenanthryl group, 2-phenanthryl
group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1-naphthacenyl group, 2-naphthacenyl group,
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9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-biphenylyl group, 4-
biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl group, m-ter-
phenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl group, p-(2-phe-
nylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl group, 4’-methylbi-
phenylyl group, 4"-t-butyl-p-terphenyl-4-yl group, fluoranthenyl group, and fluorenyl group.
[0134] Examples of the substituted or unsubstituted heterocyclic group having 5 to 50 ring atoms include 1-pyrrolyl
group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl 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, 1-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-benzofuranyl group, 7-benzofuranyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl group, 4-isobenzofuranyl
group, 5-isobenzofuranyl group, 6-isobenzofuranyl group, 7-isobenzofuranyl group, quinolyl group, 3-quinolyl group, 4-
quinolyl group, 5-quinolyl group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl
group, 4-isoquinolyl group, 5-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxal-
inyl group, 5-quinoxalinyl group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl group, 4-
carbazolyl group, 9-carbazolyl group, 1-phenanthridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl group, 4-
phenanthridinyl group, 6-phenanthridinyl group, 7-phenanthridinyl group, 8-phenanthridinyl group, 9-phenanthridinyl
group, 10-phenanthridinyl 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-phenanthroline-
5-yl group, 1,7-phenanthroline-6-yl group, 1,7-phenanthroline-8-yl  group, 1,7-phenanthroline-9-yl group, 1,7-phenan-
throline-10-yl group, 1,8-phenanthroline-2-yl 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-phenanthroline-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-yl group, 1,9-phenanthroline-
8-yl group, 1,9-phenanthroline-10-yl group, 1,10-phenanthroline-2-yl group, 1,10-phenanthroline-3-yl group, 1,10-phen-
anthroline-4-yl group, 1,10-phenanthroline-5-yl group, 2,9-phenanthroline-1-yl group, 2,9-phenanthroline-3-yl group, 2,9-
phenanthroline-4-yl group, 2,9-phenanthroline-5-yl group, 2,9-phenanthroline-6-yl group, 2,9-phenanthroline-7-yl group,
2,9-phenanthroline-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-yl group, 2,8-phenanthroline-9-yl group, 2,8-phenanthroline-10-yl group, 2,7-phenanthroline-1-yl group, 2,7-phenan-
throline-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-phen-
azinyl group, 1-phenothiazinyl group, 2-phenothiazinyl group, 3-phenothiazinyl group, 4-phenothiazinyl group, 10-phe-
nothiazinyl group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazinyl group, 10-phe-
noxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl group, 3-
furazanyl group, 2-thienyl group, 3-thienyl group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl group, 2-methylpyr-
role-4-yl group, 2-methylpyrrole-5-yl group, 3-methylpyrrole-1-yl group, 3-methylpyrrole-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, and 4-t-butyl-3-indolyl group.
[0135] Examples of the substituted or unsubstituted alkyl group having 1 to 50 carbon atoms include 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, hydroxymethyl group, 1-hydroxyethyl group, 2-hydroxyethyl group, 2-hy-
droxyisobutyl group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-trihy-
droxypropyl group, chloromethyl group, 1-chloroethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2-dichloroe-
thyl group, 1,3-dichloroisopropyl group, 2,3-dichlorot-butyl group, 1,2,3-trichloropropyl group, bromomethyl group, 1-
bromoethyl group, 2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibromoisopropyl group,
2,3-dibromo-t-butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2-iodoethyl group, 2-iodoi-
sobutyl group, 1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-triiodopropyl group, ami-
nomethyl group, 1-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoi-
sopropyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl group, 2-cya-
noethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl group,
1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, and 1,2,3-trinitropropyl group.
[0136] Examples of the substituted or unsubstituted cycloalkyl group having 3 to 50 carbon atoms include cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl group, 4-methylcyclohexyl group, 1-adamantyl group, 2-adamantyl
group, 1-norbornyl group, and 2-norbornyl group.
[0137] The substituted or unsubstituted alkoxy group having 1 to 50 carbon atoms is represented by -OY. Examples
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of Y include 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, hydroxymethyl group, 1-hydroxyethyl group, 2-
hydroxyethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl 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-dichloro-t-butyl group, 1,2,3-trichloropropyl group, bro-
momethyl 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-tribromopropyl group, iodomethyl group, 1-iodoethyl group, 2-
iodoethyl 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-diaminoe-
thyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group, 1-
cyanoethyl group, 2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group, 2,3-
dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 2-nitroisobutyl
group, 1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, and 1,2,3-trinitropropyl group.
[0138] Examples of the substituted or unsubstituted aralkyl group having 7 to 50 carbon atoms include benzyl group,
1-phenylethyl group, 2-phenylethyl group, 1-phenylisopropyl group, 2-phenylisopropyl group, phenyl-t-butyl group, α-
naphthylmethyl group, 1-α-naphthylethyl group, 2-α-naphthylethyl group, 1-α-naphthylisopropyl group, 2-α-naphthyliso-
propyl group, ß-naphthylmethyl group, 1-ß-naphthylethyl group, 2-ß-naphthylethyl group, 1-ß-naphthylisopropyl group,
2-ß-naphthylisopropyl group, 1-pyrrolylmethyl group, 2-(1-pyrrolyl)ethyl group, p-methylbenzyl group, m-methylbenzyl
group, o-methylbenzyl group, p-chlorobenzyl group, m-chlorobenzyl group, o-chlorobenzyl group, p-bromobenzyl group,
m-bromobenzyl group, o-bromobenzyl group, p-iodobenzyl group, m-iodobenzyl group, o-iodobenzyl group, p-hydroxy-
benzyl group, m-hydroxybenzyl group, o-hydroxybenzyl group, p-aminobenzyl group, m-aminobenzyl group, o-ami-
nobenzyl group, p-nitrobenzyl group, m-nitrobenzyl group, o-nitrobenzyl group, p-cyanobenzyl group, m-cyanobenzyl
group, o-cyanobenzyl group, 1-hydroxy-2-phenylisopropyl group, and 1-chloro-2-phenylisopropyl group.
[0139] The substituted or unsubstituted aryloxy group having 6 to 50 ring carbon atoms is represented by -OY’.
Examples of Y’ include phenyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl
group, 1-phenanthryl group, 2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1-
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group,
2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl group, p-terphenyl-4-yl  group, p-terphenyl-3-yl group, p-terphenyl-
2-yl group, m-terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl
group, p-t-butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group,
4-methyl-1-anthryl group, 4’-methylbiphenylyl group, and 4"-t-butyl-p-terphenyl-4-yl group.
[0140] The substituted or unsubstituted heteroaryloxy group having 5 to 50 ring atoms is represented by -OZ’. Examples
of Z’ include 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group,
2-indolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl group, 6-indolyl group, 7-indolyl group, 1-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-benzofuranyl group, 7-
benzofuranyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl
group, 6-isobenzofuranyl group, 7-isobenzofuranyl group, 2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl
group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl group, 4-isoquinolyl group,
5-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxalinyl group, 5-quinoxalinyl
group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl group, 1-phen-
anthridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl group, 6-phenanthridinyl group,
7-phenanthridinyl group, 8-phenanthridinyl group, 9-phenanthridinyl group, 10-phenanthridinyl group, 1-acridinyl group,
2-acridinyl group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl group, 1,7-phenanthroline-2-yl group, 1,7-phenanthro-
line-3-yl group, 1,7-phenanthroline-4-yl group, 1,7-phenanthroline-5-yl group, 1,7-phenanthroline-6-yl group, 1,7-phen-
anthroline-8-yl group, 1,7-phenanthroline-9-yl group, 1,7-phenanthroline-10-yl group, 1,8-phenanthroline-2-yl 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-phenanthroline-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-yl group, 1,9-phenanthroline-8-yl group, 1,9-phenanthroline-10-yl  group, 1,10-phen-
anthroline-2-yl group, 1,10-phenanthroline-3-yl 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-phenanthroline-4-yl group, 2,9-phenanthroline-5-yl
