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(57) ABSTRACT

A compound is represented by a formula (1) below. In the
formula (1), X" to X® each independently represent a carbon
atom to be bonded to a group represented by the following
formula (20), CR™ or a nitrogen atom. At least one of X* to
X® is a carbon atom to be bonded to the group represented
by the following formula (2). R* is each independently a
hydrogen atom, a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms, or the like.
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NEW COMPOUND, ORGANIC
ELECTROLUMINESCENCE DEVICE
MATERIAL, ORGANIC
ELECTROLUMINESCENCE DEVICE AND
ELECTRONIC DEVICE

CROSS-REFERENCE TO A RELATED
APPLICATION

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2012-201028, filed Sep. 12, 2012, is expressly
incorporated by reference herein.

FIELD

[0002] Embodiment(s) described herein relate generally to
a new compound, an organic-electroluminescence-device
material, an organic electroluminescence device and an
electronic device.

BACKGROUND

[0003] An organic electroluminescence device (hereinaf-
ter, occasionally abbreviated as an organic EL device) using
an organic substance is highly expected to be used as a
device for a full color display having a large area in a form
of a low-cost solid-emitting device, so that the organic
electroluminescence device has been variously developed.
[0004] A typical organic EL device is configured to
include a pair of opposing electrodes and an emitting layer
interposed between the pair of opposing electrodes. When an
electric field is applied between both of the electrodes,
electrons are injected from the cathode and holes are
injected from the anode. The injected electrons and holes are
recombined in the emitting layer to form excitons. When the
excited state is returned to the ground state, energy is
radiated as light. The organic EL device emits light accord-
ing to this principle.

[0005] A typical organic EL device requires a drive volt-
age higher than that for an inorganic light-emitting diode.
Properties of the typical organic EL device are also signifi-
cantly deteriorated, so that the typical organic EL device is
in no practical use. Although organic EL devices have been
gradually improved recently, further lowering of the voltage
is demanded.

[0006] Patent Literature 1 (U.S. Pat. No. 5,645,948) dis-
closes an organic EL device including a benzazole com-
pound. Moreover, Patent Literature 2 (JP-A-2010-34548)
and Patent Literature 3 (International Publication No. 2006/
128800) also disclose organic EL devices.

[0007] However, demanded is an organic EL device driven
by a voltage further lower than that of the organic EL device
using a nitrogen-containing heterocyclic derivative dis-
closed in Patent Literature 1.

BRIEF SUMMARY OF THE INVENTION

[0008] An object of the invention is to provide a com-
pound capable of reducing a drive voltage, an organic-
electroluminescence-device material and an organic elec-
troluminescence device. Another object of the invention is to
provide an electronic device provided with the above
organic electroluminescence device.

[0009] A compound according to an exemplary embodi-
ment of the invention is represented by the following
formula (1).
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X=X3
X3 X
\ /
X'=N N=Xx*

[0010] In the formula (1), X' to X® each independently
represent a carbon atom to be bonded to a group represented
by the following fornmla (2), CR™ or a nitrogen aton1. At
least one of X' to X® is a carbon atom to be bonded to the
group represented by the following formula (2).

[0011] RYis each independently selected from the group
consisting of a hydrogen atom, a halogen atom, a cyano
group, a nitro group, a substituted or unsubstituted hydroxyl
group, a substituted or unsubstituted carboxyl group, a
substituted or unsubstituted sulfonyl group, a substituted or
unsubstituted boryl group, a substituted or unsubstituted
phosphino group, a substituted or unsubstituted mercapto
group, a substituted or unsubstituted acyl group, a substi-
tuted or unsubstituted amino group, a substituted or unsub-
stituted silyl group, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted aralkyl group
having 6 to 30 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 40 ring carbon atoms, and a substi-
tuted or unsubstituted heteroaryl group having 5 to 40 ring
atoms.

[0012] Among X' to X?, adjacent R¥ of CR* are bonded to
each other to form a cyclic structure, or are not bonded to
each other.

[0013] In the formula (2): b is an integer of 1 to 5; ¢ is an
integer of 1 to §; and Z is an oxygen atom, a sulfur atom or
a silicon atom. When b is 2 to 5, Z are mutually the same or
different. When Z is a silicon atom, R® and R*° are bonded
to the silicon atom. R® and R*° each independently represent
the same as R in the formula (1). R® and R'° may be bonded
to the structure represented by the formula (1). However,
when Z is a silicon atom, R” and R'° are not bonded to each
other to form a cyclic structure.

[0014] L is selected from a single bond or a linking group.
[0015] The linking group represents a substituted or
unsubstituted, linear, branched or cyclic polyvalent aliphatic
hydrocarbon group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted polyvalent aryl group having 6 to 40
ring carbon atoms, or a substituted or unsubstituted poly-
valent heteroaryl group having 5 to 40 ring atoms.

[0016] The polyvalent heteroaryl group having 5 to 40
ring atoms for L in the formula (2) includes a substituted or
unsubstituted polyvalent group derived from a phenanthro-
line ring represented by the formula (1). When c is 2 to 8,
L are mutually the same or different.
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[0017] Y*' to Y® each independently represent a nitrogen
atom, CRY or a carbon atom bonded to L.

[0018] R represents the same as R in the formula (1).
The heteroaryl group having 5 to 40 ring atoms for RY
includes a substituted or unsubstituted phenanthrolyl group
derived from the phenanthroline ring represented by the
formula (1). Adjacent RY are bonded to each other to form
a cyclic structure, or are not bonded to each other.

[0019] When X' or X® is a carbon atom bonded to the
group represented by the formula (2), bis 1, Z is an oxygen
atom, Y* or Y is a carbon atom bonded to L, and ¢ is 2, L
closer to the phenanthroline ring represented by the formula
(1) among two L is a divalent group other than an anthracene
group.

[0020] When two of X* to X® are carbon atoms bonded to
the group represented by the formula (2), b and c are 1, both
of 7 are sulfur atoms, Y* or Y? is a carbon atom bonded to
L, and L is a p-phenylene group, L is bonded to any one of
XL X2, X4 X, X7 and X5,

[0021] When X' or X® is a carbon atom bonded to the
group represented by the formula (2), b and ¢ are 1, Z is an
oxygen atom or a sulfur atom, Y is a carbon atom bonded
to L, and L is a p-phenylene group, R for Y* is a group other
than a phenyl group.

[0022] When X' or X® is a carbon atom bonded to the
group represented by the formula (2), band c are 1, Z is an
oxygen atom or a sulfur atom, Y® is a carbon atom bonded
to L, and L is a p-phenylene group, R* for Y* is a group other
than a phenyl group.

[0023] When X! is a carbon atom bonded to the group
represented by the formula (2), Y? is a carbon atom bonded
to L, L is a single bond, RY for Y° is bonded to the
phenanthrolyl group (heteroaryl group having 5 to 40 ring
atoms) with a single bond, the phenanthrolyl group is
bonded to RY for Y® at a position other than a position 2
[0024] When X* or X’ is a carbon atom bonded to the
group represented by the formula (2), Y2 is a carbon atom
bonded to L, L is a single bond, and Z is an oxygen atom,
R” for Y7 is a group other than a pyrenyl group.

[0025] When X* or X’ is a carbon atom bonded to the
group represented by the formula (2), Y’ is a carbon atom
bonded to [, L. is a single bond, and 7 is an oxygen atom,
R” for Y? is a group other than a pyrenyl group.

[0026] An organic electroluminescence device according
to another aspect of the invention includes: an anode; a
cathode opposed to the anode; and an organic compound
layer provided between the anode and the cathode, in which
the organic compound layer includes an emitting layer and
an electron transporting layer provided to the emitting layer
closer to the cathode, and

[0027] the electron transporting layer comprises a com-
pound represented by the following formula (10).

(10)

X=X
X3 X6
Y A\
X2 \ / /X7
X'=N N=x8

In the formula (10), X" to X® each independently represent
a carbon atom to be bonded to a group represented by the
following formula (20), CR¥ or a nitrogen atom. At least one
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of X! to X® is a carbon atom to be bonded to the group
represented by the following formula (2).

[0028] R¥ is each independently selected from the group
consisting of a hydrogen atom, a halogen atom, a cyano
group, a nitro group; a substituted or unsubstituted hydroxyl
group, a substituted or unsubstituted carboxyl group, a
substituted or unsubstituted sulfonyl group, a substituted or
unsubstituted boryl group, a substituted or unsubstituted
phosphino group, a substituted or unsubstituted mercapto
group, a substituted or unsubstituted acyl group, a substi-
tuted or unsubstituted amino group, a substituted or unsub-
stituted silyl group, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted alkenyl group having 2 to 30 carbon atoms, a
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, a substituted or unsubstituted aralkyl group
having 6 to 30 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 40 ring carbon atoms, and a substi-
tuted or unsubstituted heteroaryl group having 5 to 40 ring
atoms.

[0029] Among X" to X?, adjacent R of CR* are bonded to
each other to form a cyclic structure, or are not bonded to
each other.]

20)

[0030] In the formula (20): b is an integer of 1 to 5; ¢ is
an integer of 1 to 8; and Z is an oxygen atom, a sulfur atom
or a silicon atom. When b is 2 to 5, Z are mutually the same
or different. When 7 is a silicon atom, R® and R'® are bonded
to the silicon atom, R® and R each independently represent
the same as R* in the formula (10), and R® and R' are
optionally bonded to the structure represented by the for-
mula (10).

[0031] L is selected from a single bond or a linking group.
[0032] The linking group represents a substituted or
unsubstituted, linear, branched or cyclic polyvalent aliphatic
hydrocarbon group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted polyvalent aryl group having 6 to 40
ring carbon atoms, or a substituted or unsubstituted poly-
valent heteroaryl group having 5 to 40 ring atoms.

[0033] The polyvalent heteroaryl group having 5 to 40
ring atoms for L in the formula (20) comprises a substituted
or unsubstituted polyvalent group derived from a phenan-
throline ring represented by the formula (10). Whenc is 2 to
8, L are mutually the same or different.

[0034] Y to Y® each independently represent a nitrogen
atom, CRY or a carbon atom bonded to L.

[0035] R represents the same as R¥ in the formula (10),
and the heteroaryl group having 5 to 40 ring atoms for RY
comprises a substituted or unsubstituted phenanthrolyl
group derived from the phenanthroline ring represented by
the formula (10). Adjacent RY are bonded to each other to
form a cyclic structure, or are not bonded to each other.
[0036] According to the above aspects of the invention, a
compound and an organic electroluminescence device which
are capable of reducing a drive voltage can be provided.
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DETAILED DESCRIPTION OF THE
INVENTION

[0037] An exemplary embodiment of the invention will be
described below in detail.

Compound

[0038] A compound according to the exemplary embodi-
ment is represented by the following formula (1).

M

X=x>
X X
VAR WY
\ /
X'=N N=Xx8

[0039] In the formula (1), X' to X® each independently
represent a carbon atom, CR™ or a nitrogen atom to be
bonded to a group represented by the following formula (2).
In the formula (1), at least one of X' to X is a carbon atom
to be bonded to the group represented by the following
formula (2). In the formula (1): RY is each independently
selected from the group consisting of a hydrogen atom,
halogen atom, cyano group, nitro group, substituted or
unsubstituted hydroxyl group, substituted or unsubstituted
carboxyl group, substituted or unsubstituted sulfonyl group,
substituted or unsubstituted boryl group, substituted or
unsubstituted phosphino group, substituted or unsubstituted
mercapto group, substituted or unsubstituted acyl group,
substituted or unsubstituted amino group, substituted or
unsubstituted silyl group, substituted or unsubstituted alkyl
group having 1 to 30 carbon atom, substituted or unsubsti-
tuted alkenyl group having 2 to 30 carbon atoms, substituted
or unsubstituted alkynyl group having 2 to 30 carbon atoms,
substituted or unsubstituted aralkyl group having 6 to 30
carbon atoms, substituted or unsubstituted aryl group having
6 to 40 ring carbon atoms, and substituted or unsubstituted
heteroaryl group having 5 to 40 ring atoms. Among X" to X®
in the formula (1), adjacent R of CR™ are bonded to each
other to form a cyclic structure, or are not bonded to each
other. For instance, R¥ of CR* for X' may be bonded to R*
of CR¥ for X? adjacent to X" to form a saturated or unsatu-
rated cyclic structure.

(2-1)

[0040] In the formula (2), b is an integer of 1 to 5,
preferably 1 to 3, more preferably 1 to 2.

[0041] In the formula (2), ¢ is an integer of 1 to 8§,
preferably 1 to 5, more preferably 1 to 3.

[0042] In the formula (2), Z is an oxygen atom, a sulfur
atom or a silicon atom. In the formula (2), when b is 2 to 5,
7 are mutually the same or different. In the formula (2),
when Z is a silicon atom, R’ and R'® are bonded to the
silicon atom. R® and R*° each independently represent the
same as R¥ in the formula (1). R® and R'® may be bonded to
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the structure represented by the formula (1). However, when
Z is a silicon atom in the formula (2), R and R'® are not
bonded to each other to form a cyclic structure.

[0043] Inthe formula (2), L is selected from a single bond
or a linking group. The linking group represents a substi-
tuted or unsubstituted, linear, branched or cyclic polyvalent
aliphatic hydrocarbon group having 1 to 30 carbon atoms, a
substituted or unsubstituted polyvalent aryl group having 6
to 40 ring carbon atoms, or a substituted or unsubstituted
polyvalent heteroaryl group having 5 to 40 ring atoms. The
polyvalent heteroaryl group having 5 to 40 ring atoms for L
in the formula (2) includes a substituted or unsubstituted
polyvalent group derived from a phenanthroline ring repre-
sented by the formula (1). “Polyvalent” means having
valence of 2 or more. In the formula (2), when ¢ is 2 to 8,
Z are mutually the same or different. L is preferably a single
bond or phenylene, more preferably phenylene rather than a
single bond.

[0044] In the formula (2), Y to Y® each independently
represent a nitrogen atom, CRY or a carbon atom bonded to
L. Y* and Y? are preferably a carbon atom bonded to L.
Alternatively, Y* and Y’ are preferably a carbon atom
bonded to L.

[0045] R represents the same as R™ in the formula (1).
The heteroaryl group having 5 to 40 ring atoms for RY
includes a substituted or unsubstituted phenanthrolyl group
derived from the phenanthroline ring represented by the
formula (1). In the formula (2), adjacent R¥ are bonded to
each other to form a cyclic structure, or are not bonded to
each other.

[0046] An instance where a substituted or unsubstituted
polyvalent group derived from the phenanthroline ring rep-
resented by the formula (1) is included in L of the formula
(2) is represented by the following formula (2-1). In the
following formula (2-1), A1 schematically shows the struc-
ture represented by the formula (1).

2-1)

23

LAt

[0047] 1In the above formula (2-1), cx is an integer of 0 to
7, cy is an integer of 0 to 7, and O=cx+cy<7. In the formula
(2-1),L, and L, each independently represent the same as L
in the formula (2). In the formula (2-1), Y* to Y%, Z, b and
X' to X® in Al each represent the same as X' to X*, Y' to
Y®, Z and b in the formulae (1) and (2).

[0048] For instance, the following formula (1-1) repre-
sents a case where R¥ of CRY in the formula (2) is a
substituted or unsubstituted phenanthrolyl group derived
from the phenanthroline ring represented by the formula (1).
In the following formula (1-1), A2 and A3 each indepen-
dently schematically show the structure represented by the
formula (1).
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[0049] In the formula (1-1), c, is an integer of 1 to 8 and
¢, is an integer of 1 to 8. In the formula (1-1), L, and L, each
independently represent the same as L in the formula (2). In
the formula (1-1), Y' to Y®, Z, b and X' to X® in A2 and A3
each represent the same as X' to X%, Y' to Y®, Z and b in the
formulae (1) and (2).

[0050]
unsubstituted polyvalent group derived from the phenan-
throline ring represented by the formula (I) is included in L
of the formula (2) and R¥ of CR” in the formula (2) is a
substituted or unsubstituted phenanthrolyl group derived
from the phenanthroline ring represented by the formula (1)
is represented, for instance, by the following formula (1-2).
In the following formula (1-2), Al, A2 and A3 each inde-
pendently schematically show the structure represented by
the formula (1).

Moreover, an instance where a substituted or

1-2)

Ll-]_Al_['LZ']EA?’
cx

[0051] Inthe formula (1-2),Y'toY®, Z, L, toL,, b, cx,cy,
¢, and X' to X® in A1, A2 and A3 each represent the same
as X' 0 X% Y o Y®, Z, L, to L,, b, cx, cy and ¢, in the
formulae (1), (2), (1-1) and (2-1).

[0052] In the formula (1), as an example of a case where
two or more carbon atoms of X' to X® are bonded to the
group represented by the formula (2), an instance where two
carbon atoms of X' to X® are bonded to the the group
represented by the formula (2) is represented by the follow-
ing formula (1-3). In the following formula (1-3), Al
schematically shows the structure represented by the for-
mula (1).