group, 2,9-phenanthroline-6-yl group, 2,9-phenanthroline-7-yl group, 2,9-phenanthroline-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-phenan-
throline-5-yl group, 2,8-phenanthroline-6-yl group, 2,8-phenanthroline-7-yl group, 2,8-phenanthroline-9-yl group, 2,8-
phenanthroline-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-pheno-
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thiazinyl group, 3-phenothiazinyl group, 4-phenothiazinyl group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phe-
noxazinyl group, 4-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-
oxadiazolyl group, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl
group, 2-methylpyrrole-4-yl group, 2-methylpyrrole-5-yl group, 3-methylpyrrole-1-yl group, 3-methylpyrrole-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, and 4-t-butyl-3-indolyl group.
[0141] The substituted or unsubstituted arylthio group having 6 to 50 ring carbon atoms is represented by -SY".
Examples of Y" include phenyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl
group, 1-phenanthryl group, 2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1-
naphthacenyl group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group,
2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-
2-yl group, m-terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl
group, p-t-butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group,
4-methyl-1-anthryl group, 4’-methylbiphenylyl  group, and 4"-t-butyl-p-terphenyl-4-yl group.
[0142] The substituted or unsubstituted heteroarylthio group having 5 to 50 ring atoms is represented by -SZ". Examples
of Z" include 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group,
2-indolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl group, 6-indolyl group, 7-indolyl group, 1-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-benzofuranyl group, 7-
benzofuranyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl
group, 6-isobenzofuranyl group, 7-isobenzofuranyl group, 2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl
group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl group, 4-isoquinolyl group,
5-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxalinyl group, 5-quinoxalinyl
group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl group, 1-phen-
anthridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl group, 6-phenanthridinyl group,
7-phenanthridinyl group, 8-phenanthridinyl group, 9-phenanthridinyl group, 10-phenanthridinyl group, 1-acridinyl group,
2-acridinyl group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl group, 1,7-phenanthroline-2-yl group, 1,7-phenanthro-
line-3-yl group, 1,7-phenanthroline-4-yl group, 1,7-phenanthroline-5-yl group, 1,7-phenanthroline-6-yl group, 1,7-phen-
anthroline-8-yl group, 1,7-phenanthroline-9-yl group, 1,7-phenanthroline-10-yl group, 1,8-phenanthroline-2-yl 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-phenanthroline-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-yl group, 1,9-phenanthroline-8-yl group, 1,9-phenanthroline-10-yl group, 1,10-phenan-
throline-2-yl group, 1,10-phenanthroline-3-yl 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-phenanthroline-4-yl group, 2,9-phenanthroline-5-yl group,
2,9-phenanthroline-6-yl group, 2,9-phenanthroline-7-yl  group, 2,9-phenanthroline-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-yl group, 2,8-phenanthroline-9-yl group, 2,8-phenan-
throline-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-phenothiazinyl
group, 3-phenothiazinyl group, 4-phenothiazinyl group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl
group, 4-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl
group, 3-furazanyl group, 2-thienyl group, 3-thienyl group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl group, 2-
methylpyrrole-4-yl group, 2-methylpyrrole-5-yl group, 3-methylpyrrole-1-yl group, 3-methylpyrrole-2-yl group, 3-methyl-
pyrrole-4-yl group, 3-methylpyrrole-5-yl group, 2-t-butylpyrrole-4-yl group, 3-(2-phenylpropyl)pyrrole-1-yl group, 2-me-
thyl-1-indolyl group, 4-methyl1-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, and 4-t-butyl-3-indolyl group.
[0143] The substituted or unsubstituted alkoxycarbonyl group having 2 to 50 carbon atoms is represented by -COOZ.
Examples of Z include 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, hydroxymethyl group, 1-hydroxyethyl
group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl group, 1,3-dihydroxyisopropyl 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-dichloro-t-butyl group, 1,2,3-trichloropro-
pyl group, bromomethyl group, 1-bromoethyl group, 2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromoethyl group,
1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 1-iodoethyl group,
2-iodoethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-
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triiodopropyl group, aminomethyl group, 1-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl  group, 1,2-diami-
noethyl group, 1,3-diaminoisopropyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cyanomethyl group,
1-cyanoethyl group, 2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicyanoisopropyl group,
2,3-dicyano-t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2-nitroethyl group, 2-nitroi-
sobutyl group, 1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, and 1,2,3-trinitropropyl group.
[0144] The amino group substituted by 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 is represented by -NPQ. Examples of P and
Q include phenyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-anthryl group, 1-phen-
anthryl group, 2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1-naphthacenyl
group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl
group, 3-biphenylyl group, 4-biphenylyl group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-
terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-
butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group, 4-methyl-1-
anthryl group, 4’-methylbiphenylyl group, 4"-t-butyl-p-terphenyl-4-yl group, 2-pyrrolyl group, 3-pyrrolyl group, pyrazinyl
group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl
group, 6-indolyl group, 7-indolyl group, 1-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-benzo-
furanyl group, 5-benzofuranyl group, 6-benzofuranyl group, 7-benzofuranyl group, 1-isobenzofuranyl group, 3-isoben-
zofuranyl group, 4-isobenzofuranyl group, 5-isobenzofuranyl group, 6-isobenzofuranyl group, 7-isobenzofuranyl group,
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl group,
1-isoquinolyl group, 3-isoquinolyl group, 4-isoquinolyl group, 5-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl group,
8-isoquinolyl group, 2-quinoxalinyl group, 5-quinoxalinyl group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl
group, 3-carbazolyl group, 4-carbazolyl group, 1-phenanthridinyl  group, 2-phenanthridinyl group, 3-phenanthridinyl
group, 4-phenanthridinyl group, 6-phenanthridinyl group, 7-phenanthridinyl group, 8-phenanthridinyl group, 9-phen-
anthridinyl group, 10-phenanthridinyl 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-phen-
anthroline-5-yl group, 1,7-phenanthroline-6-yl group, 1,7-phenanthroline-8-yl group, 1,7-phenanthroline-9-yl group, 1,7-
phenanthroline-10-yl group, 1,8-phenanthroline-2-yl 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-phenanthroline-
9-yl group, 1,8-phenanthroline-10-yl group, 1,9-phenanthroline-2-yl group, 1,9-phenanthroline-3-yl group, 1,9-phenan-
throline-4-yl group, 1,9-phenanthroline-5-yl group, 1,9-phenanthroline-6-yl group, 1,9-phenanthroline-7-yl group, 1,9-
phenanthroline-8-yl group, 1,9-phenanthroline-10-yl group, 1,10-phenanthroline-2-yl group, 1,10-phenanthroline-3-yl
group, 1,10-phenanthroline-4-yl group, 1,10-phenanthroline-5-yl group, 2,9-phenanthroline-1-yl group, 2,9-phenanthro-
line-3-yl group, 2,9-phenanthroline-4-yl group, 2,9-phenanthroline-5-yl group, 2,9-phenanthroline-6-yl group, 2,9-phen-
anthroline-7-yl group, 2,9-phenanthroline-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-yl group, 2,8-phenanthroline-9-yl group, 2,8-phenanthroline-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-phenothiazinyl group, 3-phenothiazinyl group, 4-phenothiazinyl
group, 1-phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazinyl group, 2-oxazolyl group, 4-
oxazolyl group, 5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl group, 3-furazanyl group, 2-thienyl group, 3-thienyl
group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl group, 2-methylpyrrole-4-yl group, 2-methylpyrrole-5-yl group,
3-methylpyrrole-1-yl group, 3-methylpyrrole-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-me-
thyl-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, and 4-t-butyl-3-indolyl group.
[0145] Examples of the compound represented by formula (I) are shown below, although not limited thereto. 
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[0146] An aromatic amine represented by the following formula (II) is also preferably used to form the hole injecting
layer or the hole transporting layer. 