(1-3)

Y\YIO

Yll

)L-IZ
2

[0053] In the formula (1-3), Y® to Y'€ each independently
represent the same as Y' to Y® in the formula (2). In the
formula (1-3), [, and L, each independently represent the
same as L in the formula (2). In the formula (1-3), b, and b,
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are each independently an integer of 1 to 5, and ¢, and ¢, are
each independently an integer of 1 to 8. In the formula (1-3),
7' and 7? each independently represent the same as Z in the
formula (2). In the formula (1-3), Y to Y® and X' to X® in
Al each represent the same as X* to X® and Y* to Y*® in the
formulae (1) and (2).

[0054] When X" or X® in the formula (1) is a carbon atom
bonded to the group represented by the formula (2) and, in
the formula (2), bis 1, Z is an oxygen atom, Y* or Y° is a
carbon atom bonded to L, and ¢ is 2, L closer to the
phenanthroline ring represented by the formula (1) among
two L is a divalent group other than an anthracene group.
Specifically, when the compound represented by the formula
(1) is represented by the following formula (1-x) in which
two L are defined as L, and L,, X' or X* is a carbon atom
bonded to L,, Y* or Y is a carbon atom bonded to L, L,
closer to the phenanthrorine ring is selected from a single
bond or a linking group. The linking group represents a
substituted or unsubstituted, linear, branched or cyclic poly-
valent aliphatic hydrocarbon group having 1 to 30 carbon
atoms, a substituted or unsubstituted polyvalent aryl group
having 6 to 40 ring carbon atoms (other than a divalent
anthracene group), or a substituted or unsubstituted polyva-
lent heteroaryl group having 5 to 40 ring atoms. In the
following formula (1-x), L, represents the same as L in the
formula (2). In the following formula (1-x), X* to X® and Y*
to Y® each represent the same as X' to X® and Y* to Y® in the
formulae (1) and (2).

{1-x)

1 X
/Y Y\\-. 2

Y7 \ / Y3 L—1L, // />7\\
/K )\ XI—N N= X8

[0055] When two of X' to X* are carbon atoms bonded to
the group represented by the formula (1), b and ¢ are 1, both
of Z are sulfur atoms, Y* or Y® is a carbon atom bonded to
L, and L is a p-phenylene group, L is bonded to any one of
X4 X3, X4 X3, X7 and X5,

[0056] In other words, when the compound represented by
the formula (1) is represented by the following formula
(1-4), Al in the following formula (1-4) schematically
shows the structure represented by the formula (1). In the
following formula (1-4), X', X2, X* X°, X" and X® and Y*
to Y® in Al each represent the same as X', X*, X* X°, X’
and X® and Y' to Y® in the formulae (1) and (2). In the
following formula (1-4), Y° to Y'® each independently
represent a nitrogen atom, CRY or a carbon atom bonded to
L. In the following formula (1-4), R¥ represents the same as
RY in the formula (2). In the following formula (1-4), when
Y*orY? is a carbon atom bonded to a p-phenylene group as
L and Y*? or Y is a carbon atom bonded to a p-phenylene
group as the other L, X* and X° in Al is a nitrogen atom or
CR*,
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[0057] When X" or X* in the formula (1) is a carbon atom
bonded to the group represented by the formula (2) and, in
the formula (2), b and care 1, Z is an oxygen atom or a sulfur
atom, Y* is a carbon atom bonded to L, and L is a p-phe-
nylene group, R” for Y* is a group other than a phenyl group.
[0058] When X' or X® in the formula (1) is a carbon atom
bonded to the group represented by the formula (2) and, in
the formula (2), b and care 1, Z is an oxygen atom or a sulfur
atom, Y° is a carbon atom bonded to L, and L is a p-phe-
nylene group, R for Y* is a group other than a phenyl group.
[0059] In other words, when the compound represented by
the formula (1) is represented by the following formula
(1-5-1), Y* is a carbon atom bonded to a p-phenylene group
as L, and Y* is CRY in the formula (2), in which RY
represents the same as R” in the formula (2). However, R”
is a group other than a phenyl group. In the following
formula (1-5-1), 7 is an oxygen atom or a sulfur atom. In the
following formula (1-5-1), Y* to Y2, Y? to Y® and X* to X*
each independently represent the same as X* to X%, Y to Y?
and Y? to Y® in the formulae (1) and (2).

[0060] When the compound represented by the formula
(1) is represented by the following formula (1-5-2), YSis a
carbon atom bonded to a p-phenylene group as L and Y is
CRY in the formula (2), in which R represents the same as
RY in the formula (2). However, R is a group other than a
phenyl group. In the following formula (1-5-2), Z is an
oxygen atom or a sulfur atom. In the following formula
(1-5-2), Y' to Y*, Y to Y® and X' to X® each independently
represent the same as X' to X®, Y to Y* and Y7 to Y® in the
formulae (1) and (2).

-continued

[0061] In the formula (1), when X" or X® is a carbon atom
bonded to the group represented by the formula (2) and, in
the formula (2), Z is a silicon atom, Y? is a carbon atom
bonded to L, L is a single bond, RY for Y is bonded to the
phenanthrolyl group (heteroaryl group having 5 to 40 ring

atoms) with a single bond, the phenanthrolyl group is
bonded to R for Y at a position other than a position 2.

[0062]
the formula (1) is represented by the following formula
(1-6),Y? is a carbon atom bonded to X" or X®, Y% is CR” in
the formula (2), in which RY is the phenanthrolyl group
(phenanthrolyl group shown on the left in the following
formula (1-6)) as a heteroaryl group having 5 to 40 ring
atoms, and any one of X*° to X'* is bonded to a carbon atom
(C) of Y°. In the following formula (1-6), the rest of X' to
X'®heing a carbon atom bonded to the group represented by
the formula (2) is CR™ or a nitrogen atom, in which R*
represents the same as R in the formula (1). In the following
formula (1-6), Y*, Y2, Y*, Y, Y7, Y®, R? and R* each
independently represent the same as Y', Y, Y*, Y°, Y7, Y®,
R® and R'® in the formula (2).

In other words, when the compound represented by

(1-6)
\Y2 X=X
/Z_j\ }W\F
XI—A —X8
9 RIO
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[0063] Inthe formula (1), when X* or X® is a carbon atom
bonded to the group represented by the formula (2), Y? is a
carbon atom bonded to L, L is a single bond, and 7 is an
oxygen atom, RY for Y7 is a group other than a pyrenyl
group.

[0064] Alternatively, in the formula (1), when X* or X° is
a carbon atom bonded to the group represented by the
formula (2), Y7 is a carbon atom bonded to L, L is a single
bond, and Z is an oxygen atom, RY for Y is a group other
than a pyrenyl group.

[0065] In other words, when the compound represented by
the formula (1) is represented by the following formula
(1-xx-1), Y* of the formula (2) is a carbon atom bonded to
X! or X8, Y7 is CR” in which RY represents the same as RY
in the formula (2). However, R” is a group other than a
pyrenyl group. In the following formula (1-xx-1), Y*, Y* to
Y®,Y® and X" to X® each independently represent the same
as X' to X%, Y*, Y* to Y® and Y® in the formulae (1) and (2).
[0066] When the compound represented by the formula
(1) is represented by the following formula (1-xx-1), Y7 of
the formula (2) is a carbon atom bonded to X* or X®, Y is
CR” in which R” represents the same as R” in the formula
(2). However, R” is a group other than a pyrenyl group. In
the following formula (1-xx-1), Y*, Y* to Y*, Y*, Y® and X*
to X® each independently represent the same as X' to X5, Y?,
Y3 to Y*, Y° and Y? in the formulae (1) and (2).

(1-xx-1)

. Xt=X>
Y3 2! IX3 —< />7X6
= == -
v/ X? H \\X7
g / \ 2\ /
YS

Y4 X1=N N=X8
O
(1-xx-2)
, X4=X3
R
y! v8 X3—< >—X5
—— — '," \ / \\
X? — X7

'DaPilaw

- v X!'=N N=X

@)

[0067] Inthe compound of the exemplary embodiment, X*
or X® in the formula (1) is preferably a carbon atom to be
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bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
a1-7.

[0068] In the following formula (1-7), Y* to Y%, Z, L, b
and ¢ each represent the same as Y* to Y®, Z, L, b and ¢ in
the formula (2). In the following formula (1-7), X* to X®
each independently represent CR¥ or a nitrogen atom, in
which R¥ represents the same as R¥ in the formula (1).

1-7)

[0069] Unlike in the formula (1-7), not X* but X* may be
a carbon atom to be bonded to the group represented by the
formula (2).

[0070] In the compound of the exemplary embodiment, X*
and X® in the formula (1) are preferably carbon atoms to be
bonded to the group represented by the formula (2). Spe-
cifically, the compound of the exemplary embodiment is
preferably a compound represented by the following for-
mula (1-8).

[0071] In the following formula (1-8), X* to X’ each
independently represent CR” or a nitrogen atom, in which
R¥ represents the same as R¥ in the formula (1). In the
following formula (1-8), Y' to Y'® each independently
represent a nitrogen atom, CR” or a carbon atom bonded to
L, in which R¥ represents the same as R¥ in the formula (2).
In the following formula (1-8), Z' and Z* each indepen-
dently represent the same as Z in the formula (2). In the
following formula (1-8), L' and L? each independently
represent the same as L in the formula (2). In the following
formula (1-8), b, and b, are each independently an integer of
1to 5, and ¢, and ¢, are each independently an integer of 1
to 8.

(1-8)

by
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[0072] Inthe compound of the exemplary embodiment, X°
and X® in the formula (1) are preferably carbon atoms to be
bonded to the group represented by the formula (2). Spe-
cifically, the compound of the exemplary embodiment is
preferably a compound represented by the following for-
mula (1-9).

[0073] In the following formula (1-9), X', X2, X* X5, X’
and X® each independently represent CR™ or a nitrogen
atom, in which R represents the same as R* in the formula
(1). In the following formula (1-9), Y' to Y'®, 2", 7°, L, L,,
b,, b, ¢, and ¢, eachrepresent the same as Y* to Y*'¢, 7!, 72,
L, L,, by, by, ¢, and ¢, in the formula (1-8).

Xt=x>
Xz/ \ / \ X7
\Xl =\ N= XS

[0074] Inthe compound of the exemplary embodiment, X>
or X7 in the formula (1) is preferably a carbon atom to be
bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
(1-10).

[0075] In the following fornmula (1-10), X! and X to X®
each independently represent CR™ or a nitrogen atom, in
which R¥ represents the same as R in the formula (1). In the
following formula (1-10), Y' to Y*, Z, L, b and ¢ each
represent the same as X* to X%, Y' to Y*, Z, L, b and c in the
formula (2).

(1-10)

X=X
X6
4 \_7/ \.
/
X'=N N=x

[0076] Unlike in the formula (1-10), not X* but X’ may be
a carbon atom to be bonded to the group represented by the
formula (2).

[0077] Inthe compound of the exemplary embodiment, X°
or X° in the formula (1) is preferably a carbon atom to be
bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
(1-11).

[0078] In the following formula (1-11), X', X* and X* to
X® each independently represent CR or a nitrogen atom, in
which R* represents the same as R¥ in the formula (1). In the
following formula (1-11), Y' to Y®, Z, L, b and ¢ each
represent the same as Y* to Y®, Z, L, b and ¢ in the formula

).
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[0079] Unlike in the formula (1-11), not X? but X°® may be
a carbon atom to be bonded to the group represented by the
formula (2).

[0080] Inthe compound of the exemplary embodiment, X*
or X° in the formula (1) is preferably a carbon atom to be
bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
(1-12).

[0081] In the following formula (1-12), X" to X* and X’ to
X® each independently represent CR” or a nitrogen atony, in
which R” represents the same as R in the formula (1). Inthe
following formula (1-12), Y' to Y®, Z, L, b and ¢ each
represent the same as Y* to Y*, Z, L, b and ¢ in the formula

@)

(1-12)

[0082] Unlike in the formula (1-12), not X* but X* may be
a carbon atom to be bonded to the group represented by the
formula (2).

[0083] Inthe compound of the exemplary embodiment, X'
and X in the formula (1) are preferably carbon atoms to be
bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
(1-13).

[0084] In the following formula (1-13), X* to X and X®
each independently represent CR* or a nitrogen atom, in
which R” represents the same as R in the formula (1). Inthe
following formula (1-13), Y! to Y'6, Z*, 7% L, L,, by, b,,
¢, and ¢, each represent the same as Y* to Y*°, 7, 72, L,,
L, by, by, ¢, and ¢, in the formula (1-8).
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[0085] Inthe compound of the exemplary embodiment, X*
and X’ in the formula (1) are preferably carbon atoms to be
bonded to a group represented by the formula (2). Specifi-
cally, the compound of the exemplary embodiment is pref-
erably a compound represented by the following formula
(1-14).

[0086] In the following formula (1-14), X', X to X° and
X® each independently represent CR or a nitrogen atom, in
which R™ represents the same as R¥ in the formula (1). In the
following formula (1-14), Y' to Y'¢, 7!, 7%, L, L,, b,, b,,
¢, and ¢, each represent the same as Y* to Y*°, 7', 72, L,,
L,, b;, b,, ¢, and c, in the formula (1-8).

[0087] In the compound of the exemplary embodiment,
X!, X2, X7 and X* are preferably carbon atoms to be bonded
to a group represented by the formula (2). Specifically, the
compound of the exemplary embodiment is preferably a
compound represented by the following formula (1-15).

[0088] In the following formula (1-15), X° to X° each
independently represent CR” or a nitrogen atom, in which
R¥ represents the same as RY in the formula (1). In the
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(1-13)

(1-14)

following formula (1-15), Y' to Y>* each independently
represent a nitrogen atom, CRY or a carbon atom bonded to
L, in which R¥ represents the same as R” in the formula (2).
In the following formula (1-15), Z' to Z* each independently
represent the same as 7 in the formula (2). In the following
formula (1-15), L' to L* each independently represent the
same as L in the formula (2). In the following formula
(1-15), b, 10 b, are each independently an integer of 1 to 5,
and ¢, to ¢, are each independently an integer of 1 to 8.

(1-15)

by
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[0089] 1In the compound of the exemplary embodiment,
X!, X?, X% and X® in the formula (1) are preferably carbon
atoms to be bonded to a group represented by the formula
(2). Specifically, the compound of the exemplary embodi-
ment is preferably a compound represented by the following
formula (1-16).

[0090] In the following formula (1-16), X*, X*, X* and X’
each independently represent CR™ or a nitrogen atom, in
which R¥ represents the same as R in the formula (1). In the
following formula (1-16), Y' to Y** each independently
represent a nitrogen atom, CR¥ or a carbon atom bonded to
L, in which R” represents the same as R” in the formula (2).
In the following formula (1-16), Z* to Z* each independently
represent the same as 7 in the formula (2). In the following
formula (1-16), L' to L* each independently represent the
same as L in the formula (2). In the following formula
(1-16), b, to b, are each independently an integer of 1 to 3,
and c, to ¢, are each independently an integer of 1 to 8.

[0091] In the compound of the exemplary embodiment,
the group represented by the formula (2) is preferably
represented by the following formula (2-2). At least one of
X! to X® is a carbon atom to be bonded to the group
represented by the following formula (2-2).

[0092] In the formula (2-2), b, and b, each independently
represent an integer of 1 to 5.

[0093] c¢,, ¢, and ¢, are each independently an integer of 0
to 7 while ¢, +c,+c5 is an integer of 7 or less.

[0094] Z is an oxygen atom, a sulfur atom or a silicon
atom. When b is 2 to 5, 7 are mutually the same or different.
When Z is a silicon atom, R” and R'° are bonded to the
silicon atom. R® and R* each independently represent the
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same as R¥ in the formula (10). R® and R'® may be bonded
to the structure represented by the formula (10).

[0095] L, is a linking group representing a substituted or
unsubstituted, linear, branched or cyclic polyvalent aliphatic
hydrocarbon group having 1 to 30 carbon atoms, a substi-
tuted or unsubstituted polyvalent aryl group having 6 to 40
ring carbon atoms, or a substituted or unsubstituted poly-
valent heteroaryl group having 5 to 40 ring atoms.

[0096] L,,L,andL, are each independently selected from
a single bond and a linking group. The linking group
represents a substituted or unsubstituted, linear, branched or
cyclic polyvalent aliphatic hydrocarbon group having 1 to
30 carbon atoms, a substituted or unsubstituted polyvalent
aryl group having 6 to 40 ring carbon atoms, or a substituted
or unsubstituted polyvalent heteroaryl group having 5 to 40
ring atoms.

[0097] The polyvalent heteroaryl group having 5 to 40
ring atoms for L, to L, in the formula (2-2) includes a

(1-16)

by

substituted or unsubstituted polyvalent group derived from
the phenanthroline ring represented by the formula (10).
When c, is an integer of 2 or more, L, are mutually the same
or different. When c, is an integer of 2 or more, L, are
mutually the same or different. When c, is an integer of 2 or
more, L, are mutually the same or different.

[0098] Y to Y® each independently represent a nitrogen
atom, CRY or a carbon atom bonded to L.

[0099] Y? to Y'° each independently represent a nitrogen
atom, CRZ or a carbon atom bonded to L,

[0100] R* and RZ each independently represent the same
as R¥ in the formula (10). The heteroaryl group having 5 to
40 ring atoms for R and R” includes a substituted or
unsubstituted phenanthrolyl group derived from the phenan-
throline ring represented by the formula (10). Adjacent R¥
are bonded to each other to form a cyclic structure, or are not
bonded to each other,

[0101] In the exemplary embodiment, it is preferable that
X! or X® is a carbon atom and is bonded to the group
represented by the formula (2-2).

[0102] In the exemplary embodiment, L, in the formula
(2-2) 1s preferably a substituted or unsubstituted polyvalent
aryl group having 6 to 40 ring carbon atoms, more prefer-
ably a substituted or unsubstituted polyvalent aryl group
having 6 ring carbon atoms.

[0103] In the exemplary embodiment, [, in the formula
(2-2) is preferably a substituted or unsubstituted polyvalent
heteroaryl group having 5 to 40 ring atoms. In the formula
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(2-2), L, directly bonded to L, is preferably a substituted or
unsubstituted polyvalent heteroaryl group having 5 to 40
ring atoms.

[0104] In the exemplary embodiment, it is preferable that
c, in the formula (2-2) is 2 or more and a plurality of L,
include a substituted or unsubstituted polyvalent heteroaryl
group having 5 to 40 ring atoms and a substituted or
unsubstituted polyvalent aryl group having 6 to 40 ring
carbon atoms. In this case, in the formula (2-2), L, directly
bonded to L, is preferably a substituted or unsubstituted
polyvalent heteroaryl group having 5 to 40 ring atoms.
[0105] In the exemplary embodiment, it is preferable that
L; and L, in the formula (2-2) are each independently a
substituted or unsubstituted polyvalent aryl group having 6
to 40 ring carbon atoms, more preferably a single bond or a
substituted or unsubstituted polyvalent aryl group having 6
ring carbon atoms.

[0106] In the exemplary embodiment, ¢, and ¢, are pref-
erably 1. In this case, L5 and L, are preferably a substituted
or unsubstituted polyvalent aryl group having 6 to 40 ring
carbon atoms, more preferably a single bond or a substituted
or unsubstituted polyvalent aryl group having 6 ring carbon
atoms.

[0107] Among the compounds represented by the formu-
lae (1-7) to (1-16), the compounds represented by the
formulae (1-7) and (1-8) are preferable.

[0108] The compound represented by the formula (1-1) is
also preferable.
[0109] In the compounds according to the exemplary

embodiment, Z and Z' to Z* in the formulae (2), (2-1), (1-1)
to (1-3), (1-5), and (1-7) to (1-16) are preferably an oxygen
atom or a sulfur atom, more preferably an oxygen atom.
[0110] In the formulae (1), (1-1) to (1-16), (2-1), (1-x),
(1-xx-1) and (1-xx-2), other than X* to X'¢ being a carbon
atom bonded to the group represented by the formula (2), X*
to X'¢ are preferably CR¥, in which R¥ is more preferably
any one of a hydrogen atom, an alkyl group and an aryl
group, further preferably a hydrogen atom or a phenyl
group.

[0111] Next, substituents in the formulae (1), (1-1) to
(1-16), (2), (2-1), (1-x), (1-xx-1) and (1-xx-2) will be
described. Specific examples of the substituents in the
formulae (1), (1-1) to (1-16), (2), (2-1), (1-x), (1-xx-1) and
(1-xx-2) include a halogen atom, cyano group, nitro group,
substituted or unsubstituted hydroxyl group, substituted or
unsubstituted carboxyl group, substituted or unsubstituted
sulfonyl group, substituted or unsubstituted boryl group,
substituted or unsubstituted phosphino group, substituted or
unsubstituted mercapto group, substituted or unsubstituted
acyl group, substituted or unsubstituted amino group, sub-
stituted or unsubstituted silyl group, substituted or unsub-
stituted alkyl group having 1 to 30 carbon atom, substituted
or unsubstituted alkenyl group having 2 to 30 carbon atoms,
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, substituted or unsubstituted aralkyl group
having 6 to 30 carbon atoms, substituted or unsubstituted
aryl group having 6 to 40 ring carbon atoms, and substituted
or unsubstituted heteroaryl group having 5 to 40 ring atoms.
[0112] Examples of the halogen atom in the formulae (1),
(1-1) to (1-16), (2), (2-1), (1-x), (1-xx-1) and (1-xx-2)
include fluorine, chlorine, bromine and iodine, among which
fluorine is preferable.

[0113] Examples of the substituted or unsubstituted
hydroxyl group in the formulae (1), (1-1) to (1-16), (2),
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-1, (1), (1-xx-1) and (1-xx-2) include not only a
hydroxyl group (—OH) but also a group represented by
-OR“ that is provided by substituting H of a hydroxyl group
(—OH) with R

[0114] Herein, when R* is an alkyl group, the group
represented by —OR becomes an alkoxy group, among
which a substituted or unsubstituted alkoxy group having 1
to 30 carbon atoms is preferable. The alkyl group as R* is
preferably the following alkyl group having 1 to 30 carbon
atoms. Examples of the alkoxy group are a methoxy group,
ethoxy group, propoxy group, butoxy group, pentyloxy
group and hexyloxy group. Among the alkoxy group, an
alkoxy group having 1 to 10 carbon atoms is preferable and
an alkoxy group having 1 to 8 carbon atoms is more
preferable. An alkoxy group having 1 to 4 carbon atoms is
particularly preferable,

[0115] The substituted or unsubstituted alkoxy group
herein includes a haloalkoxy group provided by substituting
the alkyl group as R with one or more of the halogen atoms.

[0116] When R is an aryl group, the group represented by
—OR# becomes an aryloxy group, among which a substi-
tuted or unsubstituted aryloxy group having 6 to 40 ring
carbon atoms is preferable. The aryl group as R* is prefer-
ably the following aryl group having 6 to 40 ring carbon
atoms. The aryloxy group is exemplified by a phenoxy
group.

[0117] The substituted or unsubstituted aryloxy group
herein includes a haloaryloxy group provided by substituting
the aryl group as R* with one or more of the halogen atoms.

[0118] When R is a heteroaryl group, the group repre-
sented by —OR* becomes a heteroaryloxy group, among
which a substituted or unsubstituted heteroaryloxy group
having 5 to 40 ring atoms is preferable. The heteroaryl group
as R* is preferably the following heteroaryl group having 5
to 40 ring atoms.

[0119] Examples of the substituted or unsubstituted car-
boxyl group in the formulae (1), (1-1) to (1-16), (2), (2-1),
(1-x), (I-xx-1) and (1-xx-2) include not only a carboxyl
group (—COON) but also a group represented by —COOR?
that is provided by substituting H of a carboxyl group
(—COOH) with R?.

[0120] Herein, when R? is an alkyl group, the group
represented by —COOR? becomes an alkoxycarbonyl
group, among which a substituted or unsubstituted alkoxy-
carbonyl group having 2 to 30 carbon atoms is preferable.
The alkyl group as R? is preferably the following alkyl
group having 1 to 30 carbon atoms.

[0121] WhenR? is an aryl group, the group represented by
—COOR? becomes an aryloxycarbonyl group, among
which a substituted or unsubstituted aryloxycarbonyl group
having 7 to 40 carbon atoms is preferable. The aryl group as
R? is preferably the following aryl group having 6 to 40 ring
carbon atoms.

[0122] When R” is a heteroaryl group, the group repre-
sented by —COOR? becomes a heteroaryloxycarbonyl
group, among which a substituted or unsubstituted het-
eroaryloxycarbonyl group having 5 to 40 ring atoms is
preferable. The heteroaryl group as R? is preferably the
following heteroaryl group having 5 to 40 ring atoms.

[0123] Examples of the substituted or unsubstituted boryl
group in the formulae (1), (1-1) to (1-16), (2), (2-1), (1-x),
(1-xx-1) and (1-xx-2) include not only a boryl group
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(—BH,) but also a group represented by —BRZRZ that is
provided by substituting H of a boryl group (—BH,) with
R” and R”.

[0124] Herein, when R is an alkyl group, the group
represented by —BR*R” becomes an alkylboryl group,
among which a substituted or unsubstituted alkylboryl group
is preferable. The alkyl group as RF is preferably the
following alkyl group having 1 to 30 carbon atoms.
[0125] Herein, when RZ is an aryl group, the group rep-
resented by —BRZRZ becomes an arylboryl group, among
which a substituted or unsubstituted arylboryl group is
preferable. The aryl group as RZ is preferably the following
aryl group having 6 to 40 ring carbon atoms.

[0126] When RE is a heteroaryl group, the group repre-
sented by —BR”R” becomes a heteroarylboryl group,
among which a substituted or unsubstituted a heteroarylbo-
ryl group is preferable. The heteroaryl group as R” is
preferably the following heteroaryl group having 5 to 40
ring atoms.

[0127] In addition, a dihydroxyboryl group (—B(OH),) is
also usable.
[0128] Examples of the substituted or unsubstituted phos-

phino group in the formulae (1), (1-1) to (1-16), (2), (2-1),
(1-x), (1-xx-1) and (1-xx-2) include not only a phosphino
group (—PH,) but also a group represented by —PRTR”
that is provided by substituting H of a phosphino group
(—PH,) with RY and R”, and a group represented by
—P(O)R'RY.

[0129] Herein, when R is an alkyl group, the group
represented by —PRRY or the group represented by —P(Q)
RFR” becomes an alkylphosphino group, among which a
substituted or unsubstituted alkylphosphino group is prefer-
able. The alkyl group as R¥ is preferably the following alkyl
group having 1 to 30 carbon atoms.

[0130] Herein, when RY is an aryl group, the group rep-
resented by —PRR” or the group represented by —P(O)
RFRF becomes an arylphosphino group, among which a
substituted or unsubstituted arylphosphino group is prefer-
able. The aryl group as RY is preferably the following aryl
group having 6 to 40 ring carbon atoms.

[0131] Herein, when R” is a heteroaryl group, the group
represented by —PRR” or the group represented by —P(Q)
RFR* becomes a heteroarylphosphino group, among which
a substituted or unsubstituted heteroarylphosphino group is
preferable. The heteroaryl group as RY is preferably the
following heteroaryl group having 5 to 40 ring atoms.
[0132] Examples of the substituted or unsubstituted mer-
capto group in the formulae (1), (1-1) to (1-16), (2), (2-1),
(1-x), (1-xx-1) and (1-xx-2) include not only a mercapto
group (—SH) but also a group represented by —SR¢ that is
prgvided by substituting H of a mercapto group (—SH) with
R

[0133] Herein, when R is an alkyl group, the group
represented by —SR“ becomes an alkoxythio group, among
which a substituted or unsubstituted alkoxythio group hav-
ing 1 to 30 carbon atoms is preferable. The alkyl group as R
is preferably the following alkyl group having 1 to 30 carbon
atoms.

[0134] When R is an aryl group, the group represented by
—SR€ becomes an arylthio group, among which a substi-
tuted or unsubstituted arylthio group having 6 to 40 ring
carbon atoms is preferable. The aryl group as R€ is prefer-
ably the following aryl group having 6 to 40 ring carbon
atoms.
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[0135] When R is a heteroaryl group, the group repre-
sented by —SR® becomes a heteroarylthio group, among
which a substituted or unsubstituted heteroarylthio group
having 5 to 40 ring atoms is preferable. The heteroaryl group
as R is preferably the following heteroaryl group having 5
to 40 ring atoms.

[0136] The substituted or unsubstituted acyl group in the
formulae (1), (1-1) to (1-16), (2), (2-1), (1-x), (1-xx-1) and
(1-xx-2) is represented by —CO—RP.

[0137] Herein, when R” is an alkyl group, the group
represented by —CO—RZ becomes an alkylcarbonyl group,
among which a substituted or unsubstituted alkylcarbonyl
group having 2 to 30 carbon atoms is preferable. The alkyl
group as R” is preferably the following alkyl group having
1 to 30 carbon atoms. Specific examples of the alkylcarbonyl
group are an acetyl group, propyonyl group, butyryl group,
valeryl group, pivaloyl group, palmitoyl group, stearoyl
group and oleoyl group.

[0138] When R is an aryl group, the group represented by
—CO—R?” becomes an arylcarbonyl group (occasionally
referred to as an aroyl group), among which a substituted or
unsubstituted arylcarbonyl group having 6 to 40 ring carbon
atoms is preferable. The aryl group as R” is preferably the
following aryl group having 6 to 40 ring carbon atoms.
Specific examples of the arylcarbonyl group are a benzoyl
group, toluoyl group, salicyloyl group, cinnamoyl group,
naphthoyl group and phthaloyl group.

[0139] When R” is a heteroaryl group, the group repre-
sented by —CO—R” becomes a heteroarylcarbonyl group,
among which a substituted or unsubstituted heteroarylcar-
bonyl group having 5 to 40 ring atoms is preferable. The
heteroaryl group as R” is preferably the following heteroaryl
group having 5 to 40 ring atoms. Specific examples of the
heteroarylcarbonyl group are a furoyl group, pyrrolylcarbo-
nyl group, pyridylcarbonyl group and thienylcarbonyl
group.

[0140] It should be noted that a formyl group (—CO—H)
provided when R” is a hydrogen atom is also included in the
acyl group.

[0141] Examples of the substituted or unsubstituted amino
group in the formulae (1), (1-1) to (1-16), (2), (2-1), (1-x),
(1-xx-1) and (1-xx-2) include not only an amino group
(—NH,) but also a group provided by substituting H of an
amino group (—NH,) with substituents. Examples of the
group that is provided by substituting H of an amino group
(—NH,) with substituents include an alkylamino group
provided by substituting the amino group with a substituted
or unsubstituted alkyl group having 1 to 30 carbon atoms, an
arylamino group provided by substituting the amino group
with a substituted or unsubstituted aryl group having 6 to 40
ring carbon atoms, a heteroarylamino group provided by
substituting the amino group with a substituted or unsubsti-
tuted heteroaryl group having 5 to 40 ring atoms, and an
acylamino group provided by substituting the amino group
with a substituted or unsubstituted acyl group having 2 to 30
carbon atoms.

[0142] The alkyl group having 1 to 30 carbon atoms in the
alkylamino group is preferably the following alkyl group
having 1 to 30 carbon atoms. When the amino group is
substituted by two alkyl groups, the two alkyl groups may be
mutually the same or different.

[0143] The aryl group having 6 to 40 ring carbon atoms in
the arylamino group is preferably the following aryl group
having 6 to 40 ring carbon atoms. The arylamino group is
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preferably an amino group substituted by a phenyl group.
When the amino group is substituted by two arvl groups, the
two aryl groups may be mutually the same or different.
[0144] The heteroaryl group having 5 to 40 ring atoms in
the heteroarylamino group is preferably the following het-
eroaryl group having 5 to 40 ring atoms. When the amino
group is substituted by two heteroaryl groups, the two
heteroaryl groups may be mutually the same or different.
[0145] The acyl group having 2 to 30 carbon atoms in the
acylamino group is preferably selected from the aforemen-
tioned acyl group.

[0146] A substituted amino group may be an amino group
substituted by two selected from a hydrogen atom, alkyl
group, aryl group, heteroaryl group and acyl group.

[0147] The substituted amino group may be provided by
the amino group substituted by an alkyl group and an aryl
group. Examples of the substituted amino group include an
alkylarylamino group, alkylheteroarylamino group, arylhet-
eroarylamino group, alkylacylamino group and arylacy-
lamino group.

[0148] Examples of the substituted or unsubstituted silyl
group in the formulae (1), (1-1) to (1-16), (2), (2-1), (1-x),
(1-xx-1) and (1-xx-2) include not only an unsubstituted silyl
group but also an alkylsilyl group substituted by a substi-
tuted or unsubstituted alkyl group having 1 to 30 carbon
atoms, an arylsilyl group substituted by a substituted or
unsubstituted aryl group having 6 to 40 ring carbon atoms,
and a heteroarylsilyl group substituted by a substituted or
unsubstituted heteroaryl group having 5 to 40 ring atoms.
[0149] The alkylsilyl group is exemplified by a trialkylsi-
1yl group including the aforementioned alkyl group having
1 to 30 carbon atoms, specific examples of which are a
trimethylsilyl group, triethylsilyl group, tri-n-butylsilyl
group, tri-n-octylsilyl group, triisobutylsilyl group, dimethy-
lethylsilyl group, dimethylisopropylsilyl group, dimethyl-n-
propyosilyl group, dimethyl-n-butylsilyl group, dimethyl-t-
butylsilyl group, diethylisopropylsilyl group,
vinyldimethylsilyl group, propyldimethylsilyl group and tri-
isopropylsilyl group. Three alkyl groups may be mutually
the same or different.

[0150] The arylsilyl group is exemplified by a triarylsilyl
group having the following three aryl groups each having 6
to 40 ring carbon atoms. The triarylsilyl group preferably
has 18 to 30 carbon atoms. Three aryl groups may be
mutually the same or different.