[0147] In formula (II), Ar1 to Ar3 are the same as defined in Ar1 to Ar4 of formula (I). Examples of the compound
represented by formula (II) are shown below, although not limited thereto. 

[0148] The anode of the organic EL device injects holes to the hole transporting layer or the light emitting layer, and
an anode having a work function of 4.5 eV or more is effective. Examples of material for anode usable in the invention
include indium tin oxide alloy (ITO), tin oxide (NESA), gold, silver, platinum, and cupper. The cathode is preferably
formed from a material having a small work function because electrons are easily injected to the electron injecting layer
or the light emitting layer. Examples of the material for cathode include, but not  limited to, indium, aluminum, magnesium,
magnesium-indium alloy, magnesium-aluminum alloy, aluminum-lithium alloy, aluminum-scandium-lithium alloy, and
magnesium-silver alloy.
[0149] The method of forming each layer of the organic EL device of the invention is not particularly limited, and each
layer can be formed by a known method, such as a vacuum vapor deposition method and a spin coating method. The
organic thin film layer comprising the compound represented by formula (1) in the organic EL device of the invention
may be formed by a known method, for example, by a vacuum vapor deposition method, a molecular beam evaporation
method (MBE method), and a coating method using a solvent solution, such as a dipping method, a spin coating method,
a casting method, a bar coating method and a roll coating method.
The film thickness of each organic layer in the organic EL device of the invention is not particularly limited. The defects,
such as pinholes, are likely to be caused if the film thickness is excessively small. If the film thickness is excessively
large, a high applied voltage is required to reduce the efficiency. Therefore, the film thickness is preferably selected from
several nanometers to 1 mm.

EXAMPLES

[0150] The present invention will be described in more detail with reference to synthesis examples and examples.
However, it should be noted that the scope of the invention is not limited to the following synthesis examples and examples.
[0151] Each organic EL device was evaluated by the following methods.



EP 2 660 890 A1

54

5

10

15

20

25

30

35

40

45

50

55

(1) External quantum efficiency (%)

[0152] The external quantum efficiency at a luminance of 1000 cd/m2 was measured by a spectroradiometer (CS-
1000 manufactured by Minolta) at 23 °C in a dry nitrogen gas atmosphere.

(2) Half lifetime (h)

[0153] The time taken until the initial luminance (1000 cd/m2) was reduced by half was measured while continuously
passing direct current.

(3) Voltage (V)

[0154] Using Keithly 236 Source Measure Unit, a voltage was applied to a device which was electrically wired to cause
light emission at 23 °C in a dry nitrogen gas atmosphere.
[0155] The voltage applied to the device was determined by subtracting the voltage applied to the wiring resistance
other than the device. The voltage at a luminance of 100 cd/m2 was also read, while measuring the luminance using a
luminance meter (spectroradiometer CS-1000 manufactured by Minolta) simultaneously with the measurement of the
applied voltage.

(4) Triplet energy

[0156] A sample was dissolved in EPA solvent (diethyl ether: isopentane: ethanol = 5:5:2 (by volume)) in a concentration
of 10 mmol/L to prepare a specimen for phosphorescence measurement. The specimen for phosphorescence meas-
urement was placed in a quartz cell and irradiated with excitation ray at 77 K, and the emitted phosphorescence was
measured. Using the measured result, the triplet energy was determined as the value calculated from the following
conversion formula: 

On the phosphorescence spectrum with a vertical axis of phosphorescent intensity and a horizontal axis of wavelength,
a line tangent to the rising portion at the short-wavelength side of the phosphorescent spectrum was drawn, and the
wavelength (nm) at the intersection of the tangent line and the horizontal axis was expressed by "λedge."

(5) Glass transition point

[0157] A sample of about 3 mg was heated and cooled according to the following 2-cycle heating/cooling process (1)
to (6) using DSC 8500 manufactured by Perkin Elmer Inc.:

(1) keeping the sample at 30 °C for one minute;
(2) heating the sample from 30 °C to a given temperature lower than the thermal decomposition temperature of the
sample at a temperature rising speed of 10 °C/min;
(3) keeping the sample at the given temperature for 3 min;
(4) cooling the sample from the given temperature to 0 °C at a cooling speed of 200 °C/min;
(5) keeping the sample at 0 °C for 10 min; and
(6) heating the sample from 0 °C to 200 °C at a temperature rising speed of 10 °C/min.

The temperature of the inflection point where the base line of DSC curve in the temperature-rising step (6) changed
stepwise was employed as the glass transition point.

SYNETHESIS EXAMPLE 1: Synthesis of Compound (1)

(1) Synthesis of Compound (1-a)

[0158]
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[0159] Into a three-necked flask, 100.1 g (575 mmol) of 2-bromo-3-hydroxypyridine, 88.5 g (632.5 mmol) of 2-fluor-
ophenylboronic acid, 88.5 g (2300 mmol) of potassium carbonate, 1150 ml of N,N-dimethylacetamide, and 13.3 g (11.5
mmol) of Pd(PPh3)4 were charged. In nitrogen atmosphere, the mixture was stirred under heating at 90 °C for 12 h and
further stirred under heating at 160 °C for 8 h.
After the reaction, the reaction solution was cooled to room temperature and then added with 1 L of toluene and 1 L of
water. The resultant liquid was vigorously shaken in a separating funnel. After separating the toluene phase, the water
phase was extracted by several portions of toluene. The obtained toluene solution was washed with water several times,
dried over anhydrous magnesium sulfate, passed through a short column of silica gel, and then, concentrated. The
obtained product was recrystallized from 200 ml of hexane, to obtain a pale yellow solid.
The identification of the compound was made by 1H-NMR. The yield was 54.4 g and the percentage yield was 56%.

(2) Synthesis of Compound (1-b)

[0160]

[0161] Into a three-necked flask, 52.6 g (310 mmol) of the compound 1-a, 155 ml of nitrobenzene, and 19.1 ml (372
mmol) of boron were charged. The mixture was stirred under heating at 140 °C for 12 h in the atmosphere.
After the reaction, the reaction solution was added with an aqueous solution of sodium thiosulfate under cooling in an
iced water bath to deactivate the remaining boron, and then, added with an aqueous solution of sodium hydroxide to
adjust the pH level of the aqueous phase to pH 10. The resultant solution was extracted with several portions of toluene
in a separating funnel. The extract was dried over anhydrous magnesium sulfate, filtered, concentrated, and purified by
silica gel chromatography (CH2Cl2:AcOEt = 8:2). The purified product was dispersed in hexane for washing, collected
by filtration, and vacuum-dried (40 °C, 6 h) to obtain a pale yellow solid.
The identification of the compound was made by 1H-NMR. The yield was 32.1 g and the percentage yield was 42%.

(3) Synthesis of Compound (1)

[0162]

[0163] Into a three-necked flask, 6.65 g (20 mmol) of the compound 1-c, 10.92 g (44 mmol) of the compound 1-b,
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16.98 g (80 mmol) of K3PO4, 3.81 g (20 mmol) of Cul, 7.2 ml (60 mmol) of trans-1,2-diaminocyclohexane, and 80 ml of
1,4-dioxane were charged. The mixture was refluxed for 24 h in nitrogen atmosphere.
After the reaction, the reaction solution was added with 80 ml of methanol and 80 ml of water, and then, ultrasonically
washed for 10 min. The  precipitate was collected by filtration, washed with methanol and water, and dried. The dried
product was resolved in 1 L of o-xylene under heating. Immediately after cooling to room temperature, the solution was
passed through a silica gel short column to remove impurities and the eluted solution was concentrated. The concentrate
was recrystallized three times from a mixed solvent of o-xylene : ethyl acetate = 1:1 to obtain a white solid.
The identification of the compound was made by 1H-NMR and FD/MS molecular weight measurement. The yield was
4.5 g and the percentage yield was 34%. The measured triplet energy and glass transition point are shown in Table 2.