[0151] The heteroarylsilyl group is exemplified by a tri-
heteroarylsilyl group including the following three het-
eroaryl groups each having 5 to 40 ring atoms. Three
heteroaryl groups may be mutually the same or different.
[0152] A substituted silyl group may be a silyl group
substituted by at least two selected from an alkyl group, aryl
group and heteroaryl group.

[0153] The substituted silyl group may be provided by
substituting the silyl group with an alkyl group and an aryl
group. Examples of the substituted silyl group include an
alkylarylsilyl group, dialkylarylsilyl group, diarylsilyl
group, alkyldiarylsilyl group and triarylsilyl group. A plu-
rality of aryl groups may be the same or different, or a
plurality of alkyl groups may be the same or different
[0154] The dialkylarylsilyl group is exemplified by a
dialkylarylsilyl group including two of the above-exempli-
fied alkyl groups having 1 to 30 carbon atoms and one of the
following aryl group having 6 to 40 ring carbon atoms. The
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dialkylarylsilyl group preferably has 8 to 30 carbon atoms.
The two alkyl groups may be mutually the same or different.
[0155] The alkyldiarylsilyl group is exemplified by an
alkyldiarylsilyl group including one of the above-exempli-
fied alkyl group having 1 to 30 carbon atoms and two of the
above aryl group having 6 to 40 ring carbon atoms. The
alkyldiarylsilyl group preferably has 13 to 30 carbon atoms.
The two aryl groups may be mutually the same or different.
[0156] Examples of the arylsilyl group include a phe-
nyldimethylsilyl group, diphenylmethylsilyl group, diphe-
nyl-t-butylsilyl group and triphenylsilyl group. A silyl group
substituted with alkyl group and heteroaryl group, a silyl
group with substituted aryl group and heteroaryl group, and
a silyl group with substituted alkyl group, aryl group and
heteroaryl group may be used.

[0157] The substituted or unsubstituted alkyl group having
1 to 30 carbon atoms in the formulae (1), (1-1) to (1-16), (2),
(2-1), (1-x), (1-xx-1) and (1-xx-2) may be linear, branched
or cyclic. The substituted alkyl group having 1 to 30 carbon
atoms includes a haloalkyl group. The haloalkyl group is
exemplified by a haloalkyl group provided by substituting
the alkyl group having 1 to 30 carbon atoms with one or
more halogen atoms. Examples of the substituted or unsub-
stituted, linear or branched alkyl group include a methyl
group, ethyl group, propyl group, isopropyl group. n-butyl
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl
group, n-hexyl group, n-heptyl group, n-octyl group,
n-nonyl group, n-decyl group, n-undecyl group, n-dodecyl
group, n-tridecyl group, n-tetradecyl group, n-pentadecyl
group, n-hexadecyl group, n-heptadecyl group, n-octadecyl
group, neo-pentyl group, 1-methylpentyl group, 2-methyl-
pentyl group, 1-pentylhexyl group, 1-butylpentyl group,
1-heptyloctyl group, 3-methylpentyl group, hydroxymethyl
group, 1-hydroxyethyl group, 2-hydroxyethyl group, 2-hy-
droxyisobutyl group, 1,2-dihydoroxyethyl group, 1,3-dihy-
droxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-
trihydroxypropyl group, chloromethyl group, 1-chloroethyl
group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2-
dichloroethyl group, 1,3-dichloroisopropyl group. 2,3-di-
chloro-t-butyl group, 1,2,3-trichloropropyl group, bromom-
ethyl group, 1-bromoethyl group, 2-bromoethyl group,
2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibro-
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro-
mopropyl group, iodomethyl group, 1-iodoethyl group, 2-i0-
doethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group,
1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-
triiodopropyl group, aminomethyl group, 1-aminoethyl
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2-
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di-
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom-
ethyl group, l-cyanoethyl group, 2-cyanoethyl group,
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicya-
noisopropyl group, 2.3-dicyano-t-butyl group, 1.2,3-tricya-
nopropyl group, nitromethyl group, 1-nitroethyl group, 2-ni-
troethyl group, 1,2-dinitroethyl group, 2,3-dinitro-t-butyl
group, 1,2 3-trinitropropyl group, fluoromethyl group, dif-
luoromethyl group, trifluoromethyl group, fluoroethyl
group, 2,22-trifluoroethyl group and 1,1,1,3,3.3-
hexafluoro-2-propyl group.

[0158] The substituted or unsubstituted cyclic alkyl group
(cycloalkyl group) is preferably a substituted or unsubsti-
tuted cycloalkyl group having 3 to 30 carbon atoms,
examples of which include a cyclopropyl group, cyclobutyl
group, cyclopentyl group, cyclohexyl group, cyclooctyl
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group, 4-methylcyclohexyl group, 3,5-tetramethylcyclo-
hexyl group, 1-adamantyl group, 2-adamantyl group, 1-not-
borny! group and 2-norbornyl group.
[0159] Among the aforementioned alkyl group, an alkyl
group having 1 to 10 carbon atoms is preferable, an alkyl
group having 1 to 8 carbon atoms is more preferable, and an
alkyl group having 1 to 6 carbon atoms is particularly
preferable. Among the above, a methyl group, isopropyl
group, t-butyl group and cyclohexyl group are preferable.
[0160] The substituted or unsubstituted alkenyl group hav-
ing 2 to 30 carbon atoms in the formulae (1), (1-1) to (1-16),
(2), 2-1), (1x), (1-xx-1) and (1-xx-2) may be linear,
branched or cyclic. Examples of the alkenyl group include
a vinyl group, propenyl group, butenyl group, oleyl group,
eicosapentaenyl group, docosahexaenyl group, styryl group,
2,2-diphenylvinyl group, 1,2,2-triphenylvinyl group, and
2-phenyl-2-propenyl group, among which a vinyl group is
preferable.
[0161] Examples of the substituted or unsubstituted alky-
nyl group having 2 to 30 carbon atoms in the formulae (1),
(I-1) to (1-16), (2), (2-1), (1-x), (1-xx-1) and (1-xx-2)
include ethynyl propynyl and 2-phenylethynyl, among
which an ethynyl group is preferable.
[0162] The substituted or unsubstituted aralkyl group hav-
ing 7 to 40 carbon atoms in the formulae (1), (1-1) to (1-16),
(2) (2 1), (1-x), (1-xx-1) and (1-xx-2) is represented by
— R R is exemplified by an alkylene group that is a
dlvalent group formed from the above alkyl group having 1
to 30 carbon atoms. R is exemplified by the examples of the
following aryl group having 6 to 40 ring carbon atoms. In the
aralkyl group, an aryl group moiety has 6 to 40 carbon
atoms, preferably 6 to 20 carbon atoms, more preferably 6
to 12 carbon atoms. In the aralkyl group, an alkyl group
moiety has 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, more preferably 1 to 10 carbon atoms, further pref-
erably 1 to 6 carbon atoms. Examples of the aralkyl group
are a benzyl group, 2-phenylpropane-2-yl group, 1-phenyl-
ethyl group, 2-phenylethyl group, 1-phenylisopropyl group,
2-phenylisopropyl group, phenyl-t-butyl group, a-naphthyl-
methyl group, 1-c-naphthylethyl group, 2-c-naphthylethyl
group, 1-a-naphthylisopropyl group, 2-c-naphthylisopropyl
group, [-naphthylmethyl group, 1-f-naphthylethyl group,
2-B-naphthylethyl group, 1-f-naphthylisopropyl group, 2-p-
naphthylisopropyl group, 1-pyrrolylmethyl group, 2-(1-pyr-
rolyl)ethyl group, p-methylbenzyl group, m-methylbenzyl
group, o-methylbenzyl group, p-chlorobenzyl group,
m-chlorobenzyl group, o-chlorobenzyl group, p-bromoben-
zyl group, m-bromobenzyl group, o-bromobenzyl group,
p-iodobenzyl group, m-iodobenzyl group, o-iodobenzyl
group, p-hydroxybenzyl group, m-hydroxybenzyl group,
o-hydroxybenzyl group, p-aminobenzyl group, m-amin-
obenzyl group, o-aminobenzyl group, p-nitrobenzyl group,
m-nitrobenzyl group, o-nitrobenzyl group, p-cyanobenzyl
group, m-cyanobenzyl group, o-cyanobenzyl group, 1-hy-
droxy-2-phenylisopropyl group and 1-chloro-2-phenyliso-
propy! group.
[0163] The aryl group having 6 to 40 ring carbon atoms in
the formulae (1), (1-1) to (1-16), (2), (2-1), (1-x), (1-xx-1)
and (1-xx-2) is exemplified by a non-fused aryl group and a
fused aryl group. Specific examples of the aryl group include
a phenyl group, naphthyl group, anthryl group, phenanthryl
group, biphenyl group, terphenyl group, quaterphenyl
group, fluoranthenyl group, pyrenyl group, triphenylenyl
group, phenanthrenyl group, fluorenyl group, 9,9-dimethyl-
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fluorenyl group, spirofluorenyl group, benzo[c]phenanthre-
nyl group, benzo|a]triphenylenyl group, naphtho[l,2-c]
phenanthrenyl group, naphtho[1,2-a]triphenylenyl group,
dibenzola,c]triphenylenyl group and benzo[b]fluoranthenyl
group. Among the aforementioned aryl group, an aryl group
having 6 to 30 ring carbon atoms is more preferable, an aryl
group having 6 to 20 ring carbon atoms is further preferable,
and an aryl group having 6 to 12 ring carbon atoms is
particularly preferable.

[0164] Moreover, since a higher triplet energy level is
desirable in use as an electron transporting material, an aryl
group having triplet energy T1 exceeding 2.1 eV is prefer-
able. Examples of the aryl group include a phenyl group,
naphthyl group, phenanthryl group, biphenyl group, terphe-
nyl group, quaterphenyl group, fluoranthenyl group, triph-
enylenyl group, phenanthrenyl group, fluorenyl group, 9,9-
dimethylfluorenyl group, spirofluorenyl group, benzo|c]
phenanthrenyl group, benzo[a]triphenylenyl group, naphtho
[1,2-c]phenanthrenyl group, naphtho[1,2-a]triphenylenyl
group, dibenzo[ac|triphenylenyl group and benzo[b]fluo-
ranthenyl group.

[0165] The heteroaryl group having 5 to 40 ring atoms in
the formulae (1), (1-1) to (1-16), (2), (2-1), (1-x), (1-xx-1)
and (1-xx-2) are exemplified by non-fused heteroaryl and
fused heteroaryl. Examples of the heteroaryl group include
a pyrrolyl group, pyrazinyl group, pyridinyl group, indolyl
group, isoindolyl group, furyl group, benzofuranyl group,
isobenzofuranyl group, dibenzofuranyl group, dibenzothio-
phenyl group, quinolyl group, isoquinolyl group, quinoxali-
nyl group, carbazolyl group, phenanthrydinyl group, acridi-
nyl group, phenanthrolinyl group, thienyl group, and group
formed based on a pyridine ring, pyrazine ring, pyrimidine
ring, pyridazine ring, triazine ring, indole ring, quinoline
ring, acridine ring, pyrrolidine ring, dioxane ring, piperidine
ring, morpholine ring, piperazine ring, carbazole ring, furan
ring, thiophene ring, oxazole ring, oxadiazole ring, benzo-
xazole ring, thiazole ring, thiadiazole ring, benzothiazole
ring, triazole ring, imidazole ring, benzimidazole ring,
pyrane ring, dibenzofuran ring, benzo|c]dibenzofuran ring
and silafluorene ring. Among the aforementioned heteroaryl
group, a heteroaryl group having 5 to 40 ring atoms is more
preferable, a heteroaryl group having 5 to 20 ring atoms is
further preferable, and a heteroaryl group having 5 to 12 ring
atoms is particularly preferable.

[0166] When [ and L, to L,, in the formulae (1-1) to
(1-16), (2), (2-1), (1-x), (1-xx-1) and (1-xx-2) are linking
groups, the linear, branched or cyclic polyvalent aliphatic
hydrocarbon group having 1 to 30 carbon atoms is exem-
plified by a polyvalent group formed from the aforemen-
tioned linear, branched or cyclic polyvalent alkyl group
having 1 to 30 carbon atoms; linear, branched or cyclic
polyvalent alkenyl group having 1 to 30 carbon atoms;
linear, branched or cyclic polyvalent alkynyl group having 1
to 30 carbon atoms, among which a divalent group or
trivalent group is preferable and a divalent group is more
preferable. The divalent group may have the aforementioned
substituents. The substituents are specifically a methylene
group, ethylene group, acethylenylene group and vinylidene
group.

[0167] When L and L, to L, in the formulae (1-1) to
(1-16), (2), 2-1), (1-x), (1-xx-1) and (1-xx-2) are linking
groups, the polyvalent aryl group having 6 to 40 ring carbon
atoms is exemplified by a polyvalent group formed from the
aforementioned aryl group having 6 to 40 ring carbon atoms,
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among which a divalent group or trivalent group is prefer-
able and a divalent group is more preferable. Specifically, a
divalent group formed from a phenyl group, biphenyl group,
naphthyl group and 9,9-dimethylfluorenyl group is prefer-
able and may have the aforementioned substitutents.
[0168] When L and L, to L, in the formulae (1-1) to
(1-16), (2), (2-1), (1-x), (1-xx-1) and (1-xx-2) are linking
groups, the polyvalent heteroaryl group having 5 to 40 ring
atoms is exemplified by a polyvalent group formed from the
aforementioned heteroaryl group having 5 to 40 ring atoms,
among which a divalent group or trivalent group is prefer-
able and a divalent group is more preferable. Specifically, a
divalent group formed from a pyridyl group, pyrimidyl
group, dibenzofuranyl group, dibenzothiophenyl group, sila-
fluorenyl group and carbazolyl group is preferable and may
have the aforementioned substitutents.

[0169] In the formulae (1-1) to (1-16), (2), (2-1), (1-x),
(1-xx-1) and (1-xx-2), other than Y' to Y'¢ that are a carbon
atom bonded to [ and L, to L5, Y* to Y*® are preferably
CR”, in which R” is more preferably a hydrogen atom or an
alkyl group, particularly preferably a hydrogen atom.
[0170] In the invention, “carbon atoms forming a ring
(ring carbon atoms)” mean carbon atoms forming a saturated
ring, unsaturated ring, or aromatic ring. “Atoms forming a
ring (ring atoms)” mean carbon atoms and hetero atoms
forming a hetero ring including a saturated ring, unsaturated
ring, or aromatic ring.

[0171] In the invention, a “hydrogen atom” means iso-

topes having different neutron numbers and specifically
encompasses protium, deuterium and tritium.

ET1

ET3
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[0172] Examples of the substituent meant by “substituted
or unsubstituted” are the aforementioned aryl group, het-
eroaryl group, alkyl group (linear or branched alkyl group,
cycloalkyl group and haloalkyl group), alkoxy group, ary-
loxy group, aralkyl group, haloalkoxy group, alkylsilyl
group, dialkylarylsilyl group, alkyldiarylsilyl group, triaryl-
silyl group, halogen atom, cyano group, hydroxyl group,
nitro group and carboxy group. In addition, an alkenyl group
and an alkynyl group are also usable.

[0173] In the aforementioned substituents, the aryl group,
heteroaryl group, alkyl group, halogen atom, alkylsilyl
group, arylsilyl group and cyano group are preferable.
Preferable ones of the specific examples of each substituent
are further preferable.

[0174] “Unsubstituted” in “substituted or unsubstituted”
means that a group is not substituted by the above-described
substituents but bonded with a hydrogen atom.

[0175] Herein, “a to b carbon atoms™ in the description of
“substituted or unsubstituted XX group having a to b carbon
atoms” represent carbon atoms of an unsubstituted XX
group and does not include carbon atoms of a substituted XX
group.

[0176] In alater-described compound or a partial structure
thereof, the same applies to the above description of “sub-
stituted or unsubstituted.”

[0177] Specific examples of the compound represented by
the formula (1) are shown below, but the invention is not
limited to the examples.

[0178] Examples of the compound represented by the

formula (1-7) are as follows.

ET2

ET4
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[0179]
ET160 to ET385, and ET1001 to ET1014 among the com-
pounds listed as the examples of the compound represented
by the formula (1-7), X* to X® in the formula (1-7) repre-
senting the compound according to the exemplary embodi-
ment are preferably CRY. Further, as described in the com-

As described in the compounds ET1 to ET156,

ET1014

pounds ET1 to ET156, ET160 to ET341, and ET1001 to
ET1012, it is preferable that X* to X® are CR* and Z is an
oxygen atom or a sulfur atom in the formula (1-7). More-
over, as described in the compounds ET1 to ET156, ET160
to ET172, and ET1001 to ET1006, it is more preferable that
X? to X® are preferably CR¥ and Z is an oxygen atom in the
formula (1-7).
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[0180] Examples of the compound represented by the
formula (1-8) are as follows.
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ET159 ET387

ET388 ET389
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[0181]

As described in the compounds ET157 to ET159
and ET387 to ET470 among the compounds listed as the
examples of the compound represented by the formula (1-8),
X* to X7 in the formula (1-8) representing the compound
according to the exemplary embodiment are preferably CR™.
Further, as described in the compounds ET157 to ET159,
ET387 to ET424, and ET430 to ET459, it is preferable that

X* to X7 are CR™ and Z is an oxygen atom or a sulfur atom
in the formula (1-8). Moreover, as described in the com-
pounds ET157 to ET159 and ET387 to ET417, it is more
preferable that X* to X’ are preferably CR™ and Z is an
oxygen atom in the formula (1-7).