SYNETHESIS EXAMPLE 2: Synthesis of Compound (2)

(1) Synthesis of Compound (2-a)

[0164]

[0165] Into a three-necked flask, 48.1 g (240 mmol) of 4,4’-diaminodiphenyl ether, 149.4 g (528 mmol) of 2-bromoio-
dobenzene, 92.3 g (960 mmol) of tert-BuONa, 2.2 g (2.4 mmol) of Pd2(dba)3, 2.66 g (4.8 mmol) of 1,1’-bis(diphenyl-
phosphino)ferrocene, and 960 ml of toluene were charged. The mixture was refluxed for 8 h in nitrogen atmosphere.
After the reaction, the reaction liquid was added with 500 ml of water and then extracted with several portions of ethyl
acetate in a separating funnel. The extract was dried over anhydrous magnesium sulfate, filtered, and concentrated.
The concentrate was purified by silica gel chromatography (toluene : hexane = 3:7) to obtain a colorless viscous matter.
The identification of the compound was made by 1H-NMR and FD/MS molecular weight measurement. The yield was
109.68 g and the percentage yield was 90%.

(2) Synthesis of Compound (2-b)

[0166]

[0167] Into a three-necked flask, 28.01 g (54.9 mmol) of the compound 2-a, 2.47 g (10.98 mmol) of palladium acetate,
30.35 g (mmol) of potassium carbonate, 274 ml of N,N-dimethylacetamide, and 30.8 ml (21.96 mmol) of tricyclohexyl-
phosphine (20 wt% toluene solution) were charged. The mixture was stirred under heating at 150 °C for 8 h in nitrogen
atmosphere.
After the reaction, the inorganic salts were removed from the reaction liquid by filtration through Celite. The filtrate was
poured into 1 L of water and the precipitated matter was collected by filtration. The collected matter was dispersed in a
mixed solvent of methanol: ethyl acetate = 200 ml:200 ml for washing, collected by filtration, and vacuum-dried (60 °C,
4 h) to obtain a white solid.
The identification of the compound was made by 1H-NMR and FD/MS molecular weight measurement. The yield was
13.63 g and the percentage yield was 71%.
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(3) Synthesis of Compound (2)

[0168]

[0169] The compound (2) was synthesized in the same manner as in Synthesis Example 1-(3) (Synthesis of Compound
(1)) except for using the compound 2-b in place of the compound 1-c. The measured triplet energy is shown in Table 2.

SYNETHESIS EXAMPLE 3: Synthesis of Compound (3)

(1) Synthesis of Compound (3-a)

[0170]

[0171] Into a three-necked flask, 12.31 g (50 mmol) of 3-bromocarbazole, 11.66 g (55 mmol) of 2-dibenzofuranboronic
acid, 50 ml of a 2 M aqueous solution of sodium carbonate, 50 ml of 1,2-dimethoxyethane, and 1.16 g (1.0 mmol) of Pd
(PPh3)4 were charged. The mixture was refluxed for 12 h in nitrogen atmosphere.
After the reaction, the reaction liquid was extracted with several portions of dichloromethane in a separating funnel. The
extract was dried over anhydrous magnesium sulfate, filtered, and concentrated. The concentrate was dispersed in a
mixed solvent of ethyl acetate : methanol = 1:2 for washing to obtain a white solid.
The yield was 16.27 g and the percentage yield was 65%.

(2) Synthesis of Compound (3)

[0172]
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[0173] The compound (3) was synthesized in the same manner as in Synthesis Example 1-(3) (Synthesis of Compound
(1)) except for using the compound 3-a in place of the compound 1-c. The measured triplet energy is shown in Table 2.

SYNETHESIS EXAMPLE 4: Synthesis of Compound (4)

(1) Synthesis of Compound (4-a)

[0174]

[0175] Into a three-necked flask, 12.40 g (50mmol) of the compound 1-b, 12.04 g (60 mmol) of 3-bromophenylboronic
acid, 50 ml of a 2 M aqueous solution of sodium carbonate, 50ml of 1,2-dimethoxyethane, and 1.16 g (1.0 mmol) of Pd
(PPh3)4 were charged. The mixture was refluxed for 12 h in nitrogen atmosphere.
After the reaction, the reaction liquid was extracted with several portions of dichloromethane in a separating funnel. The
extract was dried over anhydrous magnesium sulfate, filtered, and concentrated. The concentrate was purified by silica
gel chromatography (dichloromethane : ethyl acetate = 9:1) to obtain a colorless viscous matter.
The yield was 5.02 g and the percentage yield was 31%.

(2) Synthesis of Compound (4)

[0176]

[0177] The compound (4) was synthesized in the same manner as in Synthesis Example 1-(3) (Synthesis of Compound
(1)) except for using the compound 3-a in plase of the compound 1-c and using the compound 4-a in place of the
compound 1-b. The measured triplet energy is shown in Table 2.

SYNETHESIS EXAMPLE 5 to 10

[0178] In the same manner as in Synthesis Examples 1 to 4, the compounds (5) to (10) mentioned below were
synthesized by a coupling reaction or a cyclization reaction each using a palladium catalyst or a copper catalyst, or by
an organic synthesizing reaction known in the art.