[0182] Examples of the compound represented by the
formula (1-9) are as follows.
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ET471 -continued

ET474

ET472

[0183] As described in the compounds ET471 to ET474
among the compounds listed as the examples of the com-
pound represented by the formula (1-9), X', X?, X*, X3, X’
and X® in the formula (1-9) representing the compound
according to the exemplary embodiment are preferably CR.
Further, as described in the compounds ET471 to ET473, it
is preferable that X", X2, X*, X5, X” and X* are CR* and Z
is an oxygen atom or a sulfur atom in the formula (1-9).
Moreover, as described in the compounds ET471 to ET472,
ET473  itis more preferable that X', X2, X*, X5, X7 and X® are CR®
and 7 is an oxygen atom in the formula (1-9).

[0184] Examples of the compound represented by the
formula (1-10) are as follows.

ET475
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ET480
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ET479

[0185] As described in the compounds ET475 to ET479
among the compounds listed as the examples of the com-
pound represented by the formula (1-10), X* and X to X* in
the formula (1-10) representing the compound according to
the exemplary embodiment are preferably CR*. Further, as
described in the compounds ET475 to ET478, it is preferable
that X* to X® are CR¥ and Z is an oxygen atom or a sulfur
atom in the formula (1-10). Moreover, as described in the
compounds ET475 to ET476, it is more preferable that X?
to X® are CR* and Z is an oxygen atom in the formula (1-10).

[0186] Examples of the compound represented by the

formula (1-11) are as follows.

ET481
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ET484 ET485

ET486
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ET489 ET490

ET491




US 2018/0102484 Al Apr. 12,2018
100

-continued
ET492 ET493

ET495

[0187] As described in the compounds ET480 to ET485,
ET487 to ET490 and ET492 to ET495 among the com- ET496
pounds listed as the examples of the compound represented
by the formula (1-11), X', X* and X* to X® in the formula
(1-11) representing the compound according to the exem-
plary embodiment are preferably CR¥. Further, as described
in the compounds ET480 to ET485, ET487 to ET490 and
ET492 to ET493, it is preferable that X', X* and X* to X*
are CR™ and 7 is an oxygen atom or a sulfur atom in the
formula (1-11). Moreover, as described in the compounds
ET480 to ET485, it is more preferable that X*, X? and X* to
X® are CR™ and Z is an oxygen atom in the formula (1-11),

[0188] Examples of the compound represented by the
formula (1-12) are as follows.
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ET504
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ET506
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ET509

[0189] As described in the compounds ET496 to ETS509
among the compounds listed as the examples of the com-
pound represented by the formula (1-12), X* to X* and X’ to
X® in the formula (1-12) representing the compound accord-
ing to the exemplary embodiment are preferably CRF.
Further, as described in the compounds ET496 to ET507, 1t
is preferable that X' to X? and X° to X® are CR¥ and Z is an
oxygen atom or a sulfur atom in the formula (1-12). More-
ovet, as described in the compounds ET496 to ET501, it is
more preferable that X! to X* and X° to X® are CR* and Z
is an oxygen atom in the formula (1-12).

[0190] Examples of the compound represented by the
formula (1-13) are as follows.

ET510
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[0192] Examples of the compound represented by the
formula (1-14) are as follows.

ET514

ET513

[0191] As described in the compounds ET510 to ET513
among the compounds listed as the examples of the com-
pound represented by the formula (1-13), X* to X° and X® in
the formula (1-13) representing the compound according to
the exemplary embodiment are preferably CRY. Further, as
described in the compounds ET510to ET513, it is preferable
that X? to X% and X® are CR* and Z is an oxygen atom or a
sulfur atom in the formula (1-13). Moreover, as described in
the compounds ET510 to ETS511, it is more preferable that
X* to X® and X® are CR¥ and 7 is an oxygen atom in the
formula (1-13).

ET516
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ET517 ET519

ET518 ET520
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ET522

ET525

ET523
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ET528

[0193] As described in the compounds ET514 to ET530
among the compounds listed as the examples of the com-
pound represented by the formula (1-14), X*, X to X° and
X® in the formula (1-14) representing the compound accord-
ing to the exemplary embodiment are preferably CRY.
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Further, as described in the compounds ET514 to ET529, it _continued
is preferable that X', X* to X° and X® are CR* and Z is an
oxygen atom or a sulfur atom in the formula (1-14). More-
over, as described in the compounds ET514 to ET521, it is
more preferable that X*, X to X% and X® are CR* and Z is
an oxygen atom in the formula (1-14).

[0194] Examples of the compound represented by the
formula (1-15) are as follows.

ET531

[0195] As described in the compounds ET531 to ET534
among the compounds listed as the examples of the com-
pound represented by the formula (1-15), X* to X in the
formula (1-15) representing the compound according to the
exemplary embodiment are preferably CR¥. Further, as
described in the compounds ET531 to ET534, it is preferable
that X> to X% are CR” and Z is an oxygen atom or a sulfur
atom in the formula (1-15). Moreover, as described in the
compounds ET531 to ET532, it is more preferable that X?
to X° are CR” and Z is an oxygen atom in the formula (1-15).

[0196] Examples of the compound represented by the
formula (1-16) are as follows.

ET535
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ET542

[0197] As described in the compounds ET535 to ET543
among the compounds listed as the examples of the com-
pound represented by the formula (1-16), X2, X*, X’ and X’
in the formula (1-16) representing the compound according
to the exemplary embodiment are preferably CR™. Further,
as described in the compounds ET535 to ET542, it is
preferable that X?, X* X° and X’ are CRY and Z is an
oxygen atom or a sulfur atom in the formula (1-16). More-
ovet, as described in the compounds ET535 to ET538, it is
more preferable that X2, X*, X3 and X7 are CR* and Z is an
oxygen atom in the formula (1-16).

[0198] Specific examples of the compound represented by
the formula (1) are shown below, but the invention is not
limited to the examples.
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[0199] The compound according to the exemplary
embodiment is preferably contained in an organic compound
layer interposed between the anode and the cathode of an
organic EL. device. Moreover, in the organic EL device
including an emitting layer and an electron transporting
layer between the anode and the cathode, the compound
according to the exemplary embodiment is more preferably
contained in the electron transporting layer. Organic-Elec-
troluminescence-Device Material

[0200] An organic-EL-device material preferably includes
the compound according to the exemplary embodiment. The
organic-EL-device material may singularly include the com-
pound represented by the formula (1) or may include other
compounds in addition to the compound represented by the
formula (1). The organic-EL-device material according to
the exemplary embodiment is usable for forming the organic
compound layer of the organic EL device.

[0201] The organic-EL-device material according to the
exemplary embodiment is preferably used for the organic
compound layer provided between the anode and the cath-
ode of the organic EL device, more preferably used for the

electron transporting layer in the organic EL device that
includes the emitting layer and the electron transporting
layer between the anode and the cathode.

Organic EL Device

[0202] Typical device arrangements of an organic EL
device include the following arrangements (a) to (e) and the
like:

[0203] (a) anode/emitting layer/cathode;

[0204] (b) anode/hole injectingetransporting layer/emit-
ting layer/cathode;

[0205] (c) anode/emitting layer/electron
injectingstransporting layer/cathode;

[0206] (d) anode/hole injectingetransporting layer/emit-

ting layer/electron injecting*transporting layer/cathode; and

[0207] (e) anode/hole injectingetransporting layer/emit-
ting layer/blocking layer/electron injectingetransporting
layer/cathode.
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[0208] While the arrangements (d) and (e) are preferably
used among the above arrangements, the arrangement of the
invention is not limited to the above arrangements.

[0209] It should be noted that the aforementioned “emit-
ting layer” is an organic layer having an emission function
and, when a doping system is applied, including a host
material and a dopant material. Herein, the host material has
a function of mainly promoting recombination of electrons
and holes and trapping excitons in the emitting layer while
the dopant material has a function of making the excitons
obtained in the recombination efficiently emit. In a phos-
phorescent device, the host material has a function of
trapping the excitons, which are generated mainly in the
dopant, within the emitting layer.

[0210] The “hole injecting/transporting layer” (or hole
injecting*transporting layer) means “at least one of a hole
injecting layer and a hole transporting layer” while the
“electron  injecting/transporting layer” (or electron
injectingstransporting layer) means “at least one of an elec-
tron injecting layer and an electron transporting layer,”
Herein, when the hole injecting layer and the hole trans-
porting layer are provided, the hole injecting layer is pref-
erably adjacent to the anode. When the electron injecting
layer and the electron transporting layer are provided, the
electron injecting layer is preferably adjacent to the cathode.
[0211] In the exemplary embodiment, the electron trans-
porting layer means an organic layer having the highest
electron mobility among organic layer(s) providing an elec-
tron transporting zone existing between the emitting layer
and the cathode. When the electron transporting zone is
provided by a single layer, the single layer is the electron
transporting layer. Moreover, in the phosphorescent organic
EL device, a blocking layer having an electron mobility that
is not always high may be provided as shown in the
arrangement (e) between the emitting layer and the electron
transporting layer in order to prevent diffusion of exciton
energy generated in the emitting layer. Thus, the organic
layer adjacent to the emitting layer does not always corre-
spond to the electron transporting layer.

[0212] In an exemplary embodiment of the invention, an
organic EL device includes: a cathode; an anode; and an
organic compound layer provided between the cathode and
the anode. The organic compound layer at least includes an
emitting layer and an electron transporting layer. The
organic compound layer may include layers applied for an
organic EL device such as a hole injecting layer, a hole
transporting layer. an electron injecting layer, a hole block-
ing layer and an electron blocking layer. The organic com-
pound layer may include an inorganic compound.

[0213] The aforementioned organic-EL-device material
according to the exemplary embodiment is contained in the
organic compound layer. When the organic compound layer
is provided by a plurality of layers, the organic-EL-device
material according to the exemplary embodiment is con-
tained singularly or as a component of a mixture in at least
one of the layers. The electron transporting layer preferably
includes the organic-El-device material according to the
exemplary embodiment.

[0214] The organic EL device according to the exemplary
embodiment includes a light-transmissive substrate, the
anode, the cathode, and the organic compound layer pro-
vided between the anode and the cathode.

[0215] The organic compound layer includes the hole
injecting layer, the hole transporting layer, the emitting
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layer, the hole blocking layer, the electron transporting layer
and the electron injecting layer in this sequence from the
anode.

Electron Transporting Layer

[0216] The electron transporting layer of the organic EL
device according to the exemplary embodiment includes a
compound represented by the following formula (10).

(10)

X =x>
x3 X6
I\ /N
\ /
X'=N N=x8

[0217] In the formula (10), X' to X® each independently
represent a carbon atom to be bonded to a group represented
by the following formula (20), CR¥ or a nitrogen atom. At
least one of X' to X® is a carbon atom to be bonded to the
group represented by the following formula (20).

[0218] R¥ is each independently selected from the group
consisting of a hydrogen atom, halogen atom, hydroxyl
group, cyano group, nitro group, carboxyl group, sulfonyl
group, boryl group, phosphino group, mercapto group, acyl
group, substituted or unsubstituted amino group, substituted
or unsubstituted silyl group, substituted or unsubstituted
alkyl group having 1 to 30 carbon atom, substituted or
unsubstituted alkenyl group having 2 to 30 carbon atoms,
substituted or unsubstituted alkynyl group having 2 to 30
carbon atoms, substituted or unsubstituted aralkyl group
having 6 to 30 carbon atoms, substituted or unsubstituted
aryl group having 6 to 40 ring carbon atoms, and substituted
or unsubstituted heteroaryl group having 5 to 40 ring atoms.
[0219] Among X' to X® in the formula (10), adjacent R*
of CR¥ are bonded to each other to form a cyclic structure,
or are not bonded to each other.

20)

[0220] In the formula (20), b is an integer of 1 to 5. In the
formula (20), c is an integer of 1 to 8.

[0221] In the formula (20), Z is an oxygen atom, a sulfur
atom or a silicon atom. When b is 2 to 5, Z are mutually the
same or different. When Z is a silicon atom, R® and R*° are
bonded to the silicon atom. R® and R*® each independently
represent the same as R in the formula (10). R® and R*® may
be bonded to the structure represented by the formula (10).
[0222] In the formula (20), L is selected from a single
bond or a linking group. The linking group represents a
substituted or unsubstituted, linear, branched or cyclic poly-
valent aliphatic hydrocarbon group having 1 to 30 carbon
atoms, a substituted or unsubstituted polyvalent aryl group
having 6 to 40 ring carbon atoms, and a substituted or
unsubstituted polyvalent heteroaryl group having 5 to 40
ring atoms. The polyvalent heteroaryl group having 5 to 40
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ring atoms for L in the formula (20) includes a substituted
or unsubstituted polyvalent group derived from a phenan-
throline ring represented by the formula (10). When ¢ is 2 to
8, L are mutually the same or different.

[0223] In the formula (20), Y' to Y® each independently
represent a nitrogen atom, CR” or a carbon atom bonded to
L.

[0224] R in the formula (20) represents the same as R¥ in
the formula (10). The heteroaryl group having 5 to 40 ring
atoms for R includes a substituted or unsubstituted phenan-
throlyl group derived from the phenanthroline ring repre-
sented by the formula (10). In the formula (20), adjacent RY
are bonded to each other to form a cyclic structure, or are not
bonded to each other.

[0225] X' to X® in the formula (10) represent the same as
X' to X® in the formula (1).

[0226] Y'to Y% L, Z, b and c in the formula (20) each
represent the same as Y* to Y®, L, Z, b and ¢ in the formula
Q).

[0227] The substituents in the formulae (10) and (20) also
represent the same as the substituents in the formulae (1),
(1-1) to (1-16), (2), (2-1), (1-x). (1-xx-1) and (1-xx-2).
[0228] For instance, the following formula (20-1) repre-
sents a case where a substituted or unsubstituted polyvalent
group derived from the phenanthroline ring represented by
the formula (10) is contained in L in the formula (20). In the
following formula (20-1), A1 schematically shows the struc-
ture represented by the formula (10).

(20-1)

Lit—Al—L+—

2Ty

[0229] In the formula (20-1), cx is an integer of O to 7, cy
is an integer of 0 to 7, and O=cx+cy<7. In the formula (20-1),
Y'toY® Z,L, band X" to X®in Al each represent the same
as X' to X% Y' to Y®, Z, L and b in the formulae (10) and
(20).

[0230] For instance, the following formula (10-1) repre-
sents a case where RY of CR” in the formula (20) is a
substituted or unsubstituted phenanthrolyl group derived
from the phenanthroline ring represented by the formula
(10). In the following formula (10-1), A2 and A3 schemati-
cally show the structure represented by the formula (10).

(10-1)

[0231] In the formula (10-1), ¢, is an integer of 1 to 8 and
¢, is an integer of 1 to 8. In the formula (10-1), L, and L,
each independently represent the same as L in the formula
(20). In the formula (10-1), Y* to Y®, Z, b and X* to X* in
A2 and A3 each represent the same as X* to X5 Y* 1o Y?,
Z and b in the formulae (10) and (20).
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[0232] For instance the following formula (10-2) shows a
case where a substituted or unsubstituted polyvalent group
derived from the phenanthroline ring represented by the
formula (10) is included in L of the formula (20), and R* of
CRY in the formula (20) is a substituted or unsubstituted
phenanthrolyl group derived from the phenanthroline ring
represented by the formula (10). In the following formula
(10-2), Al, A2 and A3 schematically show the structure
represented by the formula (10).

(10-2)

Lt Al 1ot A3

[0233] In the formula (10-2), Y' to Y®, Z, L, to L,, b, cx,
cy, ¢, and X* to X*in A1, A2 and A3 each represent the same
as X' to X5, Y to Y®, Z, L, to Ly, b, ¢x, ¢y and ¢, in the
formulae (10), (20), (10-1) and (20-1).

[0234] In the organic EL device according to the exem-
plary embodiment, X" or X* in the formula (10) is preferably
a carbon atom to be bonded to a group represented by the
formula (20).

[0235] In the organic EL device according to the exem-
plary embodiment, X' and X® in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0236] In the organic EL device according to the exem-
plary embodiment, X> and X° in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0237] In the organic EL device according to the exem-
plary embodiment, X*> and X" in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0238] In the organic EL device according to the exem-
plary embodiment, X> or X in the formula (10) is preferably
a carbon atom to be bonded to the group represented by the
formula (20).

[0239] In the organic EL device according to the exem-
plary embodiment, X* or X* in the formula (10) is preferably
a carbon atom to be bonded to the group represented by the
formula (20).