EXAMPLE 1

[0179] A glass substrate having an ITO transparent electrode line with a thickness of 130 nm (manufactured by
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Geomatec Company) was cleaned by ultrasonic cleaning in isopropyl alcohol for 5 min and then UV ozone cleaning for
30 min.
The cleaned glass substrate having an ITO electrode line was mounted to a substrate holder of a vacuum vapor deposition
apparatus. The compound (HI1) was vapor-deposited by resistance heating into a thickness of 20 nm so as to cover
the ITO electrode line, and then, the compound (HT1) was vapor-deposited by resistance heating into a thickness of 60
nm, thereby successively forming thin film layers. The film-forming rate was 1 Å/s. These thin films work as a hole
injecting layer and a hole transporting layer, respectively.
On the hole injecting/transporting layer, the compound (H1) and the compound (BD1) were co-deposited by resistance
heating to form a thin film with a thickness of 50 nm. The deposited amount of the compound (BD1) was 20% by mass
of the total mass of the compound (H1) and the compound (BD1). The film-forming rates were 1.2 Å/s and 0.3 Å/s,
respectively. The obtained thin film works as a phosphorescent emitting layer. The triplet energy of the compound (BD1)
is shown in Table 2.
Next, on the phosphorescent emitting layer, the compound (1) was vapor-deposited by resistance heating to form a thin
film with a thickness of 10 nm. The film-forming rate was 1.2 Å/s. The obtained thin film works as a blocking layer.
Next, on the blocking layer, the compound (ET1) was vapor-deposited by resistance heating to form a thin film with a
thickness of 10 nm. The film-forming rate was 1 Å/s. The obtained thin film works as an electron injecting layer.
Next, LiF was vapor-deposited on the electron injecting layer to form a LiF film with a thickness of 1.0 nm at a film-
forming rate of 0.1 Å/s.
Then, metallic A1 was vapor-deposited on the LiF film at a film-forming  rate of 8.0 Å/s to form a metallic cathode with
a thickness of 80 nm, thereby obtaining an organic EL device.

EXAMPLES 2 to 4 and COMPARATIVE EXAMPLE 1

[0180] Each organic EL device was produced in the same manner as in Example 1 except for using the compound
listed in Table 1 in place of the compound (1).
[0181]
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[0182]

[0183]

[0184] As seen from Table 1, the compounds (1) to (4) of the invention provided organic EL devices with long lifetimes,
which could be driven at lower voltage in higher efficiency, as compared with the organic EL device employing the
comparative compound.
In addition, the organic EL devices of the invention exhibited high efficiencies, because the triplet energy of the compound
(1) to (4) forming the blocking layer and the triplet energy of the compound (BD1) used as the phosphorescent dopant
satisfied the following relationship: 

Examples 5 to 10 and Comparative Examples 2 to 3

[0185] Each organic EL device was produced in the same manner as in Example 1 except for using the compound
listed in Table 3 in place of the compound (1).
[0186]

Table 1

Blocking layer Voltage (V) External quantum efficiency (%) Half lifetime (h)

Examples
1 Compound (1) 3.2 18.5 4800

2 Compound (2) 3.4 18.0 4200
3 Compound (3) 3.3 18.3 5300
4 Compound (4) 3.5 17.5 5200

Comparative Example
1 Compound (H1) 5.7 14.3 5000

Table 2

Compounds Triplet energy (eV) Glass transition point (°C)

Compound (1) 2.94 162
Compound (2) 2.97 149
Compound (3) 2.95 111
Compound (4) 2.95 118

Compound (H1) 3.03 126
Compound (BD1) 2.64 -
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[0187]

[0188]

Table 3

Blocking layer Voltage (V) External quantum efficiency (%) Half lifetime (h)

Examples

5 Compound (5) 4.1 16.7 4700
6 Compound (6) 4.6 16.4 5000
7 Compound (7) 5.3 16.2 4800
8 Compound (8) 4.2 15.8 4000
9 Compound (9) 4.1 18.9 4900
10 Compound (10) 4.8 15.8 3400

Comparative Examples
2 Compound (H2) 4.4 18.0 2500

3 Compound (H3) 5.0 15.3 200

Table 4

Compounds Triplet energy (eV) Glass transition point (°C)

Compound (5) 2.97 149

Compound (6) 2.92 150
Compound (7) 2.88 -
Compound (8) 2.95 121
Compound (9) 2.92 159
Compound (10) 2.91 171
Compound (H2) 3.03 71

Compound (H3) 3.04 not detected
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[0189] As seen from Tables 2 and 4, the compound of formula (1) wherein G14 among G11 to G14 represents a
nitrogen atom has the highest triplet energy and is effective for improving the efficiency.
As seen from Tables 1 and 2, the compound of formula (1) wherein G14 among G11 to G14 represents a nitrogen atom
is most effective for reducing the driving voltage and improving the lifetime.
As seen from Table 2, the compound (2) wherein L2 represents an oxygen-containing divalent linking group has a triplet
energy higher than that of the compound (1) wherein L2 represents a single bond.

INDUSTRIAL APPLICABILITY

[0190] As described above in detail, the material for organic EL device of the invention provides an organic EL device
having a high emission efficiency and a long lifetime. Therefore the organic EL device is extremely useful as displays
and light sources of various types of electronic equipments.