[0240] 1In the organic EL device according to the exem-
plary embodiment, X' and X" in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0241] In the organic EL device according to the exem-
plary embodiment, X* and X’ in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0242] In the organic EL device according to the exem-
plary embodiment, X', X*, X” and X® in the formula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).

[0243] In the organic EL device according to the exem-
plary embodiment, X', X3, X® and X® in the fornmula (10) are
preferably carbon atoms to be bonded to the group repre-
sented by the formula (20).
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[0244] 1In the organic EL device according to the exem-
plary embodiment, a compound in which X' or X® in the
formula (10) is a carbon atom to be bonded to a group
represented by the formula (20) while X' and X® in the
formula (10) are carbon atoms to be bonded to a group
represented by the formula (20) is preferably used.

[0245] In the organic EL device according to the exem-
plary embodiment, in the formulae (10) and (10-1) to (10-2),
other than X" to X® being a carbon atom bonded to the group
represented by the formula (20), X' to X® are preferably
CR”, in which R is preferably any one of a hydrogen atom,
an alkyl group and an aryl group, more preferably a hydro-
gen atom or a phenyl group.

[0246] Moreover, in the organic EL device according to
the exemplary embodiment, Z in the formula (20) is pref-
erably an oxygen atom or a sulfur atom, more preferably an
oxygen atom.

[0247] The organic EL device according to this exemplary
embodiment preferably includes at least one of an electron-
donating dopant and an organic metal complex in the
electron transporting layer. The content of the electron-
donating dopant or the organic metal complex in the electron
transporting layer is preferably in a range from 1 mass % to
50 mass %.

[0248] A material of the electron-donating dopant is pref-
erably at least one selected from the group consisting of an
alkali metal, an alkaline-earth metal, a rare-earth metal, an
alkali metal oxide, an alkali metal halide, an alkaline-earth
metal oxide, an alkaline-earth metal halide, a rare-earth
metal oxide and a rare-earth metal halide.

[0249] The organic metal complex is preferably at least
one selected from the group consisting of an organic metal
complex including an alkali metal, an organic metal com-
plex including an alkaline-earth metal, an organic metal
complex including a rare-earth metal and the like.

[0250] The electron-donating dopant and the organic
metal complex will be described in detail later.

[0251] According to the organic EL device of the exem-
plary embodiment, since the compound represented by the
formula (10) is contained in the electron transporting layer,
the drive voltage can be reduced. Moreover, since the
compound represented by the formula (10) and at least one
of the electron-donating dopant and the organic metal com-
plex are contained in the electron transporting layer, the
electron-donating dopant and the organic metal complex
contained in the electron transporting layer are easily cap-
tured by the phenanthroline skeleton of the formula (10), so
that the drive voltage is further reduced.

[0252] Moreover, an organic-EL-device material includ-
ing the compound represented by the formula (10) may be
used for the organic EL device of the exemplary embodi-
ment.

[0253] The compound represented by the formula (10)
includes the compound represented by the formula (1).
Specific examples of the compound represented by the
formula (10) are the aforementioned specific examples of
the compound represented by the formula (1) and the
following compounds. However, the invention is not limited
to the examples.
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ET1108

Substrate

[0254] The organic EL device of the exemplary embodi-
ment is formed on a light-transmissive substrate. The light-
transmissive plate, which supports the organic EL device, is
preferably a smoothly-shaped substrate that transmits 50%
or more of light in a visible region of 400 nm to 700 nm.
Specifically, a glass plate, a polymer plate, and the like are
preferable.

Anode and Cathode

[0255] The anode of the organic EL device is used for
injecting holes into the hole injecting layer, the hole trans-
porting layer or the emitting layer. It is effective that the
anode has a work function of 4.5 eV or more. Specific
examples of a material for the anode are alloys of indium-tin
oxide (ITO), tin oxide (NESA), indium zinc oxide, gold,
silver, platinum and copper.

[0256] The cathode is preferably formed of a material with
smaller work function in order to inject electrons into the
electron injecting layer, the electron transporting layer and
the emitting layer. Although a material for the cathode is
subject to no specific limitation, examples of the material are
indium, aluminum, magnesium, alloy of magnesium and
indium, alloy of magnesium and aluminum, alloy of alumi-
num and lithium, alloy of aluminum, scandium and lithium,
and alloy of magnesium and silver.

Emitting Layer

[0257] The emitting layer of the organic EL device has a
fanction for providing conditions for recombination of the
electrons and the holes to emit light. The emitting layer is
preferably a molecular deposit film. The molecular deposit
film means a thin film formed by depositing a material
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compound in gas phase or a film formed by solidifying a
material compound in a solution state or in liquid phase. The
molecular deposit film is typically distinguished from a thin
film (molecular accumulation film) formed by the LB (Lang-
muir Blodgett) method by differences in aggregation struc-
tures, higher order structures and functional differences
arising therefrom.

Dopant Material

[0258] A dopant material is selected from a known fluo-
rescent material exhibiting fluorescent emission or a known
phosphorescent material exhibiting phosphorescent emis-
sion.

Host Material

[0259] A host material, which is applicable to the organic
EL device, is exemplified by an amine derivative, azine
derivative and fused polycyclic aromatic derivative.

[0260] Examples of the amine derivative are a monoamine
compound, diamine compound, triamine compound,
tetramine compound and amine compound substituted by a
carbazole group.

[0261] Examples of the azine derivative are a monoazine
derivative, diazine derivative and triazine derivative.
[0262] The fused polycyclic aromatic derivative is pref-
erably a fused polycyclic aryl having no heterocyclic skel-
eton, examples of which include a fused polycyclic aryl such
as naphthalene, anthracene, phenanthrene, chrysene, fluo-
ranthene and triphenylene, or derivatives thereof.

Hole Injecting/Transporting Layer

[0263] The hole injecting/transporting layer helps injec-
tion of holes to the emitting layer and transports the holes to
an emitting region. The hole injecting/transporting layer
exhibits a large hole mobility and a small ionization energy.
[0264] A material for forming the hole injecting layer and
the hole transporting layer is preferably a material for
transporting the holes to the emitting layer at a lower electric
field intensity. For instance, an aromatic amine compound is
preferably used. A material for the hole injecting layer is
preferably a porphyrin compound, an aromatic tertiary
amine compound or a styryl amine compound, particularly
preferably the aromatic tertiary amine compound such as
hexacyanohexaazatriphenylene (HAT).

Electron Injecting/Transporting Layer

[0265] The electron injecting/transporting layer helps
injection of the electron to the luminescent layer and has a
high electron mobility. The electron injecting layer is pro-
vided for adjusting energy level, by which, for instance,
sudden changes of the energy level can be reduced.

[0266] In the exemplary embodiment, the electron inject-
ing/transporting layer at least includes the electron trans-
porting layer containing the compound represented by the
formula (10). In addition, the electron injecting/transporting
layer may include an electron injecting layer. Alternatively,
the electron injecting/transporting layer may include another
electron transporting layer. Moreover, the electron injecting/
transporting layer may be provided by layering a first
electron transporting layer, a second electron transporting
layer and the electron injecting layer on the anode in this
sequence. In this arrangement, the compound represented by
the formula (10) is preferably contained in the first electron
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transporting layer. When the organic EL device according to
the exemplary embodiment includes a plurality of electron
transporting layers, it is only necessary that the compound
represented by the formula (10) is contained in at least one
of the plurality of electron transporting layers. It is prefer-
able that this compound is contained in the electron trans-
porting layer closer to the emitting layer. Moreover, the
electron transporting layer in which the compound repre-
sented by the formula (10) is contained may further include
an alkali metal as described above. The electron transporting
layer may further include the following electron transporting
material in addition to the alkali metal.

[0267] The organic EL device according to the exemplary
embodiment preferably includes the electron injecting layer
between the electron transporting layer and the cathode, and
the electron injecting layer preferably contains a nitrogen-
containing cyclic derivative as a main component. The
electron injecting layer may serve as the electron transport-
ing layer. Noted that “as a main component” means that the
nitrogen-containing cyclic derivative is contained in the
electron injecting layer at a content of 50 mass % or more.
[0268] The electron transporting material for forming the
electron injecting layer or the electron transporting layer is
preferably an aromatic heterocyclic compound having at
least one heteroatom in a molecule, particularly preferably a
nitrogen-containing cyclic derivative. The nitrogen-contain-
ing cyclic derivative is preferably an aromatic ring having a
nitrogen-containing six-membered or five-membered ring
skeleton, or a condensed aromatic cyclic compound having
a nitrogen-containing six-membered or five-membered ring
skeleton.

Electron-Donating Dopant and Organic Metal Complex

[0269] The organic EL device according to the exemplary
embodiment preferably includes at least one of the electron-
donating dopant and the organic metal complex in the
electron transporting layer. With this arrangement, the drive
voltage of the organic EL device can be lowered. The
electron-donating dopant may be at least one selected from
an alkali metal, an alkali metal compound, an alkaline-earth
metal, an alkaline-earth metal compound, a rare-earth metal,
a rare-earth metal compound and the like.

[0270] The organic metal complex may be at least one
selected from an organic metal complex including an alkali
metal, an organic metal complex including an alkaline-earth
metal, an organic metal complex including a rare-earth metal
and the like.

[0271] Examples of the alkali metal are lithium (Li) (work
function: 2.93 V), sodium (Na) (work function: 2.36 ¢V),
potassium (K) (work function: 2.28 eV), rubidium (Rb)
(work function: 2.16 eV) and cesium (Cs) (work function:
1.95 eV), which particularly preferably has a work function
of 2.9 eV or less. Among the above, the reductive dopant is
preferably K, Rb or Cs, more preferably Rb or Cs, the most
preferably Cs.

[0272] Examples of the alkaline-earth metal are calcium
(Ca) (work function: 2.9 eV), strontium (Sr) (work function:
2.0 to 2.5 V), and barium (Ba) (work function: 2.52 eV),
among which a substance having a work function of 2.9 eV
or less is particularly preferable.

[0273] Examples of the rare-earth metal are scandium
(Sc), yttrium (Y), cerium (Ce), terbium (Th), and ytterbium
(Yb), among which a substance having a work function of
2.9 eV or less is particularly preferable.
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[0274] Since the above preferred metals have particularly
high reducibility, addition of a relatively small amount of the
metals to an electron injecting zone can enhance luminance
intensity and lifetime of the organic EL device.

[0275] Examples of the alkali metal compound are an
alkali oxide such as lithium oxide (Li,O), cesium oxide
(Cs,0) and potassium oxide (K,O), and an alkali halogenide
such as sodium fluoride (NaF), cesium fluoride (CsF) and
potassium fluoride (KF), among which lithium fluoride
(LiF), lithium oxide (Li,0) and sodium fluoride (NaF) are
preferable.

[0276] Examples of the alkaline-earth metal compound
are barium oxide (BaO), strontium oxide (SrO), calcium
oxide (CaQ) and a mixture thereof, i.e., barium strontium
oxide (Ba,Sr, O) (0<x<l1), barium calcium oxide (Ba,Ca,_
+0) (0<x<1), among which BaO, SrO and CaO are prefer-
able.

[0277] Examples of the rare earth metal compound are
ytterbium fluoride (YbF,), scandium fluoride (ScF;), scan-
dium oxide (ScQy), yttrium oxide (Y,0;), cerium oxide
(Ce,0,), gadolinium fluoride (GdF;) and terbium fluoride
(TbF;), among which YbF;, ScF;, and ThF; are preferable.

[0278] The organic metal complex is not specifically lim-
ited as long as containing at least one metal ion of an alkali
metal ion, an alkaline-earth metal ion and a rare earth metal
ion. A ligand for each of the complexes is preferably
quinolinol, benzoquinolinol, acridinol, phenanthridinol,
hydroxyphenyl oxazole, hydroxyphenyl thiazole, hydroxyd-
iaryl oxadiazole, hydroxydiaryl thiadiazole, hydroxyphenyl
pyridine, hydroxyphenyl benzoimidazole, hydroxybenzo tri-
azole, hydroxy fluborane, bipyridyl, phenanthroline, phtha-
locyanine, porphyrin, cyclopentadiene, -diketones, azome-
thines, or a derivative thereof, but the ligand is not limited
thereto.

[0279] The electron-donating dopant and the organic
metal complex are preferably added by a method of dispers-
ing at least one of the electron-donating dopant and the
organic metal complex in the electron transporting layer
while co-depositing the at least one of the electron-donating
dopant and the organic metal complex with the compound
represented by the formula (1) by resistance heating evapo-
ration. Dispersion concentration represented by a film-thick-
ness ratio (the compound represented by the formula (1) to
the electron-donating dopant or the organic metal complex)
1s 1000:1 to 1:1000, preferably 100:1 to 1:1.

[0280] When the at least one of the electron-donating
dopant and the organic metal complex forms a layer, the
compound represented by the formula (1) is initially layered,
and then, the at least one of the electron-donating dopant and
the organic metal complex is singularly deposited thereon by
resistance heating evaporation to preferably form a 0.1 nm-
to 15 nm-thick layer.

[0281] When the at least one of the electron-donating
dopant and the organic metal complex is formed in an island,
the compound represented by the formula (1) is initially
formed in an island, and then, the at least one of the
electron-donating dopant and the organic metal complex is
singularly deposited thereon by resistance heating evapora-
tion to preferably form a 0.05 nm- to 1 nm-thick an island.

[0282] A ratio of the at least one of the electron-donating
dopant and the organic metal complex in the organic EL
device according to the exemplary embodiment is preferably
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a film-thick ratio (a main component to the electron-donat-
ing dopant or the organic metal complex) of 100:1 to 1:1,
more preferably 50:1 to 4:1.

Blocking Layer

[0283] The organic EL device preferably includes a block-
ing layer such as an electron blocking layer, hole blocking
layer or triplet blocking layer at a part adjacent to the
emitting layer. Herein, the electron blocking layer prevents
electrons from leaking from the emitting layer into the hole
transporting layer while the hole blocking layer prevents
holes from leaking from the emitting layer into the electron
transporting layer. In organic EL device according to the
exemplary embodiment, as described above, the hole block-
ing layer is provided between the electron transporting layer
and the emitting layer. The triplet blocking layer has a
function of preventing triplet excitons generated in the
emitting layer from diffusing into neighboring layers to trap
the triplet excitons within the emitting layer, thereby sup-
pressing energy deactivation of the triplet excitons on mol-
ecules other than the emitting dopant in the electron trans-
porting layer.

Formation Method of Each Layer of Organic EL Device

[0284] A method of forming each of the layers in the
organic EL device according to the exemplary embodiment
is not particularly limited. Conventionally-known methods
such as vacuum deposition and spin coating may be
employed for forming the layers. The organic layer used in
the organic EL device according to this exemplary embodi-
ment can be formed by a well-known coating method such
as vacuum deposition method, molecular beam epitaxy
(MBE) method or a coating method with a solution by a
dipping method, spin coating method, casting method, bar
coating method, or roll coating method.

Film Thickness of Each Layer of Organic EL Device

[0285] A film thickness of the emitting layer is preferably
in a range of 5 nm to 50 nm, more preferably in a range of
7 nm to 50 nm and most preferably in a range of 10 nm to
50 nm. By forming the emitting layer at the film thickness
of 5 nm or more, the emitting layer is easily formable and
chromaticity is easily adjustable. By forming the emitting
layer at the film thickness of 50 nm or less, increase in the
drive voltage is suppressible.

[0286] A film thickness of the organic layer other than the
emitting layer is not particularly limited, but is preferably in
a typical range of several nm to 1 um. When the film
thickness is provided in the above range, defects such as pin
holes caused by an excessively thinned film can be avoided
while increase in the drive voltage caused by an excessively
thickened film is suppressible.

Modifications of Embodiment(s)

[0287] It should be noted that the invention is not limited
to the above exemplary embodiment but may include any
modification and improvement as long as such modification
and improvement are compatible with the invention.

[0288] In the exemplary embodiment, the organic EL
device including the hole blocking layer between the emit-
ting layer and the electron transporting layer containing the
compound according to the exemplary embodiment is exem-
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plarily explained. However, the arrangement of the organic
EL device is not limited thereto.

[0289] For instance, an organic EL device including the
emitting layer and the electron transporting layer containing
the compound according to the exemplary embodiment
adjacent to the emitting layer is preferable.

[0290] The emitting layer is not limited to a single layer,
but may be provided by laminating a plurality of emitting
layers. When the organic EL device includes the plurality of
emitting layers, the plurality of emitting layers may be each
independently a fluorescent emitting layer or a phosphores-
cent emitting layer.

[0291] Moreover, when the organic EL device includes the
plurality of emitting layers, the plurality of emitting layers
may be adjacent to each other, or the organic EL device may
be provided in a tandem type in which a plurality of emitting
units are laminated on each other via an intermediate layer.

[0292] In the organic EL device, at least one of the
electron-donating dopant and the organic metal complex is
preferably contained in an interfacial region between the
cathode and the organic compound layer. With this arrange-
ment, the organic EL device can emit light with enhanced
luminance intensity and have a longer lifetime. The same as
described above can be used as the electron-donating dopant
and an organic metal complex.

[0293] The electron-donating dopant and the organic
metal complex are added to preferably form a layer or an
island in the interfacial region. The electron-donating dopant
and the organic metal complex are preferably added by a
method of depositing an organic substance (luminescent
material or electron injecting material) for forming the
interfacial region while simultaneously depositing at least
one of the electron-donating dopant and the organic metal
complex by resistance heating deposition, and dispersing the
at least one of the electron-donating dopant and the organic
metal complex in the organic substance.

[0294] In the invention, the emitting layer may also pref-
erably contain an assistance material for assisting injection
of charges. When the emitting layer is formed of a host
material that exhibits a wide energy gap, a difference in
ionization potential (Ip) between the host material and the
hole injecting/transporting layer etc. becomes so large that
injection of the holes into the emitting layer becomes
difficult, which may cause a rise in a drive voltage required
for providing sufficient luminance. In the above instance,
introducing a hole-injectable or hole-transportable assis-
tance material for assisting injection of charges into the
emitting layer can contribute to facilitation of the injection
of the holes into the emitting layer and to reduction of the
drive voltage.

[0295] As the assistance substance for assisting the injec-
tion of charges, for instance, a general hole injecting/
transporting material or the like can be used.

[0296] Specific examples of the assistance material for
assisting the injection of charges are a triazole derivative,
oxadiazole derivative, imidazole derivative, polyarylalkane
derivative, pyrazoline derivative, pyrazolone derivative,
phenylenediamine derivative, arylamine derivative, amino-
substituted chalcone derivative, oxazole derivative, fluo-
renone derivative, hydrazone derivative, stilbene derivative,
silazane derivative, polysilane copolymer, aniline copoly-
mer, and conductive polymer oligomer (particularly, a thio-
phene oligomer).
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[0297] The hole injecting material is exemplified by the
above. The hole injecting material is preferably a porphyrin
compound, aromatic tertiary amine compound and styryl
amine compound, particularly preferably aromatic tertiary
amine compound.

[0298] The organice EL device of the invention is suitably
usable as a display device of a television set, a mobile phone,
a personal computer and the like, or as an electronic device
such as an illumination unit or a light-emitting device of a
vehicle light.

EXAMPLES
[0299] Next, the invention will be described in further
detail by exemplifying Example(s) and Comparative(s).
However, the invention is not limited by the description of
Example(s).

Synthesis Examples
Synthesis Example 1

Synthesis of Compound 5

[0300] A synthesis scheme of the following compound 5 is
shown below.

% Br4®7 Br

| "BuLi, Et,0 0°C,;

>
N 7z | Mn0O,, CH,Cl,
AN
Compound 1
] ‘
\N / | Br4©7 Br
N n H o .
N BulLi, Et;0 0° C,;
1\/[11027 CHzclz
Br
Compound 2
O O
Compound 4
cal, Pd(PPhy),
2M NayCO3 aq.
DME reflux

Compound 3
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-continued

Compound 5

(1-1) Synthesis of Compound 2

[0301] In order to synthesize the compound 5, a com-
pound 2 was initially synthesized.

[0302] Under an argon gas atmosphere, 1,4-dibromoben-
zene (50 g, 211 mmol) was dissolved in diethylether (350
mL). The obtained solution was cooled down to 0 degree C.,
into which n-butyllithium (2.69M hexane solution) (72 mL,
194 mmol) was dropped for 30 minutes and was stirred for
another 30 minutes. The prepared p-bromophenyllithium
was dropped into a suspension of diethylether (350 mL) of
1,10-phenanthroline (15 g, 85 mmol) (compound 1) at 0
degree C. for 45 minutes and was further stirred for five
hours. After the completion of the reaction, water was
dropped into the reaction solution at 0 degree C. for 30
minutes. The reaction solution was extracted by dichlo-
romethane. A solvent was distilled off under reduced pres-
sure while leaving 200 mL of dichloromethane. Manganese
dioxide (150 g) was added to the obtained solution and
stirred for 4.5 hours at the room temperature. Subsequently,
the solution was added with magnesium sulfate and sepa-
rated by filtration. The solvent was distilled off under
reduced pressure. A residue was refined by silica-gel column
chromatography (dichloromethane/hexane/methanol). The
obtained solid was washed with methanol and then was
dried under reduced pressure to provide the compound 2 (23
g, a yield of 81%) as a white solid. As a result of FD-MS
(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 2.

(1-2) Synthesis of Compound 3

[0303] A compound 3 (18 g, a yield of 55%) was obtained
as a white solid in the same synthesizing method as in the
above (1-1) synthesis of the compound 2 except for replac-
ing the compound 1 with the compound 2 (23 g, 68 mmol).
As a result of FD-MS (Field Desorption Mass Spectrometry)
analysis, the reactant was identified as the compound 3.

(1-3) Synthesis of Compound 5

[0304] Tetrakis(triphenylphosphine)palladium (0) (0.7 g,
0.61 mmol) and an aqueous solution of 2M sodium carbon-
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ate (37 mL) were added to a suspension of 1,2-dimethoxy-
ethane (200 mL) of the compound 3 (6.9 g, 12 mmol) and
a compound 4 (5.7 g, 27 mmol), and heated to reflux for
seven hours. After the completion of the reaction, water was
added and the obtained solid was separated by filtration.
Then, the obtained solid was washed with water and metha-
nol and was dried under reduced pressure. The obtained
crude product was refined by silica-gel column chromatog-
raphy (dichloromethane). The obtained solid was washed
with methanol and then was dried under reduced pressure to
provide a compound 5 (7.2 g, a yield of 88%) as a white
solid. As a result of FD-MS (Field Desorption Mass Spec-
trometry) analysis, the reactant was identified as the com-
pound 5.

(2) Synthesis Example 2

Synthesis of Compound 9

[0305] A synthesis scheme of the following compound 9 is
shown below.

/
PhLi, EL,O 0°C,;
. —_—
N MnO,, CH,Cl,
AN
Compound 1

“BuLi, B0 0° C.;
MHOz, CH)_CIZ

Compound 6

Compound 8

cal. PA(PPhg)y
2M N2y CO3 aq.
DME reflux

Compound 7
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-continued

Compound 9

(2-1) Synthesis of Compound 6

[0306] A compound 6 (24 g, a yield of 83%) was obtained
as a yellow solid in the same synthesizing method as in the
above (1-1) synthesis of the compound 2 except for replac-
ing p-bromophenyllithium with phenyllithium (1.6M buty-
lether solution) (139 ml, 222 mmol) and using a 2-mol
equivalent of phenyllithim relative to 1,10-phenanthroline.
As aresult of FD-MS (Field Desorption Mass Spectrometry)
analysis, the reactant was identified as the compound 6.

(2-2) Synthesis of Compound 7

[0307] A compound 7 (12 g, a yield of 76%) was obtained
as a yellow solid in the same synthesizing method as in the
above (1-1) synthesis of the compound 2 except for replac-
ing the compound 1 with the compound 2 (10 g, 39 mmol).
As a result of FD-MS (Field Desorption Mass Spectrometry)
analysis, the reactant was identified as the compound 7.

(2-3) Synthesis of Compound 9

[0308] A compound 9 (1.7 g, a yield of 23%) was obtained
as a white solid in the same synthesizing method as in the
above (1-3) synthesis of the compound 5 except for replac-
ing the compound 3 with the compound 7 (6.0 g, 15 mmol)
and replacing the compound 4 with the compound 8 (3.4 g,
16 mmol). As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was identified as the
compound 9.

(3) Synthesis Example 3

Synthesis of Compound 10

[0309] A synthesis scheme of the following compound 10
is shown below.
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Compound 8

cat. Pd(PPh3)y
2M NayCOj3 aq.
DME reflux

Compound 3

Compound 10

(3-1) Synthesis of Compound 10

[0310] A compound 10 (7.2 g, a yield of 80%) was
obtained as a white solid in the same synthesizing method as
in the above (1-3) synthesis of the compound 5 except for
replacing the compound 4 with the compound 8 (6.3 g, 30
mmol). As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was identified as the
compound 10.

(4) Synthesis Example 4

Synthesis of Compound 13

[0311] A synthesis scheme of the following compound 13
is shown below.

"BuLi, EO 0° C.;
Compound 11
MnO,, CH,CL,

Compound 1
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-continued
Br

"Bulli, Et,0 0° C,;
Compound 11
MHOz, CH2C12

Compound 13

(4-1) Synthesis of Compound 12

[0312] A compound 12 (6.5 g, a yield of 67%) was
obtained as a yellow solid in the same synthesizing method
as in the above (1-1) synthesis of the compound 2 except for
replacing 1,4-dibromobenzene with the compound 11 (17 g,
69 mmol). As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was identified as the
compound 12.

(4-2) Synthesis of Compound 13

[0313] A compound 13 (2.1 g, a yield of 22%) was
obtained as a light yellow solid in the same synthesizing
method as in the above (1-1) synthesis of the compound 2
except for replacing the compound 1 with the compound 12
(6.5 g, 19 mmol) and replacing 1,4-dibromobenzene with
the compound 11 (12 g, 47 mmol). As a result of FD-MS
(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 13.

(4A) Synthesis Example 4A

Synthesis of Compound 1C

[0314] A synthesis scheme of the following compound 1 is

shown below.

1. nBuli, B0
2. MHOz, CH2C12

Apr. 12,2018

-continued

L. nBuLi, Et,O
2. MHOZ, CH2C12

[0315]

A compound 1C was synthesized according to the
above scheme by the same method as in synthesis of the
compound 13 except for replacing the compound 11 with
2-dibromobenzofuran.

(4B) Synthesis Example 4B

Synthesis of Compound 1D

[0316] A synthesis scheme of the following compound 1 is

shown below.

(0)

-0

Br Br

1. nBuli, Et,O
2. MHOz, CH2C12
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-continued

[0317] A compound 1D was synthesized according to the
above scheme by the same method as in synthesis of the
compound 13 except for replacing the compound 11 with
2,8-dibromodibenzofuran.

(5) Synthesis Example 5

Synthesis of Compound 16

[0318] A synthesis scheme of the following compound 16

is shown below.
Sases

Compound 15

cat. PA(PPhy),
2M Na,COs3 aq.
DME reflux

Compound 14

o
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Compound 16

[0319] A compound 16 (8.6 g, a yield of 83%) was
obtained as a white solid in the same synthesizing method as
in the above (1-3) synthesis of the compound 5 except for
replacing the compound 3 with the compound 14 (5.0 g, 15
mmol) and replacing the compound 4 with the compound 15
(9.9 g, 33 mmol). As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as
the compound 16.

(6) Synthesis Example 6

Synthesis of Compound 19

[0320] A synthesis scheme of the following compound 19
is shown below.

B(OH),

Compound 4

cat. PA(PPhy)4
2M Na,CO3 aq.
DME reflux

o) Br
"Buli, Et,0 0°C,;

Compound 11
MHOZ, CHzclz

Compound 17
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Compoupnd 18
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"BuLi, E;0 0° C.;
Compound 11
MnO,, CH,Cl,

Compound 19

(6-1) Synthesis of Compound 17

[0321] A compound 17 (13 g, a yield of 86%) was
obtained as a white solid in the same synthesizing method as
in the above (1-3) synthesis of the compound 5 except for
replacing the compound 3 with the compound 14 (10 g, 30
mmol). As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was identified as the
compound 17.

(6-2) Synthesis of Compound 18

[0322] A compound 18 (9.6 g, a yield of 56%) was
obtained as a yellow solid in the same synthesizing method
as in the above (1-1) synthesis of the compound 2 except for
replacing the compound 1 with the compound 17 (13 g, 25
mmol) and replacing 1,4-dibromobenzene with the com-
pound 11 (16 g, 6 3mmol). As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 18.

(6-3) Synthesis of Compound 19

[0323] A compound 19 (3.2 g, a yield of 27%) was
obtained as a light yellow solid in the same synthesizing
method as in the above (1-1) synthesis of the compound 2
except for replacing the compound 1 with the compound 18
(9.6 g, 14 mmol) and replacing 1,4-dibromobenzene with
the compound 11 (8.7 g, 35 mmol). As a result of FD-MS

(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 19.

(7) Synthesis Example 7

Synthesis of Compound 22

[0324] A synthesis scheme of the following compound 22

is shown below.
I S

Compound 21
cal, Pd(PPhs)y
2M Na,CO;3 aq.

DME reflux

Compound 20
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-continued (7-1) Synthesis of Compound 22

[0325] A compound 22 (6.5 g, a yield of 63%) was
obtained as a white solid in the same synthesizing method as
in the above (1-3) synthesis of the compound 5 except for
replacing the compound 3 with the compound 20 (5.0 g, 15
mmol) and replacing the compound 4 with the compound 21
(9.9 g, 33 mmol). As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as

the compound 22.

(8) Synthesis Example 8§

Synthesis of Compound 26

Compound 22
[0326] A synthesis scheme of the following compound 26
is shown below.

Compound 8

cat. Pd(PPh3)y
2M NayCOj ag.
Compound 20 DME reflux

"BuLi, Er,0,0° C;
Compound 24
MnO,, CH,Cl,

Compound 23
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Compound 25
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"Buli, Et,0, 0° C.;
Compound 24
MHOZ, CH;CIZ

Compound 26

(8-1) Synthesis of Compound 23

[0327] A compound 23 (13 g, a yield of 89%) was
obtained as a white solid in the same synthesizing method as
in the above (1-3) synthesis of the compound 5 except for
replacing the compound 3 with the compound 20 (10 g, 30
mmol) and replacing the compound 4 with the compound 8
(16 g, 65 mmol). As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was identified as
the compound 23.

(8-2) Synthesis of Compound 25

[0328] A compound 25 (6.2 g, a yield of 36%) was
obtained as a yellow solid in the same synthesizing method
as in the above (1-1) synthesis of the compound 2 except for

replacing the compound 1 with the compound 23 (13 g, 25
mmol) and replacing 1,4-dibromobenzene with the com-
pound 24 (16 g, 6 3 mmol). As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the compound 25.

(8-3) Synthesis of Compound 26

[0329] A compound 26 (2.1 g, a yield of 27%) was
obtained as a light yellow solid in the same synthesizing
method as in the above (1-1) synthesis of the compound 2
except for replacing the compound 1 with the compound 25
(6.2 g, 9.1 mmol) and replacing 1,4-dibromobenzene with
the compound 24 (5.6 g, 23 mmol). As a result of FD-MS
(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 26.
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(9) Synthesis Example 9
Synthesis of Compound 29

[0330]

0]

"BuLi, Et;0 0° C.;
Compound 27

MHOZ, CH2C12

Compound 6
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"BuLi, Et;0 0° C,;
Compound 6

Compound 28

MHOZ, CHzclz

Compound 29

(9-1) Synthesis of Compound 28

[0331] A compound 28 (7.6 g, a yield of 98%) was
obtained as a brown oily product in the same synthesizing
method as in the above (1-1) synthesis of the compound 2
except for replacing the compound 1 with the compound 6
(4.0 g, 16 mmol) and replacing 1,4-dibromobenzene with
the compound 27 (10 g, 31 mmol). As a result of FD-MS
(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 28.

(9-2) Synthesis of Compound 29

[0332] A compound 29 (4.9 g, a yield of 48%) was
obtained as a light yellow solid in the same synthesizing

method as in the above (1-1) synthesis of the compound 2
except for replacing the compound 1 with the compound 6
(4.7 g, 18 mmol) and replacing 1,4-dibromobenzene with
the compound 28 (7.6 g, 15 mmol). As a result of FD-MS
(Field Desorption Mass Spectrometry) analysis, the reactant
was identified as the compound 29.

(9A) Synthesis Example 9A

Synthesis of Compound 1A

[0333] A synthesis scheme of the following compound 1A
is shown below.
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NH,+HCI

Br
MeONa , NaOH
EtOH

Pd(PPhs)y
NaxCO;

DME
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(9A-1) Synthesis of Compound T1

[0334] Under an argon gas atmosphere, p-(5,5-dimethyl-
1,3-dioxane-2-yl)bromobenzene (15.4 g, 56.8 mmol) was
dissolved in tetrahydrofuran (100 mL). The obtained solu-
tion was cooled down to =78 degrees C., into which t-bu-
tyllithium (1.3M hexane solution) (45.9 mL, 59.6 mmol)
was dropped for 20 minutes and was further stirred for two
hours. Subsequently, the solution was heated up to 0 degree
C., to which a solution provided by dissolving 1,10-phenan-
throline (10.2 g, 56.8 mmol) in tetrahydrofuran (50 mL) was
added and stirred for eight hours at the room temperature.
After the completion of the reaction, water (80 mL) was
added at 0 degree C. The reaction solution was extracted by
dichloromethane. The obtained solution was added with
manganese dioxide (60 g) and stirred for four hours at the
room temperature. Subsequently, the solution was dried with
magnesium sulfate to distill the solvent under reduced
pressure. A residue was refined by silica-gel column chro-
matography to obtain a compound T1 (8.41 g, a yield of
40%).