Claims

1. A material for organic electroluminescence devices represented by formula (1): 

wherein:

at least one of G11 to G18 represents a nitrogen atom, another of G11 to G18 represents a carbon atom bonded
to L1, and the other or others of G11 to G18 represent C(R1);
one of G21 to G28 represents a carbon atom bonded to L2 and the others represent C(R2) or a nitrogen atom;
one of G31 to G38 represents a carbon atom bonded to L2 and the others represent C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group including
1 to 20 carbon atoms, a substituted or unsubstituted cycloalkyl group including 3 to 20 ring carbon atoms, a
substituted or unsubstituted cycloalkoxy group including 3 to 20 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substituted or unsubstituted aryl group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl group including 5 to 18 ring atoms, a substituted or
unsubstituted aryloxy group including 6 to 18 ring carbon atoms, a substituted or unsubstituted amino group
including 0 to 20 carbon atoms, a substituted or unsubstituted silyl group including 0 to 30 carbon atoms, a
fluorine atom, or a cyano group, provided that R1 groups, R2 groups, and R3 groups may be the same or different;
a substituent of R1 to R3 independently represents an alkyl group including 1 to 20 carbon atoms, a cycloalkyl
group including 3 to 20 ring carbon atoms, an alkoxy group including 1 to 20 carbon atoms, a cycloalkoxy group
including 3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, a heteroaryl group
including 5 to 18 ring atoms, an aryloxy group including 6 to 18 ring carbon atoms, an amino group including 0
to 20 carbon atoms, a silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X1 represents an oxygen atom, a sulfur atom or -N(R4)-;
R4 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms;
L1 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including
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3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group
including 5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including
3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, a heteroarylene group including
5 to 18 ring atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking group, a
silicon-containing divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-containing
divalent linking group;
Y represents an oxygen atom, a sulfur atom or -N(-L3-R5)-;
L3 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including
3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group
including 5 to 18 ring atoms;
R5 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms;
provided that when X1 represents an oxygen atom or a sulfur atom, only  one of G11 to G18 represents a nitrogen
atom, and when X1 represents -N(R4)-, Y represents -N(-L3-R5)- and simultaneously each of R2 and R3 repre-
sents a hydrogen atom.

2. The material for organic electroluminescence device according to claim 1, wherein G14 of formula (1) represents a
nitrogen atom.

3. The material for organic electroluminescence device according to claim 1 or 2, wherein X1 of formula (1) represents
an oxygen atom or a sulfur atom.

4. The material for organic electroluminescence device according to any one of claims 1 to 3, wherein Y of formula
(1) represents -N(-L3-R5)-, wherein R5 represents a heteroaryl group represented by formula (A): 

wherein:

one of G41 to G48 represents a carbon atom bonded to L3 and the others represent a nitrogen atom or C(R6);
R6 represents a hydrogen atom, a substituted or unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to 20 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substituted or unsubstituted cycloalkoxy group including 3 to
20 ring carbon atoms, a substituted or unsubstituted aryl group including 6 to 18 ring carbon atoms, a substituted
or unsubstituted heteroaryl group including 5 to 18 ring atoms, a substituted or unsubstituted aryloxy group
including 6 to 18 ring carbon atoms, a substituted or unsubstituted amino group including 0 to 20 carbon atoms,
a substituted or unsubstituted silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group,
provided that R6 groups may be the same or different;
a substituent of R6 independently represents an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group
including 3 to 20 ring carbon atoms, an  alkoxy group including 1 to 20 carbon atoms, a cycloalkoxy group
including 3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, a heteroaryl group
including 5 to 18 ring atoms, an aryloxy group including 6 to 18 ring carbon atoms, an amino group including 0
to 20 carbon atoms, a silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X2 represents an oxygen atom, a sulfur atom or -N(R7)-; and
R7 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms.

5. The material for organic electroluminescence device according to any one of claims 1 to 4, wherein Y of formula
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(1) represents an oxygen atom or a sulfur atom.

6. The material for organic electroluminescence device according to any one of claims 1 to 5, wherein G16 of formula
(1) represents a carbon atom bonded to L1.

7. The material for organic electroluminescence device according to any one of claims 1 to 6, wherein L1 of formula
(1) represents a single bond, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group including
5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded.

8. The material for organic electroluminescence device according to claim 7, wherein L1 represents an arylene group
including 6 to 18 ring carbon atoms or a heteroarylene group including 5 to 18 ring atoms, provided that divalent
residues of dibenzofuran and dibenzothiophene are excluded.

9. The material for organic electroluminescence device according to claim 8, wherein L1 represents a phenylene group.

10. The material for organic electroluminescence device according to any one of claims 1 to 9, wherein L2 of formula
(1) represents an alkylene group  including 1 to 20 carbon atoms, a cycloalkylene group including 3 to 20 ring carbon
atoms, an oxygen-containing divalent linking group, a silicon-containing divalent linking group, a phosphorus-con-
taining divalent linking group, or a sulfur-containing divalent linking group.

11. The material for organic electroluminescence device according to any one of claims 1 to 10, wherein X1 of formula
(1) represents -N(R4)-.

12. The material for organic electroluminescence device according to any one of claims 1 to 11, wherein each of G26
and G33 of formula (1) represents a carbon atom bonded to L2.

13. The material for organic electroluminescence device according to any one of claims 1 to 12, wherein at least one
of G31 to G38 and G41 to G48 of formula (1) represents a nitrogen atom.

14. The material for organic electroluminescence device according to any one of claims 1 to 13, which is represented
by formula (2): 

wherein:

one of G11 to G14 represents a nitrogen atom and the others represent C(R1);
each of G21 to G24 represents C(R2) or a nitrogen atom;
each of G35 to G38 represents C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a
cycloalkyl group including 3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a
heteroaryl group including 5 to 18 ring atoms;
L1 represents a single bond, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group
including 5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an arylene group including 6 to 18 ring carbon atoms, a heteroarylene group
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including 5 to 18 ring atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking
group, a silicon-containing divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-
containing divalent linking group;
Y represents an oxygen atom, a sulfur atom, or -N(-L3-R5)-;
L3 represents a single bond, an arylene group including 6 to 18 ring carbon atoms or a heteroarylene group
including 5 to 18 ring atoms; and
R5 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms.