(9A-2) Synthesis of Compound T2

[0335] The compound T1 (8.30 g, 22.4 mmol) was dis-
solved in tetrahydrofuran (500 mL), to which hydrochloric
acid (5% aqueous solution) (125 mL, 200 mmol) was added
and stirred for 15 hours at 50 degrees C. Subsequently, the
solid formed after the reaction was dissolved in a mixture of
water and dichloromethane and neutralized by an aqueous
solution of sodium acid carbonate. The obtained solution
was extracted by dichloromethane and then was dried with
magnesium sulfate. The solvent was distilled under reduced
pressure to obtain a compound T2 (5.99 g, a yield of 94%).

(1-3) Synthesis of Compound T3

[0336] Under an argon gas atmosphere, ethanol (50 mL)
was added to the compound T2 (5.80 g, 20.4 mmol),

1A

3,5-dibromo-4-hydroxyacetophenone (5.67 g, 20.4 mmol),
sodium methoxide (110 mg, 2.04 mmol). The obtained
solution was stirred for two hours at the room temperature
and for three hours at a reflux temperature. Subsequently,
benzamidine hydrochloride (3.29 g, 21.0 mmol) and sodium
hydroxide were added and stirred for three hours at the
reflux temperature. After the completion of the reaction, a
precipitated substance was separated by filtration and
washed with water and methanol to obtain a compound T3
(7.75 g, a yield of 38%).

(1-4) Synthesis of Compound 1A

[0337] Under an argon gas atmosphere, 4-(2-dibenzofura-
nyl)phenylboronic acid (4.92 g, 17.1 mmol), the compound
T3 (5.00 g, 7.76 mmol), tetrakis(triphenylphosphine)palla-
dium (896 mg, 0.776 mmol), 1,2-dimethoxyethane (100
mL), an aqueous solution of sodium carbonate (2M, 100
mL) were mixed and stirred for six hours while being heated
to reflux. After the reaction solution was cooled down to the
room temperature, the reaction solution was extracted with
toluene. After an aqueous phase was removed, an organic
layer was washed with saturated saline. After the organic
phase was dried with magnesium sulfate and concentrated,
the obtained residue was refined by silica-gel column chro-
matography to obtain the compound 1A (3.77 g, a yield of
50%). As a result of mass analysis, the obtained compound
was a target object, and that m/e was equal to 970 while a
molecular weight was 971.13.

(2) Synthesis of Compound 1B

[0338] A synthesis scheme of the following compound 1B
is shown below.
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[0339] Synthesis according to this scheme was conducted
with reference to Examples described in Japanese Patent No.
5113571. As a result of mass analysis, the obtained com-
pound was a target object, and that m/e was equal to 575
while a molecular weight was 575.67.

Example 1

(1) Manufacture of Organic EL Device

[0340] A glass substrate (size: 25 mmx75 mmx0.7 mm
thick, manufactured by Geomatec Co., Ltd.) having an ITO
transparent electrode (anode) was ultrasonic-cleaned in iso-
propyl alcohol for five minutes, and then UV/ozone-cleaned
for 30 minutes.

[0341] After the glass substrate having the transparent
electrode line was cleaned, the glass substrate was mounted
on a substrate holder of a vacuum evaporation apparatus.
Initially, the following compound HT-1 was evaporated so
as to cover the transparent electrode line, thereby forming a
50-nm thick HT-1 film of the following compound HT-1.
The HT-1 film serves as a hole injecting layer. Subsequently,
the following compound HT-2 was evaporated on the HI-1
film to form a 45-nm thick HT-2 film on the HT-1 film. The
HT-2 film serves as a hole transporting layer.

[0342] The following compound BH-1 (host material) and
the following compound BD-1 (dopant material) were co-
evaporated on the HT-2 film at a film thickness ratio of the
compound BD-1 being 3 mass %, thereby forming a 20-nm
thick organic layer. The organic layer serves as an emitting
layer. The compound 5 and lithium (Li) were evaporated on
the emitting layer at the film thickness ratio of Li being 2
mass %, thereby forming a 30-nm thick electron transport-
ing layer on the emitting layer. Metal (A1) was evaporated
on the electron transporting layer to form an 80-nm thick
metal cathode, thereby providing the organic EL device.
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(2) Evaluation of Organic EL Device

[0343] A voltage was applied on the organic EL devices
such that a current density was 10 mA/cm?, where a value
(V) of the voltage was measured. The results are shown in
Table 1.

Examples 2 to 3 and Comparative 1

[0344] Organic EL devices were manufactured by the
same method as in Example 1 except for replacing the
compound 5 with the compound 9 (Example 2), the com-
pound 10 (Example 3) and the following compound ET-1
(Comparative 1) to form the respective electron transporting
layers, and were evaluated. The results are shown in Table
1.
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ET-1

TABLE 1

Electron transporting Drive voltage

layer V)
Example 1 Compound 5 34
Example 2 Compound 9 32
Example 3 Compound 10 35
Comparative 1 Compound ET-1 37

Examples 4 to 8§ and Comparative 2

[0345]
tured by the same method as in Example 1 except for

An organic EL device in Example 4 was manufac-

changing the amount of lithium doped when forming the
electron transporting layer to 5 mass %.

[0346]
parative 2 were manufactured by the same method as in

Organic EL devices of Example 5 to 8 and Com-

Example 1 except for changing the amount of lithium doped
when forming the electron transporting layer to 5 mass %
and replacing the compound 5 used for the electron trans-
porting layer with the compound 9 (Example 5), the com-
pound 13 (Example 6), the compound 1C (Example 7), the
compound 1D (Example &) and the following compound
ET-2 (Comparative 2).

[0347]
by direct-current electricity (50 mA/cm?) at the room tem-

The manufactured organic EL devices were driven

perature to emit light, and time elapsed until luminance was
reduced to 80% was measured, whereby lifetime (80% LT)
was evaluated. The results are shown in Table 2

[0348] Voltage was applied on each of the manufactured
organic EL devices such that a current density was 10
mA/cm?, where spectral radiance spectrum was measured
by a spectroradiometer CS-1000 (manufactured by Konica
Minolta, Inc.). The external quantum efficiency EQE (unit:
%) was calculated based on the obtained spectral-radiance
spectra, assuming that the spectra was provided under a
Lambertian radiation. The results are shown in Table 2.
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ET-2

TABLE 2
External
Electron Lifetime  quantum
transporting (80% LT) efficiency Emission
layer (hr) (%) color
Example 4 Compound 5 350 741 blue
Example 5 Compound 9 290 7.10 blue
Example 6 Compound 13 230 7.51 blue
Example 7 Compound 1C 320 7.09 blue
Example 8 Compound 1D 310 7.52 blue
Comparative 2 Compound ET-2 220 7.21 blue

[0349] Table 2 shows that lifetime of the organic EL
devices can be prolonged by using the compounds of the
invention. In comparison with the compound (ET-2) used in
Comparative 2, the organice EL devices using the derivative
in which phenanthroline is combined with dibenzofuran or
dibenzothiophene operate for a longer lifetime. Moreover, in
comparison between the organic EL devices in Example 8
and Comparative 2, the organice EL device using the deriva-
tive in which phenanthroline is combined with dibenzofuran
operates for a longer lifetime at a higher efficiency.
[0350] Further, as understood from comparison between
the organic EL devices in Examples 6 and 7, the organic EL
device using phenanthroline having dibenzofuran substi-
tuted at the position 4 (compound 13) exhibits a higher
efficiency and the organic EL device using phenanthroline
having dibenzofuran substituted at the position 2 (compound
1C) operates for a longer lifetime.

1-38. (canceled)

39. An organic electroluminescence device comprising:

an anode;

a cathode opposed to the anode; and

an organic compound layer provided between the anode

and the cathode, the organic compound layer compris-
ing a compound according to formula (1):

@

Xt=x3
X X6
XZ// \ / \\X7
\ /
X'=N N=Xx8

where:
one of X' to X® is a carbon atom bonded to a group
according to formula (2);
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the rest of X* to X® are CR¥ or a nitrogen atom;
R¥ is not the group according to formula (2); and
each R¥ is independently selected from the group con-
sisting of:
a hydrogen atom,
a halogen atom,
a cyano group,
a nitro group,
a substituted or unsubstituted hydroxyl group,
a substituted or unsubstituted carboxyl group,
a substituted or unsubstituted sulfonyl group,
a substituted or unsubstituted boryl group,
a substituted or unsubstituted phosphino group,
a substituted or unsubstituted mercapto group,
a substituted or unsubstituted acyl group,
a substituted or unsubstituted amino group,
a substituted or unsubstituted silyl group,
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms,
a substituted or unsubstituted alkenyl group having 2 to
30 carbon atoms,
a substituted or unsubstituted alkynyl group having 2 to
30 carbon atoms,
a substituted or unsubstituted aralkyl group having 6 to
30 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 40
ring carbon atoms, and
a substituted or unsubstituted heteroaryl group having
5 to 40 ring atoms; and
among X' to X® adjacent R¥ of CR¥ are not bonded to

each other;
. @
Y=
=
/
where:

b is an integer of 1 to 5;

c is an integer of 1 to &;

7 is an oxygen atom, a sulfur atom, or a silicon atom;

when b is 2 to 5, Z are the same or different;

when 7 is a silicon atom, R® and R'° are bonded to the
silicon atom, R” and R*” each independently represent
R¥ as defined in formula (1), and R® and R'° are
optionally bonded to the structure according to formula
(1):

when Z is a silicon atom, R® and R'® are not bonded to
each other to form a cyclic structure;

L is a single bond or a linking group;

the linking group is a substituted or unsubstituted, linear,
branched or cyclic polyvalent aliphatic hydrocarbon
group having 1 to 30 carbon atoms, a substituted or
unsubstituted polyvalent aryl group having 6 to 40 ring
carbon atoms, or a substituted or unsubstituted poly-
valent heteroaryl group having 5 to 40 ring atoms;

the polyvalent heteroaryl group having 5 to 40 ring atoms
for L comprises a substituted or unsubstituted polyva-
lent group derived from a phenanthroline ring accord-
ing to formula (1);

when ¢ is 2 to 8, plural L are the same or different;
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one of Y' to Y® is CR” and the rest of Y' to Y® are each
independently CR” or a carbon atom bonded to L;
at least one R” is not a hydrogen atom;
each R is independently selected from the group con-
sisting of:
a hydrogen atom,
a halogen atom,
a cyano group,
a nitro group,
a substituted or unsubstituted hydroxyl group,
a substituted or unsubstituted carboxyl group,
a substituted or unsubstituted sulfonyl group,
a substituted or unsubstituted boryl group,
a substituted or unsubstituted phosphino group,
a substituted or unsubstituted mercapto group,
a substituted or unsubstituted acyl group,
a substituted or unsubstituted amino group,
a substituted or unsubstituted silyl group,
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms,
a substituted or unsubstituted alkenyl group having 2 to
30 carbon atoms,
a substituted or unsubstituted alkynyl group having 2 to
30 carbon atoms,
a substituted or unsubstituted aralkyl group having 6 to
30 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 40
ring carbon atoms, and
a substituted or unsubstituted heteroaryl group having
5 to 40 ring atoms;
the substituted or unsubstituted aryl group having 6 to 40
ring carbon atoms for RY is a group selected from a
phenyl group, naphthyl group, anthryl group, phenan-
thryl group, biphenyl group, terphenyl group, quater-
phenyl group, fluoranthenyl group, triphenylenyl
group, phenanthrenyl group, fluorenyl group, 9,9-dim-
ethylfluorenyl group, spirofluorenyl group, benzo[c]
phenanthrenyl group, benzo[a]triphenylenyl group,
naphtho[1,2-c[phenanthrenyl group, naphtho[1,2-a]tri-
phenylenyl group, dibenzo[a,c]triphenylenyl group,
and benzo[b|fluoranthenyl group;
the heteroaryl group having 5 to 40 ring atoms for RY
comprises a substituted or unsubstituted phenanthrolyl
group derived from the phenanthroline ring of formula
(1
adjacent RY are bonded to each other to form a cyclic
structure, or are not bonded to each other;
when X' or X® is a carbon atom bonded to the group
according to formula (2), b is 1, Z is an oxygen atom,
Y*orY? is a carbon atom bonded to L, and ¢ is 2, the
L closer to the phenanthroline ring of formula (1)
among two Ls is a divalent group other than an anthra-
cene group;
when X' or X® is a carbon atom bonded to the group
according to formula (2), b and ¢ are 1, Z is an oxygen
atom or a sulfur atom, Y? is a carbon atom bonded to
L, and L is a p-phenylene group, R for Y* is a group
other than a phenyl group;
when X' or X® is a carbon atom bonded to the group
according to formula (2), b and ¢ are 1, Z is an oxygen
atom or a sulfur atom, Y is a carbon atom bonded to
L, and L is a p-phenylene group, R¥ for Y* is a group
other than a phenyl group;
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when X' is a carbon atom bonded to the group according
to formula (2), Z is a silicon atom, Y* is a carbon atom
bonded to [, I is a single bond, R¥ for Y® is bonded to
the phenanthrolyl group as a heteroaryl group having 5
to 40 ring atoms with a single bond, the phenanthrolyl
group is bonded to R¥ for Y® at a position other than
position 2;

when X* or X® is a carbon atom bonded to the group
according to formula (2), Y* is a carbon atom bonded
to L, L is a single bond, and Z is an oxygen atom, R”
for Y7 is a group other than a pyrenyl group; and

when X* or X* is a carbon atom bonded to the group
according to formula (2), Y7 is a carbon atom bonded
to L, L is a single bond, and Z is an oxygen atom, R”
for Y? is a group other than a pyrenyl group.

40. The organic electroluminescence device according to
claim 39, wherein L in formula (2) is selected from a single
bond or a linking group, the linking group being a phenyl
group, a biphenyl group, or a naphthyl group.

41. The organic electroluminescence device according to
claim 39, wherein X' or X® in formula (1) is a carbon atom
bonded to the group according to formula (2).

42. The organic electroluminescence device according to
claim 39, wherein 7 in formula (2) is an oxygen atom or a
sulfur atom.

43. The organic electroluminescence device according to
claim 39, wherein adjacent R¥ in formula (2) are not bonded
to each other.

44. The organic electroluminescence device according to
claim 39, wherein:

X! or X® in formula (1) is a carbon atom bonded to the

group according to formula (2); and

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group.

45. The organic electroluminescence device according to

claim 39, wherein:

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group; and

7 in formula (2) is an oxygen atom or a sulfur atom.

46. The organic electroluminescence device according to
claim 39, wherein:

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group; and

adjacent RY in formula (2) are not bonded to each other.

47. The organic electroluminescence device according to
claim 39, wherein:

X' or X® in formula (1) is a carbon atom bonded to the

group according to formula (2); and

7 in formula (2) is an oxygen atom or a sulfur atom.

48. The organic electroluminescence device according to
claim 39, wherein:

X! or X® in formula (1) is a carbon atom bonded to the

group according to formula (2); and

adjacent R in formula (2) are not bonded to each other.
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49. The organic electroluminescence device according to
claim 39, wherein:

Z in formula (2) is an oxygen atom or a sulfur atom; and

adjacent RY in formula (2) are not bonded to each other.

50. The organic electroluminescence device according to
claim 39, wherein:

X! or X® in formula (1) is a carbon atom bonded to the

group according to formula (2);

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group; and

Z in formula (2) is an oxygen atom or a sulfur atom.

51. The organic electroluminescence device according to
claim 39, wherein:

X! or X® in formula (1) is a carbon atom bonded to the

group according to formula (2);

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group; and

adjacent R” in formula (2) are not bonded to each other.

52. The organic electroluminescence device according to
claim 39, wherein:

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group;

7 in formula (2) is an oxygen atom or a sulfur atom; and

adjacent R” in formula (2) are not bonded to each other.

53. The organic electroluminescence device according to
claim 39, wherein:

X" or X® in formula (1) is a carbon atom bonded to the

group according to formula (2);

7 in formula (2) is an oxygen atom or a sulfur atom; and

adjacent R” in formula (2) are not bonded to each other.

54. The organic electroluminescence device according to
claim 39, wherein:

X! or X® in formula (1) is a carbon atom bonded to the

group according to formula (2);

L in formula (2) is selected from a single bond or a linking
group, the linking group being a phenyl group, a
biphenyl group, or a naphthyl group;

7 in formula (2) is an oxygen atom or a sulfur atom; and

adjacent R” in formula (2) are not bonded to each other.

55. The organic electroluminescence device according to
claim 39, wherein Z in formula (2) is an oxygen atom.

56. The organic electroluminescence device according to
claim 39, wherein L in formula (2) is a single bond.

57. The organic electroluminescence device according to
claim 39, wherein L in formula (2) is a linking group, the
linking group being a phenyl group, a biphenyl group, or a
naphthyl group.

58. The organic electroluminescence device according to
claim 39, wherein:

one of X! to X® in formula (1) is a carbon atom bonded
to the group according to formula (2); and

the rest of X' to X® are CRY.
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