15. An organic electroluminescence device comprising an organic thin film layer comprising one or more layers between
a cathode and an anode, wherein the organic thin film layer comprises a light emitting layer comprising a phospho-
rescent emitting material and at least one layer of the organic thin film layer comprises a material for organic
electroluminescence device represented by formula (1): 

wherein:

at least one of G11 to G18 represents a nitrogen atom, another of G11 to G18 represents a carbon atom bonded
to L1, and the other or others of G11 to G18 represent C(R1);
one of G21 to G28 represents a carbon atom bonded to L2 and the others represent C(R2) or a nitrogen atom;
one of G31 to G38 represents a carbon atom bonded to L2 and the others represent C(R3) or a nitrogen atom;
each of R1 to R3 independently represents a hydrogen atom, a substituted or unsubstituted alkyl group including
1 to 20 carbon atoms, a substituted or unsubstituted cycloalkyl group including 3 to 20 ring carbon atoms, a
substituted or unsubstituted cycloalkoxy group including 3 to 20 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substituted or unsubstituted aryl group including 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl group including 5 to 18 ring atoms, a substituted or
unsubstituted aryloxy group including 6 to 18 ring carbon atoms, a substituted or unsubstituted amino group
including 0 to 20 carbon atoms, a substituted or unsubstituted silyl group including 0 to 30 carbon atoms, a
fluorine atom, or a cyano group, provided that R1 groups, R2 groups, and R3 groups may be the same or different;
a substituent of R1 to R3 independently represents an alkyl group including 1 to 20 carbon atoms, a cycloalkyl
group including 3 to 20 ring carbon atoms, an alkoxy group including 1 to 20 carbon atoms, a cycloalkoxy group
including 3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, a heteroaryl group
including 5 to 18 ring atoms, an aryloxy group including 6 to 18 ring carbon atoms, an amino group including 0
to 20 carbon atoms, a silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X1 represents an oxygen atom, a sulfur atom or -N(R4)-;
R4 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms;
L1 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including
3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group
including 5 to 18 ring atoms, provided that divalent residues of dibenzofuran and dibenzothiophene are excluded;
L2 represents a single bond, an alkylene group including 1 to 20 carbon  atoms, a cycloalkylene group including
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3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, a heteroarylene group including
5 to 18 ring atoms, a nitrogen-containing divalent linking group, an oxygen-containing divalent linking group, a
silicon-containing divalent linking group, a phosphorus-containing divalent linking group, or a sulfur-containing
divalent linking group;
Y represents an oxygen atom, a sulfur atom or -N(-L3-R5)-;
L3 represents a single bond, an alkylene group including 1 to 20 carbon atoms, a cycloalkylene group including
3 to 20 ring carbon atoms, an arylene group including 6 to 18 ring carbon atoms, or a heteroarylene group
including 5 to 18 ring atoms;
R5 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms;
provided that when X1 represents an oxygen atom or a sulfur atom, only one of G11 to G18 represents a nitrogen
atom, and when X1 represents -N(R4)-, Y represents -N(-L3-R5)- and simultaneously each of R2 and R3 repre-
sents a hydrogen atom.

16. The organic electroluminescence device according to claim 15, wherein Y of formula (1) represents -N(-L3-R5)-,
wherein R5 represents a heteroaryl group represented by formula (A): 

wherein:

one of G41 to G48 represents a carbon atom bonded to L3 and the others represent a nitrogen atom or C(R6);
R6 represents a hydrogen atom, a substituted or unsubstituted alkyl group including 1 to 20 carbon atoms, a
substituted or unsubstituted cycloalkyl group including 3 to 20 ring carbon atoms, a substituted or unsubstituted
alkoxy group including 1 to 20 carbon atoms, a substituted or unsubstituted cycloalkoxy  group including 3 to
20 ring carbon atoms, a substituted or unsubstituted aryl group including 6 to 18 ring carbon atoms, a substituted
or unsubstituted heteroaryl group including 5 to 18 ring atoms, a substituted or unsubstituted aryloxy group
including 6 to 18 ring carbon atoms, a substituted or unsubstituted amino group including 0 to 20 carbon atoms,
a substituted or unsubstituted silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group,
provided that R6 groups may be the same or different;
a substituent of R6 independently represents an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group
including 3 to 20 ring carbon atoms, an alkoxy group including 1 to 20 carbon atoms, a cycloalkoxy group
including 3 to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, a heteroaryl group
including 5 to 18 ring atoms, an aryloxy group including 6 to 18 ring carbon atoms, an amino group including 0
to 20 carbon atoms, a silyl group including 0 to 30 carbon atoms, a fluorine atom, or a cyano group;
X2 represents an oxygen atom, a sulfur atom or -N(R7)-; and
R7 represents a hydrogen atom, an alkyl group including 1 to 20 carbon atoms, a cycloalkyl group including 3
to 20 ring carbon atoms, an aryl group including 6 to 18 ring carbon atoms, or a heteroaryl group including 5 to
18 ring atoms.

17. The organic electroluminescence device according to claim 15 or 16, further comprising a hole transporting zone
between the anode and the light emitting layer, wherein the light emitting layer or the hole transporting zone comprises
the material for organic electroluminescence device represented by formula (1).

18. The organic electroluminescence device according to claim 15 or 16, further comprising an electron transporting
zone between the light emitting layer and the cathode, wherein the electron transporting zone comprises the material
for organic electroluminescence device represented by formula (1).

19. The organic electroluminescence device according to claim 15 or 16, wherein the light emitting layer comprises the
material for organic electroluminescence device represented by formula (1).
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20. The organic electroluminescence device according to claim 18, further comprising an electron-donating dopant in
an interface between the cathode and the electron transporting zone.

21. The organic electroluminescence device according to claim 18 or 20, wherein the electron transporting zone com-
prises an electron injecting layer and the electron injecting layer comprises a nitrogen-containing heterocyclic de-
rivative.

22. The organic electroluminescence device according to any one of claims 15 to 21, wherein the phosphorescent
emitting material is a compound comprising a metal selected from the group consisting of iridium (Ir), osmium (Os)
and platinum (Pt).
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